
U.S.   DEPARTMENT  OF  COMMERCE 
National Technical Information Service 

N76-15015-15073 

PROCEEDINGS   OF   THE    INTERAGENCY 
WORKSHOP   ON    LIGHTER    THAN   AIR   VEHICLES 

J oscph   F .    V i 11 e k 

January    197 5 

7 

DISTRIBUTION STATEMENT A 
Approved for Public Release 

Distribution Unlimited 

Reproduced From 
Best Available Copy 

20011022 059 

"^ 

L 



.:% 
M&s 

KEEP UP TO DATE 
Between the time you ordered this report— 

which is only one of the hundreds of thou- 
sands in the NTIS information collection avail- 
able to you—and the time you are reading 
this message, several new reports relevant to 
your interests probably have entered the col- 
lection. 

Subscribe   to   the   Weekly   Government 
Abstracts series that will bring you sum- 
maries of new reports as soon as they are 
received^ by NTIS from the originators of the 
research. The WGA's are an NTIS weekly 
newsletter service covering the most recent 
research findings in 25 areas of industrial, 
technological, and sociological interest— 
invaluable information for executives and 
professionals who must keep up to date. 

The executive and professional informa- 
tion service provided by NTIS in the Weekly 
Government Abstracts newsletters will give 
you thorough and comprehensive coverage 
of government-conducted or sponsored re- 

search activities. And you'll get this impor- 
tant information within two weeks of the time 
it's released by originating agencies. 

WGA newsletters are computer produced 
and electronically photocomposed to slash 
the time gap between the release of a report 
and its availability. You can learn about 
technical innovations immediately—and use 
them in the most meaningful and productive 
ways possible for your organization. Please 
request NTIS-PR-205/PCW for more infor- 
mation. 

The weekly newsletter series will keep you 
current. But learn what you have missed in 
the past by ordering a computer NTISearch 
of all the research reports in your area of 
interest, dating as far back as 1964, if you 
wish. Please request NTIS-PR-186/PCN for 
more information. 

WRITE:   Managing Editor 
5285 Port Royal Road 
Springfield, VA 22161 

Keep Up To Date With SRIM 
SRIM (Selected Research in Microfiche) 
provides you with regular, automatic distri- 
bution of the complete texts of NTIS research 
reports only in the subject areas you select. 
SRIM covers almost all Government re- 
search reports by subject area and/or the 
originating Federal or local government 
agency. You may subscribe by any category 
or subcategory of our WGA (Weekly Govern- 
ment Abstracts) or Government Reports 
Announcements and Index categories, or to 
the reports issued by a particular agency 
such as the Department of Defense, Federal 
Energy Administration, or Environmental 
Protection Agency. Other options that will 
give you greater selectivity are available on 
request. 

The  cost  of  SRIM   service   is  only  45£ 
domestic   (60^ foreign)  for  each  complete 

microfiched report. Your SRIM service begins 
as soon as your order is received and proc- 
essed and you will receive biweekly ship- 
ments thereafter. If you wish, your service 
will be backdated to furnish you microfiche 
of reports issued earlier. 

Because of contractual arrangements with 
several Special Technology Groups, not all 
NTIS reports are distributed in the SRIM 
program. You will receive a notice in your 
microfiche shipments identifying the excep- 
tionally priced reports not available through 
SRIM. 

A deposit account with NTIS is required 
before this service can be initiated. If you 
have specific questions concerning this serv- 
ice, please call (703) 451-1558, or write NTIS, 
attention SRIM Product Manager. 

This information product distributed by 

||T|C   U.S. DEPARTMENT OF COMMERCE 
*^ ™ *^^   National Technical Information Service 

5285 Port Royal Road 
Springfield, Virginia 22161 



77-52 f>L> 

' PROCEEDINGS 
OF THE INTERAGENCY 

WORKSHOP ON 

LIGHTER THAN AIR VEHICLES 

M.I.T. FLIGHT TRANSPORTATION LABORATORY 

/FTL Report R75-2 

_/January, 1975 

Edited by 

Joseph F. Vittek, Jr. 

~7/-u 

SB»-™«** 

REPRODUCED BY 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

OCT 2 9 1976 



CHAIRMAN'S MESSAGE 

On behalf of the sponsoring agencies, NASA, Navy, DOT and FAA, I ex- 

tend our thanks to ail those who contributed to a successful LTA Workshop 

at Monterey, California, in September, 1974. Well beyond our expectations, 
the magnitude and breadth of representation was gratifying. Our purpose 
for sponsoring the workshop was to provide a timely forum for the exposi- 
tion and discussion of current views, ideas, and activities on all aspects of 
LTA. With no intent to develop an advocacy position, either for or against 

LTA, we wanted to objectively survey those facts and speculations which 

abound amid the recent revival of interest. This we accomplished, and 

more. Through the confluence of opinions, prejudices, and ideas, often di- 
verse but always in the spirit of camaraderie, this intense week focusing on 

LTA established a watershed from which future activities will flow. And, in- 
deed, much work lies ahead. If the full potential of LTA is to be realized, it 

will require the collective efforts of industry, government and the universi- 
ties. To assist in this effort, the Workshop Report and Proceedings provide 
an extension of a memorable week in Monterey. 

Alfred C. Mascy 

General Chairman 

NASA Ames Research Center 
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PREFACE 

In the past few years there has been much dis- 
cussion both in the United States and abroad of 
the ability of Lighter Than Air vehicles to meet 
future transportation needs. Many of the propos- 
ed uses and missions seem promising. However, 
Lighter Than Air is not without its problems. Al- 
though modern technology may be able to over- 
come these problems, the ultimate issue could be 
the economic feasibility of Lighter Than Air. 

The Potential of LTA 
The airship has certain advantages over alter- 

nate modes of transportation. Like a ship or 
barge, it can move large bulk and weight ship- 
ments over long distances. Unlike a ship or barge, 
it need not follow established waterways. Nor 
does it require terminal facilities other than at its 
home base. The airship offers these same advan- 
tages over railroads and has considerably greater 
capacity than trucks. Even though a high-cargo- 
capacity airplane could be developed that might 
match an airship's payload, it would require large 
runways at both ends of its trip. Thus, the airplane 
lacks the airship's flexibility. 

Because of the inherent advantages, several 
LTA missions can be identified. One often men-, 
tioned is the use of LTA in developing nations to 
move bulk commodities and crops out of other- 
wise inaccessible areas. Another mission is the 
transportation of bulky machinery (such as nu- 
clear power generation equipment) too large to 
move over normal highways or rail right-of-ways. 
Large capacity, coupled with the ability to hover, 
makes LTA a candidate for construction tasks— 
the proverbial "sky hook". These same character- 
istics could be used for disaster relief when nor- 
mal transport facilities are damaged. 

Other uses such as spraying crops, geological 
surveying, archeological expeditions, military re- 
connaissance and anti-submarine missions are 
also feasible. 

For passenger travel, the airship could revive an 
era of elegance no longer available. Although 
some feel the airship might compete for city- 
center to city-center short haul traffic, its true 
role would probably be the "cruise liner" of the air. 

All these uses, coupled with the airship's po- 
tential for low pollution, low noise and energy ef- 
ficient flight, have rekindled public interest and 
imagination. 

The Problems of LTA 
The promise of LTA is not without its problems. 

Most are directly related to the large size of a 
Lighter Than Air craft. 

GROUND OPERATIONS 
Although LTA vehicles may hover while trans- 

ferring cargo, etc., they still have a requirement 
for home bases for maintenance, repairs and re- 

furbishing. The least this will require is an open 
area and a mooring mast or other tethering device. 
For some of the larger airships proposed, the 
clear area needed for maneuvering, particularly in 
response to wind shifts, could be quite extensive. 

Ground handling techniques present a second 
problem. By the mid-1930s the hundreds of 
ground handlers required in earlier days had been 
reduced through mobile masts and winches, al- 
though many ground personnel were still needed. 
Refinements introduced by the Navy during the 
1940s and 1950s reduced blimp ground crews to 
three or four men. But even today, about 10 
ground handlers are needed to land a Goodyear 
blimp, a relatively small Lighter Than Air craft, at 
sites not equipped with mobile equipment. 

An additional operational problem occurs when 
payload is taken on board or discharged from a 
Lighter Than Air vehicle. Under normal operating 
conditions, an airship has approximately neutral 
buoyancy. When the airship is loaded or unload- 
ed, its weight changes, destroying the equilibrium 
condition. Normally, ballast is also loaded or un- 
loaded to retain the neutral state (although re- 
ducing the amount of lifting gas would have the 
same effect). This means that if the airship is de- 
livering or picking up cargo at some undeveloped 
site, there must also be provisions at the site for 
ballast and transferring that ballast. Alternatively, 
some on-board system is needed to change the 
gas volume. But such a system may be too heavy 
to justify. 

AIR OPERATIONS 
The replacement of hydrogen with non-flam- 

mable helium as the lifting gas has shifted the 
major danger of an airship catastrophe from fire to 
structural failure in violent weather. Undoubtedly, 
better structures can be designed today than 40 
years ago. And modern materials can provide in- 
creased strength with decreased weight. But as 
the size of proposed airships increases so do the 
bending and twisting forces that may arise during 
operations. The structures required to meet the 
dynamic forces encountered by the large airships 
proposed by many may impose weight penalties 
due to safety considerations and decrease pay- 
loads, even if modern materials and techniques 
are applied. 

Another structural problem is maintainability. 
Minor ground handling errors may damage the 
skin or interior bracing leading to substantial 
downtime for repairs. Questions of damage sus- 
ceptibility, structural integrity and maintainability 
raise doubts as to the reliability of airships and 
their ability to reach the degree of utilization 
needed for commercial success. 

Technological Solutions 
Technology available today or in the foresee- 



able future can alleviate many of these problems. 
Perhaps the most useful technological innova- 
tions would be the application of modern sensors 
and variable thrust and direction engines to both 
stabilize position and perform precise maneuvers. 
As in the Apollo spacecraft, inertial sensors that 
detect directional and rotational forces can be 
coupled through a computer to active control sys- 
tems This would allow rapid detection of unde- 
sired motion and the application of corrective 
forces to counter the motion before it becomes 
too severe, improving ground handling and air 
operations. . ^ .. „ 

Television cameras could be used to monitor 
the parts of the airship not directly observable. 
They would also provide the crew with extra eyes 
during precise maneuvers such as docking. Radar 
altimeters would provide better knowledge of alti- 
tude Better radio and navigation equipment 
would provide considerably more information 
than an old and experienced zeppelin captain 
would have ever thought possible. 

Modern weather prediction techniques and fre- 
quent forecast updates would allow the safe cir- 
cumvention of storms, as would airborne weather 
rsiddrs 

Computerized structural design techniques 
would permit more accurate analyses of the 
stresses and strains an airship would have to en- 
dure This, coupled with today's knowledge of 
storm intensities and shear forces, would lead to 
structures designed to withstand the worst weath- 
er possible. And the application of titanium and 
composite fiber materials would minimize the 
weight of these structures. New synthetics are 
available to make stronger while lighter-weight 

^n short, the technology is available to address 
many of the problems of Lighter Than Air. An un- 
answered question is whether the demand for 
Lighter Than Air services is sufficient to offset the 
costs of this technology. 

Economic Issues 
For any new method of transportation to gain 

acceptance, it must offer an improvement over 
existing systems in terms of performance or cost 
or both. Therefore, to be a success, Lighter Than 
Air must capture traffic from an existing mode of 
transportation by offering a better service or gen- 
erate new traffic by offering services not currently 
available. In a military context, LTA must be able 
to perform missions better or cheaper than at 
present, or offer a capability desired but not cur- 
rently available. 

GENERAL DEMAND 
Although one can hypothesize what new mar- 

kets or types of traffic might be developed if com- 
mercial airships did exist, the demand for such 
applications is limited. It is doubtful whether a 
potential airship manufacturer would commit cor- 
porate funds for LTA development based on such 
speculation alone. Therefore, for the private sec- 
tor to take the lead in airship development, there 
must be sufficient general demand for airships 

based on current transportation patterns to justify 
the investment risk of a manufacturer. 

LTA's ability to lure traffic from other modes 
will depend on the cost and speed of the service it 
can offer as compared to the competition s. These 
characteristics can easily be determined for cur- 
rent methods of transport. Likewise, reasonable 
estimates of airship speeds and payloads are 
available. But to date, the cost of airship service is 
largely unknown because few accurate data points 
exist. 

SPECIAL MISSIONS AND MARKETS 
It is possible that a potential user could have a 

specific mission so suited to LTA and so expen- 
sive or impossible by other means that he would 
be justified in paying the manufacturers develop- 
ment cost as well as paying for the airship itself. 
But because the development cost may run into 
the hundreds of millions of dollars, there are few 
notential users who could afford the initial invest- 
ment In some cases, an industry as a whole 
might be able to raise sufficient capital, but com- 
petitive pressures or anti-trust laws might prevent 
cooperative ventures. 

The only customers that can clearly satisfy the 
criteria of specific missions suited to LTA and 
sufficient funds to underwrite development are 
governments, particularly their military branches. 
But at least in the United States, the cost effec- 
tiveness of LTA must first be proven without a 
doubt to military leaders, the Defense Department 
and the Congress before funds will be released 

In a broader context, governments would be 
justified in supporting the LTA development if 
society as a whole would benefit from its intro- 
duction. Because the private sector is rarely re- 
warded for reducing the social costs of po.lution, 
noise and energy consumption, corporate cost- 
benefit analysis may indicate that an Investment 
is not worthwhile for the company alone. But that 
same investment might be very worthwhile for so- 
ciety collectively. In such a case, the government 
should act. Unfortunately for LTA, this concept of 
total social costs, though often discussed, is 
rarely the basis of government action unless asso- 
ciated political pressures are brought into play. 
And LTA has a small lobby at this time. 

Institutional Constraints 
A final set of problems is that imposed by gov- 

ernment regulation, union contracts and the like. 
How will airships be certified? The Federal Avi- 
ation Administration has been attempting to de- 
velop standards for STOL aircraft for several 
years, although the differences between STOL 
and conventional aircraft are not that dramatic. 
How long will it take to develop standards for 
commercial airships? How will airships be tested? 
What safety standards will apply? 

How will airships be handled by the air traffic 
control system? At the least, because of their 
relatively low speeds and altitude restrictions, 
special procedures of some type will be needed. 

Will airships be operated by airlines? By ship- 



ping companies? Will certificates of public con- 
venience and necessity be required? 

Will the aviation or the maritime unions have 
jurisdiction? Will the Civil Aeronautics Board or 
the Federal Maritime Commission have jurisdic- 
tion? What of our international bilateral agree- 
ments? Will they apply or will new negotiations be 
needed? 

Although these issues are currently over- 
shadowed by the technical and economic ques- 
tions, they must at least be considered. 

The Lighter Than Air Workshop 
As a first step toward resolving some of these 

questions, NASA, along with the Office of the 
Secretary of Transportation, the Federal Aviation 
Administration and the United States Navy, con- 
tracted with the Flight Transportation Laboratory, 
of the Massachusetts Institute of Technology to 
conduct a week-long workshop on Lighter Than 
Air in September, 1974. 

Workshops have been used for many years to 
bring together a group of people knowledgeable 
on a particular subject for an intensive period of 
discussion and interchange of ideas. The ap- 
proach used for the Lighter Than Air workshop 
was to have three days of papers and presenta- 
tions on the current state-of-the-art followed by 
two days of working sessions to analyze the ma- 
terials presented. The, papers presented at the 
workshop are documented in FTL Report 75-2, 
Proceedings of the Interagency Workshop on 
Lighter Than Air Vehicles. The outputs of the 
working groups are documented in FTL Report 
75-1, An Assessment of Lighter Than Air 
Technology. 

The goals of the Lighter Than Air workshop 
were to establish what facts are known about 
LTA's potential, what are the unknowns and, in 
turn, what are the programs that could resolve 
some of the unknowns. No less important was the 
assembling of Lighter Than Air experts for face- 
to-face discussions for the first time in over forty 
years. 

The workshop did accomplish these limited 
goals. It did not begin to answer all the questions 
concerning LTA. Rather, it pointed the way to an- 
swering the questions and provided a platform for 
further research to separate fact from speculation 
once and for all. 

Joseph F. Vittek, Jr. 
Editor and Workshop Director 
Assistant Professor 
M.I.T. Dept. of Aeronautics 

and Astronautics 
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EXHORTATION 

The dean of rigid airshipmen living today, Vice Admiral Charles E. Rosendahl began his Lighter Than 
Air career in 1923. He was navigator and senior surviving officer of the first American-built large rigid air- 
ship Shenandoah which crashed in a storm over Ohio on September third, 1925, with the loss of fourteen 
of her crew of forty-three. Commanded by Rosendahl, several of the Shenandoah's crew free-ballooned 
the front half of the ship for over an hour before coming safely to earth. 

Subsequent to the Shenandoah crash, Admiral Rosendahl commanded the Los Angeles from May, 
1926, to June, 1930. During that period, he participated in the trials of the Graf Zeppelin in Germany and 
was onboard for its first westward crossing of the Atlantic in October, 1928. As the U.S. Navy observer, 
he also made the Graf Zeppelin's historic around-the-world flight in 1929. 

After commanding the Los Angeles, Rosendahl served in the Bureau of Aeronautics preliminary to as- 
sembling the flightiest crew of the Akron, then nearing completion. He commanded the flight trials of 
that airship and delivered her to Lakehurst where he assumed command after her commission in October, 
1931, and so served until June, 1932. 

After two years at sea, Rosendahl was commanding officer of the Lakehurst Naval Air Station from 1934 
to 1938. He was present during the Hindenburg's 1936 use of Lakehurst as its western North Atlantic ter- 
minal and flew on her many times. He was commanding officerat Lakehurst when the Hindenburg burned 
there on May 6, 1937. 

Several more years were spent at sea, with a brief return to LTA in 1940 when then Commander Rosen- 
dahl was ordered to the Naval Department to activate the Navy's blimp program. During these sea years, 
Rosendahl was promoted to Captain and commanded the Minneapolis in several South Pacific engage- 
ments. 

As of May, 1943, Captain Rosendahl was made Chief of Naval Airship Training and Experimentation 
and Special Assistant for LTA to the Deputy Chief of Naval Operations (Air) and promoted to Rear Ad- 
miral. In this position, he continued to play a major role in the outstanding success of the Navy blimp 
program during World War II. 

Although he retired from the Navy in 1946 with the rank of Vice Admiral, his career in aviation was far 
from over. He served for nine years as Executive Director of the National Air Transport Coordinating Com- 
mittee, is an Elder Statesman of Aviation (National Aeronautic Association); Past President and Life 
Honorary Member of both the Wings Club and the John Erriccson Society; and a Quiet Birdman. 

Admiral Rosendahl was winner of the Harmon International A ward (Aeronaut Class) in 1927 and 1950; a 
member of the Harmon Advisory Committee, 1948-1972; and Harmon Trustee, 1968-1972. He also holds 
the Navy Cross, Navy Distinguished Flying Cross and Navy Distinguished Service Medal. 

After publishing two books and numerous articles on airships, Admiral Rosendahl has taken a less 
active public posture for several years, enjoying his retirement at Flag Point, New Jersey. Thus, it was to 
everyone's great enthusiasm that Admiral Rosendahl agreed to be the honored guest and special lunch- 
eon speaker at the workshop. The text of his talk is reproduced below. 

WHERE DO WE GO 
FROM HERE? 

VAdm. C.E. Rosendahl, USN (Ret.) 

From the sidelines, I have been hearing and 
reading so much miscellaneous matter relating to 
airships that this seemed a propitious occasion 
for someone with actual operating experience in 
the large types to come in as a free-lance critic 
and discuss some of the pertinent topics with 
you. Let me assure you that my comments and 
criticisms are not intended to be discouraging, for 
I too believe in the revival of airships and a suc- 
cessful, useful hereafter for them in the fields for 
which they are suited. 

There are today very few of us ancient mariners 
still around who, some years ago, participated in 
the first chapter of the story of the rigid airship. 
So it is comforting to see here, in this day and 
age, some new personalities scanning this sub- 
ject in which we still believe. Though most of you 
are interested primarily in technical aspects of the 
airship picture, we trust you will not overlook the 
operational side, for the vehicles discussed won't 
operate themselves. 

It is particularly pleasing to me to see again 
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such experienced airship pilots as Admiral Carl 
Seiberlich, Admiral Dick Andrews, Captain 
George Watson, Commander Ben Levitt, Profes- 
sor "Red" Layton, Dr. Jack Harris, Bill Langen, 
Bob Ashford, Walt Collins, Lyn May, James Sejd, 
and that staunch airshipman Hepburn Walker. 
George Watson and I sweat out many a situation 
together in the big ships, but the others were too 
young of course, to have served in the large or 
rigid airships of yesteryear. But they all typify a 
number of similarly qualified men who possess 
the basics derived from actually operating non- 
rigid airships, to qualify them for valuable partici- 
pation in the next chapter in which modernized 
aircraft of the rigid airship type will star. 

But at the same time, we cannot afford to lose 
sight of the non-rigid airships, "blimps" as you 
may call them. ...... 

It is fortunate that Admiral Seiberlich has his 
eye on blimps too, for such craft, modernized and 
equipped up to date, have capabilities for a variety 
of necessary defense tasks. Two of these are anti- 
submarine warfare and the protection of shipping. 
By way of quick illustration, in World War II our 
naval blimps escorted some 89,000 ships at sea, 
laden with troops, equipment, munitions, sup- 
plies, raw materials, without loss of a single ves- 
sel to enemy submarines. A good half of this rec- 
ord was made in areas where hostile undersea 
craft were known to be present. 

The current official functions of the Navy in- 
clude: "To organize, train, and equip Naval forces 
for...antisubmarine warfare and protection of 
shipping." Yet, sad to say, for untenable reasons 
the Navy currently has no blimps at all. 

But so important are these tasks considered by 
defense authorities that: "To train forces...to con- 
duct anti-submarine warfare and to protect ship- 
ping" is a designated task also of the U.S. Air 
Force, albeit as a function termed "collateral". 

I sense, of course, that your primary interest 
here today is in the much larger or rigid airships. 
Yet, you must surely recognize that the avalanche 
of inspired airship publicity—some people would 
no doubt style it obvious "propaganda"—has 
sprung ajar the gates to discussion so widely that 
in my allotted time it is possible for me to touch 
upon only relatively few of the tempting topics 
available. 

As a necessary preliminary, we should first re- 
view a few aeronautical terms to insure that we all 
speak the same airship language and understand 
what the other fellow is talking about. 

The field of aeronautics, of course, embraces 
both heavier than air aircraft and lighter than air 
aircraft. The former derive their lift aerodynam- 
ically, the latter aerostatically from displacement 
of air by some gas which weighs less than air. 
HTA aircraft have only their aerodynamic lift. 
However, LTA aircraft have not only their buoy- 
ancy, but by flying at an inclination generate an 
aerodynamic lift increment which is very helpful. 

In the HTA division we have "fixed wing" and 
"rotary wing" specialists. In the LTA field, the 
simplest forms are "free" and "captive" balloons, 
with buoyant lift only. But when we give balloons 

propulsion and guidance, they are "steerable" or 
"dirigible" balloons or "airships". The word "diri- 
gible" began life as an adjective which basically it 
still is despite its semantically corrupt use as a 
noun to denote only the "rigid" airship. Actually, 
in its defiled usage as a noun, "dirigible" could 
apply to a rigid,  a semi-rigid,  or a  non-rigid 
(blimp) airship. Some folks even call them "zep- 
pelins", whereas zeppelin is a particular type of 
rigid airship manufactured by the Zeppelin Com- 
pany, as is the renowned 747 airplane a Boeing 
747. So if we are talking about rigid airships, let's 
say so unmistakably. 

There is a reason for this review of certain air- 
ship terms. Recently, airship publicists have em- 
braced,   and   glorified   unstintingly,   something 
from the dream world in various configurations 
labeled "hybrid" and imagined to be almost every- 
thing to everybody, even though not a single form 
of one has yet been designed, let alone been built. 

Of course, there is already under active consid- 
eration a purely heavier than air hybrid to result 
from mating the helicopter with the airplane to 
permit the resultant craft to take off and land al- 
most vertically as.well as to hover for a while. 
Cited in the ancestYy of such rotatable propellers 
are those of the rigid airships Akron and Macon 
which  with  reversible engines  could   produce 
thrust up or down, astern or ahead. But let us 
hope today's version of such variable thrust instal- 
lations are considerably better than those of the 
airship Akron days. ...... 

Genealogically, the heralded buoyant hybrid 
would be part lighter than air and part heavier than 
air. But no one knows yet whether the parts and 
performance inherited from the two progenitors 
would be the good ones, the mediocre ones, or 
the worst. So far they are only awesome "artist's 
conceptions" on flat paper, revealing nothing of 
what may be inside their cavernous carcasses. 
Looked at coldly and calmly, the real intention 
might well be just to graft onto an HTA vehicle 
some LTA buoyancy. 

This situation reminds me somewhat of a letter 
the Navy Department received in the early days 
when transport airplanes were losing an occasion- 
al conflict with the laws of gravity. A Congres- 
sional source urged the Navy to share its airship 
helium supply so that airplanes could be made 
safer by putting helium in their wings. And then 
too there was the publicity-seeking gent who took 
the precaution of putting ping-pong balls in the 
wings of the plane he used in crossing the North 
Atlantic. ,_ ,_ ._, . . 

But, thank goodness, the buoyant hybrid idea 
would first have to be scrutinized by engineers 
and technologists, men to whom the slip stick 
and the computer are a lot more convincing than 
the eye-catching illustrated printed page and the 
siren songs of the television talking picture. 

Thus far at least, the idea of the buoyant hybrid, 
heralded as of almost universal capability, has led 
to little except possibly some diminution of in- 
terest in the real airship. In my humble opinion, 
the buoyant hybrid should not be classed as an 
"airship". Rather, the cognizant authorities over 
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such matters should designate the HTA hybrid 
clearly as a member of the HTA aeronautical fam- 
ily, but at the same time create a distinct addi- 
tional category in the field of aeronautics for the 
"neither fish nor fowl" buoyant hybrid. Then, if 
qualified technologists consider that the type has 
potential worthwhile value, by all means go ahead 
and explore it, but don't thereby stymie the mod- 
ernized airship. 

Admittedly, the world will always need imagi- 
nation that can be translated into useful reality. It 
is furthermore granted that the flood of general 
airship publicity has generated a great deal of in- 
terest in the broad airship subject. But laudable as 
this is, one might wish it had been geared more to 
operational realities, so as not to put in jeopardy 
the credibility of all its representations. 

For example, it has been said that "...on the 
ground, all the dirigible [meaning airship, one as- 
sumes] requires is a flat clearing—a grassy field 
will do". Also, to make airship moorings where 
needed, it has been proclaimed, the airship's own 
crew could tie the ship down by two or three "teth- 
er" points, run lines out and hammer stakes in the 
ground. Would that life in the airship world could 
be so simple! 

Should these examples render suspect the de- 
gree of accuracy permeating other publicized 
dreamboat concepts? Recent airship propaganda 
has contended that after its losses in rigid air- 
ships the Navy gave up that type in favor of the 
smaller, less costly blimps. In more ways than 
one, that statement is highly inaccurate. 

First, the Navy has never definitely and clearly 
announced its dropping of rigid airships, but rath- 
er sneaked that in as an implication when an- 
nouncing the termination of blimps. 

The Navy did not "give up" rigid airships in 
favor of blimps. The two types are not even in the 
same league. Their functions differ widely; one 
could not substitute for the other. And, we did 
have some blimps at the same time we had the 
rigids. 

Additionally, the propagandist said, blimp 
operations were discontinued "as an economy 
measure". Wrong again. Airships of both types 
were exterminated with "malice aforethought", as 
I will sustain at length in a coming book. 

But even though airships must suffer such in- 
dignities as just quoted, perhaps we should be 
thankful for the apparent disappearance of certain 
other fallacious items. 

For example, rarely these days do we hear 
about mooring an airship atop the Empire State 
Building in New York or to other tall buildings 
elsewhere. There seems to have vanished also the 
once-touted city-to-city pick-up-and-delivery ser- 
vice by airships using midtown roof tops as land- 
ing platforms. 

Also, in my opinion there will join those ideas, 
on the back shelf, the speculative use of large air- 
ships to take repeated rough air beatings and ex- 
posures to sandstorms, to sneak their great 
length and bulk through high and turbulent moun- 
tain passes not infrequently obscured by clouds 
and thunderstorms in order to pick up popular 

garden products, then reverse the procedure and 
distribute them over the continent. 

Yet, I am aware of the brief intimations that in 
flight an airship's helium might be alternately 
vaporized or liquified to help control buoyancy, 
"something done in the past by dropping ballast 
and valving off gas". 

Helium in the liquid states requires heavy stor- 
age facilities as well as heavy facilities for chang- 
ing it from gaseous to liquid form. Could the air- 
ship afford the diversion of useful lift to such 
weights plus the energy cost for helium liquifica- 
tion? Why introduce such complications at this 
point of revival of the airship, when they are not 
necessary in the airship's proper field of employ- 
ment? 

As to "valving off gas" for buoyancy control, 
with a little research the publicist could have 
learned that "valving off gas" was practiced only 
by hydrogen-inflated airships. There have been 
extremely few occasions when airships ever valv- 
ed off helium. In the rigids, the weight of fuel con- 
sumed was compensated for by "water recovery 
apparatus" which condensed and collected water 
from engine exhaust gases, with an efficiency of 
over 100% at times. Must we assume that this 
particular airship publicist was unaware of "water 
recovery" while writing so authoritatively on other 
airship technical matters, and recommending 
much more costly, cumbersome, still unproven 
apparatus for buoyancy control? 

Still another of the propagandist's eye-catchers 
in the dream world, in my opinion also headed for 
the back shelf, is the simple sounding but highly 
speculative proposition of having an enormous- 
sized airship stand still as a statue and make a 
"spot drop" with necessary "jeweler's precision" 
of extremely heavy indivisible mechanical assem- 
blies. That operation would require not only 
heavy, expensive, complicated equipment for the 
airship, but of even more importance, very unusu- 
al cooperation of Mother Nature. 

As to the suggested complete 100-bed hospital 
aboard an airship moored in a clearing in a 
continental interior to a simple stick mast brought 
in by the airship itself, one marvels at the great 
imagination its proposer must possess. What a 
workout this proposed project would be not only 
for the isolated airship's personnel, but also for 
the airship itself in rain, snow, sleet, thunder- 
storms, frontal passages, etc., as well as not 
being able to replenish its consumable necessi- 
ties. Must we resort to such fantasy to try to 
establish that the airship can be a useful thing? 
From the practicability standpoint, ambition 
should be made of sterner stuff. From almost 
every standpoint, it would seem far better and 
cheaper simply to build an earth-bound hospital 
for "people-to-people" sake. About the only use 
for airships not conjured up so far seems to be 
carrying "coals to Newcastle". 

Another publicized candidate for the back shelf 
is the suggested craft to be formed by the mating 
of three small hulls horizontally because, one 
reads, that "could ease construction and hand- 
ling". First, aren't the craft's flying considerations 
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^ÄftTsa'en^ognized adage that putting a 
given volume in three smaller containers rather 
than in one larger one, in the aggregate requires 
more conuiner area and therefore more weight. 

As for "ease in handling", have we already for- 
goVten that on Aereon's first attempt to ake its 
fhree-hulled craft out of the hangar an, m-man- 
nered gust of wind flipped it over on its pack, has- 
tening the decision to abandon the whole project? 

And as for the published idea of mating three 
large blimp hulls pyramidically into ™e huge as- 
sembly inquiry has revealed no enthusiasm and 
S great doubt from several of the most experi- 
enced airship pilots I know. 

From the pen of. a publicist one reads that A 
dirigible [apparently meaning a rigid airship] of 
the 1970's would not simply be an improved lange 
vision of the Hindenburg or other pre-World War 
II rioid airships, such as America's Akron and 
Leon oar'Britain's R-100." Is that so? Is that pro- 
nouncement made as a consensus of informed 
opinion, or is it only its author's representation? 
Whatever thinking it is supposed to represent I do 
aoree with its author about there never being 
another R-100, nor, for more than one reason, 
aSothe of the Akron-Macon design. But wi h the 
Saratfon that a modernized Hindenburg will not 
be built, I am in total disagreement. 

It cannot be denied that the Hindenburg was the 
best rigid airship ever built, and a successful one, 
and never came up with any structural deficien- 
cies Yet her learned critics would have us believe 
that to her fundamental design there could not be 
applied "remarkable advances in propulsion   ma- 
terials, guidance and control,  navigation, aero- 
dynamic theory, electronic data management 
etc To this has been added the statement that the 
Hindenburg was underpowered; by whose stand- 
ards was she underpowered? I should like to know 
-certainly not those of the designers and build- 
ers of the ship. The critics have added the enig- 
matic   mpresslon that the Hindenburg "had to 
hie a crew continually adjusting and repairing 
the craft". Doesn't every ship have a crew on watch 
o operate mechanisms, take readings and report 

them, etc.? Does the subject commentator believe 
that all the crew did was to go along for the ride? 
The quoted inference could have been only some 
layman's clumsy planted attempt to denigrate a 

finNuacllarpropulsion admittedly is an enchanting 
goal. But realistically, and regardless of the ex- 
tent of its pre-installation tests and trials, ,n any 
first-time airborne installation, bugs which 
cannot be anticipated will creep into its adapta- 
Sin and make unwise immediate total depend- 
ence upon it. Thus, it would seem only prudent 
fo have as "insurance" a pair of additional propel- 
ers conventionally driven. Furthermore, who 
knows but that use of airborne nuclear power 
overland may be forbidden? 

As for passenger traffic, there has been nothing 
but high praise for transoceanic travel by a.rsrp. 
But during the airship's recuperative period after 
so many years of neglect, passengers would con- 

stitute a most demanding payload Blriaihei 
So let's face some realities and lay aside the 

exotic proposals conjured up for buoyant hybrids. 
The airship may achieve a modest increment in 
ojera ing aP!titudye, but basically it is a low altitude 
craft As such, great ocean expanses beckon to 
?he airship, and offer the utmost in meteorological 
or "weather map" navigation. 

At sea  we find waterborne freighters of very 
mw sDeeds At the other end of the spectrum are 
S and ever faster airborne freighters  This ever 
wTden?ng speed gap is open to the airship freight- 
er even if airships never become any faster than 
?he Hmdenburg. The airplane provides the fastest 
rensport of cargo, the waterborne freighters the 

slowest At a speed of even only 4 to 5 times tha 
of the latter, the airship can provide an add.tiona 
useful type of service. From contacts with them 
know S Zeppelin designers and operators Mt 
that a cruising speed of about 100 knots was 
about all they saw any need for in airships 

An authority like Aerospace Engineering Pro- 
fessor Francis Morse says the airplane needs 
camo weighing around eleven pounds per cubic 
foot foTeconomical use of its capacity. "Morse 
thinks   his  airship,"   says   Fortune   Magazine 
"could outperform airplanes in carrying cargoes of 
fairly high value but fairly low density  which m-   , 
dudes most manufactured products." Waterborne 
f ieahtera haul cargoes for which speedy delivery 
s of  last concern. Airplanes can carry certain 
cargoes for which speedy delivery is mandatory or 
at least essential, but at a correspondingly high 
?ost  And Morse has pointed out the genera type 
intermediate cargoes which it is widely believed 
would bring the airship plenty of Patronage. So 
that's the field in which the revived airship should 
resume its place in the world. 

So what should be done to modernize the H,n 

rienbura design? There are numerous readily at- 
fainaoe modifications for achieving the goal in 
addition to the simple conversion of passenger 
soaces and accommodations into freight stow- 
tal And when there is some agency or authority 
set up ?o go into that subject on a serious basis I 
shaU be glad to pass on my ideas on such updat- 
fna But at this point, I will state my firm convic- 
«o°n that the modernized Hindenburg is the proper 
basis for revival of the rigid airship in the fields in 
which rigid airships belong. JQM„IO 

But there are specific features which deserve 
adequate attention now in anybody's airship 
fhinking and here are a few. Boundary ayer con- 
trol has long been a topic of conversationwrth 
general agreement that it is a potentia aid o great 
value Counter-rotating stern propellers fit mto 
the scheme Vectored thrust is another worthy 
goal "Se maritime world has long known the 
Sue of and is using the "bow thruster"for ma- 
neuvering around docks without tug boats. 

jef Assisted Take-Off-JATO-once employed 
bv eariy flying boats, should not be overlooked In 
?he airship world, the Italian airship designer■For- 
anin in 1932 published information on a nove 
and interesting maneuvering system he had just 
fnstaS tn a small airship of his. In the bow he 
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had a centrifugal blower, and a similar one in the 
stern, each with five outlets or valves for effecting 
air streams. Thus, compressed air jets could be 
directed at both ends of the ship, to give thrust 
ahead or astern, upward or downward, or to star- 
board or to port. It was claimed that by the opera- 
tion of these valves, independently or in combina- 
tion, extreme maneuverability of the airship could 
be obtained—it could revolve horizontally about 
its center of gravity, rise or fall vertically or climb 
or descend at a steep angle, and even move side- 
ways, without discharging ballast. 

It should be remembered that the LZ-127, the 
old Graf Zeppelin, operated throughout her long 
lifetime on a gaseous fuel called "blau-gas" of 
density of about 1.0. Since she was inflated with 
hydrogen, the danger from the gaseous fuel could 
be accepted. If a helium ship could perfectly insu- 
late a gaseous fuel with its already contained lift 
helium, the combination would have great advan- 
tages. 

There is obvious great infatuation with metal 
hulls for modern large airships or buoyant hy- 
brids, seemingly traceable to the ZMC-2, a very 
small metal-hulled airship purchased by the Navy 
some years ago. My advice to such enthusiasts is 
to "Stop, Look, and Listen" before they go over- 
board with this idea. 

One must indeed admire the development of 
technique and equipment for literally stitching or 
sewing together thin metal sheets to form the hull 
of the ZMC-2. But there are other considerations 
of transcending importance which must be weigh- 
ed, and the most important of all is the transmis- 
sion of heat by the metal hull. 

To maintain its shape, the metal hull of the 
ZMC-2 depended partly on the pressure of the 
helium within it, so the metal hull served also as 
the helium container. This is contrary to the con- 
ventional rigid airship wherein the helium cells 
and the ship's outer cover are separate, the space 
between them also serving to ventilate the hull. 

Without burdening this paper with the technical 
details, let me say simply that because of the very 
rapid transmission of heat to and from the 
ZMC-2's helium, sudden fluctuations in altitude to 
prevent loss of helium and great changes in her 
buoyancy made the operation of this craft very 
"tricky". Indeed, the pilots regarded the ZMC-2 as 
a "bucking bronco" of the air. Even while docked 
in the hangar there could sometimes be heard 
metallic "cries" of the hull in response to rapid 
temperature-pressure changes. 

Yes, I hear comments about the "large ground 
crews" the Hindenburg personnel wanted. But let 
me assure you, our Naval airship personnel had 
made great pioneering strides in the mechanizing 
of airship ground handling of our own rigid air- 
ships, improvements that unquestionably the 
Germans would have adopted in time. 

Providing whatever ground manpower the Hin- 
denburg desired was no problem whatsoever. 
There were always plenty of volunteers who re- 
garded the arrivals and departures of that ship as 
awe-inspiring events in international history that 
they didn't want to miss. Furthermore, our per- 

sonnel found these occasions of great value in 
keeping current their knowledge of airships such 
as we all thought would some day return in our 
own inventory. 

There seems to be floating around an impres- 
sion that the Germans themselves evidenced 
being through with airships when they dismantled 
the LZ-130, next in the Hindenburg series, early in 
WW II. Actually, they intended, after winning the 
war, to go into rigid airships on a big scale, but in 
WW II airships would have been of no value to 
them. So they scrapped the LZ-130 and the still 
existing old Graf Zeppelin (LZ-127) and of course 
made use of the fine alloys with which those two 
airships had been constructed. 

But behind this was their decision to get rid of 
the two large airship hangars at Frankfurt which 
were easy for approaching enemy bombers to spot 
and use for position finding. Even more important 
to the Germans was the hazard these two huge 
structures on a totally blacked out field presented 
to Luftwaffe pilots taking off and landing there at 
night. 

Sincerely, I am enjoying all the papers and pre- 
sentations being made here. As for my own paper, 
it is realized that not every question in your minds 
could possibly be answered on this single occa- 
sion. But let's hope it has brought realization that 
more than enthusiasm is required to effect revival 
of the airship. 

Airship history becomes more and more con- 
fused as author after author bemoans and pyra- 
mids our pioneering losses, and presents his own 
versions of the loss of the Shenandoah, the burn- 
ing of the Hindenburg, etc.,—events of nearly half 
a century ago. What is needed is clarification, not 
more confusion. 

Just a loose confederation of "interested" par- 
ties can't hope to re-establish the airship. The 
game isn't played by the cheer-leaders and the 
rooting section. So, in my way of looking at the 
situation, by far the most important decision to be 
arrived at is that of authoritative cognizance over 
airships and airship matters. Until that is attained, 
there may not be any "party platform" on airships. 
But pending the establishment of such cogni- 
zance, perhaps we shall have to look elsewhere for 
help. 

No doubt you remember from Greek mythology 
of your school days that the stalwart and renown- 
ed Greek hero Hercules was assigned to perform a 
number of tasks that were considered very formi- 
dable ones. Frequently mentioned is the "fifth 
task" which consisted of cleansing the Augean 
stables which for 30 years had been occupied by 
thousands of cattle without ever having been 
cleaned out. But Hercules wasn't awed for a mo- 
ment. He simply joined two rivers together and 
with their combined streams got the flushing-out 
job done in a single day! 

So please, Mr. Hercules, wherever you are- 
over the Island of Cyprus or elsewhere—and 
whatever you are doing, please drop the bricks 
and come on down and help us clean up and 
straighten out the airship situation. 

XVII 



ECONOMIC AND MARKET ANALYSIS 

Basic Relationships for LTA Economic Analysis — Raymond A   Ausrotas 

Preliminary Estimates of Operating Costs for Lighter Than Air Transports - C  L  Smith, 
M   D. Ardema 

Comparative Airship Economics — Robert Harthoorn 

Effect of Present Technology on Airship Capabilities — Robert T  Madden, Frederick Bloetscher 

Airship Economics — Richard D  Neumann. L. R  "Mike" Hackney 

Some Economic Tables for Airships — Richard D  Neumann 

A Study of Design Trade-Offs Using a Computer Model - Stephen Coughiin 

An Economic Comparison of Three Heavy Lift Airborne Systems — Bernard H   Carson 

An Approach to Market Analysis for Lighter Than Air Transportation of Freight — Paul O. Roberts, 
Henry S. Marcus. Jean H   Pollocl« 

Market Assessment in Connection with Lighter Than Air — John E   R  Wood 

Xiii 



N76-15016 
BASIC RELATIONSHIPS FOR LTA ECONOMIC ANALYSIS 

Raymond A. Ausrotas* 

ABSTRACT; Operating costs for conventional lighter than 
air craft are presented, based upon data of actual and 
proposed airships.  An economic comparison of LTA with 
the B-747F is shown.  A brief discussion of possible LTA 
economic trends concludes the paper. 

INTRODUCTION 

In the field of Lighter Than Air, there is a wealth of performance 
data and a dearth of economic data.  Thus it is not surprising that 
most discussions about the potential of LTA end in agreement that 
an airship of a given size could carry out some specific mission, 
but in disagreement as to how much it would cost.  Since commercial 
airship operations have not been undertaken for almost forty years 
this paucity of data is not surprising, and any new proposal for  ' 
LTA--as far as its economic viability—runs into immediate sus- 
picion,  it is not the intent of this paper to review the overall 
economics of LTA, but rather simply to present the supply (cost) side 
of the equation. 

♦Associate Director, Flight Transportation Laboratory, Massachusetts 
Institute of Technology, Cambridge, Massachusetts 02139 



AIRSHIP ECONOMICS 

The unit cost of an airship is the first in a series of unknowns in 
an economic analysis of LTA.  This cost is determined by four basic 
variables:  total development cost (non-recurring costs), the anti- 
cipated airship production run (required to allocate the development 
cost to each airship), the construction cost (recurring costs), 
and engine cost.  Engine costs would be known before construction was 
undertaken—the other variables are largely unknown.  (Also unknown 
are such operational factors as need for hangars, mooring masts, 
terminal buildings, as well as airspace utilization problems, etc.). 
Estimates of development costs vary from $50 million to $500 million; 
the number of airships needed ranges from 1 to 200; and construction 
cost estimates range from $0.50 per cubic foot to $4.00 per cubic 
foot.  Clearly no definitive answer can be given to the question of 
"How much will an airship cost?" 

Given some purchase price, the airship will be depreciated by the 
operator over its useful life.  If the price of the ship is $20 
million and assuming a life of 10 years, straight line depreciation 
results in annual ownership costs of $2 million.  In U.S. scheduled 
airline operations depreciation typically amounts to 10% of total 
operating costs (direct and indirect). A possible annual operating 
cost of the airship could be $20 million.  However, consider ocean 
tanker operations; here depreciation is typically 50% of direct 
operating costs, resulting in direct operating costs of $4 million. 
Adding 50% for indirect costs, total annual airship operating costs 
amount to $6 million.  Until airships have been in commercial opera- 
tion for some time, it is hard to judge whether airships will be 
more like shipping fleet or airline operations. 

However, it is possible to take a look to the past when transport 
airships were in operation.  This perspective should provide at 
least an outline of the likely cost structure should LTA become a 
commercial possibility. 

Table 1 presents a detailed breakdown, in CAB Form 41 style (1931 
dollars), of the pro forma costs for a metalclad airship of about 
the same size as the Navy's Akron/Macon1.  Depreciation was projected 
to be 20% of total costs, about in line with airline costs; indirect 
operating cost was  50% of DOC; about the same as current freight 
airline experience. 

The total projected costs of the MC-72 were probably unduly conserva- 
tive.  They were higher than those experienced by three commercial 
transports, the Bodensee, Graf Zeppelin and the Hindenburg, as is 
shown in Table 21.2,3,4,5.   The Hindenburg was practically a twin 
for the MC-72, and achieved about 16C/available seat mile, compared 
to the projected 36C/asm for the MC-72. 

Figure 1 shows the improvement in productivity and decrease in costs 
achieved by the Zeppelins as their capacity increased.  The Goodyear 



airship design of 1945 appeared to be a realistic follow-on to the 
Zeppelin line. 

Table 1 

Projected Operating Costs - Airship MC72 (1931 Dollars) 
Based on:  Block Speed 68 mph; Pavload 2 0 tons; Utilization 3,000 
hours; Available Seats 50; Volume 7.26M cu.ft.; Average Stage Length 
3,300 miles; Airship Cost $5m. 

Airship Operating Expenses (Per Block Hour) 

Flying Operations 
Crew 
Fuel and Oil 
Helium (at $0.40/cu.ft.) 
Insurance 
Other 

Total Flying Operations 
Maintenance-Flight Eouipment 
Depreciation 

Airframe 
Engines 
Total Depreciation 

Total Airship Operating Expenses 
Per Airship Mile (?) 
Per Available Ton Mile (C) 
Per Available Seat Mile ($) 
Indirect Operatina Costs (Per Hour) 

Total Operating Costs (Per Four) 

59.0 
11.0 

100.0 
204.0 
58.0 

432.0 
135.0 

170, 
79. 

249, 
816. 

12. 
60. 
24. 

408. 
1,224.0 

Figure 1 

Productivity and Operating Costs  of Commercial Dirigibles 
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Moving forward some forty years to Table 3 , a similar breakdown of 
costs is shown for two of the Southern California Aviation Council, 
inc. proposed airships4.  The AMC-7.4 is about the same size as the 
MC-72, and it is interesting to note that although the dollar's 
value has decreased by a factor of about 3 since the mid-thirties, 
the operating expenses for the airship are assumed to have gone down 
while the unit price of the airship has more than doubled.  Deprecia- 
tion of the newer airships is about 30% of total operating costs, 
somewhat closer to ship operations, while indirect costs are assumed 
to average only about 10% of DOC. 

Table 4 provides the operating expenses for a B-747 freighter flying 
in the United States6. A comparison of the airship and aircraft 
operating cost indicates that the aircraft costs are below those 
anticipated for all the 7 million cu. feet airships shown in Table 2- 
only at the super-airship sizes do costs become competitive with 
the B-747.  Then the insurance premiums of the large airships be- 
come the dominating operating expense. 

Although Table 2 shows the costs at current dollars, the actual value 
of the dollar has deflated by 300-400% from the mid-thirties. However 
it is not totally unreasonable to assume that airship expenses 
would in fact decrease.  The average U.S. scheduled airline cost 
per available seat mile in 1938 was 5.5C,? while in 1970 it had 
decreased to 3.6C/asm.  However, the available seat miles during 
this period grew from 1,067,793,000 to 264,903,850,000, and the 
economics of scale, operating experience and increased safety which 
the airlines gained during this period of 30 years have all con- 
tributed to reducing costs,  clearly airships have not had the bene- 
fit of a similar learning period, and it is not quite correct to 
extrapolate directly from airline data.  Only after some years of 
actual airship operations will it be possible to determine if 
similar trends will hold. 

Table 3 

Projected Operating Costs - SCACI Airships (1974 Dollars) 
Based on: Airborne Speed 100 mph; Stage Length 2,000 miles, utili- 
zation 4,000 hours. 

Airship Operating Expenses     AMC-7.4 AMC-42 
(Per Airborne Hour)        (cost $13M, Pay- (cost $74M, Pay- 

load 60 tone) load 804 tons) 
Flying Operations 

Crew 143.0 154.0 
Fuel and oil 52.0 
Helium 0.0 

163.0 
0.0 

insurance 189.0 1,125.0 
Other 0.0 o.O 

Total Flying Operations 384.0 1,442.0 
Maintenance 58.0 '95^0 
Depreciation 167.0 903!o 



Total Airship Operation Expenses 609.0 2,440.0 

Per Airship Mile ($) 
Per Available Ton Mile (<=) 10.0 ,«*"« 
Indirect Operation Costs (Per Hour) 98-° *,  l°kn 
Total operating Costs (Per Hour) 

6.0 24.0 
0.0 3.0 
8.0 .          206.0 

707.0 2,646.0 

Table 4 

Estimated R-747F Operating Costs (1972 Dollars) 
Based on:  Block Speed 500 mph; Stage Length 2,000 miles; Utilization 
3,000 hours; Payload 100 tons. 

ftircraft Operating Expenses (Per Block Hour) 

Flying Operations 
Crew 300.0 
Fuel and Oil 400-° 
Insurance 50.0 
Total Flying Operations 750.0 

Maintenance 500.0 
Depreciation 500.0 

Total Aircraft Operating Expenses 1,750.0 

Per Airship Mile ($) 3-5 

Per Available Ton Mile (<=) 3.5 
Indirect Operating Costs (Per Hour) 900.0 
Total Operating Costs (Per Hour)  2,650.0 
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paper because of the many similarities ^Jl^^SlSblll^SllJshlS? 
formulae are examined element by element to assess the ap£J«bi nty t /out 

and maintenance of the buoyant gas, are formulated. 

A. airship perfomance model  is necessar,,J^^ ^^^SVÄSll^lSn 

ÄenÄpÄsly^   - S ' o n this paper.    The methods of 
performance analysis are discussed in the next section. 

To illustrate the cost estimating relationships    »ejp^^ costs of^lfted^ 
airship transports are computed.    A con^ntionalfunyDuoya, jr^ Qf changes 

buoyant airship are defined and d ^sed     The effects on g ^ investigated< 
in cruise speed, gross takeoff weight, range, an° ™e ^ ^ air_ 

S3?S5 SS."1?Ä lZSZ%Z configurations and the aircraft 

are illustrated in Figure 1. 

FULLY BUOYANT 

HYBRID AIRCRAFT 

Figure 1 
Study Configurations 

Any airship costing methodology must *-XI^Ä'SuSJS SlfW 

a temporary means for estimating airship 
for developing more definitive relationships. 



METHODS OF ANALYSIS 

Performance 

The airship performance analysis begins with the calculation of gas volume, VQ/\$> and 
envelope volume, V^y, in terms of the specified buoyant lift, LguoY» as follows 

VGAS = ^ 
K6       \ (1) 

PS L 
VENV  pALT  

VGAS 

where KQ = .06 for Helium and P$>LI and p^i j are the atmospheric densities at sea 
level and cruise altitude, respectively. Once V^y is known, the airship geometry 
can be determined. 

The aerodynamic analysis follows Appendix A of reference 3. After the Reynolds 
number, R|\|, has been computed, the skin friction coefficient, Cf, is determined 
from1* 

Cf = -V/T (2) 

The bag drag coefficient is i» 

KN 

1/3    ,1/2     ,2.7. 
Cr,       .  r. ,U""    . e    /dV7t . o„ ,d 'D, BAG-Cf[4(J)   + 6(J)   +24(J)  ] (3) 

where U/d) is the fineness ratio. The drag coefficient is then 

CD = CD  + CD (4) 
u   UBAG   UF 

where CDp accounts for the fin and other miscellaneous components of drag and is 

taken as equal to .005 in the present study. The vehicle zero-lift drag is deter- 
mined from 

Do = C>CDSREF <5> 

where 

SREF = VENV (6) 

The lift coefficient is taken from reference 2 as 

P      S 
C. = (0.5TTA* sina + K. sin a cosa) ■rs- (7) 
L L bREF 



i„ «-F a+tark S is the platform area, and 
where * is the aspect ratio, a is the angle of attack, Sp 

1-/K (8) 
KL = 1.7 A* e 

(9) 
The drag due to lift coefficient, CDl. is obtained fro. reference 5 as 

CD = CL tana 
i 

For the hybrid airship, the »,,. of attack Is seiect«, * setting CD„ - C,. The 
vehicle dynamic lift and drag due to lift are 

LDYN = q CL SREF       ) (10) 

Di = A CD. %F       ) 

KÄ x wx^usttwsz »u °f attack' 
WGT0FULLY BUOYANT " 

BU0Y (11) 

DFULLY BUOYANT = Do 

For the hybrid, . 

WrTn     
= LBU0Y + LDYN    / GT0HYBRID   ° \ (12) 

n     = D + D.       j ÜHYBRID  uo   I       ) 
Hn-fnnpH to be the empty weight minus the propulsion 

The structural weight, WSTRyC, defined to be we empty 
system weight, is obtained from 

WSTRUC = KSI VENV + KS2 LDYN 

where the second factor is zero for th;.fully buoyant airship ^The ^^factor 
results from the "cube-cube   law governing scanng ^  .n the t 

Ä^TtS^r^W.rÄl^S?!" the past 40 yea.s are cons,dered 

The horsepower retire, for cruise is determine, fro» the frontal reiationship 

S D (14) 
% = 550np 

efficiency. The rated horsepower is 

"RATE 
: 

(15) 
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where P and T are the atmospheric pressure and temperature, respectively, and Kj is 
the throttle setting, taken as .60 in the present study. Both diesel and turboprop 
engines were investigated, and it was found that the former gave superior performance 
in both the fully buoyant and hybrid airships. The weight of the diesel engines is 

WENG " KE «RATE °6) 

where KE was taken as 1.0. The weight of the rotors and drivetrains, WDDV, was 
estimated from empirical data and added to the engine weight to obtain the propulsion 
system weight, Wp^gp. 

The mission fuel requirements are determined from 

WFUEL " »CR SFC I 07) 

where SFC is the specific fuel consumption and R is the range. Finally, the payload 
may be determined from 

WPAY = WGT0 " WSTUC " WPR0P " WFUEL ^18' 

Cost 

The development of a costing methodology for airships may follow one of two paths. 
First, there is the methodology based on past airship costs and past operating 
experience. This data base, however, is so old that it has limited use in the modern 
context. The economic situation and manufacturing techniques of today cannot be 
reflected accurately in a model based on historical airship data. 

The second possibility is to use techniques that have been developed for estimating 
costs in the air transport industry. This approach is natural since aircraft and 
airships have many characteristics in common. Both have a need for light weight 
and high performance to obtain optimum operational efficiency. In order to minimize 
the labor requirements, both will include sophisticated flight control and avionics 
systems. Minimum operating costs require a high degree of dependability and high 
utilization factors. Also, airships and aircraft will have to meet the same insti- 
tutional and operational constraints since both will be performing their tasks under 
the jurisdiction of the same regulatory agencies. Therefore, the costing techniques 
based on air transport experience were used in this study since they were considered 
to be more applicable in predicting the economic characteristics of the airship. 

The vehicle costs were derived using equations which compute cost as a function of 
weight. The equations compute separate costs for body structure, propulsion, 
avionics, crew station controls and panels, and final assembly. These are then 
summed to derive a first unit cost. Learning curve factors are applied next to 
arrive at the cost per unit for the production quantity. Airship unit costs were 
estimated from the same equations that were used for conventional aircraft. This 
assumption is probably conservative since there possibly are reasons why airship 
unit costs per pound of structure may be lower than those of aircraft. 

The operating cost is divided into two parts -direct and indirect. The DOC's were 
computed using the Air Transportation Association (ATA) equations.1 The indirect 
costs were derived using the equations developed jointly by Boeing, Lockheed, and 
Douglas2 with a modification to include the gas replenishment needed for airships. 
Table 1 is a listing of the items in DOC's and IOC's. 

A preliminary examination indicated that the land requirements for the aircraft and 
airships would be equal so those costs were not included in the study. Aircraft 
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Table 1 
Operating Cost Elements 

• DIRECT OPERATING COST (ATA METHOD) 

CREW 

FUEL 
INSURANCE 

MAINTENANCE 

DEPRECIATION 

• INDIRECT OPERATING COST n 
(LOCKHEED-BOEING-DOUGLAS METHOD) 

MAINTENANCE OF GROUND PROPERTIES AND EQUIPMENT 

VEHICLE SERVICING 

CARGO TRAFFIC SERVICING 
RESERVATIONS, SALES, ADVERTISING 

GENERAL AND ADMINISTRATIVE 

GAS REPLENISHMENT 

actually retire «re land 2»«-™«$ ^stA tne'lanHt occÄ 
1s quite high wereas an airship when ™°r?V°f! ™%!™   fully buoyant airships 
be utilized for other a ^'P'-*«,*? * ^t on     The hybrid airship would be 
SeSor to AA? IZZu till of land utilization and a,r traffic 
congestion. 
The block time is very important to the productivity of the vehicle.    The block times 
were computed by the following equations 

R + .5 S 

AIRSHIP = 252 
s(i-^f-) 

S' (19) 

where t 

R + .5 S + 1 
AIRCRAFT _ 752        2 

s(i--^-) 

block time, hr; R - range, nautical miles; and S = cruise speed, knots, 

The time to climb to and descend from ^li^^S^J^U^S^r^^efRct °' factor .5 S.    In the denominator   the fractional quantity a aircraft,respec- 

alrcraf/bloaS S^SlTV^iSÄß Maneuver tl- which 1s hot 
necessary for the airship. 
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Table 2 lists the assumptions for the cost study. The utilization rates of airships 
will be considerably higher than those of aircraft due to the higher trip times. 
Further, it may be possible to do almost all maintenance in flight. Achievement of 
high utilization is important for airships due to their inherently poor productivity. 
It is assumed in the present study that ground time is only necessary for freight 
loading and unloading. The airship requires two crews for the long flights, but 
salaries were assumed to be paid only while the crew was actually working. The 
utilization and crew salary assumptions should be regarded as optimistic. The air- 
ships will require an annual total gas replenishment equal to about 25% of their 
volume. The price of Helium was taken as 1(K par cubic foot. 

Table 2 
Economic Assumptions 

AIRCRAFT 
3 

FULLY 
BUOYANT 
& HYBRID 

3 

11.67 23.40 

.25 .25 

S)                  15 15 

15 15 

2 2 

lAR)                0 25 

RESULTS 

CREW SIZE 
UTILIZATION (HR/DAY) 
FUEL COST ($/GALLON) 

DEPRECIATION PERIOD (YRS) 

RESIDUAL VALUE (%) 

INSURANCE RATE(%) 

GAS REPLENISHMENT (%/YEAR) 

The study configurations are shown in Figure 1. The fully buoyant airship is of con- 
ventional ellipsoidal shape. The hybrid configuration has an elliptic cone forebody 
and an afterbody which fairs to a straight line trailing edge. The cross-sections 
are elliptical. The hybrid configurations represents an arbitrary choice of shape 
since the performance optimization model is not sufficiently detailed to account for 
all the interactions necessary for a configuration optimization. Thus, there may 
well be superior hybrid configurations to that considered here. 

Table 3 shows the characteristics of the fully buoyant and the hybrid airship sized 
for 1,000,000 pounds of buoyant lift. Also shown for reference are the characteris- 
tics of a cargo aircraft of 500,000 pounds gross takeoff weight. The cruise speeds 
of the airships were selected to maximize the productivity-to-empty weight ratio and 
were found to be 100 knots in both cases. Due to the severe penalties associated with 
designing airships for high cruise altitudes, sea level altitude was assumed. Cruise 
altitude capability is then obtained by preheating the buoyant gas to fill the envel- 
ope at takeoff. The dimensions of the airships are large compared with those of 
the aircraft, with the hybrid being somewhat more compact than the fully buoyant. 
The horsepower of the hybrid airship is considerably higher than that of the fully 
buoyant due to the higher drag of the former. The hybrid airship has 724,000 pounds 
of dynamic lift at cruise in addition to its 1,000,000 pounds of buoyant lift. Both 
airships have 16.7 x 106 ft3 of He. 

The weight statements on Table 3 show that the fully buoyant airship and the cargo 
aircraft have about the same payload fractions and that that of the hybrid airship 
is somewhat lower. Consideration of the ratio Wpu^L/WpAY indicates that the fully 
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Table 3 
Vehicle Characteristics 

FULLY 
BUOYANT    HYBRID    AIRCRAFT 

wGTO, 100° lbs' 
WSTRUC 
Wpnop 
WFUEL 

WpAY 
CRUISE SPEED*, knots 
CRUISE ALTITUDE, ft. 
LIFTING GAS 
GAS VOLUME, ft.3 

LENGTH, ft. 
RATED HORSEPOWER 
RANGE, n.mi. 

1000 
417 

43 
195 
345 
100 

0" 
H« 'e 

16.7 x 106 

1032 
27,700 

2700 
•CHOSEN TO MAXIMIZE PRODUCTIVITY-TO-EMPTY WEIGHT RATIO 

"ALTITUDE CAPABILITY OBTAINED BY PRE-HEATING GAS 

1724 

652 

90 
497 
484 

100 
0** 

He 
16.7 x 106 

658 

70,640 
2700 

500 
163 
50 
116 
171 
462 

35,000 

160 

2700 

buoyant is the most fuel conservative of the three, followed by the cargo aircraft. 
It appears that the extra lifting capability of the hybrid airship as compared with 
the fully buoyant airship is cancelled by its higher drag. 

The operating cost breakdowns for the three vehicles are shown on Figure 2. Consider- 
ing DOC first, the elements of depreciation, maintenance, and insurance are seen to 
be about the same for all three vehicles. The fuel cost is lowest for the fully 

u 
d 
2 
ui 

I 

I 
u 

FULLY BUOYANT HYBRID AIRCRAFT 

LEGEND 

DOC p==™, 
DEPRECIATION faSSäd 

MAINTENANCE I "■- I 

INSURANCE llilililili'i1'1!! 

FUEL P3^ 

CREW ^m 

IOC 
GAS [■■•■■■■■■■■■■■■■■■•■■.i 
REPLENISHMENT tviiv^J 

G*A W///Ä 
RESERVATIONS, ,„ pSSSS 
SALES, ADVERTISING £^r„d 

CARGO TRAFFIC 5ÖÖÖ3 
SERVICING monfl 

MAINTENANCE 

Figure 2 
Operating Cost Comparison 
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buoyant airship and highest for the hybrid airship, reflecting the fuel economies of 
the three vehicles. The crew costs are high for the airships due to their relatively 
low speed and productivity. As mentioned earlier, the economic assumptions used to 
compute the airship DOC's must be regarded as optimistic. Most important of these 
assumptions are  the high utilization rate and number of crew members (see Table 2) 
Use of the cargo aircraft utilization rate and the assumption of continuous pay for 
all crew members would give airship DOC values of twice those shown on Figure 2. 

The IOC's of the airships are similar to those of the cargo aircraft except for the 
requirement for lifting gas replenishment. This results in slightly higher IOC's 
for the airships. Adding the DOC's and IOC's to get the total operating cost (TOC) 
gives values of 6.6, 7.4, and 5.80/available ton-statute mile for the fully buoyant 
airship, hybrid airship, and cargo aircraft, respectively. Although the depth of 
analysis is insufficient to draw conclusions based on small differences, it would 
seem that airships are at best marginally competitive with aircraft for the mission 
under consideration. 

As is commonly believed, airships become more efficient as they become larger, as 
demonstrated in Figure 3. The tick marks denote the nominal vehicles of Table 3. 

i- r> 

E 
z p 

-i m < 
_i 

I 
CO o 
Ü 
o z 

UJ a 
O 

20 

15 

10 
FULLY BUOYANT 

HYBRID 

AIRCRAFT AT 500,000 LBS 

1000 
_l_ 

2000 3000 

GROSS TAKE-OFF WEIGHT, 1000 LBS 

Figure 3 
Effect of Take-Off Weight 

The reason for this trend is not that the empty weight fraction decreases as is often 
stated (in fact, the "cube-cube" law implies a constant empty weight fraction), but 
rather that the skin friction decreases and the aerodynamic efficiency increases at 

2e Inn9«1" S1zes' Figure 3 shows that the ful]y buoyant airship has the same TOC as 
the 500,000 pound cargo aircraft at a gross takeoff weight of about 1,400,000 pounds 
The hybrid airship TOC only approaches that of the cargo aircraft at extremely large" 
values of gross takeoff weight. At the large airship gross takeoff weights, a point 
of diminishing returns is reached beyond which further reductions in TOC are small 
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The fully buoyant airship is superior to the hybrid airship at all values of gross 
takeoff weight and both are noncompetitive with the cargo aircraft at values below 
1,000,000 pounds. 

The sensitivites of T0C to cruise speed for the two airships are shown in Figure 4. 

150 

CRUISE SPEED, KNOTS 

Figure 4 
Effect of Cruise Speed 

Also shown for reference is the TOC of the cargo aircraft which cruises at 462 knots. 
At lower airship speeds, around 50 knots, the fuel consumption is low and the pay- 
load fraction is high. The productivity, however, is very low. At higher speeds, 
around 150 knots, the drag becomes prohibitively high and the payload fraction be- 
comes low. The result of these trends is that minimum TOC is achieved at around 100 
knots for both airships, thus justifying the original choice of this cruise speed. 
The figure shows that the hybrid airship is much less sensitive to cruise speed than 
is the fully buoyant airship. 

There is a severe penalty for flying at cruise altitudes appropriate for transconti- 
nental flights as shown in Figure 5. If the requirement is for a 10,000 foot altitude, 
the TOC is approximately double that of the sea level case. At 20,000 foot, both 
airships have negative payloads. (Reducing the cruise speed or the range would give 
positive payloads at 20,000 feet.) To avoid venting gas, it is desirable to preheat 
the buoyant gas to expand it to the envelope volume prior to takeoff. 

The effect of range on the total operating cost of the two airships and the aircraft 
is shown in Figure 6. The TOC of the fully buoyant airship and the cargo aircraft 
increases slightly with increasing range. The TOC of the hybrid airship increases 
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more rapidly due to the relatively high fuel fraction and low payload fraction of this 
vehicle. At the longer intercontinental ranges of 5000 n. mi., the hybrid airship is 
not competitive with the fully buoyant airship or the cargo aircraft. 

Current cargo transport aircraft are frequently limited not by cargo weight but bv 
cargo density. Cargo aircraft are designed for a cargo density of about i01b/ft . 
For cargos of lesser density, the full payload weight cannot be carried. The effect 
on TOC is shown in Figure 7, where it is assumed that the airships are not limited 
by cargo density constraints. The effect on the cargo aircraft TOC is severe, and 
at a cargo density of 5 lb/ft3 the cargo aircraft TOC is double that of the airships. 
Therefore, it may be concluded that airships are more attractive than aircraft for 
transport of low density cargo. 

HI 

in 

I 
z 

i 
UJ 
-I 
en 
< 
_l 

1 
o u 
o z 

E 
Ul a. 
O 

20 r 

15 

10 

AIRCRAFT 

FULLY BUOYANT 

5 10 

CARGO DENSITY, LB/FT3 

15 

Figure 7 
Effect of Cargo Density 

CONCLUDING REMARKS 

The results have shown that airships are marginally competitive with aircraft on 
established freight routes. Using somewhat optimistic assumptions for airship 
economic analysis gives airship total operating costs which are slightly higher than 
those for aircraft. There are, however, several categories of missions which are 
potentially attractive for airships, many of which were not considered in this study. 
Among these are: (1) transport of low density or indivisable bulky cargo (examples 
of the latter would be modular housing or nuclear reactor components); (2) transport 
to or from undeveloped sites (examples are transport of agricultural crops from sites 
which have no road or runway access and supply of developing nations); (3) missions 
in which the unique features of airships are of use (these features are high endur- 
ance and hover and V/STOL capability; the missions include surveillance and intra- 
urban transportation); (4) use as special purpose vehicles (examples are an oil/gas 
transporter in which the gas serves as the buoyant gas, and a hospital ship for 
disaster relief); and (5) military missions. 

18 



The parametric results show that airships are highly sensitive to cruise speed and 
altitude selection. It is important to select the optimum cruise speed correctly. 
It is highly desirable to preheat the buoyant gas in order to minimize the effects of 
altitude requirements. 

The fully buoyant and hybrid aircraft designs were found to have about the same 
economic performance. The extra lifting capability of the hybrid is counteracted by 
its greater drag. The operating costs being equal, there are some operational 
factors favoring the hybrid. The hybrid would have less sensitivity to cruise speed, 
superior low speed control characteristics, and greater ease of ground handling as 
compared with a fully buoyant design. 
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N76-T5018 
COMPARATIVE AIRSHIP ECONOMICS 

Capt. Robert Harthoorn* 

ABSTRACT:  As future LTA vehicles will be doomed right 
from the start if they do not fill a real need, some dif- 
ferences in transport philosophy between design engineers 
on the one hand and freight forwarders on the other are 
discussed.  Watching rising costs of energy necessary to 
transport our cargo from A to B, and realizing that this 
price of energy is always included in the product's 
selling price at B, the apparent correlation between 
installed specific tractive force per unit of cargo weight 
and pure freighting cost are contemplated.  Very speedy 
and progressive Airship designs are mistrusted by the 
author, because the key to any low cost transport tool is 
to design it for its given task only, without any unneces- 
sary sophistication. 

THE BEE AND THE PHYSICAL DISTRIBUTION SYSTEM 

It_is said that in order to collect one kilogram of honey, the bee 
flies an average corresponding distance of twice the equator's length, 
and thanks to his faultless computerized communication and balanced 
stock-and-distribution systems, not one bee ever flies one meter too 
far, and not one gram of honey is lost. Related to our present pat- 
tern of transport, this example teaches us in a nutshell how we ought 
to perform the so-called Physical Distribution System, which is up to 
the present still far away from this ideal situation.  As a good 
excuse for our human and technological shortcomings in this field, we 
may remark that our bee is not tied down to the most numerous and com- 
plicated national and international laws governing commercial aviation 
nor the very complex freight rate structures set by the (I)nternational 
(Alir (T)ransport (Association, delaying customs formalities, politi- 
cal barriers, feedermg ground transport, etc. 
#General Manager, Equipment Control, Holland America Line, Rotterdam 
The Netherlands 
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Sje? KchSSS Jid always ships the same commodity fro« production 
center to final destination at only one computed flat through rate. 

Coming to the Airship concept, I took this exainple because^ when I 
read or listen to the promotion arguments of some Airship designers 
get the slight impression that the freight forwarder and/or the oper- 
ator has to" take it for granted that the Airship, figuratively speaking 
is going to substitute the bee, and solve all of our transport problems 
accordingly. 

It is quite human and understandable that any designerfas a specialist, 
likes to take pride in a new and sophisticated design, but initially 
one has to rea?Ize that the Airship^is not the only competitive way to 
transport paying loads, and secondly, one has to realize that the ship 
lev  or the paying passenger is the ultimate customer, and it is essen- 
tial that these points of view are borne in mind when talking about the 
re- ntroSucUon o? ?he Airship concept Original thinkers who want to 
break some old habits of transport are badly needed, but it should be 
appreciated that there can be only one valid reason for accepting the 
Ai?ship concep?, and that is if Airship services can perform a profit- 
able and useful function. 

LAMINAR AIR-FLOWS OR "LAMINAR CASH-FLOWS"? 

Tfc« „arvina Airship cost figures supplied up to the moment are rather 
IrusIraTing. On  tnis basis'one cannot blame the festers' reluctance 
to invest f reasonable amount of capital, because he is neither inter- 
ested in the difference between laminar and turbulent airflows, nor in 
Propeller efficiency, but only in "laminar cash-flows" and returns on 
lllitll      This statement may sound a bit unsympathetic in some circles, 
but if one accepts tha? the^rofits of any businesslike undertaking are 
the UfXlood necessary for investments in the future one has to 
realize that the investor wants a sound and reliable cost figure. 

THE CAPITAL RETURN FACTOR 

itter concerning comparative Airship 

AFR - (DOC +   IOC)    =  ^ 0-15   or  15»0 
Total Invested Capital 

In this formula, the total annual freight revenue (AFR) represents the 
Product oHaverage actual loadfactor) x (maximum payload capacity) x 
(average blockspeed) x (number of operational hours/year) x (f«ight • 
rate oer ton/nautical mile).  Taking into account the later deduction 
of state taxes and stockholders' dividends, we assume that the desired 
outcome of this C.R.F. Formula gives the investors the reasonable 
?igu?e of at least 0.15, equal to 151.  The designer's responsibility 
now is to supply, within the limits of the given specifications  a 
valid and controllable breakdown of the direct building and technical 
operating cost figures, which are important parameters in the given 
formula. 
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DETERMINING AIRSHIP'S SHADOW FREIGHT RATE 

Presuming that the Airship's shadow freight rate is more or less deter- 
mined by the direct competitor in this field, viz.,the present aircraft 
carrier, it is essential that the Airship's freight rate be determined 
at a price which is preferably at least 301 less than the average 
actual airfreight rate applying to the same transport distances. 

Taking a very average specific airfreight rate from Amsterdam to New 
York, viz., $0.45 per short ton/nautical mile, the average Airship 
shadow freight rate will be determined at, let us say, $0.30 per ton/ 
nautical mile.  Considering a long-haul designed Airship, having a 
trans - N. Atlantic payload capacity of 300 short tons, and presuming 
that the accepted break-even load factor of 0.5 (50$) provides no 
capital return at all--which means that total freight revenue equalizes 
total costs--we demand a capital return of at least 15%, obtainable at 
an average annual load factor of 75%. 

Presuming 3,000 operational hours per year, and an average blockspeed 
of 80 knots, one may now reach the conclusion that after applying the 
C.R.F. formula, the total maximum admissible capital investment may not 
exceed the amount of 36 million dollars. 

16-2 - 10.8  =    0<15 
y 

y    =    36 

This system of approach may be a bit unconventional, but it serves 
perhaps the purpose in which way one may assess the commercial viabil- 
ity of Airship services. 

SPEED AFFECTS THE CAPITAL RETURN FACTOR 

I am aware that the notion of speed in Airship circles leads to a lot 
of disputes; however, to obtain an optimal economical speed for any 
given transport device is a rather complicated and tricky business. 
Mentioning rigid Airships, sailing up to 150 to 300 knots and more,the 
unhappy operator may find himself caught in the financial speed-trap if 
he neglects in what way this speed increment is going to affect the 
Capital Return Factor. 

In other words, taking into consideration that extra fuel to be carried 
displaces payload capacity, the total ton/n.m. production may initially 
increase to a certain limit, but the question remains to what extent 
this particular speed does affect the several other parameters of the 
C.R.F. formula.  It has to be appreciated that "speed boosting" nega- 
tively affects the maintenance labor and material costs, utilization 
hours, depreciation period, engines building costs, fuel consumption, 
and consequently, the Direct Capital Investment. 

The positive or negative outcome of the balance will be determined by 
the return on capital, after having fed all the known parameters into 
this formula; however,some dimensionless parameters will always remain, 
such as service, goodwill, marketing policy, etc.  We can appreciate 
that the Airship's minimum technical speed is determined by the average 
prevailing atmospheric conditions.  A reasonable increase of speed, 
however, may be justified if the Airship, by offering increased sailing 
frequencies, also improves her average load factor. Marketing policy, 
however, is subject to the operator's responsibility, because the 
appreciation of speed depends upon the freight-forwarder's philosophy. 
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WHAT PRICE, WHAT FRICTION? 

Technically speaking, one easily can increase th«, power of .jy ».11( 
Volkswagen engine,  so as to provide a *Pe®° °? J dejj as a very speedy 
the small Volkswagen was not designed and not intended as J   5^ 
automobile. The same remark applies to J^ °ulKy A    P,   cruising 
to have a relatively low sPJ«fic resistance coettic        ^^ 
speed, which means a favorable, "latively hign £ h \    h Air_ 
number.  It would be an unrealistic ^ ac e u 

e Uhfis such a fine 

Äamlc^ 
%*$& a0Satively^ow Si^ÄÄ  thoughtless  speed 
increment weakens her economical  strength. 

Let us  please  not  take  any  given commercial   transport  device  out  of.its 
natural,   technical  and ?«nomical  area of  environment ^  ^ 
can operate.     If we want  to  ship ^^eiy nig    but   in this  particular 

S..°.j. ™»J°d P%  er    he ^S' a"'^^'Boeing   747,   wnich Pro- 
"des?  for a  given price/at  least a  real  good speed. 

A rather  strange  sense.of *<-«   i.»..J.i ^^»itn U »"ratio."7 

-Sir^crfirfnlnrranfriftweepea^fng-Hovercraft  and  the 
sleek,   supersonic,   payloadless   Concorde. 

IMPROVING   L/D  RATIO  NUMBER  ONLY   BY  ECONOMY  OF   SCALE 

After   doubling  the   original  cruising  speed  of the  ^^^^,0 
"Hindei.burg"   from  68  knots   to   136  knots     the  very   i .„ 
number  of  about  44  will  drastically  decieaso   to   the   rathip 
number  of   11.     This   is   even  6  points   ^ss   than  the        .   v 

By  applying  so,  elementary  formulae   detained by  nature,   on^now  has 

cient  propulsion power  to  develop  136  knots     but J™^^     gthe   same 

 ^ = 44 
At 68 knots  u 

k_ = I x ^ = 11 
At 136 knots  4D  4  D 

64 x L  _ L  =44 
At 136 knots/volume x 64  (JJ64r x 4U  D 

L/D RATIO NUMBER AS A PARAMETER OF THE CAPITAL RETURN FACTOR FORMULA 

dollars and the (D)rag representing the outgoing dollars. 

24 



LIFT (INCOMING $$$) 

TRACTIVE. 
FORCE 

^°J*    V" /7W  I      ^  "'   ^,~      DRAG 
^g^'W     /T\\. ^'%&><'»■?„)  (OUTGOING $$$) 

A.U.W. 

SURFACE TRANSPORT SYSTEMS 

As a consequence of our welfare growth and increasing world population, 
many types of transport craft with specific designs have to become 
available to deal with the growing variety of commodities which have 
to be transported in the most efficient way. 

If one observes the development of surface transport systems, the 
future Airship has to find her place among Rb-Ro-Ships, gigantic 50 
knot container ships, gas turbine-driven freight blocktrains, powerful 
roadtrailers combined with computer guided traffic systems, waterjet- 
propelled fast Hover and Hydrofoilcraft, etc., offering within their 
own speed ranges, very competitive freight and/or passenger tariffs. 

Now, one may object by arguing that present types of motor vehicles 
and trains are relatively slow and that the speed advantage of fast 
aircraft, serving European travelling distances, is wiped out by the 
time losses caused by too long distances to the airports and waiting 
times.  Watching the future development of tracked aircushion and/or 
linear induced magnetic trains (Advanced Passenger Trains), running up 
to 270 mph, one may conclude that the now existing speed gap between 
the conventional train and the aircraft at travelling distances 
between 200 miles and 1,000 miles can be filled by future A.T.P.'s. 

In view of the Modal Split assumption regarding proposed regular pas- 
senger services by Airships in Western Europe,it is of some interest 
to realize that before the introduction of the Tokaido "Bullet Train" 
running from Tokyo to Osaka and vice versa, 263, of the travellers 
between these towns went by plane, which percentage rapidly dropped to 
a bare 6%  after the introduction of this Tokaido Line. 

Summarizing those competitive services offered by surface transport in 
Western Europe, it seems evident that unless considerable door-to-door 
time and total transportation costs can be saved,the regular short 
haul freight Airship has small prospect of success in competition with 
the relatively cheap surface transportation systems. 

Where the journey in W. Europe involves a seacrossing, Airship services 
might have certain advantages in saving handling and transferring times 
and costs.  These advantages, however, are partly offset by the fast 
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»„In, n—er of Ro-Ro-Ferries operating in the North Sea, Mediter- 
r?nean and Baltic Area, etc. 

COMPARING DIFFERENT TRANSPORT DEVICES; THE DANGER OF CONVINCING FIGURES 

j-  one wants to sell a special Piej^^^^^SipSäd^revei £xT 
too  difficult to find convincing arguments  accompanied y   ^  ^ 
convincing figures; »he danger with ^^f^ meet the required 
sweep them together under all *J™% JL^JP  in terms of transport 
qualifications.  Comparing °veral* *ff^^sport devices might be a Capability between different co^ercial transport de^    g^     ^ 
useful mental exercise, but only ^J™.    do not produce real sions.  Generally speaking, ^ose comparisons       F   £rom door_tD_ 
economical usefulness if one omits the lSjg^|2" factgr-.  Trying to 
door, which is the ulti«ate and decisive mrketinj 

considerably cheaper than the compa»  c „„{ess, of course, he wants 
lar aircraft does not ™Press »ftp^f!*?^ of horsepower per to:i 
to sell this craft for scrap value  Jj £™^«rcar nJeds an in- 
All Up Weight (A.U.W.), the average P1™ this    ,3Ct 
stalled engine power of about 1§J h.p. P« Jon J     of installed 
more efficient than the Boeing 747.  However^ in te      automobile is 
h.p. per seat/mile it isj good to «alize that tne p      ti  yourself 
in this respect one of the m°^ expensive ways       v        Q£ ^^ 
from A to B, but as we have already stated, xneie * 
factors to be taken into account. 

By negating the total transportation -sta  including door- Jo- door 

^oTrSnciaA at Ä fConyinces you to ^rch». hg «.x. 

SSTS-hK*"«.»« "r. »Ä»"r ieSss8lt„ean. the comparative figures 
of your private motorcar. 
'Comparing direct operating "sts of two modes of transport eje^if 

both are operating in the same envJ«?J«*aJaJJJ? d?aw thl wrong con- 
äSIÄrÄi cent S  ,£n»P-aris -ith^the conren- 

^rtte^nTco.petitiie K.5T« «.»^ct, «» »«1 «ans- 
portation cost concept. 

PROFIT EARNING PAYLOAD, DRAGGING UNPROFITABLE TARE WEIGHT 

Accepting the philosophy that the.only profijjble work^done^any^ 
commercial transport vehicle is the «^coming  means in reverse that 

SJh'tM iStii*. ^yload^fa-nrarrce^aln amount of unprofitable 
resistant deadweight. 

To overcome this unprofitable resistance; one can i-^gjj Sg»" 
tively peaking each ton of mot vePayloafdrhaer     p ^  ^  y 

certain amount of tractive torce. shipped from seller to 
that the main reason cargo "™0^^e^0^equently means that any ship- buyer is to make a profit then this consequ   J     t    ible 
per wants to transport e,., ton °*ice for tractive force, which price 
sp.-ed, combv.-.-r. -  ■ -- ;~   oductis selli:,:- price. 
of jr.L-.rgy  ic' 



Ac; hieh speeds are usually in contrast to relatively low specific 
resistance coefficients, the following comparison between several modes 
of transport (past, present and future) may be of some interest. 

THRUST COSTS - DOLLARS 

Total installed specific thrust in kilograms to move one ton of. pure 
profitable payload at service speed, arranged in rising sequence of 
their respective resistance coefficients, based on a 1001 loadfactor 
and taking into account the deadweights of fuel, lubes, stores, equip- 
ment, and empty containers, etc. 

MODE OF TRANSPORT 

TOTAL INSTALLED   KNOTS/HR 
SPEC.TRACTIVE FORCE  SERVICE 
IN KG/TON PAYLOAD    SPEED 

1. Super Tanker "Esso Deutschland" 
(Europe - Pers. Gulf Trade) 

2. Dry Cargo Ship "Hamburg" 
(Trans N. Atlantic Trade) 

3. Average Container Freight Train 

4. Full-Container Ship (Sea-Land 
Galloway)(Trans N. Atlantic Trade) 

5. Road Truck (Mercedes Benz LPB/2224 

6. Large Airship (Future) Airfloat Trans-1 

port Ltd.)(Trans N. Atlantic Trade) 

7. Future Sidewall Surface Effect Ship1 

(C.A.B.  System)(S.E.S.)(Tr.N.Atl.) 

8. Freight Hovercraft,,type Voyageur I '73 
(Bell Aerospace)(300 km range) 

9. Airship "Hindenburg" (1936/37) 
(Trans North Atlantic) 

10. Boeing 747 F. (Freighter) 
(Trans N. Atlantic) 

11. Heavy Lift Helicopter Sikorsky 
S64E (70 km range) 

12. Supersonic Concorde 
(Trans North Atlantic) 

•Captured Air Bubble 

2.484 kg 17 

8.10 kg 19 

23.57 kg 38 

29.40 kg 31 

63.36 kg 38 

175.00 kg 100 

229.00 kg 100 

464.00 kg 35 

518.00 kg 68 

1,002.00 kg 514 

1,534.00 kg 95 

5,449.00 kg 1,160 

GENERAL CONCLUSION 

One cannot force the laws of nature, but one can balance them against 
each other. 
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very efficient mode  of transport. 

Further  it may be noticed that the "Econo»y of Scale" does ».llj p.y 

X&hlf SJethCaS'n,X.a^!j,:«ll1r.t!S hantle*" indenburg," which 
economy applies also to the surface displacement shrps. 

I. sequence of specific motive, forces on a ton payload basis^the^large 

tnc-easinrserrice^ed^th^iar^Mr^haf to he listed between 

helicopter and transatlantic  aircraft. 

Srse^fairVcompa^ 

^SS^tr.'ni'S.riSt'JfflU'tS'l.'aicSUr^ he/proven merits as 
a very specialized transport tool. 

AN IMAGINARY HEAVY AIRCRAFT, HAVING A L/D RATIO NUMBER OF 40? 

a6out M-tne 541$ ssSsl^fflSS r£ v. 

than they are;   but what   if ""?. Jftl^Lstruct  a heavy plan" Carrying 
So tonfirp^ioad^itn nPebedeo Mr^otf andTavL? an overall 
lift-to-drag  ratio number of 30 and over.' 

The expected answers which I got from some aeronautical engineers „ere 

„ouid'introouc!;  increa^ SÄÄ.'S.Äi probiems  and 
weight penalties,   etc. 

«.  +*,-,+  +>,«  »nir=:p" which  lies  upon heavy  aircraft   is   that   it 

Jl."« o       1 E  I/     tirafway tÄ'tnts" Ju raUo" . 
accept  the Airship as  the  only natur^r™;;,;  ,     as well  as  an economi- 
?^1r:krictio„°2rfTrn^^hrrrans;oftr„gCof'l"sWva1uableco„modi- 
ties by  air  is   concerned. 
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THE (DESIGN) DENSITY STORY 

In view of the relatively roomy cargo space of the Airship, one may 
safely presume that an Airship is practically always weight-restricted, 
which means that if the Airship is loaded to her full permissible 
take-off weight, she usually has some cargo space left, regardless of 
the average densities of the shipped cargoes. 

Referring to several density studies concerning airfreight commodities, 
one may draw the conclusion that present aircraft often have a problem 
with their cargo design density, which statement also applies, but to 
a lesser extent, to the 747 pure freight Boeing.  This density problem 
often causes aircraft to cube out before they are loaded to their max- 
imum permissible payload weight, which causes in turn a loss in revenue 
potential. 

The reason is that any transport device is essentially a compromise; 
building aircraft with lower density design specifications involves 
structural weight penalties, or as it is said: "Aircraft cannot afford 
to carry air inside their belly holds." 

As 9 lbs.per cubic foot is the limiting figure set by present aircraft 
between weight and volume tariff (dimension weight rule), this figure 
is an important key regarding the economics and freight tariff struc- 
tures of future Airship freight services. 

COMPETITIVE FREIGHT RATES - LOW DENSITY FREIGHT MARKET 

Even if the future Airship cannot provide a reasonable gain in pure 
freighting costs regarding high density commodities,she is neverthe- 
less highly competitive with present airfreighting, regarding volumin- 
ous commodities weighing less than 9 lbs. per cubic ft. In spite of the 
fact that the average "on dock" density for aircargo lies roughly in 
the neighborhood of 13 lbs. per cubic ft., there still exists a huge 
market of very low density commodities weighing less than 9 lbs. per 
cubic ft. 

These low density commodities represent about one third of the total 
world number of air freight parcels forwarded at present by air, which 
amounts roughly to nearly half of the total world air freight package 
volume.  As there is no economical need for the Airship to punish 
these lower density commodities by applying the volume tariff, it is 
of some interest to be keenly aware of the fact that the future trend 
inclines to lower densities of air freight commodities. 

TRANSPORTING OWLS TO ATHENS? 

Coming to the end of this paper, the dominating factor is the very com- 
petitive services offered by other means of transport.  However, we 
believe in the Airship concept as a basically sound concept, and I 
fully agree with other speakers that the Airship, as a specialized tool 
has many useful applications, such as transporting heavy and/or indi- 
visible loads, etc., in which case the Airship gets paid for the 
specialized job to be performed. 

If the Airship can decrease the present airfreight rates in order to 
reach the commodities on the upper limit of the median value group,she 
may indeed have some prospects as a regular long haul freight carrier, 
not by trying to transport owls to Athens, but only by carrying selec- 
ted commodities over wisely selected routes and distances. 
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RECENT DEVELOPMENTS IN RUSSIA 

It will revolutionize cargo transportation- 
She runs on vodka.1 

REFERENCES; 

1. Mowforth, E., Dr., Airfloat Project, Royal Aeronautical Society, 
London (Sept. 20, 1971). 

?       Decker  T T , »- Vh   *?"»A  Marine Veh^.les - A Design Outlook, Isle 
of W?ght Branch ofHEhV^oVlTXeronautical Society (Oct. is, i*/2). 

3. International Freighting Weekly, London (1973). 

4. Baton, Jean, n.» PTr.e of Transport Jr. Modern Society, Inter- 
national Air Cushion Engineering Society (Feb. 17, 1971). 

5. Plesman, A., ^miutie Van Vliegtuigen. De Ingenieur, No. 33 
(August 14, 19 36). 

ft  O'Hara niff—* » , Mnvinff Freight in the_Future,-Society of 
P^ckagfng and Sandling Eniinee^s, Sari Francisco (Oct. 28, 1969). 

7. Lib — . *-*-• American Surface^fject Ship Activities, Jane's 
Freightcontainers (1969). 

8. Harthoorn, R. , »-" — "mme-back" van het Luchtschip, Beta, 
Nos. 11, 12, 13, 14, and 15, Amsterdam (1971) 

9  U.S. War Department, Technical Manual Aerostatics, TM 1-325, 
Washington D.C. (Oct. 1, 1940). 

30 



N76-15019 

EFFECT OF PRESENT TECHNOLOGY 
ON AIRSHIP CAPABILITIES 

Robert T. Madden* 
Frederick Bloetscher** 

ABSTRACT:   This paper presents the effect of updating past airship 
designs using current materials and propulsion systems to deter- 
mine new airship performance and productivity capabilities.   New 
materials and power plants permit reductions in the empty weights 
and increases in the useful load capabilities of past airship designs. 
The increased useful load capability results in increased producti- 
vity for a given range, i. e., either increased payload at the same 
operating speed or increased operating speed for the same payload 
weight or combinations of both. 

Estimated investment costs and operating costs are presented to in- 
dicate the significant cost paraments in estimating transportation 
costs of payloads in cents per ton mile.   Investment costs are pre- 
sented considering production lots of 1, 10 and 100 units.   Operat- 
ing costs are presented considering flight speeds and ranges. 

INTRODUCTION 

As the result of many inquiries, Goodyear Aerospace Corporation (GAC) conduct- 
ed studies relative to the projected costs for operating basic airships as transpor- 
tation system vehicles.   Past designs, a larger size of past designs, and the direct 
substitution of present materials and propulsion systems for past materials and 
propulsion systems were considered in the studies.   The studies attempted to be 
conservative by not considering heavy take-offs in calculating useful load capabili- 
ties or redesigns of the airship to obtain:  lower empty weights, aerodynamic lift, 
or greater flight speeds.   Background on past GAC airship designs, the effect of 
substituting present technology on airship performance capability, and a simplified 
cost analysis considering investment costs and operating costs of airships as 
transportation vehicles are presented. 

♦Manager, Marketing, Goodyear Aerospace Corporation, Akron, Ohio, U.S.A. 
**Senior Aeromechanical Systems Engineering Specialist, Goodyear Aerospace 

Corporation, Akron, Ohio, U. S. A. 
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SUMMARY OF UNITED STATES AIRSHIPS 

A * „* «,« etnHioc rtAr reviewed oast airship designs and their characteristics. 

is presented in Table I. 

Table I - U. S. Navy/GAC Airships* 

Dates In 
Use 

Airship 
Class 

1931-33**        Akron/Macon 

1931-45 
1955 
1951-58 
1956-61 
1941-47 
1947-1972 

K Class 
ZPG-5K 
ZPG-2(2W) 
ZPG-3W 
L Class 
GZ-(L) Class 

Number 
Produced 

13 5 
18 
17 

4 
150 

10 

Mission 

U.S. Navy Patrol And 
Aircraft Carrier 
Patrol And Escort 
Patrol And Escort 
ASW And AEW Patrols 
AEW Patrols 
Convoy/Escort 
Goodyear Advertising 

♦Above listing represents about 75 percent of all U. S   airships built 
**Rigids - others are non-rigid or pressurized structures 

Goodyear's non-rigid airship production experience versus the characteristic air- 
ship length is presented in Figure 1. 
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Figure 1 
GAC Non-Rigid Airship Experience 

Figure 2 
Typical Airship Design 
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the floor.   The rigid structures are attached to the envelope and corresponding ca- 
ble adjustments are made while the lifting envelope is restrained.   Once the car is 
attached and the ballonet filled with air, the net can be removed.   The functions of 
the ballonet are shown in Figure 3. 

S7 
IWFJKDIATE ALTITUDE (BALUWET PARTIALLY FULL OF AIR) 

85.1 FEET    I 
PRESSURE HEIGHT (ENVELOPE FULL OF HELIUM 

Figure 3 
Airship Ballonet Operation During Flight 

Figure 4 
Goodyear ZPG-3W Airship 

The ballonet controls the buoyancy and attitude of the airship from takeoff to pres- 
sure height or maximum flight altitude.   The air in the ballonet is discharged auto- 
matically as the airship ascends to allow expansion of the helium gas and the ballo- 
net maintains a constant envelope pressure during flight.   The ballonet is essential- 
ly empty at the pressure height altitude condition.   Flying higher than pressure 
height results in envelope pressures above design conditions.   The ballonet can also 
provide static trim in pitch during operations of the airship. 

The largest non-rigid airship to become operational with the Navy is presented in 
Figure 4.   Exceptional performance was attained by the U. S. Navy using the Good- 
year ZPG-3W despite bad weather during long endurance station keeping/reconnais- 
ance missions.   Advanced ground handling equipment and methods were developed 
for the ZPG-3W airship that reduced ground crew manpower requirements during 
landing, takeoff and mooring.   Goodyear believes that large non-rigid airships 
should be considered for cargo transportation.   The rationale includes: 

o Rigids had to be used initially for large sizes because high strength envelope fab- 
ric did not exist for non-rigids. 

o New and efficient envelope materials are available for large non-rigid airships. 

o New materials are: 

. Twice as strong as steel for same thickness. 

. Six times as strong as steel for same weight. 

o Not one non-rigid airship has been lost due to structure or mechanical failure. 

EFFECT OF TECHNOLOGY ON AIRSHIP PERFORMANCE CAPABILITIES 

The cargo capacity of airships is based on the amount of air they displace, their 
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empty weight, the propulsion £g£™£ IpÄ^e^achÄndfcaHng 
E£2^»SFS£%J^vSi?ä«> ««* assented by «he horizon- 
tal upper curve in Figure 5. 

AIRSHIP VOLUME MILLIONS OF CU. FT. 

AIRSHIP VOLUME, » CU. FT. 

Figure 5 
Airship Unit Weight And Static 

Lift Characteristics 

Figure 6 
Airship Useful Load Efficiency 
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Figure 7 
Payload Weight Capabilities Versus 
Range For Airships Cruising At 75 Knots 

Figure 8 
Payload Weight Capabilities Versus 

Range For 10 Million Cu. Ft. Airships 
At Different Cruising Speeds 

From the useful load capabilities of the airships, presented in the past curves, the 
payload capacities of 10 million cubic feet displacement airships were calculated 
for 3 different cruising speeds and for ranges to 5,000 miles.   The results are pre- 
sented in Figure 8,   Zero range represents a zero fuel condition.   The reduction in 
payload weight capability with increasing range is directly related to increasing fuel 
weight requirements.   For ranges of approximately 2, 50Ö miles and a reserve of 
500 miles, the payload capability can be determined from the 3, 000 mile absolute 
range values.   Payload capabilities from 75 to 150 tons are available, depending on 
the cruising speed and whether past or present technologies are used in the air- 
ship's construction.   For ranges of approximately 1, 500 miles and a 500 mile re- 
serve, the payload capability can be determined from the 2, 000 mile absolute range 
values.   Payload capabilities of nearly 100 to 160 tons are available. 

The value of payload transported in ton-miles 
per gallon of fuel is of interest from a fuel 
conservation standpoint.   The values for sev- 
eral cruising speeds were calculated for a sin- 
gle size airship.   The results are presented in 
Figure 9. 

Values from 10 to 50 ton-miles per gallon are 
available on flights with an absolute range of 
3,000 miles.   Values from 13 to 62 ton-miles 
per gallon are available on flights with an ab- 
solute range of 2, 000 miles.   The values are 
greatest at the lowest speeds and shortest ran- 
ges. 

12 3« 
«SOUITC MN6E, THOISWS OF MILES 

Figure 9 
Payload Ton Miles/Gallon Vs 

Range And Speed For 10 Million 
Cu. Ft. Airships 
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SIMPLIFIED COST ANALYSIS 

A simplified cost analysis was made to deter- 
mine the costs per ton-mile for delivering 
cargo 2, 500 and 1, 500 miles using airships 
of 10 million cubic feet displacement flying 
at 5,000 feet altitude. 

The characteristic dimensions for the 10 
million cubic feet displacement airship based 
on design considerations used with the ZPU- 
3W and GZ-16 Airships are presented m Fig- 
ure 10.  No new design innovations and only 
proven fabrication, dimensional and operation- 
al practices using present day materials and 
engines were considered for calculating per- 
formance and costs.   The costs are grouped 
as investment and direct operating costs in 
Table II.   The annual investment costs are 
presented as a portion of i^ial airship costs 
for ease of presentation.   The direct operat- 
ing costs are grouped into labor and material 
costs per hour of flight. 

161 FEET 

Figure 10 
Typical 10 Million Cubic Feet 

Displacement Airship 

Table n - Preliminary Airship Transportation Cost Model 

Investment Costs 
Annual Costs 

Depreciation Of Investment 
Interest On Investment 
Insurance 

Initial Investment Costs 
Non-Recurring - 1st Unit, 

10 Units, 100 Units 

Direct Operating Costs 
Labor Costs/Flight Hour 

Flight Crew 
Maintenance Technicians 
Ground Service Crew 

Material Dollars/Flight Hour 
Fuel/Oil 
Helium 
Spares/Equipment 

User investment costs are presented in Table III. 

Table TJI - Annual Investment Costs 

Annual Costs  (As A Portion Of Initial Investment Costs) 
Initial Cost - 0.20 Initial Cost  = o. 080 Initial Investment Costs Per Year 

1. Depreciation^.. JOYears = 0. 040 Initial Investment Costs Per Year 
2. Interest = (Average Over 10 Years 
3. Insurance = 0. 03 W^ffi^?**? = 0^018 Initial Investment Costs Per Year 

Total ■ 0.138 Initial Investment Costs Per Year 

Initial Investment Costs 
Airship Performance* _ 
Operating Characteristics  
BiWd.MPH        Hange. Wiles 

57.5 2500 
86.3 2500 

100 2500 

Single   Average Of 10. Averse Of 100 Units - 2500 Mile Operating Range 
' 6   ' E  ynit Costs«* Millions. _ 

1st Unit Cargo 
Tons 

Average For Ü)Average For 100 

151 
120 
101 

27.6 
28.1 
28.6 

19.7 
20.1 
20.4 

13.8 
14.0 
14.3 

nances In Cargo Ö^u^-fi^^^^^^g^ * ** ^ *" 

ÄrCe^Ä^ T'he 0perati"g night SP6ed8- 
Ann„al investment Cor»- »" ^ "«" - »«» Mile Oper.Hn^R.aB 

Airship Performance 
rfrpratW Characteristics 
Speed, MPM       Hange,T5Tiles 

Cargo 
Tons 

57.5 
86.3 

100.0 

2500 
2500 
2500 

151 
120 
101 100. U *MV    =ZZ = =7  

♦Productivity Based On 4,000 Flight Hours fer Year. 

Productivity* 
Ton Miles Each 

Year 
3.47 Xio' 
4.15X10?. 
4.04 X 107 

Costs/Ton Mile. Cents 
Average For 1Ü   Average For IUU 

Airships 
7.84? 
6.68$ 
6.98? 

Airships 
5.5? 
4.65? 
4.88? 
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Annual investment costs consider depreciation, interest and insurance costs.   Tax- 
es on the user's investment, profit on the user's investment, or initial non-recur- 
ring costs to build and certify the first airships were omitted.   The initial invest- 
ment costs are dependent, mostly on the airship costs.   The average recurring 
costs for 10 airships (based on 1973 dollars) were used to determine the recurring 
costs of the first production unit and for the average costs of 100 production units. 
The differences in price between airships with different cruising speeds are relat- 
ed to the differences in propulsion systems and nose stiffening costs.   The invest- 
ment costs per ton-mile were determined from the annual investment costs and air- 
ship productivity in ton-miles for 4, 000 flight hours per year.   The flight period is 
similar to that used for commercial airplanes.   Productivity ranges from 30 mil- 
lion to 40 million ton-miles per year per airship for flights of 2, 500 miles.   The 
investment costs per ton-mile range from approximately 4. 65 to 7. 84 cents per 
ton-mile depending on the airship's cruising speed and the number of airships pro- 
duced. 

Direct operating costs are further defined in Table IV and are based on the costs of 
labor and materials.   The cost of labor is calculated from the labor hours per trip 
and the hourly rate for the three general classes of labor.   The labor costs per ton- 
mile are obtained by dividing the labor costs per trip by the ton-miles of cargo car- 
ried per trip.   The direct operating labor costs run from 1. 87 cents to 2.16 cents 
per ton-mile. 

The direct operating costs for materials consumed by the airship include:   the fuel 
and oil, based on the horsepower required for the cruising speed, the cost of re- 
placing helium lost due to operations and some leakage, and the cost of spares 
based on the hours of flight per year and the airship's initial cost.   The costs of 
materials per ton-mile are from 3. 03 to 5.7 5 cents.   The lowest value is related 
to the lowest speed airship which requires the least fuel and also has the greatest 
payload capacity. 

The totals of investment and direct costs per ton-mile for 2, 500 mile and 1, 500 
mile flights are presented as total operating costs in ton-mile in Table V.   The in- 
vestment costs are approximately one-half the total costs per ton-mile at the low- 
est cruising speed.   Increasing the cruising speed reduces the investment costs per 
ton-mile and increases the direct operating costs per ton-mile.   The optimum 
cruising speed for least cost per ton-mile appears to be between 57. 5 and 100 MPH 
as the value for 86.3 MPH is less than either.   The total costs per ton-mile run 
between 10. 5 cents and 14.7 cents depending on how many airships are produced 
and their cruising speeds for trips of 2500 miles.   The total costs per ton-mile run 
between 9. 27 and 13 cents depending on how many airships are produced and their 
flight speeds for trips of 1500 miles. 

A similar study was conducted using 
past airship designs including their 
original materials and engines.   Their 
costs are presented as solid lines in 
Figure 11 in cents per ton mile versus 
their productivity per year.   Both sin- 
gle airships and fleets of ten airships 
are presented.   The curves indicate 
the desirability of selecting airships of 
increasing size over selecting many air- 
ships of the same size for increasing 
productivity.   The operating costs pre- 
sented earlier of the single airships us- 
ing present materials and propulsion 
systems also are indicated for refer- 
ence by the dashed curve. 

TWTmT 

AIRSHlPSt HOMIER 
AND VOLUME, 
N1LL10MS OF CM.FT 

NOTES: 
1.     FLIGHT SPEEDS 

SO MPH,  VOLUME - 0.1 MEG AIRSHIP 
B0 HPK,  ALL OTHER AIRSHIPS 

I.     UTILIZATION  -  4000  FLIGHT HOURS  PER YEAR 

PM0UCT1VITV, MILLIONS OF TOR MILES/TEAR 

Figure 11 
Effect Of Airship Size On Ton-Mile Costs 
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Table IV - Direct Operating Costs - 2500 Mile Trip 

Lahor Hours And Labor Costs 
Labor Hours Per Trip 
Flieht Crew (5) = b (Flight Hours + 2 Hours) 

Labor rw« Par Trip And Per Ton Mile  Labor Costs Per Trip And rer ion wue      goCTri<,0  Total $   Ton Mi Cost 

Tsa=fS=npRg= Bg- raftST 5ff. g^ less. 
 57in 41 iso 420 8180     378, uuu 4. io 

oi9n                2900                   420                 5640     300,000         1.87 
K SS. «0 *9*°    252'500 ^— 

Cents 

57.5 
66.3 

100 

? 

Material Dollar» - Average For 10 Units  ■- 
Flight Speed        Fuel Costs*, ?   Helium Costs**? 

MPH ton mile   ton mile 
Spares Costs*?* 9 

ton  mile  

57.5 
86.3 

100.0 

0.71 9 
2.00 9 
3.20    9 

1.0 ? 
0.85 9 
0.87    9 

1.89 9 
1.62 9 
1.68    9 

Total Materials, 
 ton mile 

3.6 9 
4.47 9 
5.75   9 

Mstorial Hollars - Average For 100 Units         
—Füght speed        Fuel Costs,   9    Helium Costs,   9 

MPH      ton mile  ton mile 
Spares Costs, 

ton mile 

57.5 
86.3 

100.0 

0.71 9 
2.00 9 
3.20    9 

1.00 9 
0.85 9 
0.87    9 

1.32 9 
1.13 9 
1.18   9 

Total Materials, 
ton mile 

3.03 9 
3.98 9 
5.25   9 

*FueT&Oil ■ 429/gaflon"   **Heliuni - IVolume/Yr. At $35 Per 'iUUU Cu. Ft.   ^jg-™»^ 

Table V - Total Costs Per Ton Mile 

2500 Mile Trips 
Average Based On 10 Units 

Flight Speed 
MPH 

75  "577 
86.3 

100.0 

Investment Costs, 9 
Ton Mile ,_ 
 TTSTf 

6.68 9 
6.98?  

Average Rased On 100 Units 

Flight Speed 
MPH 

Investment Costs, 9 
Ton Mile  

57.5 
86.3 

100.0 

5. 5 9 
4.65? 
4.889 

1500 Mile Trips 
Average Based On 10 Units 

Flight Speed 
MPH 

Investment Costs, 
Ton Mile  

57.5 
86.3 

100.0 

7.40? 
5. 849 
5.69? 

Average Based On 100 Units 

Flight Speed 
MPH 

Investment Costs, 
Ton Mile . 

57.5 
86.3 

100.0 

5.20? 
4.06? 
3.98? 

Direct costs 
Ton Mile      , 

Labor Material 
■"27TB? " 

1.87? 
1.95? 

4.479 
5.759 

Total Costs, ? 
Ton Mile 
 I3TFT" 

13.02? 
14.7 9 

Direct Costs 
Ton Mile    , 9 

Labor Material 
2.169 
1.879 
1.95? 

3.03? 
3.98? 
5.25? 

Direct Costs' 
Ton Mile    , 

Labor Material 
2.16? 3.41? 
1.7 5? 3.89? 
1.72?      4.489 

Direct uosts 
Ton Mile     , 9 

Labor Material 
2.169 
1.759 
1.729 

2.879 
3.469 
4.079 

Total Costs, 
Ton Mile 

10.79 
10.59 
12.09 

Total Costs, 
Ton Mile 

12.979 
11.48? 
11.89? 

Total Costs, 
Ton Mile 

10.23? 
9.27? 
9.77? 
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One method of determining whether a vehicle is competitive for transporting cargo 
in a new region is to compare its transportation costs versus the costs of develop- 
ing an all weather highway and using standard highway vehicles.   A short road,  100 
kilometers, was chosen for comparison.   All the costs for the road were charged 
against the transportation system.   As can be seen by the curves in Figure 12 the 
annual investment costs for the road alone exceed the vehicle associated costs un- 
til 100 million ton-miles of cargo are transported per year.   Airship costs using 
past and present materials and engines are indicated by solid and dashed curves 
respectively.   For productivity rates of less than 100 million ton miles per year 
the airship is candidate transportation vehicle because of the annual road costs. 

f", 

6,250 

i 

1,000 

CENTS 
TON MILE 

100 

0.1 1 10 100 

PRODUCTIVITY - MILLIONS OF TON MILES/YEAR, 

1000 

Figure 12 
Comparison Of Transportation Costs Considering Investment Costs 
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CONCLUSIONS 

The following condusions were drawn from the results o« the studies, 

!        Present materials and propnlsion systems can meet the recrements o, all 
the basic airship designs investigated. 

transportation missions, 1. e., 
-      all sizes are attractive where the regions infrastructure is undevel- 

oped 

-  5£Ä SÄÄSÄ3 ^ 
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N76-1502Ö 
AIRSHIP ECONOMICS 

Richard D. Neumann* 
L. R. "Mike" Hackney** 

ABSTRACT:  This paper will deal with projected operating 
and manufacturing costs of a large airship design which 
is considered practical with today's technology and en- 
vironment.  It will be based on data and information de- 
veloped during an 18-month study by the Southern Cali- 
fornia Aviation Council, Inc. as to the question of feasi- 
bility, engineering, economics and production problems 
related to a large metalclad type airship.  It will pro- 
vide an overview of other classic airship designs and 
explain why metalclad was selected as the most prudent and 
most economic design to be considered in the 1970-80 era. 
Crew operation, ATC and enroute requirements will be 
covered along with the question of handling, maintenance 
and application of systems to the large airship. 

Few of man's contrivances have held the continued capacity to awe 
people as have the airships.  Even today in the era of the C5A and 747, 
blimps are a main attraction in the sky.  It is unfortunate that our 
national approach for bigness is equated with expense and often makes 
us lose sight of the economic advantages as experienced with the 
supertankers, jet aircraft and industry. 

It is well known that supertankers of 200,000 tons are more cost pro- 
ductive in movement of oil than a 20,000 ton tanker.  In aeronautics, 
aircraft were sold by economics and reliability starting with the 
DC-3 which cost 5 cents per passenger mile, the DC-6 which cost 2.5 
cents per passenger mile, to the present wide bodies which currently 
operate at costs of 1.5 cents per passenger seat mile. 

♦Chairman, Lighter Than Air Committee, Southern California Aviation 
Council, Inc., Technical Task Force, Pasadena, California, U.S.A. 
**President, Hackney & Associates, and member Southern California 
Aviation Council, Inc. Technical Task Force, Pasadena, California, 
U.S.A. 

41 



The airships left us almost 40 years ago, yet continually are pro- 
posed on a cyclic basis.  The span between those cycles becomes pro- 
gressively shorter and commences with vast claims for its WJ 
abilities or economics.  The massive problems of the past are elini 
Sated with the stroke of a pen and the all encompassing words 'New 
?echnology." While in some respects this may be true, claims are 
damaged by half vast science fiction approaches to technology.  As 
?he cyclf advances, glowing magazine and news ^^eports issue 
forth exclaiming in expansive phrases the benefits soon to accrue to 
mankind  transportation manufacturers, ecology, environment and pure 
science. 

There is perhaps no other man-made and conceived machine so capable 
of generaKng such loyal support, boundless enthusiasm deep emotion 
and the utter lack of common sense of what it *V"?.^* ** ",not- 
No other form of transportation has received so little financial 
interest as^he airshi?, except commercial sailing ships of recent 

years. 

In Germany Graf von Zeppelin, a man who had an idea and put it to 
work is the classic of achievement in the face of adversity. Initial- 
ly puttLg his own capital into his idea, something few will do today 
in the most prosperous nation in the world, he gained some limited 
success and ran out of money which is a common end to most dreams. 
?wo lotteries later, courtesy of the King of WurtenberJ. J« *JYe£jed ' 
his first successful military financing.  We may well wonder if Las 
Vegas m?gh? not become the future financing empire for our aerospace 
industryT  It has certainly applied more imagination to attracting 
things and doing things than many of our other sources. 

Airships of the days gone by were victims of a variety of maladies 
created as a byproduct of the violation of natural laws and planning 
without adequate foresight.  The airship holds a distinctive safety 
record throughout its history totaling 758 dead, of which 497 were 
military combat fatalities.  It is symptomatic of our society that 
today we will spend 9 million dollars to burn the »Hindenburg  all 
over again for a motion picture, to continue the myth that airships 
are unsafe, while funding for any aspect of airship technology cannot 
obtain first class postage financing. 

The world rose in outrage over environmental problems that affected 
the health of all.  It was a different story when it affected their 
autos? fuel and pocketbooks.  The airship appears to offer many unique 
benefits in the environmental area without creating a cavity in the 
national pocketbook.  Railroads in the northeast were granted 2 
billion dollars and it was recognized as being too little too late. 
Safety in rail transport is almost non-existent with continued acci- 
dents, fatalities and losses of property. 

Within ten years almost 50 percent of all United States existing rail 
trackage will be abandoned at the request of the Federal Department of 
Transportation.  Most of this will be in the agricultural sector of 
the nation.  Truckers are planning to pick up the slack at a prohibi- 
tive price tag to all of us who use the highways. 
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Plans have gone forward to build trucks which will comprise two or 
three units, expanded from 12 to 14 foot widths and over 120 feet long. 
In a very few years of this event, our national highway system will be 
a sea of broken concrete from coast to coast. We will be forced to 
fight for available roadway with these giants. Air traffic and air- 
craft have little to go before saturation points are reached and which 
have already caused a high degree of public disaffection with security 
checks, lack of parking, baggage losses and traffic delays at over- 
crowded airport facilities. 

Similar to a truck traveling fixed highways that reach New York, 
Chicago or Cleveland in the rush hours, airplanes must compete for 
available air traffic roadways into the airport, or in reality the 
funnel.  It is here that most major accidents take place, both on the 
road and in the air, and our system breaks down.  It is here where 
unimaginable future traffic jams will occur.  It is here that the 
imagination of America's genius of industrial and scientific expertise 
must concentrate.  Additional airports can be built at a major incon- 
venience to passengers and at a 1974 cost of 1.5 billion dollars for 
an intercontinental and 500 to 700 million dollars for a regional air- 
port.  Additional freeways and expressways will be built with their 
related massive population dislocations and at a cost of several 
million dollars per mile of concrete. 

Compare this to the potentials possible if we think in terms of air- 
ships.  Safety, a most important consideration, would seem to be 
answered by the past record of airships when hydrogen was not involved. 
With helium one must consider the dramatic effects of a collision 
between two feathers. 

Engineering, design, construction, all questions continually raised 
about the airship, are expanded upon to a degree that is not con- 
sistent with reason and logic as related to problems.  Supertankers 
today are larger than what we would consider big in the average air- 
ship.  Costs certainly will be consistent with what is required to 
engineer tankers of 200,000 tons or less. 

Ability to serve and perform within economic and safety requirements 
is possible.  Have we lost our touch in the United States? Until the 
airship we never let anything deter us from being a success.  Signifi- 
cantly the challenge could be picked up by other nations and credit 
will go to their ingenuity and engineering.  Germany, which proved the 
concept, lost out only because of a little man who set the world on 
fire. 

Ask yourself, are the risks worth the gamble and do they justify the 
development of the airship? Are arguements made by many proponents 
and opponents valid? Does the airship have the capacity to make the 
quantum jump that is expressed so often? If it does, to what degree 
does real potential exist? 

Since the time the airplane has shown promise, California has been 
interested in aviation and has helped develop it as a useful transport 
means.  The introduction by independent airlines of low cost coach 
service has resulted in air transportation being our primary transport 
industry after the private auto. 
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, . ^   •  .,00 =icn the home of Lighter 
Concurrent with the airplane C^iforniaTallin  Thomas Scott Baldwin 
Than Air development which "e^^nts with dirigibles in Pasa- 
and Roy Knabenshue's P^f/^J * ?Xir efforts resulted in a light- 
dena and the San Gabriel Valley.  ^eir f dirigibles were 
weight aero engine being P^neered and a variety^ ^ ^       The 
built, flown and tested on what is now £       can be traced to 
relationship between aerospace and the _ mi lit y^ ^^ ^       s> 

SmrryearTe^re^tne SJiJS Brother^ managed a similar purchase. 

,i..j 4-hp first transcontinental 
in 1911, Calbraith P. Rogers completed maki  a landing 
flicht in a Wright flyer, the Vm Fiz, !Pe"" ite

y
of Tournament Park, 

•Pasadena to collect a $10,000 award at ^site^ 

came^buy a0Ryan0mo°nopClaneTespecifically redesigned for the flight 

to Paris. 
W-V4-K 4-« a lone line of Douglas transports 

in California the DC-3 gave birth to a long 11    ^ world £ 
and provided the competitive «f g£e

cäJfornia that man started his 
weeks and days to hours.  ^ "as from 
first steps to the moon and space. 

It seems. th«*or.. that a,teLf e ye»-^^KÄinfi- 
ship, and its unique capabilities,*J"   h t    overlooked much 

SS ^nSSä-i^S tS.%rTSSnS»S - >— a »,or weaPe„ 
again. . 
Based on the era of the airships and thei:J^ccessors^the ££Ii»l 

Aviltion Council, Inc. founded in 1958,    P^  future needs and 
determine both the adequacy oexxsting^^^.^ volunteer organi- 
regional considerations.  It is * *      county governments of 
zation based in Pasadena and is funded Dy     JermitB it to act and 
Southern California  "sorter is b.^ ^.^ ^^  Southern Call- 
engage in any and all aspects 01 
fornia. 

*« COPk hetter methods of moving 
in 1971 SCACI commenced a program ^egr

b£££ttee was a direct _ 
perishable products. ^±.f*J  £  evaluate the vast claims being 
result of the impasse in th««J*' ~ to determine what data was 

SSlSla^SeäS; tE".S3Sp holds a Potential to solve 
California's transportation problems. 

Early in the study it was parent that much e-tion.a. well^s a^lot 

of misinformation was «^lved xn any J*«J  ject was non-existent to 
Air objectively.  Federal interest in tne   J     officials indicat- 

■a surprising degree.  Many comments mad| Jf   acterized an attitude 
ed a complete ignorance ofT^e sub]ect^n     candidate for the lock- 
that anyone ^.^l^^lJf^Z^l  engineering and development with a 
up.  One official characterized LTA eng      *   han Air was knoWn 
bland, »Everything there «.f c^Sr^ SnS Scordingly «It's a matter 

f^n/S^A^^ 
JSiSÜ-Sr^rS. Svioufreasonst^re  is,   however,   government 
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interest which could surface with efforts to provide sound and in- 
telligent approaches. As the effort continued adverse attitudes 
diminished and genuine interest and outside help was gained.  Many 
organizations are interested in the subject. 

The consistent factor associated with this interest is the wide 
divergence of backgrounds that are represented and the lack of nos- 
talgia as an attraction, but rather commercial and scientific interest. 
Among this group are people who had backgrounds on the rigid airships, 
the Navy blimps and indeed a few associated with the R-100 and R-101 
of England, a former German pilot of World I who served several 
hundred hours on the Bomber Zeppelins, military officers on active 
duty, along with some very distinguished people in aerospace. 

One immediate result was access to private files and obtaining data 
that could well have been lost forever.  Long forgotten papers and 
designs were located.  Films of airships were salvaged and materials 
and artifacts catalogued for future examination. A reasonably firm 
foundation to examine the engineering, design, economic and practical 
aspects of the airship has been obtained. 

Pertinent to any such examination, many claims by proponents are ill 
conceived and unsupported by factual record and factual data.  Many 
problems associated with airships are products of imagination as well 
as fact.  There are other aspects of the airship overlooked and/or 
glossed over by proponents, that have limited foundations which 
require more examination.  Expansive claims for pollution elimination, 
fuel conservation and ultra heavy lift must be subject to critical 
questioning though there is some credibility to many of the claims. 

Before any honest evaluation of a program can be conceived and ad- 
vanced there must be determinations of the economics.  SCACI produced 
a major study on the subject and economics involved.  Taking 18 months 
overall, conclusions support further exploration of the airship 
concept.  The question of whether the airship will be developed must 
be founded on the basis of its economic viability and operational 
capabilities as a transport, military or logistics mode. 

A conclusion reached by the Lighter Than Air Committee of SCACI is 
that further feasibility studies are not required to substantiate 
additional stuyding of the airship concept.  It is SCACI's conclusion 
that future activity must be directed to a moderately sized research 
vehicle investigation.  SCACI believes a moderately sized vehicle of 
at least 3.8 million cubic feet in displacement will provide the 
basic criteria.  This vehicle's development should be, it is suggested, 
a joint government/industry program to explore and develop the concept. 

There are many factors related to the development of safe, efficient 
and economically feasible airships.  The factors relate not to the 
airship itself, but to the systems applications which must be applied 
to make it practical. 
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DECIDING ECONOMIC FACTORS 

To provide a foundation for basic economics of airships, certain 
SctSs are known.  There are classic type airships and advanced con- 
cept types.  Adding lately to the confusion is the addition of the 
hybrid  ?he latter will'not be covered for a variety of reasons, but 
mainly it is suggested if you are going to build an airplane put wings 
on it and fly it like an airplane.  If it is to be an airship, efforts 
?o Place wing and lifting foils are counterproductive, if one assumes 
that all other problems have been overcome relating to gas expansion, 
size and altitude. 

The development of airships and their history will be presumed to have 
been well covered.  It should be noted that anyone interested in 
Lighter Than Air must become well versed in the history of the subDect 
as well as the past engineering accomplishments and mistakes. We 
SlSe to Sgirder>fabric airships of the 20 's, and- JO's as evolvg f rom 
the basic Zeppelin concepts, the pressure ships of fabric and the 
ZMC-2 and SMD-100 metalclads. 

The Graf Zeppelin was without question the most successful airship 
American efforts ended in disaster, mitigated to some extent by the 
use of helium, but nevertheless resulting in the loss of 3 o the 4 
riqid airships.  One, a German commercial design, ZR-3, was surveyed 
for a combination of political and economic reasons well in advance 
of its lifetime, long before being broken up. 

The second most singularly successful rigid type airship was the 
metalclad ZMC-2.  It is given little credit for its achievements 
because of its diminutiv! size and lack of general knowledge that it 
was the first and only airship designed specifically for experimental 
reasons.  It developed necessary criteria and data for future larger 
metalclad designs. 

Early in the SCACI LTA Study it was apparent that to develop airships 
on the basis of engineering of the 20's and 30's is doomed to failure. 
Jying in wait are the same causes that eliminated the airship concept. 
Examination of the fabric pressure ships indicates similar potentials 
forfailure with large sizes and indeed further examination disclosed 
that this was a primary cause of the cancellation of fabric pressure 
airships by their single customer.  Elimination of semi-rigid airships 
is based on fabric ships if application of metal hulls was applied. 

Any transport system's acceptance is controlled by the degree of 
safety of  the system and this applies to the airship.  No airline 
passenger would willingly board a flight if the known odds were 8 to 1 
againsTreaching the desired destination.  As long as odds remain one 
in 10 million in favor of his getting there, he will fly.  This 
standard is applicable to auto, rail, ship or bicycle. 

The history of the rigid commercial airship lends confidence to 
potential voyagers whether as crew or as passenger.  The history of 
pressure airships has a record of safety not achieved by any other 
form of transport.  There is an added factor, speed or the time and 
distance factor.  Sightseeing from a blimp is a desire of many people, 
more than there is capacity to carry. 
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Flying a continent or ocean is another matter, when measured in days 
compared to hours by jet. The fabric airship is speed limited with 
its maximum speed well under 100 miles per hour. The girder/fabric 
rigid airship has the capability to reach 100 mph sustained speeds, 
but its safety is questionable, and is sustained by results now re- 
corded for history. Kow does technology overcome these factors which 
are supported throughout transportation history? 

One of the very early determinations by the LTA Committee is that 
regardless of design technology the rigid classic airship will retain 
complete vulnerability to the elements.  It was further indicated 
that in spite of the excellent capabilities of Dr. Eckener and his 
associates, very capable training and excellent ability to handle 
airships, that they were aware of this failing.  Every effort was made 
to avoid major frontal conditions or risk destruction and potential 
accidents.  The fabric airship offers a better safety factor in this 
regard, with some hard data remaining of very extensive Navy efforts 
in 1958 to prove, and they did conclusively, that airships were not 
fair weather vehicles. 

SCACI efforts are now directed toward examination of all metal air- 
ships, capabilities, safety and ruggedness.  The ZMC-2 fully supports 
the theory of metalclad airships.  For general purposes it was small 
and experimental.  Unfortunately no civilian use was made to examine 
its unique capabilities.  It proved, however, the soundness of the 
concept. 

One man who sought to seek out and prove some of its rugged capabili- 
ties, Captain Bill Kepner, later Lt. General Kepner of the USAF, in 
1930 requested permission to operate the ZMC-2 in storm conditions 
of the nature that destroyed the Shenandoah.  Captain Clark, USN, 
then in command of Lakehurst Naval Air Station, denied permission. 
Even today General Kepner states that the ZMC-2 was the strongest 
airship ever built and certainly capable of taking on any major storm 
without fear of destruction. 

SCACI recognizes that there are many who will take umbrage at the 
suggestion that rigid airships and fabric airships are limited and 
cannot fulfill the claims, illusions or science fiction approaches 
of many airship proponents.  We recognize that a few will scoff at 
the all metal airship as being impractical and not being in con- 
formance with their ideas and proposals.  Be that as it may, we can 
only suggest that they study the subject further. 

To SCACI metalclad construes plastic and other space age materials 
of lightweight and substantial strength.  We have selected this path 
because speed is a major criteria and the fabric ships cannot match 
the speed demanded in modern day transportation.  Life span is im- 
portant and fabric cannot exceed an 8 to 10 year life at which point 
its deterioration extends to a high danger point.  Fabric is size 
limited as was evidenced in the SPG-3W series.  If airships are to 
become viable they must be large by a factor of 20 over the SPG-3W 
types. 
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and replacement and must be made taut after or durxng each trip. 

w a Klikoff in his paper "Pressure Airships," presented at the Fifth 
SatiönS Aeronautic Meeting of the ASME in Baltimore, Maryland, May 
1931 says it better than SCACI can. 

-n«Bign Condition, and Factors of Safety" -- In the Pjesent 
design of rigid airships a rather peculiar system of fac 
tors of safety is adopted.  Factors of safety of 4 and 
higher are used for static loads, but when the aero- 
SySmic loads are superimposed, then the designers do not 
increase the structural strength in proportion to the 
increase of load, but increase the structuf * s^n?a*tors 
only to some extent which causes decreasing of the Jjctors 
of safety  This practice is justified by the fact that 
conditions ofsuper imposing both types of loading -cur 
less often and the effects of higher loads on the structure 
will be less.  For this reason airship designers are 
«tisfied to drop their factors of safety to as low as 2, 
aS sometimes even smaller for the worst loading conditions. 
This method of design may give the operating personnel a 
faise sense of security, making them overconfident in the 
strength of airships under normal flying conditions, and 
K case of emergency they may treat the airship without 
due caution, causing perhaps a breakage of Ructure and 
severe disaster.  Several airship accidents were traced to 
this cause by some of the experts. 

AND 

This hogging bending moment and this ^f^äiot^ 
due to gas head pressure are PresenV\  / *~ £*; In 

rigid airships there exists another factor due to gas 
pressure! Whereas in non-rigid types the transverse 
component of pressure produces uniform transverse tension 
in?he covering, in rigid airships this transverse com- 
ponent acts as a side load on longitudinals, complicating 
?heir design by loading them with side load combined with 
direct stresses due to the bending of the whole airship. 
Tnls loading condition of longitudinals tends to explain 
why gas preLure is often called a liability m the case 
of conventional rigid airships. 

AND 

The gas-head pressures due to the properties of lifting 
aas Produce forces and moments reaching such magnitudes 
?httPthe airship designer should undoubtedly try to uti- 
lize them as much as possible to his advantage.  The 
longitudinal force is the most helpful one because it 
tends to produce a uniform tension throughout the 
structure? and all materials used in airships can carry 
much higher tensile loads than compression loads. 
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While Mr. Klikoff presented that paper over 43 years ago his analysis 
is still correct.  All metal airships offer some unique advantages to 
the airship concepts operationally and have substantial economic ad- 
vantages in manufacture. 

All metal airship designs are simple compared with others. Metal 
airships will pay a penalty if sized too small.  As they grow in 
displacement and size, advantages start to outstrip those of other 
types.  Metal is capable of resisting higher pressures and high 
loadings.  Fabric is limited.  Metal such as aluminum applied to the 
large metal airship costs 85 to 95 cents per square yard, while fabric 
costs at least $10.00 per square yard. 

Fabric airships must approach the investment and development deprecia- 
tion costs on the basis of 8 to 10 years, while the metal airship has 
no assigned minimum life span at this date.  If the DC-3 is used as 
a comparative, the metal airship could take on eternal connotations. 
The major advantage of the metal airship is that it can uniquely be 
developed for high speed flight at speeds of 200 mph and higher. 

A favorable economic aspect is that in aerospace we are metal workers 
with resources, knowledge and capability to fabricate shell type 
structures economically through mass production techniques.  One 
factor of the metal airship is that its size, while posing some 
problems also permits simplification of construction methods. 

The conclusions drawn by SCACI are that airship design, manufacture 
and life-span if predicated upon metal designs, will be practical 
from the economic, manufacturing and operational requirements.  To 
follow classic methods of the past will be to place impossible 
burdens in the path of development and costs beyond comprehension. 

ECONOMIC FACTORS OF AIRSHIP DESIGN, MANUFACTURE AND OPERATION 

Design 

While it is not readily available to researchers there is more than 
adequate design and engineering material available to eliminate the 
necessity of starting from scratch on airship engineering.  Sub- 
stantial detailed analysis of the ZMC-2 and follow-on engineering 
projects for larger sized metalclads has been compiled and upgraded 
at SCACI.  Obviously each group that creates a design idea will 
incorporate their individual identity and engineering concepts.  Some 
diligent investigative and exploratory research will provide a bounty 
of material.  It is for the investigator to determine his path to 
follow as SCACI and its people have followed the path of the metal 
airship. 

Approaching the subject with the large amount of excellent data 
available will permit reasonable approaches to determining projected 
costs.  Whether interested parties can obtain their objectives at 
reasonable cost will be determined by their interest, persistence and 
ingenuity. 
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Manufacture 

It has been the style recently to see, funding for program, ba-rfon 
double the estimated coat whUe h^ing^that it^jrx Q     afcions 
triple the estimate.  It is an^ipatea suggestions 

whic^we Z^kJ^^r^to  Manufacturing costs. 

Airships were built, for ^££*™£ J^^T'l SLent 
engineering and design, not fab ication or g ^.^ airships 
was long ago made that airplanes weea " h  conclusion, 
breed like elephants.  History does "^support s ^r 
Count Zeppelin and his organization produce^airship ^ 
One at a faster rate than we can  ° =  7  J      airship manu- 
facilities taken into account.  The J^^jSicated that every 
facture and fabrication after World wa    inflated in what must 
airship built was constructed, erected ana i     involved.  Goodyear 
amount to record time for the B^11

1^
nJ„;j!!ers< when the ZR-4 and employed fewer than 140 people inc uding engxneerB^^ ^ 

a^5c^rSctionbtim^waf-s^an 00 LyL  The Zeppelin works 

ss^-^rsätSss: •asr-s JJS
1
^ ieSS ^ 40 

people. 

Methods exist »nd the investiftot will find*- «£ J«*^»« 

pÄ ofJSTfASSS. tiS'SS Icono-ies of »ass proauotion. 

Airship Tooling 

Metal working tools are available in quant^Y ^ich can readily^e^^ 
applied to f^hip construction  Tooling is ava^ complicateä and 
to scrap metal P^^es.  The airship ^4^ ^ be necessary 
sophisticated tooling set up&. J-<-^ „^„^ 4-,-. Ho +-he nob Expensive 
£0? basio metal tooling and are JO"^«";* " ^irS. Even the hnll 
» « D t^ll-Kjawjla^t^r™^™-* "gj»,i tooli    speoial 

5  S^ili^eTahrroated.ofnheetectLn eisend -gineer^    as^ 

fixed wing aircraft. 

Airship Operations 

There are known quantities  in thj.airship which ^.^op.»^«»! 
costs.     Powerplant requirements  and  ?u^ ^onsump directly  related 
developed with  a  reasonable  degree of  accuracy  and ^ .       y       em_ 
to costs Per mile    per hour ^P^g^ä^S/S design 
ploying massive  en9ineering

1
c"*^_W"e  suagested to consist of  2 men 

S-Än^anaTLnTn 1    9    u      s      Saitional ore« ,ef ef 

^rjlAr^lrTtTiTL^ ^entrenr^cattler services  today. 
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The compacting of control consoles will relieve crew and pressure, a 
major determining factor in fixed wing operations. Addition of 
current navigational and communications electronics simply reduce 
pilot pressure.  The use of closed circuit monitoring systems allows 
the flight engineer far more reliable systems operation and control 
than is possible with on-board service personnel.  Crew costs can be 
projected accurately, taking into account time aloft, duty time, pay 
raises and inflation. 

Landing fees, facilities, ground support equipment, mooring and 
handling equipment are all determinable quantities and only the 
exercise of judgment is required.  Future expense measured against 
presently known expense will provide an index.  The above are 
calculable with reasonable accuracy. 

UNKNOWN ECONOMIC FACTORS OF OPERATION 

At present even with the best of educated guesses certain cost factors 
will enter the picture, from commercial and military aspects that are 
not projectable with a high degree of accuracy. 

The cost of manufacture is directly related to depreciation schedules 
and the cost of engineering.  This cost while projectable if using 
airframe manufacturers as an example, can vary considerably from 
design discussion to actual delivery.  Educated guesses are possible 
but remain to be proven conclusively.  They will be a major factor in 
determining the economic viability of airships. 

Major overhaul and servicing requirements may remain a partial unknown 
until actual operations and several hundred thousand hours are accumu- 
lated to provide basic data.  Known factors relating to powerplants 
are projectable with a high degree of accuracy.  There may be some 
unknowns related to hull overhaul and major section replacements as a 
result of metal fatigue in some structures. Much of this can be 
accurately estimated prior to manufacture, but there remains the 
potential for error. 

Airships, if commercial operation is considered, will pose some very 
unusual insurance considerations. A projection was made based on the 
experience of the Hindenburg.  The SCACI projections may provide at 
least a long needed starting point. 

Helium Gas and Hydrogen Gas 

Helium is recognized as being the safer alternative, although it is 
believed that metal airships can operate with both gases with almost 
equal safety.  Helium currently costs $35.00 per 1,000 cubic feet, 
FOB Kansas.  Hydrogen can be obtained commercially in bulk at 65 cents 
per 1,000 cubic feet at present.  The lift factor, while a major 
inducement to consider hydrogen is not as substantial an inducement as 
the wide disparity between the costs of the gases.  The fast breeder 
reactor poses a potential to produce substantial amounts of helium as 
a by-product.  A cost determination to separate helium from natural 
gas as opposed to the cost to separate it from radioactive particles 
as a by-product has not been studied and is needed.  It may prove that 
helium will be abundant and cheap, a major consideration for future 
airship economics. 
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Hydrogen is a major economic consideration if it in part becomes a 
fiel source for future airships.  Consideration of such use has been 
male, but not as related to costs and economics of auship operations. 
It is another area of study currently underway at SCACI. 

Carriage of ballast is a restriction pertinent to airships.  Most sea- 
aoini ships mSst operate in ballast after discharging their cargo 
?nlsgdoesPnotappea? to pose a problem which cannot be eliminated from 
operaSonarconSderatioL.  It does not appear as -gnificant a 
nroblem as it has sometimes been represented.  Considerable eftorts 
arfoeing directed to this question.  The primary question is economic 
and carriage of ballast does not seem to pose major economic re- 
straints on the airship. 

The Purpose of Economics 

For 40 years the arguements have raged and they show no signs of 
diminishing or of being proven or disproved.  Evidence exists that the 
airship can mee? the economic tests necessary to include them in our 
XansportaJion system in day to day activity  Evidence also exists 
that airships have proven less than durable in the face of adverse 
weather. 

in the United States every airship built differed significantly from 
every other and the results ended in disaster. In Germany, airships 
wire built in series and achieved a high degree of success both 
operationally and economically. To continue to study the airship as 
a concep? will only further add to the confusion about what they are 
anS what they are not, what they can do and what they cannot do, what 
Sey will cost and what a waste it would be to develop the concept 
in recent months indications are that ^SLSSiied""^ SSI a 
impractical payload considerations may be constructed.  This, wniie 
stepinthe proper direction, does not mitigate the many other 
problems associated with airship potential or problem areas, if indeed 
it does not further damage the image of airships conclusively. 

SCACI believes the airship deserves development in the form of a 
series of prototypes which can be adequately flight tested and can be 
developed for special purposes.  The design must be simple and utilize 
thlvasfknowledge gained from the past combined with proven technical 
developments of the last 40 years. 

Some interesting hybrids have been proposed and may hold some promise 
for future research but the prototype we propose has got to work and 
that means maximum utilization of things we know right now. 

Prototype development will be essential to a program fc° ^tablish 
learning curves of management, manufacture, design, systems develop- 
ment? Saining and operational procedures and standards.  Prototypes 
must'be considered aS an expendable item to apply modJ^«Uons and 
newly gained knowledge and not be expected to solve all the Problems 
Spon the first flight.  This has too often been the case in the past. 
SSE objective is ?he present goal of the SCACI Lighter Than Air 
Committee and its Technical Task Force.  We hope the near future will 
bring a realization of this goal. 
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N76-15021 
JOME ECONOMIC TABLES 

FOR AIRSHIPS 

Richard D. Neumann* 

ABSTRACT:  During the course of the Southern California 
Aviation Council study on Lighter Than Air it was de- 
termined that some form of economic base must be developed 
for estimation of costs of the airship.  The tables are 
part of this paper. 

During the course of the first study on Lighter Than Air by the 
Southern California Aviation Council, Inc. it was determined rather 
quickly that little material was available to make a proper economic 
determination of the airship.  What does exist is fragmentary, or 
ancient and not applicable. 

Application of construction techniques and manpower, materials, power- 
plants and personnel if considered in current technology, would leave 
the airship as only an anachronism.  It was, therefore, essential to 
determine some of the characteristics of the airship as it will be in 
the immediate future and its method of manufacture, operation, and 
administration. 

*Chairman, Lighter Than Air Committee, Southern California Aviation 
Council, Inc., Lighter Than Air Technical Task Force, Pasadena, 
California, U.S.A. 
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The following tables were ^v«i^%f J^oSS^iSÄ^nSS* 
study of the9airshiP:s economxcs  ^ ^ioM *f the SC AC I group that 
study since it is weighted by ma^ermining manufacturxng costs the use 

IT sSiräi^Ät"-^s^ ^izxTioX* 
p^r ;XcS!eif ss-rj^o?«»^«.tun.,«*»=■«. • 
crew costs «ere not included ^«^.^^PSSS'^Ä; *f 
people have very ^"-"^f^/certainly not agree with »hat has 
would not and these estimates wour     .  proponents of late,  GSA 

sss^'«--   .a une and pemit £urther 
ass tt^Jgg^^^gL, upon which the arrshrp can be vrewe^  ^       .„ hours has only 

eSsteffor'thS'ielearfsince the J* transport. 
, . , mav j)e fitting that the 

We have a long way to go in «ij^°°d^nc^s. Future Passenger 

SpSire^tne Sahire rtainlj, have^-f^^SS' 
Xvf tnHeeLng ^UvlngSoo. S^* at 450 11. per hour speeds. 

, •    -!«v- norpqc;itv to develop 
It has been man's dream and also his major nece s J^  ^.^    gur_ 
transportation and communications as vital        .f .fc can b 
vival! The airship appears to of£« majsrv g   measurably and at 
adequately managed to J^J^JKS freedoms and access to cargo 
orVassengerl Cn^^nT form we use today, airplanes, truck, 

_^j„_  v,0iir-nnters and barges. 
or passenger -— ---a 
ships, helicopters and barges. ships, helicopter  ■„=,*,* m-v 

Arguements over the questions of the handling^«^3,;^?Se.
7 

andapplications of the airship belie that inn lems of immense 
wxthintne aerospace industry worldwide to solve p ^ the moon 
Magnitude and achieve great advances ^£e

h£rrect 0 within reason 
and now the galaxies  If the ^conomi      ^  ^    y 

SSatU'pSSS^ wSiSffurt^er refinements can be made and 

determined. 
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N76-15022 
A STUDY OF DESIGN TRADE - OFFS 

USING A COMPUTER MODEL 
* 

Stephen Coughlin 

ABSTRACT:  The paper is an extension of previous work 
undertaken by the author.  It studies the interaction 
between the efficiency of the structural design and the 
cost of the structure used; and shows that future effort 
is best directed at producing a low cost structure of 
medium efficiency, but with the ability to withstand 
normal service wear.  The paper then goes on to study the 
trade-off between aerodynamic drag and structure weight in 
selecting a length to diameter ratio for the hull, and 
to evaluate the implications of power plan type and fuel 
cost on the economics of the airship. As a final study 
the choice of lifting gas is considered. 

Introduction 

The development of technological research into vehicles such as large 
airships is in itself a complex problem.  Whilst working on "new" 
vehicles of this type, the design engineer is unable to fall back upon 
the benifits of past development and operational experience.  This 
means that those responsible for directing the research effort have a 
problem in separating those areas of airship technology requiring 
extensive effort from those that can be considered of little or no 
importance. 

In order to surmount this problem a cost model was developed at 
Cranfield, which allowed us to study the impact of varying key design 
parameters.  It permitted sensitivity analysis to be undertaken in 
order to produce a simple ranking of problem areas. 

*  Research Officer, Cranfield Institute of Technology, Cranfield, 
England 
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- sFWssfr: ^s^r&s™ del were published in a 
'lei. 

% change in operating 
cost 

Parameter Initial Assumption -50% + 50% 

Altitude 3,000 ft -4% +4% 

-22% + 22% 
L/D 

s.f .c 

6. 

.47 lb/HP/hour -4% + 7% 

s .w .5 lb/HP -1% +0% 

min t„ .06 inches -47% + 70% 

e 
F 1.27 +108% 

Transmission -10% +12% 
efficiency .85 

Max Speed/ * 
+ 27% 

Cruise Speed 1.1 

Utilisation 5,000 hrs + 55% -14% 

Interest on 10% -15% + 17% 

Capital 
+46% -14% 

Vehicle life 10 years 

Structure cost £20,000/ton -40% +42% 

+ 3% 
Gas cost £30/1000 ft3 -4% 

Power plant £20/HP -1* + £% 
cost 

Fuel cost £20/ton -3% + 5% 

Crew wages £140,000 -4% +4% 

Maintenance 4% first cost -9% +9% 

Insurance 1 1% first cost -3% + 2% 

*  Ratio taken as 1 

TABLE 1 
A SUMMARY OF THE SENSITIVITY ANALYSIS PRODUCED IN REF 1 

Structure of the Model 

The earlier model has now been improved in ^ose areas^how^to^be^ 
critical in the previous study in °™eJ. J°-J research would be best 
with the hope that it «JJ^aJ^.^iS S^Ah the 
directed.  It ™uf J?e st^^ased upon a conventional design process, 
?ne10resulL°pr ^rd'herrarrintended to iUustrate critical areas 
and Key variables rather than suggest an ideal design. 
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A simplified diagram of the model is shown in figure 1.  The model 
is structured to allow all the individual variables to be varied 
independently or jointly, to cater for "trade-offs" to be studied. 
The input to the model, once it has been set-up, is the route capacity 
in tons/year, range in miles and the flight altitude in feet.  The 
speed is then determined for the lowest operating cost within the 
constraints applied. 

SCALE FOR HULL FORM 

MAKE WEIGHT ESTIMATE 

ESTIMATE SIZE 

I 
CALCULATE POWER REQUIREMENT 

DESIGN SHELL 

REESTIMATE WEIGHT BREAKDOWN 

ESTIMATE COST 

IF NOT MINIMUM CHANGE SPEED 

IF MINIMUM 

FIGURE 1 MODEL STRUCTURE 

Decision Criterion 

The criterion chosen for the evaluation was that of minimum fare 
level for a set rate of return.  This was chosen on the grounds that 
a freight system is purely commercial, social inputs being small, 
and the ultimate decision would therefore be on commercial 
possibilities. 

Method of Analysis Used 

As all parts of the system are as yet undefined, it was necessary to 
consider it in a mathematical form, representing each component as an 
input to the operating cost.  The form of the mathematical model so 
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produced .as then optimised for minimum operating cost as follows: 

A technology a 
ssessment technique based upon Net Present Value 

The net present value (NPV) of any project is given by 

< ft=n              -i 

NPV 
\ 

EK * (1*r'   i' c° 

where 

l is a year in the projects life 

n is the life of the project 

Cf is 
the net cash flow 

c0 is the first cost 
o 
r is the interest on capital 

If the cas 
payments 
then the e 

h flow is assumed smooth (ie there are no discrete 
all are smoothed throughout the project's life 
quation can be simplified to give 

NPV = C£ 1 - (1 + r) 

-n 
-  C. 

Putting Cf = Cr - C( 

and C  = T x F 
r 

where 

and 

C  is the cash revenue/year. 
r 

C  is the cash cost/year 
T  is the system capacity/year 

F  is the charge per unit capacity/trip 

gives -nn 

NPV (TxF - C ) 1 - (1 + r) 
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as an optimum it can be taken that NPV = 0, allowing the relationship 

F = 1 

T 1 - (1 + r) 
-n 

This now provides a simple relationship between the cost of a system 
in terms of its total first cost (C ), its operating cost (C ) and its 
fare level (F).  (This is easily modified for systems that have 
components with different book lives, but for simplicity in this 
example, they have all been assumed constant). 

Evaluation of C„ and C o     c 

a) Considering the vehicle only; 

The major first cost (C ) components are 

1) Structure Cost 

2) Lifting Gas Cost 

3) Power Plant Cost 

and the major annual cash costs (C ) were assumed to be 

4) Fuel 

5) Crew Pay 

6) .Repairs 

7) Insurance 

Table 1  shows how these may be described in terms of vehicle 
parameters 

Function Of Major Parameters 

Structure Cost Weight of structure W, u 

Lift Gas Cost airship volume V 

Power Plant Cost installed power • S, u 

Fuel Cost fuel used S, u 

Crew Pay assumed constant 

Repairs    "\ assumed to be a ] C 
Insurance  J percentage of first cost J 0 

where W = size of airship 

u = speed of airship 

V = volume of airship = f(W) 

S = surface area of airship = f(W) 
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Hence all components of the vehicle are some function, in this 
simple case, of vehicle size and speed. 

Analysis of Vehicle only 

gave a solution^ for the optimum design where 

dF = 0 

du 

The Datum Situation 

It is impossible in a papc 
options available.  For th] 
chosen to act as the datum situation ana, unio, «u 
tne assumptions should be taken as given m table 2, 

be 

list of the basic assumptions used in the 
S;.SÜS"I.Uti;.r "ithttriSrifictioS for these assumptions 

Assumption 

Tons/year 

Range 

Life 
Operational altitude 

Length/diameter ratio 

Specific fuel consumption 

Specific weight of power plant 

Minimum practical value of tg 

Reserve fuel 

Power plant cost 

Fuel cost 

Crew wages 

Maintenance cost 

Insurance cost 

Interest on capital 

Value 

150,000 

1000 miles 

10 years 

5,000 ft 

6. 
.47 lb/hp/hr 

.5 lb/hp 

.06" 

33% 

£20/HP 

£100/ton 

£140,000 

A%  first cost 

' 1% first cost 

20% 

TABLE 2  ASSUMPTIONS USED IN STUDY 

STRUCTURE 

ess 
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OPERATING 

COST 

£/TON MILE 

.20 <a 

15 . 

10 - 

.05 . 

STRUCTURE 

COST £/TON 

CRUISE SPEEDS - MILES/HR 
l 

.02 ,04 
i 
.06 .08 

te - inches 

FIGURE 2  UNCONSTRAINED SOLUTION 
which is given by 

te = Total Structure Weight x 12 

Density of Duraluminium x Surface Area 

te is in inches and other units in pounds and feet 

From figure 2 it can be seen that in the unconstrained situation the 
results produced are trivial.  The low equivalent thickness would not 
have any resistance to hail impact or bird strikes of the lowest 
magnitude.  Those shells that do have higher equivalent thicknesses 
are discounted by the low optimum cruise speeds associated with them, 
which are incapable of providing an acceptable level of aerodynamic 
stability. 

The study was repeated with the solutions constrained to a minimum 
speed of 50 miles/hour and a minimum equivalent shell thickness of 
.06 inches.  This resulted in a set of solutions all of which lie 
along one of the applied constraints.  The results of this study are 
shown in figure 3. 

Analysis of figure 3 shows a number of designs all above the .06 
inch constraint, but with speeds of 50 miles/hour.  When these 
solutions were studied in greater depth the structural efficiencies 
which related to the designs were found to be so low as to make them 
trivial solutions to the problem.  This implies therefore that all the 
useful solutions lie on the minimum equivalent thickness constraint 
had optimum speeds increasing from 50 miles/hour to 70 miles/hour. 
The speed increased linearly as the structure was used more efficient- 
ly from 50 miles/hour to some constant value, dependent upon the 
structure cost assumed, the higher the structure cost the higher the 
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.20 1 
OPERATING 

COST 

£/TON MILE 

.15* 

.10' 

.05 . 

12      3      4     5 

STRUCTURE COST £000/T0N 

FIGURE 3  CONSTRAINED SOLUTION 

the steady state value of the optimum speed  The reason for thi,^. 

that for cost .effectivness the ™«£f J£SJ™ greased cost of the 
used more efficiently.  Hence, to OII »e faster  as structure cost 

ssäs;.1-;» sss"? ~üs MSI«:* state „.«i« 
for optimum cruise speed. 

te mm 

STEADY STATE 

SPEED 

MILES/HR 

3      4     5 
STRUCTURE COST £000/TON 

FIGURE 4  STEADY STATE SPEEDS 

The Minimum Equivalent^Thickness Constraint 
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rigorous service conditions is difficult.  Experience in structures 
of"this type is completely lacking and the possibility of achieving 
a minimum value of .06" is unknown.  A value of .1" has also been 
considered, therefore, and the results are included in figures 3 and 4, 

Implications of the Structure Study 

This study illustrates the unique problems of designing airship 
structures.  It shows quite clearly that high efficiency structures 
have no major role to play in the shell design of conventional 
airships, and the need is for practical structures, the major 
constraint being the ability of the structure to withstand general in- 
service knocks.  The future lies, therefore, in producing low cost 
structures of medium efficiency, weight being a second order problem. 

This lies in contradiction to present aircraft design philosophy, 
where weight saving is a major criterion, and the use of materials 
such as titanium and carbon fibre reinforced structures is common- 
place.  In designing an airship shell there is a need for low density 
structures, not to reduce weight but to allow greater thicknesses to 
be used in order to increase resilience to damage.  At the same time, 
however, costs should be low whilst strength is a problem of the 
second order.  Structures that provide possible solutions to this 
requirement are glass fibre structures or foam supported structures. 
Thought must also be directed towards varying the design of the 
conventional rigid airship in order to introduce some of the 
requirements already outlined. 

The same problems are also relevant to the production of the hull. 
The structure should be robust enough to allow simple handling 
during construction, since any special requirements will only 
increase production costs.  This could lead to a situation where even 
the simplest of structures could be highly expensive due to high 
handling cost. 

In conclusion to this section, it would seem that, with the relativly 
small variation in operating cost for changes in equivalent thickness 
at the low structure costs, as shown in figure 3, a weight penalty 
could be accepted provided the use of heavier structures assist in 
reducing production costs.  With this in mind, it is recommended that 
future research should be directed at producing a structure with a 
low equivalent thickness but with the major constraints of being able 
to be easily and cheaply produced and to undergo normal handling in 
service and during production. 

LENGTH/DIAMETER RATIO 

Closely related to the previous problem is the choice of length/ 
diameter ratio of the hull.  The selection of the optimum value 
requires a trade-off between the structure weight and the skin 
friction drag. 

Drag 

In order to relate the drag to the length/diameter ratio the follow- 
ing drag relationship was used: 

Drag = q SD Cß 
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where q is the dynamic pressure 
Sn is the wetted drag area 

r 
and  Cn = ^03 = 1 + 14     + Z 

~T77 :^   77$/~ '^ 
Rr 

7^/ ^„ 
\*. 

(Source - Ref 2) 

The results of this study are shown in figure 5. 
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FIGURE 5 VARIATION OF LENGTH/DIAMETER 

gives no consideration to stability. ?" "*®"„fgdV ti x 
Sill be necessary to consider the requirements of directional 
stability, which is likely to increase the value. 

FUEL AND POWER PLANT 

Although It was shown previously (Kef 1) that^^»^Äf 
plant and the cost of the tuel were not increase in 

Fuel Cost 
„ order to study the effects of fuel cost o,.cost ^«-tiveness .^two 
designs were undertaken to fulfill ™! "™=Natypical value for two had a «ff«ent fuel cost; the first S20/T0N,e.reYPntative ^ ^ 

KS'fSS'»«.! TUCSSo"2h.r«{.ri.tic. of the designs are given 

in table 3. 
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FUEL COST 

OPTIMUM MAX LIFT 

OPTIMUM CRUISE SPEED 

OPERATING COST 

£20/TON 

1170 TONS 

77 MILES/HR 

£.026/TON MILE 

£100/T0N 

14 90 TONS 

51 MILES/HR 

£.03/T0N MILE 

TABLE 3 EFFECT OF FUEL COST 

The results illustrate how rapid changes in costs can modify past 
results.  Fuel cost has increased from a minor variable to a major 
variable, and has caused a marked decrease in the optimum speed. 

Power Plant Choice 

The importance of the fuel cost is also reflected in a study of power 
plant characteristics.  The importance of specific fuel consumption is 
clearly seen from figure 6, the specific weight of the power plant 
having very little importance by comparison, (values of specific 
weight from .5 to 5 fall on the same curve). 

.051 

OPERATING 
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£/T0N MILE 

.04- 

.03 * 

FIGURE 6 

1 2 3 
SPECIFIC FUEL CONSUMPTION LB/HP/HR 

EFFECT OF POWER PLANT 
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1. Coughlin S., An Appraisal of the Rigid Airship in the UK Freight 
Market, Cranfield ITS Report 3, Cranfield Institute ot Technology 
England. (March 1973). 6/' 
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N76-15023 
AN ECONOMIC COMPARISON OF 

THREE HEAVY LIFT AIRBORNE SYSTEMS 

Bernard H. Carson* 

ABSTRACT:  Current state of art trends indicate that a 
ITÜ-ton payload helicopter could be built by the end of 
the decade.  However, alternative aircraft that employ 
LTA principles are shown to be more economically attrac- 
tive, both in terms of investment and operating costs 
for the ultra-heavy lift role.  Costing methodology 
follows rationale developed by airframe manufacturers, 
and includes learning curve factors. 

In this country, we have about a decade of experience with helicopters 
designed for the heavy lift role; at present, ten tons of payload can 
be transported from one random point to another and this capability 
has already made an impact in military operations, and the construc- 
tion and logging industries, to name a few more notable applications. 
A wide variety of other uses have been found that, taken together, 
assure us that the heavy lift helicopter has become an acceptable, 
and in some cases a unique solution to some of our complex trans - 
portational requirements.  But, as experience is gained, payload 
limitations are becoming rapidly apparent, and it is logical to look 
beyond the present in an effort to identify the options that exist in 
advancing current heavy lift technology. 

This paper deals with the economics of heavy lift systems, but in a 
sense, it may be viewed as a technology assessment presented in an 

*Professor of Aerospace Engineering, U. S. Naval Academy, Annapolis, 
Maryland, U.S.A. 
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economic framework; economics ^technology appear t^be somewha^ 
inseparable.  It is also fair to point out ™« J  construction and 
deals with direct economics of design £^e*°p;t' t t0 address the 
operation of *^vy "ft systems  and make| »o attejp  ac    in a 

indirect economic benefits that will aimo      aspect is left to nsiru^sL^s.Jin :s .ap-cu«««? — *i. «.. 
will treat this subject in some depth. 

For this study, we have chosen ^"JJJ^^^-uS^iicJpiSr"1 

extrapolation of current, or near-timeframe The second is the hybrid 
technology to a fi«r*en P*ylS;JiSS ESJineetinS Corporation, also 
Aerocrane as proposed by All Ame"*a" ^g£eJdevice that is an 
of fifty ton payload -P-ity.  The last » «^    helicopters> as 

admixture of Lighter Than Air.xe£"""a f'these systems exist, or are proposed by Piasecki Aircraft. None of these syst ^  ^ 

r^%^^T.S:^iSf^Ä1Ä oasis of comparative 
costs should be relatively immune to this ettect. 

Baseline Lifting Capability 

Mostly as a matter of convenience but with so« ^^/a? Wity 
load to be held common to ^«^JSn ggSeering Company has effec- 
U.S. tons (100,000) lb).  A1* A™?r"^ ronducted a comprehensive tively sized such a machine (F-l) and conducted a c™P     efforts, 
design study luring the course  f hex   n«"I f       /^ beg.n_ 
and it thus seems appropriate to v " ^^  a  standpoint, a 
ning for purposes of comParif f :^°JVe Capability, except for the fifty ton sling load is an all inclusive capaoixi x» ^ T com. 
main

ybattle tank and the heaviest mobile artillery p   ^     ^ 

mercial applications, a ^^y^e^
yfactor components, and very 

requirements excepting larfe™*lear rea baseline parameters will be 
large tree harvesting operations.  Other ba   n P      COnsidera- 
developed subsequently, appropriate to the aircran: 
tion. 

50-Ton Heavy Lift Helicopter Point Design 

S«0        :iA."»" ".S sh.that such a machine i? techn^aUy 

engine tec^i»^  lHs "0^^^ Aiding assessment 
is  made. 
Much effort has gone towards  »e advancement off^jcopter technology 
in the past thirty years  or so, but remarkably tew ne        F 
been designed from the outset «th thheavy Jj« ™lj/SominaAt  in 
Si. lield^seeMhie'iradtSugrthe first ultra-heavy 11« 
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I    helicopter appears to be the Hughes prototype YH-17 (1952) (called 
A /    the Sky Crane1) which had a design gross weight (DGW) of 52,000 lb., 
Vy    and a lifting ability of 27,000 lb.  Subsequently, in the U.S., we 

have developed helicopters having payloads in excess of 10 tons (the 
•'      CH-53, 54 series) while in the USSR, the Mil-series designs, which 

/• I started in 1957, appear to have peaked out as long ago as 1969, when 
\J the MI-12 set a world payload record by lifting 34.2 tons to an alti- 

tude of 2,000 meters.  Present on-going efforts here are centered 
about the U.S. Army-sponsored Heavy Lift Helicopter, the Boeing- 
Vertol prototype presently under schedule to fly in 1975.  This air- 
craft has a design payload of 22.5 tons and features a great deal of 
advanced materials applications as a means of keeping the structural 
weight fraction within bounds2. 

TABLE I 

F.A.I. Heavy Lift Helicopter Records: 
Greatest Payload Carried to 2,000 Meters 

Date Aircraft Load 

17 Dec 1955 YAK-24 (USSR) 4,000 Kg (8,818 lb.) 
11 Oct 1956 HR2S-1 (USA) 6,010 Kg (13,249 lb.) 
30 Oct 1957 Mil-6 (USSR) 12,004 Kg (26,464 lb.) 
23 Sep 1961 Mil-10 (USSR) 15,103 Kg (33,296 lb.) 
13 Sep 1962 Mil-6 (USSR) 20,117 Kg (44,350 lb.) 
6 Aug 1969 Mil-12 (USSR) 40,205 Kg (88,636 lb.) 

It is in fact the growth of structural weight fraction which stands 
alone as a chief concern when contemplating large aircraft of any 
description.  For baseline estimates, the square-cube law may be 
invoked.  But in practice, this produces an overly-pessimistic pic- 
ture since many aircraft components (e.g., flight instruments and 
avionics) do not scale up with aircraft size, and other major com- 
ponents such as engines have not historically followed this scaling 
law due to continuous improvements in state of art. 

It is interesting, and as it turns out, highly instructive, therefore, 
to examine what sparse data exists on "scratch-built" heavy lift 
helicopters as a first attempt to determine the trend of empty weight 
fraction as a function of design gross weight. 

F-2 summarizes this effort, revealing what appears to be a remarkably 
simple picture of structural i^eight growth for large helicopters. 
Two distinct trends are evident, one for .the Soviet and the other for 
U.S. efforts.  Study of these trends indicates some significant 
aspects.  First, it can be seen that the Soviets gave high priority 
to the development of large helicopters as far back as twenty years 
ago.  The Mil-6, which first flew in 1957, has a design gross weight 
of 93,000 lb. and a payload in excess of 30,000 lb., both figures 
roughly double the best U.S. effort to date.  Then followed the Mil-8 
and the Mil-10, which first flew in 1966.  With this technological 
base, they were thus evidently encouraged in 1965 to begin the 
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This resulted in the Mil-12^ 
>pment of an.ul"*:XBi^ "after'a « 

,.„.   Thi«; resulted in tne mrü, 
development J^an^ltra-lar^ »china. T^  Q£ improvements, estab- 

EMPTY WEIGHT FRACTION VS. DESIGN GROSS 

WEIGHT FOR US,USSR TURBINE HELICOPTERS 

MIL-12 

(1969) 

MIL-6   (1957) 

OMIL-10   (1961) 

x.6 

tf°L-8   (1961) 

50  Toifc-- 

HLH   (19??) 

B/V HLH 
(1977) 

200 240 

DESIGN GROSS WEIGHT, 100 0 lb, 

F-2 

sary 
expression, i.e 

We/Wo = 0.54 + 0.10Wo/10' 
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where W , W are the empty and design gross weights; and defining 
e  o 

"payload" to include not only useful payload, but crew and fuel 
weights, then W /W = 1-We/WQ, and there results 

W     =   0.46W     -   O.lOW^/105 

poo 

which shows that there is a value of W that will produce the maximum 
payload.  This simple model predicts that payload to be 53,000 lb, 
corresponding to a design gross weight of 230,000 lb.  This may be 
compared with data taken from Ref. 2, which lists the DGW for the 
Mil-12 at 213,000 lb. and a design payload of 55,000 lb.  It is thus 
tentatively suggested that the Soviets had, in 1969, designed the 
ultimate load-lifting helicopter allowable within their technology. 
In keeping with their structural weight growth trend, a 50 ton pay- 
load helicopter would have been quite out of the question. 

The U.S. experience in heavy lift helicopter design shows a better 
structural weight fraction trend than the Soviets, probably because 
the early lack of comparably large shaft engines demanded that 
greater attention be given to detailed structural design.  This has 
also had the effect of providing incentives to develop weight saving 
materials (e.g., composites) for secondary structural applications. 
In any event, whether this trend can be maintained (or better yet, 
reduced) for U.S. helicopters of arbitrary size is a question that 
cannot be answered at the present.  Assuming that this trend were 
maintained, however, we find, by application of the above rationale, 
that the maximum payload is about 78.5 tons, at a DGW of 560,000 lb. 

Thus, while we have not "proved" that there is an upper limit to a 
U.S. helicopter payload, we have, through this exercise, been 
encouraged to believe that a 50-ton payload helicopter is not a 
technical impossibility, at least according to current U.S. struc- 
tural weight growth trends. 

For present purposes, then, it is assumed that this trend well repre- 
sents a technically feasible configuration in the 50 ton payload 
range, and, with a 10% payload allowance for fuel, sizes out nomi- 
nally to be a 260,000 DGW helicopter having a payload (including 
fuel) of 110,000 lb.  This gives a structural weight factor of 0.577. 
With this as a base, the 50 ton HLH sizes out fairly rapidly by using 
fixed component weight fractions and disk loadings for the Boeing 
Vertol HLH as a reference.  Assuming a 22% rotor overlap, a 228' 
length emerges for a tandem rotor configuration, based on a 128' 
rotor diameter.  This was determined^ by-assuming a rotor figure of 
merit of 0.78.  A total of 30,000 SHP is required for this aircraft, 
allowing for a mechanical transmission efficiency of 0.95.  Four 
engines of the Allison T701-AD-700 type, or its derivatives, should 
suffice.  This engine is rated at 8,075 SHP, and is currently under 
development for the Boeing Vertol HLH.  F-3 illustrates the compo- 
sition of empty weight fraction for the two aircraft. 
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A- Airframe 

P/F- Payload § Fuel 

P- Powerplant 

M-- Miscl. 

Weight Stretch Factors for 50 Ton HLH Based on 
Boeing/ Vertol XCH-64 

F-3 

included here. 

■  c i  +h* APTnrrane consists of an aerostatic sphere that 

»iS'tä,\U.»Ä*  aerodynemic  lift  is developed on th<swings 

^hovering mode""^^ i^directe frr^ Tf    t PtSn vision 
S-jrtulb  oaaeaTviaef inTroughly »ay'b  t£en ae    a      mic" " 

purpose! "inHor rotor, incjdence is both cyclical y and =.llj=- 

SriUlL'S fas'a ?.&. ft e <;    t ^he,; th.,.«»11.buoyancy 

b°y aitSi"*."!?'»«™^**"  anfus^nTnegative lift  to propel 
tLcraf^at constant altitude.    For system parameters used in this 
study,  the  reader  is  referred to Ref.   4. 

"r«r„»ntua"  fsee F-4)  is the name adopted by the Piasecki Aircraft '•Gargantua    Isee r *)  is device that is engagingly 
Corporation to describe a neavy ini could presumably be 
simple;  it places no demands on state of «J •  £*,££**! risk.  yAs 
built almost immediately with ^^*lv?^a

J°irship hui! built along 
Cthe ifnefor    LXon Macon^.slgn    elcept that all engines    controls 
25 other subsystems hav,, been transferred from   he hull t^f-»^ 

^ed
Cd?^ebeaam    "iff    nc5 le  fttnegaenrostaPtic lift of the hull  com- 
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Eensates for the entire dead weight of the system, which includes the 
asic hull and saddle weights, and the fully-fueled helicopter weights 

as well.  The total helicopter lift (equal to the DGW of the four 
helicopters) can then be used for lifting and propelling the system. 
In the configuration shown, this would amount to about 84 tons, cor- 
responding to four CH-53D's. 

As with the Aerocrane, a separate paper on this subject appears con- 
currently with this one, to which the reader is referred for addi- 
tional details^. 

Cost of Gargantua - Since no rigid airships have been built for about 
40 years, there is no relevant experience base whatever on which to 
draw in terms of unit airframe costs.  The AKRON, having a gross 
weight of 460,000 lb., cost $5.3 million, about half of which went 
into tooling and hangaring costs, since her sister ship, the MACON, 
cost only about $2.6 million.  During construction of these craft, 
vast amounts of hand labor were employed at rates that were cheap 
even by the standards of the era, sinCe the depression was then in 
full swing.  It seems fairly certain that this construction philoso- 
phy would not prove profitable, or perhaps even possible in the 
present age.  A comprehensive study, performed by a task force of 
design engineers, manufacturing specialists, and costing experts, is 
probably required to determine the optimum capital investment in air- 
frame fabrication machinery, as weighed against labor costs as can be 
foreseen in the 1980 timeframe.  On the other hand, the traditional 
rigid airship structure is highly parts-redundant, suggesting that a 
diverse subcontracting approach that made use of the excess capacity 
of major airframe manufacturers might be a productive option.  If 
this were done, a reasonable first estimate for unit airframe costs 
might be $10-$20/lb. (typical "low technology," i.e., light aircraft 
figures) the higher figure probably the more appropriate one initi- 
ally, with costs tending toward the lower figure as experience was 
gained.  This would put the cost of the basic Gargantua airship hull 
at somewhere between four and eight million dollars. 

As for the helicopters, it may be supposed that surplus military air- 
craft (if they exist) would be used on a "proof of concept" proto- 
type, but a serious commercial or military venture would surely 
require new aircraft, probably in the $3-8 million cost category, 
depending on the extent of modification required to existing designs, 
and whether they were, intended to operate in the helicopter (as 
opposed to the completely captive) mode part of the time.  Allowing 
for fail-safe interconnects, winching equipment and other auxiliary 
gear, initial production Gargantuas might cost as little as $20 
million, and as much as $40 million, or thereabouts.  Until the 
Gargantua proposal moves past the concept and into the preliminary 
design phase, more energetic attempts to pinpoint its development, 
production, and operating costs appear to be futile. 

Costing Methodology 

The remainder of this paper is concerned with the generation of esti- 
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mates for the costs associated with the acquisition and operation of 
the remaining two aircraft. 

In general, aircraft costing methodology follows an application of 
established trends based upon mission requirements, cost analyses of 
existing designs, historical trends, state of art potentials, and 
complexity favors.  The actual process of generating total costs for 
a given configurational design then depends on the "order of esti- 
mate" appropriate to the study phase.  To clarify, first order- 
estimates of acquisition costs can be obtained from relatively 
simple microscopic cost trends.  Independent variables appropriate to 
this order are speed, range, payload, gross weight, "^tailed horse 
power, number of aircraft produced, and so forth.  As the design 
evolves, individual components and subsystems begin to crystallize 
in terms of size and weight, and second-order estimating rationale 
can be applied (with liberal amounts of computer time) to provide a 
more refined estimate of total costs. Table II indicates an example 
of the informational detail necessary to proceed with this costing 
phase.  In the terminal design phase, estimates become interwoven 
with reality (mostly as a result of prototype experience) and cost 
estimating is confined to design change practices. 

In a paper of this scope, it is obviously not possible to develop 
cost figures much beyond the first order level of estimation, al- 
though an attempt has been made to apply second-order rationale for 
the Aerocrane and the 50-ton HLH where possible.  The database used 
for this study derives from studies conducted by several airframe 
manufacturers6»" for the U.S. Navy, but it necessary to point out 
that neither these data, nor the conclusions thus reached in the 
present study represent the official policies of the Department 
of the Navy. 

TABLE II 

Typical Second-Order Cost Estimating Factors 
(shown for illustration only) 

Dollars 
Component Per Pound 

1. MAIN ROTOR GROUP 81.3 
2. WING GROUP 99-5 
3. TAIL ROTOR TOO.O 
4. TAIL SURFACES 24.7 
5. BODY GROUP 99.5 
6. ALIGHTING GEAR 46.5 
7. FLIGHT CONTROLS 115.0 
8. PROPULSION GROUP TREND 

etc. 

Effect of Production Numbers on Manufacturing Costs - In proposing 
new aircraft, major airframe companies speak of a learning curve, or 
a price-quantity relationship that accounts for the fact that, during 
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a production run, many cost-reducing factors will materialize that 
act to steadily decrease the unit aircraft cost.  As an example, the 
first production aircraft (actually the tenth actual aircraft, allow- 
ing for preproduction prototypes) might cost $10 million, a figure 
that historical trends and other data might predict to be halved at 
the 100-aircraft mark.  According to a linear-legarithmic relation- 
ship, this predicts that the tenth production aircraft should cost 
about $8 million, hence the term "801 learning curve" that would be 
cited in this instance.  The production rate influences this figure 
significantly, mostly due to the effect of fixed costs that must be 
Wriorfn of£ during production«; a half-rate might change this figure 
to 85«.  But the important aspect to note here is the profound effect 
that production numbers have on average unit costs.  With an 801 
learning curve, the average cost is about 64% of the tenth aircraft 
COSTca1^10° aircra£t are produced; this figure further diminishes 
to 35% if the total production is increased to 1000.  Another bene- 
ficial effect of production numbers is, of course, in the unit 
amortization of development costs. 

Sinceit is difficult to envision heavy lift aircraft of whatever 
description being produced in numbers greater than several hundred, 
the basis for estimating production costs has been set at runs of one 
hundred and two hundred aircraft, in an attempt to illustrate this 
effect.  In so doing, we have assumed an 80% learning curve.  Current 
trends indicate this figure to be on the low side. 

Development Costs - Airframe manufacturers' data6 and a study of cur- 
rent trends indicate a development cost of $380M (1973 dollars) for 
the 50-ton HLH.  This assumes the use of developed engines and 
avionics.  For purposes of comparison, a separate study (1971) per- 
formed under U.S. Army contract estimated development costs for a 
24-ton HLH at $535M, which included $90M for engine development, $60M 
for a new rotor test facility, and $30M for avionics development. 
Therefore, our figure appears to be the correct order of magnitude. 
For the Aerocrane, a figure of $163M has been developed, which 
includes allowances for developmental problems in engine installation, 
and the design and development of propellers that will be required to 
match engine performance with the low speed environment.  This figure 
is considerably in excess of that predicted by All American Engineer- 
ing. 

Flyaway and Investment Costs - For this study, the flyaway cost is 
taken as 1101 of the production cost, which includes net profit and 
marketing costs, such as ferrying and crew training.  To this is 
added another 201 which, to the order of accuracy sought here repre- 
sents the initial spares allocation, which is comprised of 501 of the 
basic engine cost, and 25% of the basic airframe and equipment costs. 
Both the Aerocrane and the HLH appear to be well represented by this 
approximation. 3 

Table III summarizes the total acquisition costs for the two air- 
craft, as a function of production run. 
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TABLE III 

Acquisition Costs vs Production Run, 
80% Learning Curve, 197 3 M& 

Aerocrane (100/200 A/C) 50-Ton HLH 

1  Flyaway Cost = 110% Unit Cost 
2.  Invest. Cost = 130% Unit Cost 

Operating Costs - In developing operating -sts the following 

rationale *;%H Hb^fuSl/HP-hi! Snd fuel cost5 $150/per ton  b) . 
nominally to be 0.5 lb *V®£;"£"!',£oth scheduled and unscheduled) is Maintenance hours per flight hour (both schedu ^ ^^    in_ 
estimated to be 7 hrs tor tne nui v»       operational experience, 
ishing linearly to 3 hrs after two years g «perat      jh includes 
and costs $8 per hour, c) .^ «sts are fe%  ferrying, training) overhead,  d) Non-productive flight time te^ terryuij       ^ 

represents 20% of tota ^af ** ^includ"^ % tor spares, which are 
are not included,  f) Initial cost lncxu   original flyaway price. 

based on 10 years life cycle. 

TABLE IV 

Average 10 yr Hourly Operating Costs 
for 600/1200 flight hours per year 
(1973 dollars, 1974 fuel prices) 

Prod. run/Aircraft       Aerocrane        50-Ton HLH 

inn $1805/1385        4605/3065 
]°0°0 1580/1270        3920/2720 

Conclusions:  In this paper, the attempt has been to combine reason- 
able technological projections with ^P^ntative^ cur ^_ 
rationale as a means of determining to first order tne 

been made.  in all pnases ui ucv  F   »      effective than the 
the Aerocrane emerges as considerably more cost exrec 
50-Ton HLH, underscoring the savings that might be expected in 
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heavy lift device, where part of the lift is gotten for free, so to 
speak.  Costs, like weight, have a way of "snowballing" in advanced, 
state of art aircraft, which the 50-ton machine represents.  Part of 
this escalation derives from obvious physical causes, such as the nec- 
essity to develop better materials, to keep empty weight fractions 
within bounds.  Somewhat less obviously, there is a "cost-risk" 
spiral that has become ever-increasingly a dominating cost element in 
new aircraft development; whether this can be avoided in the develop- 
ment of LTA technology would make an interesting study in itself. 

As remarked earlier, lack of details argued against the comparable 
cost analysis of Gargantua, and it is hoped that this paper will be 
useful for comparative purposes, when this information is forthcoming. 
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ABSTRACT; This paper presents an approach to marketing ana- 
lysis for Lighter Than Air vehicles in a commercial freight 
market. After a discussion of key characteristics of sup- 
ply and demand factors, a three-phase approach to marketing 
analysis is described.  The existing transportation systems 
are quantitatively defined and possible roles for Lighter 
Than Air vehicles within this framework are postulated. 
The marketing analysis views the situation from the pers- 
pective of both the shipper and the carrier.  A demand for 
freight service is assumed and the resulting supply charac- 
teristics are determined.  Then, these supply characteris- 
tics are used to establish the demand for competing modes. 
The process is then iterated to arrive at the market 
solution. 

The possibility of a revival of Lighter Than Air (LTA) vehicles 
results in numerous suggestions for possible missions.  While LTA 
enthusiasts revel in the unique performance characteristics of large 
payload and extremely long flight range, some of the popularly sug- 
gested missions do not utilize these features with any degree of 
economy.  Transport of outsized, bulky cargo such as reactor or 
machinery parts is frequently among the first missions associated 
with LTA.  Hovering and lowering preassembled structures is also 
suggested. 

Memories of the Hindenberg also apparently prompt  ideas of passenger 
transport.  To name a few: ferry service for passengers and cars 
across the English Channel, leisure cruises to the Caribbean, hotels 
for remote areas, as well as flying laboratories and dormitories for 
teams of scientists, researchers, surveyors or salvagers.  Rescue 
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portation Studies, Massachusetts Institute of Technology, Cambridge, 
Mass. 

** Assistant Professor of Marine Systems, and Executive Officer of the 
Commodity Transportation and Economic Development Laboratory, Massa- 
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*** Graduate Student, School of Business Administration, Babson College, 
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missions after natural disasters are also mentioned. 

i, „ 4-i,o „ireshio the candidate to introduce trade Another suggestion makes the airshp the c      Qf ^.^ Soufch 

into the underdeveloped and inaccf^°;"Lroi oil spin cleanup and 
ica, and Asia. Crop ^-^»g: ""^rSSSS as LTA missions.  Finally, 
mobile hospitals have also been ^e^£v

a
c*rriers, weather and intel- military missions such as troop and supply carri  ^  surveillance 

ligence observation stations, and a plattorm 
are all considered as possibilities. 

Ml of these proposed «J ^^^TS^Ä^S! ^ 

as to missions - movement °* «>"*«gili!J ™ much less expensive al- 
not everyday occurences; 2) ^ availaBiirty  planes and stationary 

ääääS: o£ trade aevelopMent 
underdeveloped areas with minimal trade volume. 

X» short,  intense use must he made of an «£«£*.?>„^ So„hi9h 

production is desired.    To meet these nign * f 

!emierfiafIre^nrmayirthr^marSflarS enou* to support suoh 

a mass production process. 
AN APPROACH TO MARKETING ANALYSIS 

The market for Lighter ^1£^^.
d^'cSSSSri^i^' ket for their services, although this pap extent  th&t fche 

latter, it is necessary to consider the £orme ^ individual 
size of the market for the craft infJ^nces £ne initial 
vehicles.  This occurs in two ways: ^^gJg'JSS °nd the economies 
research and development cost ?^or^ ^f^ research and develop- 
ed scale in manufacture.  TiVKP/^^iLrinS the impact on aircraft ment costs can be demonstrated by considering ^       cogt of 100 
cost of various fleet sizes. Wxth an overal1      P    Qf 2Q 

million dollars, a "eeV -L Vhis Sosr*rould drop to 4 million, or 
million each. For 25 Ye^lcle%S * on the amortized cost would drop if a fleet of 300 could be counted upon, the amortiz of the 
to almost $330,000 per vehicle.  ^^1^™^ initially planned 
concept could depend importantly on the tieet 
for. 

Supply Determinants 

A first step in any -»^-^ ^ST^.^S'SÄ1" 
°a?e a^'SS^rrc^orTarSlfwouinav! to be'oharsed in order to 
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offer transport service.  This depends on a number of factors which are 
well known and conceptually straightforward yet sometimes iqnored in 
practice.  These are: 

a» Annual corridor volume in tons 
® Consolidation and deconsolidation possibilities 
© Shipment size distribution 
• Required frequency of service 
• Seasonality 
• Directionality 

These factors all influence the choice of vehicle size and payload and 
the ability to maintain a given market share and equipment utilization 
See Figure 1. 

The overall volume of flow is obviously one of the most important 
factors since it directly influences the economies of scale which can 
be attained by the use of large equipment at big load factors.  A 
single 5000 pound shipment being carried by truck incurs costs in the 
range of twenty cents per ton mile.  If the truck were carrying 
70,000 pounds, as many tractors hauling double trailers can, the cost 
drops to around a cent and a half a ton mile. 

Large corridor volumes tend to beget even larger corridor volumes 
since greater volume means more frequent service, greater possibility 
for consolidation and deconsolidation and more opportunity to smooth 
mu^  fcI?e irre9ularities caused by seasonality or directional movement. 
Tnis tends to be especially true for those modes which carry big pay- 
loads such as rail and ocean shipping.  Instead of shipping direct 
from origin to destination using the high cost mode, it may be worth- 
while to use a feeder service to consolidate loads.  See Figure 2. 

Measuring Cost and Performance 

The question is in the final analysis how much cargo can be attracted' 
This depends of course on the relative cost and performance of the 
modal offerings and how they are perceived by the shipper.  The perfor- 
mance of a particular service is measured implicitly or explicitly by 
the shipper in his choice of mode and size of shipment.  Included in 
this list of performance measures are: 

© waiting time 
• travel time 
• time reliability 
• probability of loss and damage 
• special services such as refrigeration or in-transit 

privileges 
• transport cost or tariff 

Waiting time is that period from the time that a request for transport 
has been registered to the time the vehicle is in place ready for 
loading.  Waiting time, along with travel time and time reliability, 
make up what the shipper may view as a lead time distribution in his 
inventory process.  Because it is variable it must be protected 
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MrfflRS lNFLl|FHCT"fi ™*T m PFRFORMANCE 
• ANNUAL CORRIDOR VOLUME 
• CONSOLIDATION AND DECONSOLIDATION POSSIBILITIES 
• SHIPMENT SIZE DISTRIBUTION 
• REQUIRED FREQUENCY OF SERVICE J\  CHOICE OF VEHICLE 
• SEASONALITY OF SHIPMENTS        \ SIZE AND PAYLOAD 
DIRECTIONALITY OF FLOW SCHEDULING 

MARKET SHARE 
LOAD FACTORS 

UTILIZATION 

COST AND PERFORMANCE OF SERVICE OFFERED 

FIGURE 1. FACTORS INFLUENCING THE COST AND PERFORMANCE 
OF SERVICES OFFERED 

FIGURE 2, CONSOLIDATED SERVICE VERSUS DIRECT SHIPMENT 
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against by safety stock, ordering ahead or by fast shipment. Minimum 
shipment size and tram-pert tariff combine to form the shipper's view 
of the siise-rate schedule.  See Figure 3. 

Demand Characteristics 

The way in which a shipper values specific elements of the performance 
achieved by a particular mode in routine shipment depends upon the 
characteristics of the commodity to be shipped. High value goods per- 
ceive travel time and travel time variability differently than do low 
value goods or goods for which there is no cost associated with stock- 
out. The more important factors in the valuation of transport perfor- 
mance appear to be: 

© value per pound 
• density 
• shelf life 
c inventory stockout characteristics 
« annual use volume and variability 
• need for special environment, handling or services 

These factors are used by the shipper in a subjective evaluation of the 
costs of transport.  This evaluation whether performed explicitly 
using carefully derived costs by trial and error or by pure intuition 
and judgment results in a choice of shipment size, mode and frequency 
of shipment.  See Figure 4.  Obviously, the minimum shipment sizes and 
the transport tariffs found on the size-rate schedule of offerings in- 
fluences this choice. 

Supply-Demand Equilibrium 

Thus, there is a supply-demand equilibrium process at work in the real 
world.  The supply of transport services with certain costs and per- 
formance or level of service characteristics elicits a demand by 
shippers through their decisions on choice of mode, shipment size, and 
frequency of service.  In the aggregate this demand is seen by the 
transport system as an annual corridor volume with a certain level of 
consolidation of shipments, weight size distribution, seasonality, and 
directionality of flow.  See Figure 5.  As changes occur there are ad- 
justments first on one side of the supply demand system, then on the 
other.  The process tends to be incremental and changes occur relative- 
ly slowly. 

The analysis of this system can be accomplished by formalizing the 
decision processes and the costing procedures on a step-by-step basis 
following the flow shown in the diagram.  The costing procedure is not 
trivial as many of the papers at this conference demonstrate.  But, it 
is done on a day to day basis for existing modes and can be done for a 
potential new mode with some allowances for uncertainty.  Note that 
the costing process does require a more or less complete design of 
facilities, personnel, procedures, etc., for a system whose extent can 
only be guessed at the outset.  There are, however, more conceptual 
problems on the demand side. 
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Demand Modelling 

Demand modelling for freight, is still in its infancy.  There are well- 
formulated models for urban passenger demand and the expectations are 
for usable models for freight in the not distant future.  It is also 
possible to proceed item by item (or more realistically, market segment 
by market segment) to examine the choices open to a shipper and to 
decide on a rational basis -what mode the shipper will choose.  A prob- 
lem always exista in deciding upon the makeup of the market segments 
and the definition of their commodity characteristics, but this can and 
has been done and our efforts to perform market demand analysis for a 
variety of market segments useful to our purposes here will be described 
later in this paper. 

In attempting to apply this process to the ca3e of Lighter Than Air 
craft which is more of a revolution than an incremental change, there 
is the question of how to "break into" the analysis circle.  Should 
costs and performance be assumed and the demand analysis performed 
initially to determine volumes which are then used in the supply side 
analysis? Or should market volumes be assumed and used as input to the 
design and costing out of the supply side? Both should probably be 
done.  Another problem is the markets to be addressed.  It is difficult 
to start with the whole world.  Some idea of market corridors and/or 
types of commodities to attempt to serve are needed as a point of 
beginning. 

As a way into the problem and in an attempt to gain some pragmatic 
insights into what the possible freight markets are, it is useful to 
search for short-cuts that will reveal markets in which Lighter Than Air 
craft can offer superior service by all (or at least most) of the level 
of service performance measures stated previously.  That is, we are 
looking for some markets that Lighter Than Air can steal.  Some possi- 
bilities include those offered by classical modes such as container- 
ships, rail piggyback, truck, or air.  There are also commodity markets 
such as dry bulk, neobulk, perishables, etc., that could be explored. 
In the next section we will examine some of these possibilities. 

Ä THREE-PHASE APPROACH 

In order to analyze potential markets for LTA vehicles, a three-phase 
procedure is used.  The first phase provides an overview of line-haul 
costs and characteristics of competing modes of transport in the com- 
mercial freight market and then does the same for LTA with what figures 
there are available.  The basic market position of LTA vehicles is then 
apparent. 

Phase two presents a computer simulation model of the total origin to 
destination costs and times for competing modes.  The ability to vary 
distance and commodity to be shipped provide cost data for a wide 
range of shipments and it is possible to compare LTA costs with those 
of the competition on many routes. 

Phase three examines the shipper's demand side of the market analysis 
with another computer simulation model which reflects shippers' con- 
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•  „v«„oi»m a transport mode.  The conditions under which LTA 

Wl 

Phase 1 - Line-Haul Cost and Performance 

Commercial freight markets.are large and well-established; consequently 

the LTA vehicle will face immediate ^»^«^Jl^e Market that an LTA 
to remember that «"•fraj^ny^nnual gojth °Jsf ^ket^ away from 
vehicle can capture, the bulk or LIA  

DU="l= .   - -h line haul termi- 

If »e «-"«.«t'STSS'SSi "i Stdelpreaf S5S.°Ü «-1- 
Sifrerenurtrn-S^costrof'sKp-ents by air! rail TOFC   («aller on 
flat car), and truck. 

Research by the Southern California Aviation Council JCnc  shows that 

as the size of LTA vehicles  infeJfJ'^fs^diedby the Council has one might suspect.    The largest LTA vehicle stJ^a oy 
a payload of ^""^V^SSi ife ^imated't $9^25 million. If constructxon cost of such a vehicle is e ^..^ value/  a Mt t 

we assume a 25 year lire ana a *  ye*.^c ,     monev at an opportunity 
value system of representing the time value of ^JJ " *J of $10.56 

the costs per revenue ton-mile tigure ior u« XIJ. 

higher than rail TOFC. 

Since a listing of the modes by speed is *f »^^„Se ft S™ 

SSrwEAS.-SS^^K sSpPefttades off oost and 
speed and other factors in his analysis. 

Phase 2 - Total Door to Door Performance 

™Z^™\i\T?"^orsdirtneeoaloSation of  total origin to destine- costs, or load factors 
tion costs and times 

The computer program calculates the following component costs: 

• Pickup and delivery 
• Inventory and warehouse 
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• Inland line haul , 
• Transoceanic or transcontinental line haul 
• Terminal handling 
• Packaging 
• Cargo insurance 
• Documentation 

Importance of Cost Components - The density of cargo hjj a ^^impact 
on air freight costs, and all modes are jensitxve 
sities.  Phase 1 data assumed that each mode carried «g       2Q lbs/ 
design density.  The design densities of a truck or J°n The 

cu.f?. and the design density f^^f^f^L ?he avenge cargo 
design density of a 747 is 10.9 lbs/cu:"'' " t 20 0 poUnds.  The 
density was 8.6 *»/«»•"; "f"3g and the average actual cargo difference between the design density and tne a   geffective cost per 

The very nature of the commodities involved1 is aJ^«*«^^ °' 
the market. Ocean carriers «{ "^"f SeuSeS tSe is not generally 
carry "low" value C0™?dltie*J0* Tories necessitated by the time critical and even the increased ^entories ^cessit     y     than 
lag and additional warehouse costs involved still total 
the cost of air shipment. 

i 4-     fi,0 rH ff^rences in transit times of different modes, To better evaluate the differences in wa shipper incurs an 
the computer simulation in Phase 2 assumes that the sn HP      Q£ fche 

inventory carrying cost equal to *» a™^^ °TA vehicles, would 
value of the product.  ^^/"^J' ££e cargo, it should be noted 

Table 2. 

While data in Phase 1 assume 100 percent load factors  and .j 2500 mile 
distance, the computer simulation in Phase 2 jJJ«JJ^  f ^ line_ 
vary.  Rather than looking only at thV°f« *h£ total oriqin to destin- 
hauyi mode, the computer.»*?£jtxon -alyzes the^JB«gSion and de- 

SÜSiaSonf ÄS SeritultforL^t^appears to the shipper. 

For the sample computer runs shown ^.^»^^^^tT^rtlgTlf 
used: meat, fr uit .compute» and leather gojj^ä^ ^ ^^ 
densities and values. Je* *abj*c*;ft^f the Lockheed L-500 or Boeing 
program is a wide-bodied jet  aircrart or «"*  factor.  The vessel is ar 
747 class, which operates at a 70 PJ^VSfpSSSSloSa factor. (The 
800 unit containership which gera^^at^e^percent^lo  ^^ ^^ 
program is a modification of that presentea "      California, 19)1. 
Study by Planning Research .Corporation g^J^ioS «i"lBo' taken 
Chartcteristics of the various ^«B «f ^ff« tte plane are biased 
from this study.)  The authors feel that costs ror t  e 
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TABLE 2 

TRANSOCEAüIC COMMODITIES WITH VALUES IN EXCESS OF $5,00 PER POUND 

D0TT0 

NUHSFR DESCRIPTION 

,„ DENSITY 
(POUNDS PER 
CUBIC FOOT) 

VALUE 
„
PER 

POUND 

WATCHES AND CLOCKS, INCLUDING PARTS 

SILVER, PLATINUM, 8 PLATINUM GROUP 
METALS, UNWROUGHT OR PARTLY WORKED 

RADIOACTIVE & STABLE ISOTOPES, THEIR 
COMPOUNDS, MIXTURES, & RADIOACTIVE 
ELEMENTS EXCEPT URANIUM, THORIUM ORES, 
CONCENTRATES 

SILVER, PLATINUM, PLATINUM GROUP METALS, 
UNSOUGHT OR PARTLY WORKED        360 

FURSKINS, UNDRESSED 31 
OFFICE MACHINES 8 PARTS, INCLUDING 
COMPUTERS 

ELECTRIC APPARATUS FOR MEDICAL PURPOSES, 
RADIOLOGICAL APPARATUS, & PARTS 

SCIENTIFIC, MEDICAL, OPTICAL, MEASURING 
8 CONTROLLING INSTRUMENTS,» APPARATUS, 
EXCEPT ELECTRICAL 

FURSKINS, DRESSED, INCLUDING DYED 
STEAM ENGINES, TURBINES, INTERNAL COM- 
BUSTION, JET AND GAS TURBINES, AIRCRAFT 
8 MISSILES, 8 PARTS 

AIRCRAFT 8 SPACECRAFT, 8 PARTS 
TELECOMMUNICATION APPARATUS 8 PARTS, 
INCLUDING RADIOS, TV SETS, NARAIDS 

FUR CLOTHING 8 OTHER ARTICLES MADE OF 
FURSKINS EXCEPT HEADGEAR, ARTIFICIAL FUR 
ARTICLES THEREOF | 
FURSKINS, UNDRESSED 
FURSKINS, DRESSED, INCLUDING DYED 
IRCRAFT AND SPACECRAFT, 8 PARTS 
UR CLOTHING 8 ARTICLES MADE OF FURSKINS 
AND FUR, EXCEPT HEADGEAR I 
LIVE ANIMALS, EXCEPT ZOO ANIMALS, DOGS, 
CATS, INSECTS, AND BIRDS 

  U.S. DEPARTMENT OF TRANSPORTATION, ASST. SECRETARY FOR POLICY 
NTERNATIONAL AFFAIRS, OFFICE OF SYSTEMS ANALYSIS 8 INFORMATION, 

-„ ARGO„STUDY-FORECASTING MODEL 8 DATA BASE. VOL. I, PRE- 
PARED BY.PLANNING KESEARCH CORPORATION (WASHINGTON, 1971), PP. II1-60 
THROUGH 111-65. 

864 I 
681 E 

515 E 

681 I 

736 E 

851 E 

m 
812 E 

27 

360 

NA 

30 

21 

IS 

15 

$11.80 

19.31 

11.66 

9.11 

5.22 

m 

TJl 

TABLE 3 

COMMODITY CHARACTERISTICS USED IN SAMPLE COMPUTER RUNS 

COMMODITY 

MEAT 

FRUIT 

COMPUTERS 

LEATHER GOODS 

VALUE ($/LLJ 

.28 

.13 

9.41 

1.72 

DENSITY (LB./CU.FT.) 

51 

34 

30 

8 
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downward, since no o-^««^^™*^?^^* 
for the ship are biased upward,because many containe of number» should 

iSoÄSe Ke%ostTof fnS"SSfnione-  to be sou** after by 

LTA vehicles. 

First Scenario - Results  fro, the colter  simulation of -^scenarios 
moving cargo from an inland point in the U. b •   J«°    d       In the first 
inland point in a ^reign country^ave ^nSTÜ^igin 200 miles 
scenario,  cargo moves by truck f*om

0
a".^g™ross the ocean by either 

to either a seaport or a"Por^   3°™ "^ |«°J*    destination by truck. 
ship or plane,  and 200 miles  «land to its  f^n |SStin dollars per 
Figure  6  shows the total origin to J?^"?*""^^ portions  remain con- 
pound for air and ocean freight as the  "J^^creSes from 500 miles 
Stant at 400 miles and the transocean dist    c ^tween air and 
to 6000 miles.     The figure  sho"V£anhva\ue-low density commodities 
containerships  is most severe  for high value j£ *J£ ton-mile costs 
(i.e.,  computers,   leather goods,  etc.)     The cents p 
for the plane and ^ip over transocean distancesjro^^ ^ ^ 

?rkof?rarng'mfde ^t^p^l^bS^^^^^ ^1 capacity. 

Sample data for one particule;r o^^com^^ 

Ä'fo^^ 

value per pound of each commodity. 

« we hypothesise how an LTA vehicle will fit ^SinaJSn'ÜJp with 

Z feSr serJicef ^nty-passÄe JYf4»!^ ?£?" 

cosrshoSJT/iowS San'äsfo<s r^J^£^i£-^s 

Sraverdirec?ly
h?rofthe orSifcolestlnltion,   they can save both time 

and money for the shipper. 

in comparison with ocean, while the LTA vehicle will Probably not ever 
be able to match the "»r^»"^ SSn enough ?o'm,£e 5e shipper 

SOCÄLTA vehicle?^    r       t£y *-"i^fKiess 

^pensive^ecause'of STin^^rSE^ J involved to use the 
LTA vehicle  in the  cost  framework  shown. 

SET. trÄ-truc^rip! ^rail-ocean-rail"^''*SSV^. 

98 



IDIALJ 

TABU 1 

s_m To D£?xu)itunJiaia' 

OCEAN VS, AIR 

COMMODITY: HEAT 

DISTANCES: DOMESTIC INLAND TRUCK 

FOREIG»; INLAND TRUCK - 
TRANSOCEAN 

COST COMPONENTS O/IB.) 

PICKUP 8 DELIVERY COST 
INVENTORY CARRYING COST 

INLAND LINE-HAUL 

TRANSOCEAN LINE-HAUL 

TERMINAL HANDLING 
PACKAGING 

INSURANCE 
DOCUMENTATION 

TOTAL (J/LB.) 

TOTAL J/TON-MILE 

TOTAL # DAYS 

OCEAN 

.00118 

.00179 

.00119 

.00120 

.00251 

.00657 

.00081 

.0002t 

.02179 

.01282 

16.9 

200 MILES 
200 MILES 
3000 MILES FOR BOTH 

PLANE AND SHIP 

Alfi 

.00118 

.00176 

.00119 
,09825 
.01772 
,001V 
.00198 
.00021 

.12999 

.07616 

6.2 

TABLE 5 

TOTAL 1975 ORIGIN TO DESTINATION COSTS* 

OCEAN VS. AIR 
COMMODITY: COMPUTERS 
DISTANCE:  U.S. INLAND TRUCK 200 MILES 

FOREIGN INLAND TRUCK 200 MILES 
TRANSOCEAN      3000 MILES FOR BOTH 

PLANE AND SHIP 

COST COMPONENTS ($/LB! ÜCEÄä AIR. 

PICKUP S DELIVERY ,00118 .00118 
INVENTORY CARRYING COST .06121 .02362 
INLAND LINE-HAUL .00619 .00619 
TRANSOCEAN LINE-HAUL .00201 .09825 
TERMINAL HANDLING .00137 .01772 
PACKAGING .01115 .00713 
INSURANCE .00789 .02611 
DOCUMENTATION ,00021 .00021 

TOTAL (*/LB) .09730 .18071 

TOTAL $/TON-MILE ,06187 .10632 

TOTAL U DAYS 16.9 6.2 

•COST COMPONENTS (I.E.,, INVENTORY CARRYING COST, PACKAGING, ETC.) 

ARE TOTALS OF THE INLAND AND TRANSOCEAN SEGMENTS, 

•COST COMPONENTS ARE TOTALS OF THE INLAND AND TRANSOCEAN SEGMENTS. 

FIGURE 6 

TOTAL ORIGIN TO DEST 

(INCLUDING 400 MILES OF 

INATION COSTS 

INLAND TRUCKING) 

COMMODITIES 

MEAT 

FRUIT 

COMPUTERS 

LEATHE« GOODS 

"TÖ7Ö- 

D!äIS 

FIGURE 7 

COSTS PER TON-MILE 

FOR OCEAN AND AIR MODES 

UI STANCH 
(HILES) 
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i.    *.v>ö r%/-M-+- a 3000 mile ocean voyage, and 
1000 mile rail feeder ser^ce^0.S^nf|^e?gn destination.  The truck- 
a 1000 mile rail segment to the inland *°*e^ ?   ±   i  composed of a 
air-truck trip between the same origin ^destination      P^ &   ^ 
200 mile truck segment to the ."^°^st?„ation   This comparison is 
mile inland segment to the f°^?"a^n ^ Figure 2, where the shipper 
similar in concept to the Sltua^^°™nd feeder services over rather 
has to decide whether to use surface JnJ££ J2atlon point for a parti- 
long distances to bring his cargo to a consoii      t^ ^^ m_ 
cular carrier, or whether to ship by air in a            decision is 
bling an origin to de^^ation trip. A k«Y £    tQ ^ mode of 

SS^^iS'S^'S. «iST*S destination alternative. 

Sample data from computer runs of this scenario are shown.infTab1^ 6 
and 7.  For a low valued good (i. e., J^l^ec & hi 
over such a long distance may well £ P^^^able to the shipper, 
value good, the costs may ma^ "£hf

r^gerence between ocean and air 
However, it should be noted that ^^"J^ ^gain, the shipper is 
becomes less for the higher value commodity. Again,       P^ ^^ 
faced with the problem of cost versus |ime.        F vehicle going 
off becomes $.105 per pound versus 12.6 days. ^^ the 49Q0 
directly from the origin to Jj"*1»» iSSsiderably faster than the truck- 
mile trip in 1.4 days; this time i^c°^fassociated with the inland plane-truck situation because of ge time associat    ^.^ ^ re_ 

SS ^rippeftoTe'aSfto .ufmost^if not all,   of the LTA ve- 
hide. 

,•„ !<***■  w-i-t-h the problem of trading 
in many cases, the shipper ^ again le** «J™    Jent   carrying cost 
off cost with time. While J^.^J^f factors such as service reli- 
as one way to quantify the ju» invoivea, «       complete an analy- 
ability by mode and lockout costs are necessary t    P^ he wants. 

sis that would allow the sh^ara^rfAcs which make such an Phase 3 describes the demand characteristics 
analysis possible. 

^ . - An Analysis of_^he^ra^continental Surfac,e_Markets 

Here,   the emphasis will shift to the.demand side      How doe.• a^iger 
make the decisions concerning mode choice^ s^ ° *    the shipper  is 

quency of ordering? One way to aP^°^a^es5onsible in a fiscal So assume that he is a r^ional individual respons^^  ^^ Qf & 

sense for the ordering, transport, J^orage^ a since for 

how ^Älirrtlso^o^fll ~*^£**~ -d h°W hS g°eS 

anout selecting the appropriate shipment size. 

To simulate the decision making goo.«> of g^SS^üSSt! °S 
ter program written to Pe?for\ ""g^rateSies  for a commodity defined 
program develops optimum ™™n*?2a£5StiS b? selecting the order by  its use,  rate and economic characteristic*    * 

100 



TABLE 6 

TOTAL 1975 ORIGIN TO DESTINATION COSTS* 

OCEAN-RAIL VS, AIR-TRUCK 

COMMODITY: MEAT 

DISTANCE:   OCEAN-RAIL 

AIR-TRUCK 

JFORE 
IPCEA 

I 
INLAND 

. OREIGN INLAND 
OCEAN 

S. IN 
OREIGN 
IR 

l LAND 
lNLAI 

MILES 
MILES 
MILES 

COST COUPB-NEHTS. WLBA OCEAN-RAIL 

PICKUP S DELIVERY ,00118 
INVENTORY CARRYING COST .00535 
INLAND LINE-HAUL .06022 
TKAHSOCEAH LINE-HAUL ,00120 
TERMINAL HANDLING .00251 
PACKAGING ,00657 
INSURANCE .00114 
DOCUMENTATION .00024 

TOTAL ($/LB.) .078« 

AIR-TRUCK 

.0011« 
,00176 
.00119 
.18167 
.01772 
.00437 
.00198 
,00024 

.21341 

TOTAL $/TON-HILE 

TOTAL # DAYS 

.03136 

18.9 

.08711 

6.3 

•COST COMPONENTS ARE TOTALS OF THE INLAND AND TRANSOCEAN SEGMENTS. 

TABLE 7 

TOTAL 1975 ORIGIN TO DESTINATION COSTS' 

OCEAN-RAIL VS. AIR-TRUCK 

COMMODITY: 

DISTANCES: 

Li/uA 

COMPUTERS 

OCEAN-RAIL 

AIR-TRUCK 

TOTAL ($/LB.) 

TOTAL J/TON-MILE 

TOTAL tt DAYS 

/U.S. 
1 FOREi 
LOCEAN 

OCEAN-RAIL 

.  INLAND 
EIGN INLAND 

ilCEAN 

_.S. INLAND 
FOREIGN INLAND 
HIR 

% 

PICKUP & DELIVERY ,00118 
INVENTORY CARRYING COST ,07186 
INLAND LINE-HAUL ,05022 
TRANSOCEAN LINE-HAUL .00204 
TERMINAL HANDLING .00437 
PACKAGING .01115 
INSURANCE ,00789 
DOCUMENTATION ,00024 

,15895 

.06358 

18.9 

MILES 
MILES 
MILES 

AIR-TRUCK 

.00118 

.02363 
,00619 
,18167 
.01772 
.00743 
.02611 
■00024 

.26417 

.10782 

6.3 

'COST COMPONENTS ARE TOTALS OF THE INLAND AND THE TRANSOCEAN SEGMENTS. 
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• 4. Tj and the mode of shipment, M, so as 

costs include 

• ordering, 
• transporting, 
• storing, 
• capital carrying, and 
• stockout 

*.*,« «av in which stockout is re- 
The innovation in this program « ">^e

Wga£p5t system and stockout 
iSJpd to the lead time performance of tbe tran transport performance is 
ioSs are traded off against transport costs.  Transp   *   corres_ 
delined using a schedule of »±«1«» -Jxpment   e^of   ket costs. 
PonSng rates, loss and damage probabilit^js and    inventory manager 

" ^Hx^.- iJS-^iS^S°S: £  and mode once the annual 
use rateeandeitsdvariability are known. 

• •   nf the inventory manager 
This approach of simulating the J»c«xons or        ^ shi   t 
should allow us to gain a feeJ^ fjr the     ^ ^^ fQr various 
sizes that will be made in a given tra. F      r there are too many 

33s StTssr: z*t* «*«« 
• value per pound 
• density 

inventory%tockout characteristics 
annual use volume and variability 
need for special services 

• 

but will not be changed. 
fc       -,  •*„ „ha, is meant by inventory 

It is useful to digress a m^ent to f «jg/S^^eorSer point in 
stocJout characteristics.  There is a period vei .g ^ tQ 

Jhe inventory cycle for which the invent y     ^ lead tjJße  of ^he 
There is variability in.bot* theuseage ra jf useage spurts 
transport vehicle carrying the «g^jg^iu be a stockout.  During 
up or transport is delayed, or b°th, there w        wh-ch can vir- 
e?ch reorder cycle there 1S^ probability ot^^^ ^  reord   g at 
tuallv never be eliminated though it can D        reliable mode.  By 
ThigLr reorder p^**™^  ^meafthe nature of the costs that 
inventory stockout characterisrics 
will be incurred. 
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There are a variety of possible stockout situations.  For some commodi- 
ties, there is an immediate loss of sale once a stockout has occurred. 
The vendor for ice cream in Central Park on a hot day experiences these 
stockout costs.  He doesn't lose the value of the stock, but merely the 
contribution to overhead and profit.  For other commodities there is 
not an immediate loss of sale since the customer may accept the excuse 
that the part which is currently out of stock has been backordered and 
that it is due to be in on Monday.  Thus, there is a probability of sale 
loss which increases with number of days out.  Still another situation 
is that which occurs in manufacturing when an item important in the 
assembly line causes the whole line to stop and the plant to be closed 
down.  Each can be handled by varying the makeup of the stockout cost 
matrix as between number of items out of stock and number of days this 
condition has existed.  This cost matrix is multiplied by the probabil- 
ity of being in each of these states to obtain the expected value of a 
stockout. 

The total logistics costs associated with ordering, storing, carrying 
the invested capital and transporting by the various modes must be 
determined for each inventory strategy tried.  A scheme for proceeding 
mode by mode to examine each break point on the transport size rate 
tariff schedule is used.  For that break point the best reorder point 
is determined by a short search of possible R's and the selection of 
the one with the lowest total logistics cost.  This procedure was used 
here to examine a four by four matrix of market segments for three dif- 
ferent inventory stockout conditions on a transport corridor of 2500 
miles.  For this example, air, truck, and rail TOFC service was avail- 
able. 

Each market segment was defined by the value per pound, which ranged 
from $0.01 per pound to $10.00 a pound; by the annual useage rate, 
which ran from 10,000 pounds per year to 100 million; and by a proba- 
bility distribution on the useage rate.  See Figure 8.  The unit cost 
of a stockout, the interest rate on the carrying cost of capital, the 
storage space per item, and a host of lesser variables were also employ- 

The performance measures for each of the transport modes, their size- 
rate schedule and the transport lead time distributions used in the 
computations for each market segment are shown in Figure 9.  The 
attempt here was to select transport tariffs and break points which 
were broadly representative of cost-based freight rates found in prac- 
tice. ^ 

The computer runs were made for three separate inventory stockout sit- 
uations.  There were: 

• No stockout costs 
• Stockout results in immediate sales loss 
• Stockout increases probability of plant closedown 

For each market segment, the computer printed the optimum inventory 
policy by giving the shipment size, Q, the reorder point, R, the mode, 
M, the total logistics cost per pound, $, and the number of orders per 
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Input Data for Market Segment 

"507.4 $/item - value/item 

507.4 lbs/item - weight/item 

16 ft2/item - storage space 

50.7 $/item - unit stockout cost 

10,000 100,000  1,000,00010,000,000 

USEAGE RATE lbs/yr. 

• - 

U/day U = 5.4 Ü = 5.4 Ü = 5.3 Ü = 5.22 

USEAGE RATE DISTRIBUTIONS 

FIGURE 8.  Market Segment Definition 
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,1 

50 lbS" Truck LTL 
5KHUbsT  I Truck FTL 

35& ibs.' 

Rail TOFC 
fuTT'lbs. 

1 

.5" 

.4 - 

,3 -  T 
.2 - 

.1 - 

10    100   1000   10,000   100,000 

SHIPMENT SIZE, Q 

0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 

~JL ■   1  T  T , , , ta 

ill! 
TIME IN TRANSIT, DAYS 

FIGURE 9 .  Transport Size Rate Tariff Schedule and Lead Time 
Distributions by Mode 
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!■££. Ä-SSSS ÄST JSTS ÄSTS^Ä1--ISS.t 
changes. 

Por the case of no .»gout cost £««-«££< ^f^Ä 
See Figure 10.  Sin°eothere is ?OFC is used for the larger shipments. 

ness in the definition of market segments. Air freight has capturea 
only the high value, low volume shipments. 

carrying cost of the additional inventory. 

reorder point especially for the slower modes. 

Overall the results look much as one might expect, though the sta- 

interest rates on capit^carrying there mignt       Nevertheless, 

Se resuritflorreasonabFle wfth'respect to modi choice and inventory 
strategy. 
To get a feel for the viability of Lighter »an Air aervices introduced 
Sto thia market,   an additional computer run ™s »ade      ™J%£t™tm 

ba/coTfmauert wafreasoned'that^ -*    Ke     1^rihut on for 
lighter Than Mr should ^^^^le^e^J^Jc^^^ wST 
rate was placed at $.04 P?^*™^1^    „lth a minimum shipment size of 
S^uo'poJndst^Inither'wordsrthfservice offered „as to be a fast 
"piggyback" service. 

The results of this run are interesting  See Figure^Jigt« Than 
Air service captured only the *"*„* segme  P   that to compete 
truck and by air freight.  This seems to in      ^^ ^ be lower han 

S£*SiS? Srfainirfower  costsTou^have  increased  the markets  for 

Lighter Than Air. 
Tbis computer run.considered only ^ ^500 mile transcontinental shipment. 
A complete  analysis would have  to  looK ax: factors  as 

rnrerest^areflnTapitarfarrring Si higher*storage charges. 
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FIGURE 10.     Opfiira?   Inventory Strategies  for  the Caae 
NO  STOCKC-JT   COSTS 

$/lb 

27,390 

lbs/day 

FIGURE   II. Optizn,l   Inventory Strategies   for   the Case  - 

STOCKOUT   R2SULTS   IN   IMMEDIÄTE  SALE   LOSS 

$/lb 

lbs/day 
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FIGURE 12.   Optimal Inventory Strategies for the Case - 

STOCKOUT INCREASES PROBABILITY OF PLANT CLOSEDOWN 

At« 

S/lb 

FIGURE 13.    Optimal Inventory Strategy for the Case 

A PLANT CLOSEDOWN W/LTA 

S/lb 
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To complete this anaivsis, the size of each market segment must be 
known. Without the si;'.e of each market segment, it is impossible to 
sum up thr: flews to determine overall tonnages by shipment size.  In 
this case the market is a hypothetical one that might be compared with 
the one between New York and Los Angeles in distance, travel time, and 
transport rates.  To get the sizes of each market segment some empiri- 
cal work would need to be done.  This would require more time and 
accessibility to data than we had available but should not be an 
impossible task. 

CONCLUSIONS 

Concept Viability 

At this time it is difficult to conclude whether Lighter Than Air 
craft have a future or not.  Certainly, lower costs per available ton- 
mile than those we have assumed here would make a stronger case for 
them.  But, the terminal costs and performance are also important. 
They will closely reflect the care put into the design of an overall 
network.  The problems associated with raising capital and obtaining 
hull insurance, et., will also be important.  If a profitable concept 
can be found there will be a variety of environmental, institutional, 
and regulatory questions that will need to be addressed.  There could 
well turn out to make or break the concept. 

Thoughts for Further Marketing Research 

The previous analysis has indicated that the LTA vehicle will perform 
best when the situation has the following characteristics: large 
annual volume resulting in relatively large LTA vehicles, relatively 
constant demand and directional balance causing high utilization,^and 
origin to destination movements minimizing the use of feeder services. 
Existing modes of transportation have established markets with many of 
these characteristics.  Further research, in part relying on the type 
of marketing approach described here, could determine which specific 
markets could be diverted to LTA vehicles. 

In the maritime industry, neobulk shippers possess many of these 
characteristics.  These shippers have too much volume per shipment to 
make it economical to use normal common carriers, yet do not possess 
enough cargo to make chartering an entire ship economically feasible. 
Specialized ships call on a network of such neobulk shippers offering 
them lower than normal prices on a contract basis with reliable 
service. 

In the airline industry, shippers who charter entire airplanes for 
their freight on a regular basis could form potential markets for LTA 
vehicles. Agricultural products, especially fresh fruits and veget- 
ables, are a possibility. 

In the railroad industry unit trains of containers, either trailer-on- 
flat car (TOFC) or container-on-flat car (COFC) should be analyzed for 
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possible diversion to LTA.     The »il ^«f «f ÄrPPefÜsIng 
Ir^riSfnoSlvlrovlSes a'consolldation runetion prior to sbrp- 

ment.   . . .- .        . 
Within these established -r.ets    LTA vehiel.«■-? J^^Talue 
the higher value cargo **<» ^Jig^S ^re able to put together a 
cargo from the airlines.     If ^vehicles hicle_load lots of cargo 
network of customers,  each *W"|8JSiy on a direct origin to destin- 
on a scheduled contracted basis   (P°"i^Y vehicle could be 
ation basis),   the full economic potential 
realized 

Analysis Needed .. 

The type of analysis that must be conducted to -^"JoS^Ä " 
Ity of the concept is clear, however.  It ™^t^oncept to define 
demand elements.  It should start from a ^*e* \  whole inciuding ter- 
the performance specifications for thesystem a        get of equip- 
minal organization and operation.  Jrom th£* and transiated into 
ment costs and costs per to"Xclnlltnbe  tested by using demand 
a rate structure.  The concept can then r>e *     /frequency of ship- 
Sodels to determine the choice ofmode *nd se^ents are then factored 

^fS4^"o^irS3S; sThhare:arevenue?: costs, and overall pro- 

fitability. 
•  ~=v, Ko nesed with incremental changes 

Once available the market analysis ^^^"profi table or attempt 
to adjust the marketing concept to make it mo  *> 
to find a concept that will be profitable. 
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MARKET ASSESSMENT IN CONNECTION WITH LIGHTER THAN AIR 

N76-15025 
John E.R. Wood * 

ABSTRACT; Given no constraints on size, the airship could carry almost 
anything almost anywhere.   Economics and practical difficulties arise of 
course, and the problem then becomes one of relative assessment of the 
problems and prospects involved in any area of possible application.   This 
must then be integrated with an economic evaluation of the selected project 
area.   A review of the marketability of the airship Is given, and the relative 
energy consumption and speed potential of the airship is compared to other 
modes and guidelines to areas of initial development are also provided, 
together with a brief historical review. 

GENERAL INTRODUCTION 

A Convention such as this represents a long awaited opportunity to examine objectively and 
critically the problems and prospects of what is, after all, a totally new concept of transport 
The term "totally new" will no doubt provoke a certain amount of protest, but it is in fact 
perfectly justifiable,  although it is of course true that an established hierarchy of airships, 
differing not only in size but also in payload,  range and indeed all the other factors which ' 
are normally associated with logical series of craft, operated over a period of some forty 
years.   But the operation of these craft must not be interpreted as having been conceived 
along lines of assessment remotely similar to those that must be considered today. 

The airship may have been conceived as a vessel of peace, but it owes much of its early 
impetus of development to the demands of war.   In a period of growing international rivalry 
between Britain and Germany, at a time when powered heavier than air flight was a thing of 
the future this was hardly surprising.    The period 1900 - 1920 saw a continuous,  steady 
development of the airship with a natural acceleration of this development,   as the Great 
War approached. The great majority of this development was concentrated in Germany   in a 
Germany that was nationalistic enough, probably justifiably, to feel that it had little to' learn 
from other countries, and that had even less desire to communicate this information abroad 

* Director, Aerospace Developments, London,  England. 
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,. if tont 'tipd UD' in Great Britain for 
The partial suoeess, more evident '^^Z^StJSSZ -e encouraged the 
defensive purposes than by any damage thepaused»        P lon o, hostllltieSi hut 

STEtfÄ^ 2ÄTÄ"'^ .hat smaehed - . — 

of German industry was heavily curtailed. 

Xa'treX^^-OoXer-Zeppelln eonaertta eame into being. 

Le, ua reeap the action ae far.   rue ^^^^^t^SS^L 
a haekgreund of Nationalism, at a tu« when ~ ^^r^ whereby the dealgn of 
ttl.b^gro^ltlB~Byto<fflde«^«»»'^ J     md the limitations, or 

hardly considered. 

Mter the war the interest shown in these ^^ ^^^ T^X^ 
operation over Trans-Oceanic dista ™*«*%%£ ^Z that could decrease this time 
Therefore speed being an obviously ^^f^.f^ £*   JJoold be fairly obvious, how 
mUst capture a market!   The holes,tt *"^ l^

<Janap^rt modes. and opportunities for 
much more so today, ^J^y   ^eZTol^J e^ence, particularly in the U. K. 

%2X^&Z£?™««* to learn properly)- 
Again, designers and manufacturersan,,us^^-^^^an^mo^ 
port mode,    ware, to put it kindly   **°%££M£ ^ a whole host of other areas of 
running costs, the developmen potenUa of ^ ^ ^ ^ ^^ 
critical importance to profitability    ^j^^^Sined, this was   understandable, 
and when little or no '*°^*^?£^J^e%eapU> in the face, it was per- 
When the operating results of these ^"^^™   ^ ls always a dichotomy between 
haps less so.   Even so, one ™s* »°f b* to° f^Xflar marque of craft to meet that poten- 
the potential of a mode, and the ablH ^ ? ^.^Hee the next one".   This problem was 
tlal.   Then, as now, the dicta^^^^1^ Irrled out by the Germans in the early part of 
aggrevated by the fact that much design w^ ""£J^uy, Great Britain) some seven 
the War was only just being evaluated by other nations (notably ^ ^ 
or eight years afterwards.   Nowhere was d^lo^\^much needed information was often 
level' and administrative failures Hr-J^^ f™ of small concerns, primarily 
not crossing company, let ^^^^^«7 In producing airships displaying novel 
in the U. S. displayed commendab e tec™c£^™£e fJVmg that many of the originators 
construction techniques.   But again ™ "^^J^^rf in 'scaling up' such craft to 

r;^.:L::irrrn=Ä^ 

on me mihtary side, the development f^££^££S££U 
developments of the inter war years.   Anyone«o ^^ ^ progresB that was 

Se^re^rr^ri^rrs^ivellaann, the funding dlffieulties, and 
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the vague feeling that many elements within the project had differing ideas about what function 
the craft were in fact, designed for.   One would venture a guess that far too little planning 
was done,  especially in determining the operational requirements of the craft, at the pre- 
construction phase.   That is conjecture, what is not,   is that these craft were,  at best, a 
limited success,  and all the while, waiting in the wings and growing larger,  more powerful, 
more potent,  was the aeroplane,  destined to overshadow the airship almost completely.   That 
this was so was due far less to the undoubted technical failures of the large airship, than to 
the economic profitability and ease of reaching diverse markets, coupled with the wider 
throughput, and greater reliability of service which the aeroplane offered at the time. 

PRESENT DAY ASSESSMENT TECHNIQUES 

Why such a long introduction,  simply because many of the basic criteria contained have not 
been recognised by many of those that support the introduction of the airship as a transport 
service device.   The use of the word 'introduction' rather than 're introduction' is intent- 
ional, for reasons which I hope have been made obvious. 

The world has come a long way, politically, socially and economically since those far 
off days.   It may be argued that it has not gone the right way, but what is certain is that 
critical assessment of high cost technology,  or of technology that may have wide ranging 
implications has grown up, fast. 

We live in a world of extensive communications,  of multi-national corporations indulging in 
a multitude of differing activities, of rapidly developing markets, and of rapidly escalating 
costs. 

We have reached a stage where the travelling public think little of travelling in an aircraft 
costing thirty million dollars, which is, as near as dammit, perfectly constructed, and is 
operated by an organisation massive in its support, training and maintenance facilities. That 
aircraft is not simply an established part of our transport infrastructure,  it is the develop- 
ment not of a single company, but of fifty years of overall aeronautical development, a 
development which,  in recent times at least, has become coordinated internationally in all 
aspects of its operation to an unprecedented, and uncompleted degree; specifications and 
safety requirements,  of unheard of severity are laid down for everything from a glider to 
a Jumbo jet by international organisations, and design standards are established long before 
the first nut and bolt have been put together.   In simple terms,  everything that flies today, 
other than the simplest light aircraft,  is the high cost product of a high cost, large scale 
operation, not the smallest of these costs, naturally enough, are due to the heavily increased 
administrative costs which accompany operations of this scale. 

And yet,  into this 'new arena' of cost estimation, came a strange body of men, enthusiasts 
one and all and,  in many cases,  simply not appreciating the cost of developing the points 
made above.   This is by no means a total observation, but it does apply to a dishearteningly 
large number of people who are now waving the flag for airships.    One of the main reasons 
for this strange state of affairs is almost certainly due to the fairly distinct division which 
at present exists within the fledgling airship movement, on the one hand, the engineer, 
obviously unlikely to have been professionally connected with Lighter Than Air for any con- 
siderable period of time, or indeed likely to have been involved in anything approaching a 
large investment programme of research into L. T. A. and on the other, the marketing man, 
who is obviously keen on drumming up interest in what is, potentially at least, a very large 
area for investment.   In many cases it must be obvious that each, although passionately 
enthusiastic, often has little contact with the other, and neither appears to take account of 
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.. ^     Q„H «f the effect the reaction of these other modes to the 
the other transport modes available, andlot^ he effeet the 
project would have on the overall potential of the scheme. 

.,...   rnnffinff from the conventional 
There is a bewildering array of designs at presen  amiable, ^ «^ ^ ^^ 
to the unlikely, with round, flat, double h£ ea a h[ch must be asked is what   were 
from diesel engines to atomic reactors    Bui ^f^e sees a 400 ton payload craft for 
the design considerations ^^^ '     H™ the advantages, and difficulties 
example, why not a 500 or 800, or 200^ton ^P-   H£e    beeQ 8ufficlently appreciated from 
involved in designing for Y^^^^l   Zto what extent is current aircraft 
the vital economic as well as faf.C^Xrac eristics been extrapolated in order to 
data concerned with areas such as hand ing ch^ct« Mogt important of all, what 
provide even technical justification f« *° ^T ™;ater for?   in many cases it would 
markets and products have these crafbeen ^^^^^ that, K a craft of a certain 

The results et thts present attitude may be summed up as felled 

2. „au, et the ■tai.ure areas- e, *"^^^£'.^ÄW. 

St^r: aadt^mZerSÄ *e ee^Ueea, 
Zeppelin design. 

„ »hot n narticular tvpe of construction is "the 
3. There is a tendency to^ assumthat J£^^£lflIl whlch represents 

best" rather than realising mat tne type «* mnrkpt 
an optimum is dynamic and varies with,  size,  speed, and market. 

in some cases to a ludicrous extent. 

Very little attention has been paid to "off vehicle" costs, those associated 
with terminal facilities, maintenance etc. 

„^A tfco "final model" of their craft, without 

prototype programme. 

Thetimeto    ^^^^^^^^^^^ 
Z^Z^ol^X^^-^ this will be an unlikely situation. 

Little attention has been paid to the ™™*^J£%£Z^ 
exists.   Hindenburg for example was ^.^^J^L'^rtUm of the 
had been inexlstence for forty ^^£^£2^ advantages which 
original staff still employed.)   The tow^ üon &v& agsumed t0 
result from the existence of such a worKea up      & 

4. 

7. 

8. 
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be catered for by the rather nebulous term "advances In material technology". 
These advantages, certainly in many areas, are less than is generally supposed, 
and often will impose a high cost dlsbenefit on the craft, which is usually ignored. 

Most of the above reads like a roll-call of horror.   It might reasonably be inferred that the 
purpose of this report is to dampen the rapidly growing interest in L. T. A.   Nothing could be 
further from the truth.   The airship appears to offer a number of very promising areas for 
investment and development.   The purpose of the foregoing has been to ensure that these 
areas of development are examined from a suitably critical viewpoint. 

ANALYSING THE MARKET 

It has already bean stressed that there is no single optimum type of airship.   It is unlikely 
at this stage that any single agency is going to finance a world survey in order to evaluate 
the potential application of virtually all freight movements to the airship.   Indeed such an 
exercise would be purely academic.   Reasonably enough, most interest in the use of airships 
will continue to centre around those market areas that are not providing good enough econo- 
mics at present, or are failing to meet the demand that is present.   This failure may be due 
either to a lack of availability of the present transport mode or to certain inherent deficien- 
cies in the mode (high running costs, labour intensive etc.) or it may simply be that the 
market has expanded greatly, and the mode has been unable to expand with it, whilst retaining 
its initial profitability.   There is a second area of very great importance, where markets have 
developed without the associated ground based transport infrastructure having been developed. 
This often occurs in areas that have experienced rapid economic growth in recent years,  and 
that have extraordinarily difficult topographical problems (mountains, forests, etc.). 

It is likely therefore that the market that will require investigation will be a victim of one or 
more of the above constraints, and that the market will be suggested by an outside source. 
The problem that then presents itself is one of comparing the likely costs of meeting demand 
using an airship with the costs involved using an alternative system. 

BASIC CONSIDERATIONS OF THE AIRSHIP 

Initially, having decided on an area of investigation,  some form of "first pass" estimate must 
be obtained to determine whether there is any hope whatsoever of using the craft profitably. 
To this end it may be useful to state some fairly safe assumptions. 

1. The conventional airship is slower in airspeed than an aircraft. 

2. The trip end facilities required for an airship are less than for any aircraft, 
and for airships with payload ranges of 2 - 20 tons or thereabouts they are a 
lot less than for an aircraft of similar capacity. 

3. An airships running costs (in terms of fuel costs) increase rapidly with speed, 
and relatively slowly with size. 

4. The annual utilisation of a small airship should be as good as that of a small 
aircraft. 

5. The initial utilisation of a large craft would be unlikely to be even as good as 
a large aircraft. 
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j The first costs of a small airship (payload range 2 - 20 tons) would, or rather 

should, be less than for an aircraft of similar size. 

7. The first costs of a large airship would be unlikely to be substantially less than 

for a large airliner. 

8. A small to medium size airship would be capable of a far quicker time to in 

service use than a large craft. 

sums required for a small craft. 

,   ,„ mint,   ipt us «ow examine the basic steps necessary to 
With the previous statements In mind, let us now ex* 
evaluate any particular potential area of application. 

Imately as follows: 

Simple "Blimp" type = <1000, 000 Cu. Ft. 

Semi Rigid Type = 200, 000 - 2000, 000 Cu. Ft. 

„,  SA - 1000 000 - 8000, 000 Cu. Ft. "Zeppelin" Type Rigid - 1WU,U 

for the craft very considerably. 

Simple "Blimp" type = <1000, 000 Cu. Ft. 

internally Supported = 1000, 000 - 25, 000, 000 Cu. Ft. 

"Blimp" 

„.  ,A - 1000 000 - 50, 000, 000 Cu.  Ft. "Zeppelin" Type Rigid - luuu, wu    o, 

.  j, - 2 000 000 - 200, 000, 000 Cu.  Ft. 
Monocoque (Supported) - Aoou' ' 
Type Rigid 

W are ge„erall8a„e„B> -*£££--£ <ZS££ZZS££f 

of current design trends. 

With these basic classifications in mind, the M Solved * «-"* "« "*"*" 
against any selected market may be considered as follows. 
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ANALYSING A MABKET.      NINE FUNDAMENTAL STEPS 

1. Analyse data relative to existing and projected commodity flows for selected 
markets. 

2. Examine the topographical and meteorological data to obtain payload and 
utilisation figures for a craft. 

3. Based on information obtained so far (tons/year and utilisation) construct 
a graph of number of craft/size of individual craft. 

4. Modify this information to take account of a network transport system (i. e. 
on-going goods with seperate pick-up points) if this is required. 

5. Examine trade offs between increased speed (greater fuel consumption, 
different power requirements etc.) and size (trip end facilities, mooring 
facilities, assembly and difficulties, construction costs, control problems, 
etc.) relate results obtained to Item 4. 

6. Having ascertained size and and number of craft required (based on 'convent- 
ional' airship types and speeds, determine capital costs for craft, together 
with costs for trip end facilities. 

7. Determine annual cash outgoings for the operation including maintenance, 
insurance, return on capital, fuel and manpower costs, to provide a total 
cost/year. 

8. Divide total costs/year by tons/year to be operated to give a costs/ton. 

9. Compare costs so obtained with costs/ton obtained by existing or projected 
alternative modes, conduct a risk analysis on this figure, and, based on the 
results obtained Go/No Go. 

The reason for evaluating designs based on conventional theory, moving at conventional 
speeds,  Is based solely on the philosophical principle known as "Hackmans Razor", that is 
üwesJIga^toe mj^^likeJ^jBsjver^^ir^ a simple enough concept, and one that is frequently 
forgotten. 

MARKET ANALYSIS FOR MILITARY APPLICATIONS 

Nothing has been said so far about the potential of L. T. A. to military applications.   This is 
solely because the criteria for evaluation are so very different to those normally applied to 
civil applications.   Much will doubtless be said about military applications during this 
workshop, and it is an area which Aerospace Developments has Investigated at length.   Within 
the confines of this paper,   all that may be said is that the inherent qualities of long range, 
high speed, and good station keeping combined with good payload ability, suggest applications 
in both A. E. W. and A. S. W. with perhaps less attractive applications for heavy assault 
craft. 
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MARKETING 

«. baele physlea, parameters ^.^£f,f££; ^Ä --Ä'* 
viability of the airship have been «.timed.   Ttare are, w>    j ss whioh 

™ ^i,, Svisr ss -nx?. ssri, be ^ as...**- the project will ultimately achieve 
ing" 

PROJECT EVALUATION (Figure 1.) 

„Tne „ole World. -J^JS^^ ^ 

shown in the illustration.   There are ^J^^f^^^rfeltter the customer, the 
project, yet which have nothing to do with ^*°J^^'^ to wMch current air- 
operator, or the manufacturer.   A prime example ^^^^   (Quietness, low 
craft designs are being factored around • e^ronmenta^ ^^^to ie^erator (higher 
pollution, etc.)    Such factors ^f^^^^^^e customer (higher freight 

IS SnÄ^S^ * Ä ^ ~ ln ""such ventüre 
aware of the importance of these external factors. 

Zt this new mode may be established at a relatively low cost. 

The financial climate is also likely to have an^ effect «.any miUtary developmentKis easy 

to see that,  if funding overall is fairly tight, **»*£W*«^ aPpTicSions as well.   The 

or 
as 
an airship! 

THE "TRANSPORT EFFICIFWPV" OF THE AIRSHIP 

o   o o„,i A /T?rf     -n is simply to show that we are living in a The functions of illustrations 2   3 and 4 (Ref.    1) is s imp y ^ tQ ^ req_ 

world where fuel costs are likely to>™-^££   V^reB shows the dramatic increase 
ulred in ever increasing quantities for transport use.   * ipi ■' f aLr transport 

that has occurred in air transport which BUggeBta ftat tte J»J^£* to go by air is 
is based on subjective as well as objective ^^^'J^^ the trade off between 
influenced by powerful advertising V™*«™J"££ rather "han rea^ and charisma of 
the fuel costs involved and the speed (often Perceived "^™ ™   >     alrBhl     wLth its low 

-air travel" will be examined even more <^' ^mt^ «X fe^ade fuels effectively 
fuel consumption,  its lower initial cost, and its ability to iase_s in 

must inevitably be considered further.   Figure 6 ^^^^^Ztltaie. \ reveals 

#ttJ££Ztt^i!£ZZ£Z Sd ratSays that eo_> 
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Systems demand.   It is an aircraft in the true sense of the word,  offering good access capab- 
ilities, with the possibility of remarkably low fuel costs and, at least in the smaller sizes, 
low trip end costs,  surely a concept worthy of further consideration. 

CONCLUSION 

This has been a brief discourse,  couched in general terms for a general public, but I hope 
that it has shown that much time, effort and money has already been spent on examining the 
application of L. T. A. to a wide variety of operational areas.   There is no such thing as an 
"ideal" airship.    Each case,  and each application MUST be considered in its own individual 
light.    There are many areas of such evaluation that will remain subjective, at least for a 
considerable time, but the ability to interpret these areas, and to ascribe to each of them 
their relative importance does exist, and should be utilised.    The Chinese have a proverb, 
"The Flower must Grow from the Reed".   It will require very little investment to ensure 
that this first small seed is well planted, and from this, and this alone, will the true 
potential of this exciting phase of transport development be discerned. 
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PROJECT EVALUATION: THE FOUR VITAL FACTORS FIG.1 

OPERATOR 
Ifirtimum operating cost. 
Maxlmam return. 
Low imintaJnence requirements. 
RaäabHfty. 
Easeof   fNshutBteatkxi 
operation leas® or servicing 

CUSTOMER 
Speedy delivery. 
Low cost. 
ReHahüity. 

<7 J HER 

119 



TRANSPORT IN TERMS OF ENERGY CONSUMPTION 

U.S.- (k 
25* of primary 
energy consumed Ä 

FK3.2 

tut of 
ol consumed 

JAPAN 15% 
15% of primary 
energy consumed ^a 2« of 

ci consumed) 

EUROPE 17% of primary 
energy consumed ^^i 

29% of 
of consumed 

(N.R only direct consumption is considered here) 

IMPORTED ENERGY DEPENDENCE FIG. 3 

£±£*k£^      4 
U K HOLLAND GERMANY 

A   A  A 
BELGIUM FRANCE ITALY 

European 
energy from 
nuclear plant 

U.S.A. Natural Gas 

(providing 1000 
nuclear r—*- 
butttbyt 
nudear plants 

»Aon) 

AVAILABLE OIL SUPPLIES 

Maximum oil production is likely to occur 
around 2000 A.D. and should be 
approximately 5 milliard tons/year 

FtG.4 

Non substltutabte oH requirements 
(mainly in the petrochemical industry) 
win total 2 milliard tons/year 

Maximum 
oil production 

Non substitutable 
oil requirements 

^14% 

SmMiardi 

Remaining 
supplies 

Deficit over 
precast demand 

Therefore, remaining supplies will be 
3 milliard tons/year. This represents 
only 14% of world energy consumption 
and is a deficit of 1.5 milliards over 
precast demand, PROVIDED THAT 

ALL OTHER CONTRIBUTIONS 
TO ENERGY SUPPLY 
ARE DEVELOPED 
AS OUTLINED ABOVE. 
This is, to say the least, unlikely. 
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GROWTH OF WORLD TRAFFIC 1953-1973 FIG. 5 

x10 

1973 

x3.6 

1973 

x2.5 

«13 

x4 

l^\v^'f'M ■'■'?] 

AIR TRAFFIC ROAD TRAFFIC 
x10 x3.6 (6.6% per year) 
(1953=47 milliard pass/km) 
(1973 = 490 milliard pass/km) 

RAIL TRAFFIC 
x2.5 

WORLD TRADE 
x4 
(7.2% per year) 

SPEED AND ENERGY CONSUMPTION TRADE-OFFS 

speed 

speed 

PIPELINE 
20 km/h speed 
450t.mile/USgal 

energy consumed 

RAIL 
(40% empty tracks) speed 
110km/h 
166t.mile/USgal 

energy consumed 

BOULADON/BATELLE 

WATER 
Cargo Vessel 
30km/h 
400t.mile/USgal 

speed 

FIG.6 

energy consumed 

AIR 
(80%payload) 
900km/h 
4.3t.mile/USgal 

speed 

energy consumed 

ROAD 
Lorry 
(return empty) 
90km/h 
43t.mile/USgal 

energy consumed 

AIRSHIP 
160km/h 
32t.mile/USgal 

energy consumed 
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N76-15026 
BASIC RELATIONSHIPS FOR LTA TECHNICAL ANALYSIS 

Raymond A. Ausrotas* 

ABSTRACT;  An introduction to airship performance is 
presented.  Static lift equations are shown which, when 
combined with power requirements for conventional air- 
ships, allow parametric studies of range, payload, speed 
and airship size.  It is shown that very large airships 
are required to attain reasonable speeds at transoceanic 
ranges. 

INTRODUCTION 

The performance equations for airships are presented as a basic 
introduction to the technology of LTA.  The lift equations are based 
upon aerostatic lift principles;the drag equations assume airship 
fineness ratios (length to diameter) of past airships and con- 
ventional fuel sources and engines.  It,is shown then that the 
Lift-to-Drag ratio is proportional to C  /V , where C 
is capacity and V is the velocity of the airship, indicating that 
to maintain the same L/D ratio while increasing speed calls for a 
huge expansion of airship size. 

♦Associate Director, Flight Transportation Laboratory, Massachusetts 
Institute of Technology, Cambridge, Mass. 02139 
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AIRSHIP PERFORMANCE 

Lift 

Aerostatic lift is the ^-^^r^Lfpl^fLdy^erL'irfluid 
craft.  According to Archimedes  »»^    of the displaced 
is bouyed up with a force equal to the weig       ce R large weight 
fluid.  The object of the ""^Jd

g^8
equBl to the weight of the 

of air-the bouyant force obtained being q     ^ &  ^^ vessel# 
air displaced.  Although ^.^^s Solution, and some lighter 
obvious structural f^f^f^ne structural integrity of the_ 
than air gas is used to mainta« ™£     f an airship is equal to 
airship.  Thus the gross £** «£b^^  ship, or 
the bouyant force minus the weignt or 

Voss = PairVbody " "bodyVdy <U 

or, neglecting structural weight, 

Lgross = ("air ' pgaB)Vbody 

■■v./^3  »nd  P =0.011  lb/ft3,  a thousand 
Since   P = 0.077   lb/ft    and  Phelium 

cubic feet of helium "lift" about 66 lbs. 

This   1B  at  standard  air  temperature.and  pressureJ^-ditions . ^Correc- 

^l^l^^  oTi-^'ol «-' gas  cells  at   liftoff. 

At  5,000  feet  the  density of ^l^^«£?^^™?» 
and at  this  altitude  one  t^Oa       -bieget ^ 

lbs.      (Changes   in  temPfa^r^ucing  the  condition of  "false   lift.   ) 
also affect  lift,   sometimes .Pr°^cin9 altitude at which  the 
The  ship will  continue  to rise until  th    a ^.^  Q£ 

^rin^-s%srw:St3s\^ii-)- — - «-operational 

static ceiling. 

•■Pressure height" -reached when thej« eel ^ barometric      re 
completely full; as the ship *««£ ^ a higher altitude produces 
permits the helium to expand; f^hta or destruction of the 

in mountainous areas. 
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"Superheat" is another common lifting phenomenon in LTA.  Positive 
superheat exists when the temperature of the lifting gas is greater 
than the ambient air temperature; negative superheat is the reverse. 
An increase in gas temperature results in decreased density of lift- 
ing gas and increased gas volume.  A superheat of +4.3°F results 
in a 1%  increment of lift when the airship is lower than its pressure 
height ' 

in addition to static lift, an airship can obtain a certain amount 
of dynamic lift from the engines.  This varies depending on the power 
of the engines and the shape of the airship.  Dynamic lift in the 
past has been about 10% of static lift.  Dynamic lift can allow an 
airship to "take off heavy" from a runway similar to heavier than 
air vehicles, but it also requires additional power and fuel, 
negating some advantages of LTA. 

The payload that an airship can lift, then, depends upon the "capa- 
city" of the airship (the cubic feet of volume of the lifting gas), 
the structural (fixed) weight of the airship (hull, engines, cover- 
ings, instruments), plus ballast, crew, equipment and fuel. Air- 
ships have had a 50/50 ratio of useful payload to structural weight; 
the weight of the hull alone for rigid airships has been approximated 
as1 

W, ni ,.   . = lie (3) hull(tons) y   ' 

where C = capacity in millions of cubic feet.  Assuming the 50/50 
ratio to hold and further assuming that the hull accounts for the 
great majority of the structural weight, the useful lift available 
for payload and fuel is, in tons, 

Lnet = 11C (4> 

This formula agrees approximately with the experience of the past, 
where the useful payload has been about 30% of the gross lift, 
since assuming incomplete inflation, gas impurities, etc., gross 
lift of a helium airship is about 60 lbs per 1,000 cubic feet, or, 
in tons 

L     = 30C (5) gross v ' 

Given technological improvements in structures, an airship designed 
today would probably have a higher payload/structure ratio and hence 
lift a somewhat greater useful load. 

Power 

The drag for an airship can be formulated similarly to that of HTA 
craft.  For airplanes 

D = CD P/2 S V
2 (6) 
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where    D = drag 
p = density or air 
V = airspeed 

c    = dimensionless drag coefficient 

For airships, then 

„_    Kfi . „„ola ship a„g -f.ici.nt    _ 

C = capacity of axrshxp      l<~ 
V = velocity of airship 

(8) 

The power required to overcome the airship drag is 

p = Drag x Velocity 

or, defining a new »drag» coefficient, V  <*a = V
550)' 

2/3  3 (g) 
Maximum Horsepower = *a C   

v 

where    V = maximum airspeed 

Equation ,9, allows t»ae-offs —e„ no^P««. spe.a a„a capacity 

to be made, once ka is known. 
•  v.- o -hnilt k can be determined.  Table 

From the aata onactua airh,pS bu.lt. K c ^^ 

i.     BllU"u       -*• 

principal 

Fineness 
Ratio 

Table   1 

rV.nrnM-ö'-iRtics   °f   Past- Airships 

Airship 
Capacity 
(m.cu.ft.) 

Horse- 
power 

2,000 

Mas 
(mj 

<..  Speed 
ph) 

k a 

73 I2;126 
Los Angeles 7.3 2.5 

-3 
2.79x10 

LZ   127 
Graf Zeppelin       7.8 

R.100                           5-4 

3.7 

5.6 

2,650 

3,960 

80 

82 

2.17x10" 

-3 
2.28x10 

ZRS   4/5 
Akron/Macon 7.9 6.5 4,480 84 2.17xl0~ 

LZ   12 9 
Hindenburg 4.4 7.1 4,100 88 

-3 
1.63x10 
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As an approximation (for large airships) k  is assumed to be 0.002, 
Thus, from equation (9), 

n  nn*     2/3  3 HP = 0.002 C   V (10) 

For range estimation, the specific fuel consumption must be known. 
This can be taken as 0.5 lb. per BHP hour. '6 The weight of fuel 
used per hour at any speed, converting to tons/hour, is: 

W(fuel/hour) = 0.00025 HP (11) 

The maximum endurance of the airship, E (in hours), will come about 
when the payload consists totally of fuel. 

Assuming that total net lift is used for fuel, from equation (4), 

11C =(0.00025  HP)E (12) 

or 

E = 11C 
0.00025 HP (13) 

or, substituting equation (10) 

E = 2.2 x 107 C1/3 / V3 

Then the maximum range of the airship is (excluding headwinds) 

or 

R    = E X V max 

„ „   ,„7  1/3.2 
R   = 2.2 x 10 C   / V max 

(14) 

(15) 

(16) 

One item neglected in this discussion is the cruise altitude—it is 
assumed that an airship operator would choose the lowest altitude 
possible since there is a sharp loss in range with increased opera- 
ting altitude, independent of all other factors. 

Figures 1-5 present a parametric study of large airships based upon 
the given assumptions.  It can be seen that exceedingly large air- 
ships are required to reach oceangoing ranges at higher speeds:  an 
air&hip of 30 m.cubic feet capacity is needed to cross the Atlantic 
at speeds above 125 mph, given some fuel reserve requirements.  An 
airship of 7.5 m.cubic feet can carry a payload of 25 tons at 80 mph 
5,000 miles.  If the speed is increased 50% to 120 mph the range that 
the same payload can be carried drops to 2,000 miles.  To be able to 
achieve the same payload-range combination at the higher speed, an 
airship capacity of more than 30 m.cubic feet is required. 

It is also interesting to look at the lift to drag ratio for air- 
ships.  From equations (5) and (7), 
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Wt. - K C1/3 / V2 
(17) 

This provides another illustration of *£~£^\™*?££** 
airships.  If the cruxsing speed were to Qf the airship 
wished to maintain the same L/D     - ««  ^     same gas volume 

4. 

FIGURE 1 

Horsepower vs. Capacity 

(Velocity (max.) in mph) 

10 15 20 

Copociiy  (m. cu.f t.) 

25 30 
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FIGURE 2 

Maximum Range Capacity 

(Velocity in mph) 
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12 

V*7CL 

01 10 

O 
O 
O 

X o 
E 

a» 
o> 
c 
o 
a: V = I00 

i. 
10 15 20 

Capacity (m. cu.f t.) 
25 30 
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100 

FIGURE   3 

Payload vs. Range 

(7.5 m. cubic feet airship) 

7 5 m. cubic feel oirship 

6 8 
Ronge(000 miles) 

FIGURE  4 

oaylnad vs.   Range 

(10 m.   cubic feet airship) 

300r 
10   m   cubic feet  airship 

6 8 
Range (000 miles) 
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200- 
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100 

FIGURE 5 

Payload vs. Range 

(30 ra. cubic feet airship) 

30 m. cubic feet  airship 

6 8 10 
Range (000 miles) 
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N76-15027 
THE EFFECTS OF SELECTED MODERN 
TECHNOLOGICAL CONCEPTS ON THE 

PERFORMANCE AND HANDLING CHARACTERISTICS 
OF LTA VEHICLES 

Carmen J. Mazza* 

ABSTRACT: The results of an airship design sensitivity study, a 
prelude to a more in-depth, impending follow-on analysis is presented. 
A wide variety of airship design concepts, including the classical and 
high aero-lift augmented-hybrids are examined with regard to specific 
technological improvements and consequent gains in performance, stabil- 
ity and control and flying qualities. Variations in size, payload, 
power required and airspeed are quantitatively analyzed for airships 
representing aero-to-buoyant lift ratios of zero to 3.0 over a range 
of technology improvements implying reduced drag, reduced structural 
weight fractions and lighter, more efficient propulsion systems. 
Qualitatively, future airships are discussed in terms of stability, 
control and flying qualities requirements dictated by projected demands 
for vastly improved operational effectiveness and ease of handling. 
Such topics include stability augmentation systems, load-alleviation 
systems and total computer state-sensing and controls management 
systems. It has been shown that, for the most part, highly refined 
conventional designs offer attractive gains in both performance and 
ease of handling. Hybrid airships represent a good potential for 
missions requiring the transport of heavy payloads at higher airspeeds 
over shorter ranges without the capability for sustained hover and 
vertical flight. 

NOMENCLATURE 

A «• Aspect ratio 
Cj) ■ Drag coefficient 
CL = Aerodynamic lift coefficient 
d = Maximum diameter of airship (ft) 
D = Vehicle air displacement (lbs) 
HP = Horsepower (550    f^bs) 
k = Burgess "inverse drag factor" 

2 V2/3 » -—_  (for drag non-dimensionalized 
D ref.  in conventional aircraft terms) 

La = Aerodynamic total lift =CL q S (lbs) 
LD = Buoyant lift (lbs) 
1 = Overall length of airship (ft) 
pCD = Percentage change in drag coefficient 
pw_ = Percentage change in wf 
pw = Percentage change in wp 

Head, Flight Dynamics Branch, Naval Air Development Center, 
Warminster, Pennsylvania, U.S.A. 
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. Dynamic pressure -  1/2 fair v2  (lbs/ft2) 
= Range (naut. miles) - 
. Main lifting surface area of hybrids (ft*) 
= Mission duration (hrs.) 

V   = Total volume of airship (ft ) 
Vr.c = Volume of buoyant gas (ft ) 
v   = Airspeed (ft/sec) 
Wi  = Weight of air and gas (lbs) 
wi  -= Weight of structure (inner and outer) (lbs) 
w,  = Weieht of ballast, crew and misc. (lbs) 
5  = Weight of propulsion system (incldg. engines, fuel, etc.) (lbs) 
Wc  = Weight of payload (lbs)    w 
W„  = Component weight fraction = j» 

w*  - Specific fuel consumption (lbs/HP hr)        . 
7  = Propulsion system weight per unit power (lbs/HP) 
$     = Mass density (slugs/ft3)  3 
6     - Weight density = g (lbs/ft ) 

q 
R 
sw 
tm 
V 

FOREWORD 

The material contained in this T^^^^^^^^^^S^ 
Air Development Center Study ^"^•„"^"g^SS'SLSd H.Q., Washington, D.C. 
for Naval Application", tasked by the Naval Air Systems ^     ^ of LTA vehicles 
(AIR-03P3). The scope of the Center study inciu e       surveillance mission as 

than-Air Vehicles. 

Despite the interest in the feasibility aspects <**•»"*; ^Äut'nÖneSe.ess 

db^ÄV^ssu'SS rjreen zsssra ss1™ — ^. 
BACKGROUND 

Airships compiled an impressive record co^ercially and milUarily bother scope 
of endeavor and safety during their °P^ions, first by Germany j g ^^ 
the commercial years of the twenties and thirties and finally y iod 

Navy, which terminated airship °P^ations in £j S'1^^1^ the'fragile and 
of over thirty-five years of d^?^JJ *h! "£f iXnJfice„t LZ.127 Graff Zeppelin 
short-lived LZ.l of Count zW*l™ln™*"*J!r^ representing the pinnacle of 
of 1928 and finally the ill-fated «-J» "»*f^ Sing mas? at Lakehurst on 
airship technology, which exploded and.bu™?d ** ^ ™°IJe unequivocal end of the 
6 May 1937. The Hindcnburg disaster "g"1^"/01..^^6^^ more realistic to 
rigid airship as a P^ticable airborne J^'.^S'^i of airship technology, 
recall that Germany which gained by far the *«ong of a lack of 

^Aec.^,^"»^ 

Hindenburg's sister ship the LZ.130 ™a;
ePP*""   h^hafen.    Untii recently no nation 

peripheral airship equipment then based «J Friedrichshatem ^ 
Jiththe potential capability to follow through with a major ai        VJ^Qf . modern 
attempted seriously to assume responsibility to carry on 
rigid airship. 
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The airship has long been seen, although somewhat skeptically, as an attractive Anti- 
submarine Warfare (ASW) platform because of its long endurance and considerable pay- 
load capability. However, considerations of low speed, vulnerability and all-weather 
performance have in the past offset these assets. Today, however, with the applica- 
tion of modern technologies in materials, avionics»systems, propulsive systems, 
structural üesign, stability and control and meteorology the airship is again being 
considered Kecause its notential *or sustained and effective surveillance appears to 
be we 11-matched to todays' threat.  In fact, the ASW Search and Surveillance Program 
Advisory Board sponsored by NAVMAT 03, concluded in November 1972, in their summary 
report that "Airships warrant another look in light of current trends in sensors, 
operating missions, and the threat". 

The U. S. Navy, as in the past, is once more considering the rigid airship as a means 
of potentially satisfying a number of future mission roles. In 1968 a parametric 
study of conceptual LTA vehicles was completed by the Goodyear Aerospace Corp. for 
the Naval Air Development Center (reference 1). The conclusions arrived at in the 
work of reference 1 still stand as an indication of the technical feasibility and 
operational attractiveness of the modern LTA vehicle and further, point out the need 
for serious research and development to achieve more nearly optimum and operationally 
effective airships. 

INTRODUCTION 

There are a number of technologies which, during the past forty years since airship 
design has been laid to rest, have advanced to a point of offering a modern dirigible 
"obvious" benefits. Such technologies as structural mechanics, materials and even 
meteorology belong in this category. Another technological branch which has grown 
very rapidly within the same period which offers perhaps less obvious benefits is 
aerodynamics; including stability, control and handling qualities. Several aero- 
dynamic concepts have evolved from development work in low-speed boundary layer 
control alone which could be applied to reduce drag and render control surfaces more 
effective on a future airship. Likewise, developments in the field of airborne real- 
time digital flight control systems can potentially provide not only direct control 
of an LTA vehicle but could be of great benefit in presenting the pilot and crew 
with a continuous, up-dated status of the location and amount of ballast and valving 
gas available for retrimming the ship at any time. 

This paper reviews the advantages of the following specific aerodynamic and stability 
and control concepts and/or considerations with regard to performance and overall 
handling qualities of future airships. 

a. Optimal Aerodynamic Shapes; including the classical symmetrical/cylindrical 
shape, a derivative therof and the lifting body/hybrid configurations. 

b. Augmented Lift and Maneuvering Devices; i.e., the use, primarily, of 
thrusting devices for augmenting buoyant lifting and aerodynamic controls. 

c. Boundary Layer Control; as a means for improving the aerodynamic efficiency 
of the vehicle and for improving the effectiveness of aerodynamic control surfaces. 

d. Automatic Flight Control and Stability Augmentation Systems; including 
automatic trimming functions, load-alleviation functions, stability augmentation 
and total computer state-sensing and controls management systems. 

Although limited in scope quantitatively (primarily due to the short span of time 
since this study was initiated but certainly also due to a lack of hardened 
experience in the, perhaps lost, art of airship design), the objectives of this 
paper are to; 1, point out the advantages of the more practicable, least-risk 
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-a« «chno.osica! wares and concepts ^^^'^S«^»'*, 

who will comprise the new airship technological community. 

CONCEPTUAL DESIGNS 

Four generally different design concepts have J™ *5» ^.^Ü clSSeS! 
illustrated in Figure 1 and are identified as. A. Classical, 
C. Delta and D. Wing-Augmented. 

CLASSICAL 

WING-AUGMENT ED 

FIGURE I.   AIRSHIP DESICM CONCEPTS, 
CONVENTIONAL TO HYBRID 

Designs A through D represent a ^^^^r-Ä^^S^nX:" 
FA ^ssiiSLErtri s;sss«iT y e

r
r *. high llft..^n^ 

(LaAb - 2 to 3) "Megalifter" (see reference 2) hybrid type. 

The aerodynamic characteristics of concepts C and D are s significant Iv^rent 

from either the classical or modified-cla«JJJ ^"«JU  S general, the power 
which such progressive designs might be ««""^/P?"^ of airships rise rapidly 
requirements for the high lifting body and hybrid classes ot      P       signifi- 
wlth increasing departure from the classical ^thereby tending ^ 
cantly the range over which "«^J^gJ^^S \ VTOL and hover capability 
as the delta and wing-augmented ^«invariably pre      conventional airships, as well; a characteristic long considered hghly useful xn ^ ^^ 

r^ugh^D^i^r^es-tea6-: STS^St terms below. 

Since the primary objective of this paper is to determine «j.J jj^jnt-gj^ 2g»* 

as?, ssss r s^^^ 4~«in 
performance. 

,„ airship of circaiar lateral cross-sectioa ««^»*Jafd-body .ad assujed^ ^ 
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"basic design", is intended to represent approximately a 1930 state of technology. 
Figure 2 presents a two-view drawing of the basic design and a summary of its charac- 
teristics. 

:V «10.000.000 ft5 

0 • 763.500 lbs 
V(crul$e)-0.5kU 
Payload (W$) • 100,0001)1 
HP «3900 
Range • 1900 nautical mites 

lout and return) 
• 3800 nautical miles 

but only) 

VGAS*»VWS.L) 
Gas: Helium 
Gas weight fraction (Wit -. 288 
Structural weight fraction Ni?\ • .300 
Crew. Ballast and Misc. weight 

fraction IW3')«.0» 
I • B36.4ft 
d« 139.4ft 

FIGURE Z TWO-VIEW DRAWING AND GENERAL 
CHARACTERISTICS OF REFERENCE 
CONVENTIONAL AIRSHIP DESIGN 

PERFORMANCE AND SIZING TRENDS 

In order to show the potential advantages of reducing drag, structural weight and 
propulsion system weight (regardless of means) the basic (conventional) design was 
perturbated using a range of improvements believed to be representative of the 
current technology. Volume, power, airspeed and range are indicated over the 
assumed range of improvements in drag and component weights. 

To provide some insight into the possible advantages afforded by severe shape changes 
it was decided to examine, as a class, those airships which employ either lifting 
bodies or surfaces to derive a significant percentage of their toal lifting capability. 
Such airships can be considered to be represented by a range of designs varying from 
concepts B to D previously introduced. 

Trends in Conventional Airships 

All performance calculations for this and the following section on lift-augmented 
airships were made to preliminary design levels of accuracy. Several assumptions 
were made to "lump", respectively, drag contributions, propellor efficiencies, 
variations in power output and propulsion system factors and weight components 
in order to facilitate rapid calculation of the trends. It is believed that the 
results arrived at are in no way significantly compromised by the assumptions made. 
On the contrary, the simplistic approach taken in these calculations is necessary 
to gain a quick, quantitative feel for the design sensitivities in order to plan for 
more effective follow-on analyses. 

One of the limitations of airships, viewed as serious by many, is airspeed. Airspeeds 
were usually in the 50 to 70 kts range; very slow by comparison with today's 
aircraft standards.  In attempting to increase the speed, for instance, of a 
10,000,000 ft3 conventional airship from 70 to 90 kts we see in figure 3 that the 
total horsepower required more than doubles; and for yet another 10 kts the power 
more than triples. However, additional speed attained through increased power 
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vields auickly to diminished returns with regard to payload since, in this 
one to one tradeoff must be made between every pound of additional propulsi 

and fuel weight and the payload. 

in this case, a 
on system 

B 
X 

35 

,™t «3— v 30 
AltnutfSwUW! 
uiccion TtiM • 40 hrs 

(•Bill  n 
i /} 

25 >ft. 

.20 H 
15 

/, / 
St 

to 

^^nT 

'I 

i 

0 
0 o   ; !o   : w 40 50 60 ro 80 90    100    IW     IAI 

AIRSPEED Ms) 

FIGURE 3   SIZING TRENDS Of CONVENTIONAL 
AIRSHIPS 

improvements in propulsion system characteristics. 

istics to the sizing factors of volume, displacement and payload. 
1)2/3  . v3 

(l-Wj'-Wj'-*^') D = (wp ♦ wf tm) 
air 

99K WS 1 
e air 

(1) 

Exercising equation (1) about the characteristics of the basic design (figure 2) 

the sensilivity of diminishing drag on volume airspeed pay ^ »jj P^,™ „5 
determined  Percentage changes in the drag coefficient CD (relating to Kj of s, 
determined  rerc   g     K conservatively chosen to represent drag reductions 

wlich might be readily achieved through body design changes (submersed protuberances 

and re-shaping to minimize base drag). 

Figure 4 (a through d) presents the results of first reducing drag (figure 4 (a)), 
reducing hV Iand if (figure 4(b)), increasing power (figure (c)) and finally, 
In Se (d) Meeting all improvements. A total mission duration of 60 hrs. 
was kept con tan   Onlv modest gains in airspeed are seen to be realized. Even 

hP0 percent reduction in drag only 5 kts additional speed »gained 
Sacrificing payload 50 percent only yields a total gam m airspeed of 8.5 kts. 
Cons der ng improvements in both structural weight and propulsion system a total 
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airspeed increase of over 11 kts or an improvement of 18 percent in airspeed can be 
realized. Doubling the power to overcome the drag, the best airspeed that can be 
achieved (under the present assumptions) for a 10,000,000 ft3 airship would be 87 kts 
(an improvement of almost 40 percent), but for this, 20,000 lbs of payload would have 
to be sacrificed. 

65 70   A.RSPEEo'5 eo   """ 
FIG. 4(el REDUCING HULL  DRAG, INCREASING POWER 

AHSPEEO 
FIG. 4(d) ALL MAJOR TECHNOLOGY MPROVEMENTS 

90 (»Hi 

Table I below presents a summary of the technology perturbations and the percentage 
improvements in airspeed. 

TABLE I 
SUMMARY OF AIRSPEED IMPROVEMENTS 

(CONVENTIONAL AIRSHIP) 

Figure Drag 
Structural 
Fraction 

(w2') 
Propulsion 
(wp, wf) 

Power 
(HP) 

Payload 

(w5) 
Airspeed 

(v) 

Av 
V 

4(a) 
4(a) 
4(b) 
4(d) 

63.5 kts 
68.6 kts 
75.3 kts 
87.0 kts 

8.0% 
18.6% 
37% 

Basic 
-20% 
-20% 
-20% 

-30% 
-30% 

-25% 
-25% + 100% -20% 

The most significant reductions in the drag of a conventional rigid airship can be 
achieved through boundary layer control. Experiments conducted on non-rigid (pressure) 
airships have indicated a reduction of approximately 15 percent in, primarily, base 
drag for small (V < 1,000,000 ft3) designs employing propulsion units within a 
circular shroud located at the approximate normal flow separation point on the aft 
section of the airship. The use of a large, active boundary layer control system 
on a non-rigid airship is limited to external design implementations. Such external 
systems can introduce significant drag components in themselves.  It appears that if 
boundary layer control is to be accomplished effectively the system must be designed 
within the hull envelope.  It is believed that such "submerged' systems for rigid 
airships could yield drag improvements approaching 25 to 30 percent if designed in 
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conjunction with aerodynamically cleaner hulls. 

One such design is conceptually shown in fiRure 5. 

FIGURE 5   BOUNDARY LAYER DESIGN CONCEPT COMPRISING SUCTION AND STERN 
PROPULSION 

Depicted is  a boundary layer control system comprising suction in thejegion.of 
normal  flow separation and stern P^1"0" f a£sh™      If feasible with regard 
the momentum of the flow near the base £ I^™1*^^™! design and duct 
to other considerations    i.e., Y"^*"!"^??™^" 3£t it also improves the 
losses this system affords considerable f ^^^^age shown also in the 
flow in the vicinity of the high aspect ratio tri J«J J the%egion of the fins 

ccÄia-higilefcon^Ä Ätfr^r/tfifareas as well as improved static 

stability. 
•   •       *v    m nnn nnn ft3 "basic design" volume and payload it is projected 

SSIS1?-^^!«! airsntps utilizing the above ne» technology or rts 

which combine aerodynamic 

derivatives could well surpass  100 kts. 

Trends in A»m.i.ift.-Aupmented Airships 

Tn^T^f^ships have been proposed ™^;°™^^^^ 
lifting with buoyant  lifting  "«•"«& JJSIiil derivl aerodynamic  lift either 
payload capacity.    Such ae'°:llf5-ffg^e"^B

a" «Sernally through the addition of 
integrally through high-lifting hu 11 designor^hu    "(fuselage).    This class of 

previously shown in figure  1. 

To examine th. sensiti.it, rf sitin», a„o per— facto. o,>J^^>^ 
airships the para»eter La/L„  (the ratio « »f"^"^      i„duc,,d drag,  increased 
stroctS Ä".^^^'iS^i^^Sl«A««c. drag,    gating the 
total weight of the hybrid to the  lift we obtain 
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Wj + W2 ♦ W3 + W4 + W5 = La + D (2) 

where D = Lj, is the displacement of the airship portion of the hybrid, exclusive of 
the displacement of lifting surfaces which are considered negligible.  In expanding 
equation (2) a number of useful relationships emerge in addition to the final 
expression sought for La/Lb = f (Sizing + Performance Factors). A short derivation 
is given below. 

♦ 
Expanding (2) and dividing by L^: 

,       (wp ♦ wftm)"p     ,  La 
Wi' ♦ W2' + W3' + —i—g  ♦ W5' r __ ♦ 1 (3) 

The power required is assumed equal to the basic airship drag plus the induced drag 
of the main lifting surfaces. In addition, a 20 percent increase in basic hull drag 
was assumed to account for the zero-lift drag of the lifting surfaces and the wing/ 
hull interference drag. Induced drag was optimistically assumed equal to the 
theoretical minimum through the expression 

La 
La 7j"~ 

Induced drag = —-;-.w— (4) qTfA 

The horsepower can then be expressed as, 

6.67D2/3pairV2   La (fo 

»P - 550        ^ +1YXpl V2 A ™ 

Substituting (5) into (3) and rearranging we obtain the final sizing equation, 

*6.67pair v2 

3TÖ k 
W  + W ' + W_' + (w + w.t )~ 1    2    3     D   f m'S50 

7 m air V  A * W5 * 1£ + 2 (ft) 

The aero-lift augmented airships were examined over a range of augmentation ratios 
(La/Lb) of zero to 2.0. A wing loading (La/Sw) for the hybrids of 35 lbs/ft

2 and an 
aspect ratio (A) of 8.0 was assumed constant throughout the calculations. An overly 
optimistic specific fuel consumption of 0.45 was assumed to represemt an average 
modern technology engine of unspecified type. However, the powerplant weight factor, 
Wp, was conservatively chosen at 6.0 lbs/HP and may offset the low specific fuel 
consumption. The structural weight fraction was varied lineraly from 0.2 to 0.4 
over an La/Lb range of zero to 3.0 i.e., 

La -•a 
W2 = 0.2 + .065 (—) (7) 

to account for an increase in the structural weight of these airships with increasing 
aero-liftaugmentation ratio. A nominal zero lift hull drag factor of k = 70.6 
(corresponding to a PC[) = -10%) was assumed. 

In order to select a reasonable mission duration for the bulk of this brief analysis 
the payload and augmentation ratio was computed for tm = 10, 20 and 30 hrs over a 
range of La/Lb of zero to 3.0. The airspeed and hull volume assumed were, respectively, 
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150 kts and 7,000,000 ft3.    Figure 6 shows the resultant plot. 

I.200[ ■  |  i  i  '  |  '  '  ' I  ' ' '  I '  '" 

"05 1.0 1.5 2.0        2.5 3.0 
AERO-LIFT-AUGMENTATION, L0/Lb 

FIG 6 VARIATION OF AERO-LIFT-AUGMENTATION RATIO 
AND MISSION TIME ON PAYLOAD CAPACITY  FOR 
HYBRID AIRSHIPS 

The payloads obtainable for the assumed conditions are seer, to be sizeable and are 
lensKIve to both La/Lb and mission ti-e It was decide to f^.^20^ 

ÄS2 ^being^^e^^^ 'cargo-carrying feasibility) 

Figure 7  (a through c)  presents the trends  in PJ^^^J^PST^ herring 
La/Lb and for each of three assumed »«JP^!'*'^,7^ 75kts   (figure 7   (a))  and 

fLX= ^tTpij^USStf i Ä 2JSV»!S  almost  10 
timef the payload capability of a conventional airship at 75 kts. 

AERO-LIFT-AUGMENTATION, L0/Lb 

FIG. 7(0)   AIRSPEED =75  ktS| 1 j- 

~Ö4 OB 1.2 1-6 20 

AERO-LIFT-AUGMENTATION,   L„'Lb 

FIG. 7(c) AIRSPEEO = 150 kls. 

O   O? 04 06 0.8 1.0 1.2 
AERO-UFT-AUGMENTATION, L0/Lb 

FIG   7(b)  AIRSPEED   *  100 its 
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However, as higher speeds are demanded of the hybrid greater hull volumes and/or larger 
augmentation ratios are required to maintain equally impressive payloads. The drag 
rise incurred at the greater airspeeds is reflected in the additional power (fuel and 
power plant weight rising) required and consequently higher hull volumes. The trends, 
it will be recalled are similar for conventional airships but are of an order of 
magnitude less. This analysis gives no accurate indication of an optimum augmentation 
ratio for hybrid airships however, for payloads neighboring a half-million pounds an 
La/Lb of 1.7 and a hull volume no greater than 10,000,000 ft

3 are indicated. Figure 8 
clearly shows that to maintain payload capability at increased airspeeds the lift 
augmentation ratio must rise. 

1200   - 

1.000 - 

8 
X 
a < 
2 
5 

75 109 US 
AIRSPEED IKTS) 

FIGURE I - VARIATION OF AUGMENTATION RATIO AND AIRSPEED ON 
PAYLOAD FOR A FIXED VOLUME HYBRID AIRSHIP 

STABILITY, CONTROL AND HANDLING CHARACTERISTICS 

A quotation from reference 4 by Max M. Munk addressing the topic of airship 
maneuvering reminds us clearly of the fundamental necessity for stability in airships. 

"Bare airship hulls are immaneuverable, and bare spindle shaped arrows have been 
known since time immemorial to fly unsatisfactorily. The remedy has likewise been 
known since before the dawn of history - the spindle is provided with fins near its 
rear end, flexible feathers for arrows, and more substantial ones for airship hulls." 

In this section various topics in stability, control and handling qualities will be 
considered with regard to the impact modern technology may have on them. No 
quantitative data has been provided with which to support the projections postulated. 
Considerable attention is yet to be directed toward the "maneuvering" of a modern 
Naval airship as this is a topic which bears heavily on the future operational 
success of all Lighter Than Air vehicles. 

Basic Stability and Control 

The airship, regardless of the actual shape or size to which it may someday evolve, 
will always be a slow-responding and fundamentally difficult vehicle to maneuver 
without stability augmentation/anticipatory devices. The bare hull characteristics 
of the classical (conventional) airship are unstable but easily "remedied" with 
suitably designed fins.  Reference 4 and others relate the absence of good 
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theoretical technics with which to design the fin,.for .ini« -?^* ^f^ 
levels of static stability. We can assume £f ^^^V^m control power into 
designing the fins even less was avalla^a ^.f^f ^l  and 30's concerning the 
the control surfaces. Nothing was knwon back in the W        anaivsis; giving 
uesign of dynamic systems using pi f^^^^jTontinues today). The introduction 

^iÄuÄ^^ 

bi^^ S^Ä 2».- JSP. 
is some freedom in locating the c "ter of or.ss ^ y> 

center of buoyancy and the overall venici 

riro^t Thmst Maneuvering 

providing altitude trim as well.    To insure more p ^ wlll undoubtedly 
for both trimming and maneuvering direct    vectora^^ ^^ Q l 

emerge as a practicable control design•    J^«• J    enVel        of the airship but will 
provide active control throughout ^ «"^"JJ^ such as takeoff,  landing and 
le especially useful in ground Pr™^//ffcfenrLnner by which to effect such 
off-loading/on-loading cargo.    The most em« on system> vice an auxiliary 
control would be to incorporate it with the main p    , L aircraft 
«stem      Much has been learned throughoutth« pas20 year technology.    Deflect- 
deve!opment which can be directly transf•"* £ J™ many more concepts common to 
ed slipstream,  tilt-propel lor, vectored 3^"«™"^ in parching for available 

respond process and not a renaDiy  I<=H 

CoB^ut^tat^^ 
 "—' •   r~- «-v.» fiidht personnel or tne 
Dr. „. Eckner, in his written P^^^rSTe^cons^uenLs of "inattentive- 
airship "Delag" (reference 5) often cites tne The s   ssfui 
ness" on the part of the airship captain and tne rig       crucial airship/ 

IkimÄ^ 
i^rih^lar- ^lyÄ^SeS-t. were primarily due to such 

^nucleus of an airship automatic flight --ol system will^ajodest,  real- 
t me,  airborne digital computer    within th    current st.t        ^^   ^ ^ gas 

computer will serve to receive all data reiatea v J ronmentai states, 
a?es     (3)  transitional and angii .ir - ti«tat«J*)^    ^ ^ ^ and more 

(5)  structural   load states, and   (6)  pilot conxr ^ ^^ ^ frequencies Up to 
such as navigational, meterological    etc    dataj information will be processed 

and possibly greater than 20 times each "con augmentation systems 
and signals continuously outpu ted to drve  (1)  st_tory(4)  ^.^ and attitude 
(2)  flight-director displays,   (3)  crew swi alleviation systems and   (7) 
hold modes,   (5)   load alleviation *gJ^2chS to landing,  docking,  etc ).    Al 
specific flight path maneuvering   (for^PP£J«e        use in the modern airship.    Some, 
of the above automatic functions are avaiiaoie 
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and probably most, will become an absolute necessity. Figure 9 provides a  functii 
diagram of a conceptual automatic flight control system for a modern airship. 

'SYSTEMS WHVEN 

STATE SENSING STABILITY AUGMENTATION 
SYSTEM 

TRIM FLIGHT DIRECTOR 
DISPLAYS 

ma i GAS 

>=o l 's 

CREW STATION 
MONITORS 

MOTION AIRSHIP 
AIRBORNE 
COMPUTER 

ALTITUDE & ATTITUDE 

ENVIRONMENTAL 

1 vT HOLD 

LOAD ALLEVIATION 
SYSTEM 

STRUCTURAL LOADS GUST ALLEVIATION 
SYSTEM 

PILOT COMMANDS^ FUGHT PATH CONTROL 
SYSTEM 

FIGURE 9.   FUNCTIONAL DIAGRAM: AIRSHIP STATE SENSING AND 
CONTROLS MANAGEMENT SYSTEM 

Simulation and Handling Qualities Requirements 

Another beneficial advantage which the designers of modern airships will enjoy in 
comparison with their 1930 predecessors will be the use of piloted simulation. Flight 
simulation has advanced over the past decade to the point where its use has become 
an indispensable aid in the development of all of today's aircraft.  The statics and 
dynamics of airships are no less complicated than is the static and dynamic behavior 
of a modern airplane. It is interesting to note that the flight simulation of 
airships will, in all probability, require far less sophistication with regard to 
visual outside-world displays and motion displacement. Modest display systems and 
motion bases of only limited angular and translational displacement and speed of 
response will be required. 

It is expected that serious simulation efforts will soon get underway to begin 
providing designers with the guidance, now totally lacking, concerning stability, 
control and handling qualities requirements for a range of airship classes. The 
cost and time required for the successful development of an airship more than 
warrants serious attention to the systematic development of flight dynamics design 
requirements. 

CONCLUSIONS 

This paper clearly represents only the bare beginning of a vast amount of research 
and eventually development which must be undertaken by government and industry alike- 
in order to build up an airship technology base which has been neglected now for 
over thirty-five years. 

Airships representing a drastic departure from the classical form have been examined 
(albeit briefly) and found to promise attractive performance characteristics for 
equally non-classical missions.  The effect of a radical change in shape (typified 
by the aerodynamic lift-augmented hybrids) has been found to add to the design 
problems normally associated with the conventional airships all of the problems (and 
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„ore)   associate with  the  design of heavier  than air  aircraft  as well       Aero-U^ 

;,t    .jprcil;:  of   <.v.-i    1 JU   KII..     '-"»"-I , iUtary  and commoreial 
,lis,„sn,d   in   this  paper  offer  potential   advantages   to both   the  ml.11       y 
«nam.nUi«*  and  as   such  should  be  regarded  as  serious candidates   for   future   Ligh 

Than Air vehicles. 

R     fJT     the   least  risk,   shortest development  time  and highest payoff airship  for 

technological  problems. ^^  
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BOUNDARY LAYER CONTROL 
FOR AIRSHIPS 

F.   A.   Pake* 
S.   J.   Pipitone** 

N76-15028 

ABSTRACT:  This paper summarizes an investigation of the 
aerodynamic principle of boundary layer control for non- 
rigid LTA craft initiated under the Office of Naval Re- 
search, Contract NOnrl412 (OO)LI.  The project included a 
wind tunnel test on a BLC body of revolution at zero 
angle of attack.  Theoretical analysis is shown to be in 
excellent agreement with the test data.  Methods are e- 
volved  for predicting the boundary layer development on 
a body of revolution and the suction pumping and propul- 
sive power requirements.  These methods are used to pre- 
dict the performance characteristics of a full-scale 
airship.  The analysis indicates that propulsive power 
reductions of 15 to 25 percent and endurance improvements 
of 20 to 40 percent may be realized in employing bound- 
ary-layer control to non-rigid airships. 

INTRODUCTION 

The investigation of the application of boundary-layer control to non- 
rigid LTA craft was initiated by Goodyear Aerospace Corporation in 
March, 1954 under Office of Naval Research Contract NOnrl412(00)LI. 
The project stretched over a 3 1/2 year period primarily because of a 
20-month delay during which all effort was suspended while awaiting 
the availability of the 7' x 10' transonic wind tunnel at NSRDC (then 
called the David Taylor Model Basin).  The scope of the study included 
the evaluation of the drag characteristics of an airship hull which 
employed either suction slots or an auxiliary air foil as a means of 
preventing turbulent boundary layer separation.  The drag results 
were predicted by theoretical methods presented in References 1 and 3. 
Comparative drag values were obtained for one body configuration in 
the wind tunnel tests reported in Ref. 2. 

*Flight Dynamics Section, Goodyear Aerospace, Akron, Ohio 44315 
**Technical Staff Goodyear Aerospace, Akron, Ohio 44315 U.S.A. 
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BOUNDARY LAYER CONTROL 

is^sr---iss:-issÄ^s i  o -*= 

able thickening of the boundary layer with possirue now  y 

Although it is possible to design a body of -volution having a fa- 
vorable pressure gradient over essentially ^e jnt^J Jjng   end. 
body, generally such a body mu^ have a relatively D      dient that 
This design produces a correspondingly adverse preb^u  y    , 
tends to cause boundary-layer separation and consequent drag losses. 

This problem can be approached passively ^ lengthening the 
creasing the fineness ratio) thereby reducing the adverse pr 
gSien? and delaying boundary layer thick--g so that the 
=ffprtpd bv the reduced pressure is small and hence tena to 
thfprelsSe'drag.  For Eodies of constant volume.however, 
crease in fineness ratio is accompanied by an increase in ir 
draa due to the consequent increase in surface area.  Alter1 
pressurS Sag by varying the fineness ratio gives rise to a 
friction drag of opposite and approximately equal magnitude 
common airship fineness ratios.  When the Pressure drag is e 
ly reduced,accompanied by a lower fineness ratio, the total 
be significantly reduced as illustrated in Figure 1. 

body (in- 
essure 
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an in- 
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fficient- 
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EFFICIENTLY CONTROLLED 

FINENESS RATIO OF CURRENT AIRSHIPS 

FRICTION DRAG (ALL TURBULENT) 

0 PRESSURE DRAG 
j_ J—1 L 

10.0 

FINENESS RATIO 

Figure 1 
Pressure Drag Versus Fineness Ratio 
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However, through proper body-contour design, the adverse gradient can 
be located at one longitudinal body station or for a short longitudi- 
nal body station or for a short longitudinal distance to produce a 
favorable pressure gradient extending to the 100-percent body station. 
By applying the air-flow suction at this longitudinal body station (or 
area of velocity and pressure discontinuity), energy will be supplied 
to stabilize the boundary layer and prevent air-flow separation.  A 
drag economy can be realized if the reduction in the external drag of 
the body is greater than the equivalent suction drag. 

Configuration Selection: 

The first decision to be made in the selection of a boundary-layer 
control airship configuration was the suction system.  The distribut-;; 
ed type suction systems made up of many perforations or slots were 
discarded as not feasible for the non-rigid airship application. Thus 
the single slot system was chosen and it remained to choose an airfoil 
shape.  The available selection could be categorized in two groups - 
the conventional airfoil and the Griffith type airfoil.  The Griffith 
shape has several advantages for BLC applications.  Although designed 
for laminar flow, it possesses the favorable pressure gradients neces- 
sary to any type of boundary layer control.  The localized adverse 
pressure gradient is compatible with the single slot control system. 
Also, the slot location is well aft for the lower fineness ratios. 
The Griffith type airfoil was therefore chosen.  The specific contour 
used in the study was a 34 percent thick Lighthill shape.  This was 
selected on the basis of the potential flow characteristics as deter- 
mined by a series of electrostatic tank tests.  The selected airfoil 
shape and velocity distribution are shown in Figure 2.  As can be seen 
the adverse flow region is quite local between X/£ = 1.6 and 1.7. 
This shape was used in the theoretical drag estimates, the wind tunnel 
test and the full-scale performance studies. 

Drag Estimates and Wind-Tunnel Tests; 

A method of calculation was evolved to predict skin friction, equival- 
ent suction drag, and propulsive efficiency of this type of airship 
hull.  Local skin-friction coefficient values were determined for the 
forward stagnation region, the laminar boundary-layer region under a 
favorable pressure gradient before the suction slot, and the turbulent 
boundary-layer region under a favorable pressure gradient behind the 
suction slot. 

Equivalent suction drag was based on the mean total-head loss in the 
boundary-layer suction flow at the slot entry.  This did not include 
duct losses since such losses can be evaluated only after the prelim- 
inary design of a specific ducting system.  Hence, the suction drag 
was evaluated for an idealized system where duct losses were small 
compared with boundary-layer losses. 

The wind-tunnel tests were carried out in the 7' x 10' transonic tun- 
nel.  The Reynolds number was varied from 4.4 x 16^ to 107.  Due to 
the model size restriction and the relatively high test Reynolds num- 
bers, a powered model with force measurements was not possible and 
therefore drag quantities were determined from the momentum deficit 
in the wake.  Artificial stimulation at 10 percent of the model length 
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r-  TURBULENT BOUNDARY-LAYER REGION 
/UNDER FAVORABLE PRESSURE GRADIENT 

Figure 2 
Favorable Velocity Distribution and Corresponding 
Regions over a Boundary-Layer-Controlled Airship 

was utilized to obtain turbulent flow.  The final test consisted of 
one BLC configuration at zero angle of attack with the sole objective 
beina whether or not the theory predicted the reduction in drag real- 
istically!  A model of ZP2G-1 airship hull was also tested under the 
same environment to ensure a true comparison of drag change be we n 
the conventional and BLC airships.  The actual comparison of the ex- 
perimental and test data is shown in Figure 3.  The drag ^efficients 
of the body are plotted versus the suction quantity coefficient.  The 
plots shown are for a Reynolds number of 4.2 x 10*.  The wake drag and 
suction drag are plotted separately.  They are then added together and 
plotted as total drag.  The experimental data is presented in the same 
manner.  It can be seen that good agreement exists between the theo- 
retical and experimental work.  This agreement is further borne out 
bv the pressure distribution.  The measured pressure coefficients are 
plottedPwi?h the theoretical values in Figure 4 for a Reynolds number 

of 10 x 106. 
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Figure 3 
Test & Theoretical Drag Comparison 
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Figure 4 
Pressure Distribution Comparison Test 

and Theoretical BLC Body 
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The drag of the BLC airship at all Reynolds Numbers and slot widths, 
as determined from the rake, were in excellent agreement with the the- 
oretically predicted values.  The ideal suction drag also indicated 
close agreement although theory appears to be somewhat greater than 
the measured values.  Other comparisons of BLC test parameters with 
theory also showed excellent agreement.  These preliminary tests vali- 
dated the drag reduction predicted by theory.  The tests not only 
showed this excellent agreement with theory, but also demonstrated 
this agreement over a sufficient range of Reynolds Numbers to give 
credence to full-scale theoretical estimates. 

Comparison of Full Scale Performance 

In order to compare the performance of a BLC airship with that of a 
conventional (ZP2N) airship, a preliminary design was required in 
order to consider the impact of all the features associated with each 
type that had a bearing on drag besides the hull drag alone.  The 
scope of this program does not permit comparing airship sizes and tne 
associated power requirements based on missions but does compare mis- 
sion capability based on an airship size of one million (10*) cubic 
feet  Figure 5 compares the total power requirements for the two con- 
figurations.  A 10 percent reduction in component drag for the BLC 
configuration can be attributed primarily to the fact that outriggers, 
nacelles and empennage cables (fins are cantilevered) are not required. 

1600 

WOO 

1200 

1000 

■BLC CONFIGURATION WITH ONE 15 FT PROPELLER 
 CONVENTIONAL CONFIGURATION WITH TWO 16.5 FT PROPELLERS 
 CONVENTIONAL CONFIGURATION WITH ONE 16.5 FT PROPELLER 

- A   CONVENTIONAL CONFIGURATION WITH TWO 16.5 FT PROPELLERS 
AND PLC CONFIGURATION WITH ONE 15 FT PROPELLER TOWING 
3000 L3 DRAG LOAD 

O BLC CONFIGURATION WITH PROPELLER DISC AREA EQUAL TO 
THAT OF CONVENTIONAL CONFIGURATION TOWING 3000 LB 
DRAG LOAD 
ZPG-2 FLIGHT TEST DATA (REF. 34) 
COMPUTED VALUES 

HP 

WITH WOO HP - 71KTS 

Vm WITH W00 HP - 75.5 KTS 

80 
yKNOTS 

Figure   5 
Horsepower Requirements vs Flight Velocity 
For BLC & Conventional Airships V = 10° 
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When considering various operational conditions such as single engine 
cruise (normal conventional airship operation) with the corresponding 
differences in SFC and propeller efficiencies, the BLC airship would 
offer an endurance improvement of between 20 and 40 percent at most 
operating velocities.  With a propeller comparable in size to those 
used on conventional airships, the improvement in endurance for ASW 
towing would be 10 percent when the tow drag is 3000 pounds or 25 per- 
cent if the tow load was 100 pounds. 

A complete evaluation of the advantages of a BLC airship must encom- 
pass many factors including a comparison of the general operational 
characteristics of each configuration and the weight allowable for 
fuel.  Although such an evaluation was beyond the scope of this study, 
it is of interest to briefly discuss some of the major BLC operational 
characteristics as they differ from the conventional airship's char- 
acteristics. 

(1) Static instability of an airship is due almost entirely to the 
hull and is a function of fineness ratio; C decreases with decreas- 
ing fineness ratio and consequently will require less in the way of a 
stabilizing system. As shown in Figure 6 the tail length is substan- 
tially the same and due to structural considerations the aspect ratio 
can be considerably greater. 
(2) Low speed control is a prime consideration for airships and with 
the BLC airship it can, to a considerable degree, be obtained 
by vectoring the outlet air from the duct.  This would have its great- 
est effect during a towing operation such as sonar array towing. 

P 
SLOT AIR INTAKE FOR 
BOUNDARY LAYER CONTROL 

STRUCTURAL CONE 
AND FIN BASE 

Figure  6 
Comparison of BLC Airship with Conventional 

For Equal Volume 
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(3)  Propeller and engine noise interfere- not only wit;J «- comfort 

but also with the f fec^e^S
c^f^tion is inherently conducive 

ations as an e*amPle'  T^J^ ^n^^rouded and the distance between 
to quiet operation; the propeller is sniu       areater than is the 

SU^^cS^SS- Ä'tSr ?'S tn'of the BLC power 

iliminaSon of variable pitch protection from physical damage. 

CONCLUSIONS 

The findings of this limited investigation into the ^^-/f;^nc"e 

(1,  The NSRDC wind tunnel tests confirm the ability of the theoret- 
ical methods described in this report to Predict thecoun  y 
control of a body of revolution at zero angle of attack ^ 
(2) The theory confirmed by the NSRDC wind tunnel t      g^ 
allowance for inlet and duct losses P^dicts     fineness ratio 3.0 
requirements for a full scale BLC a  Jip hJ \0 to 20 percent less 
at zero angle of attack can be expected to be iu to   P 
than the power requirements of a conventional airship nun 

volume. .  „J.I.QT. fhan rhp hull associated (3) The differences in the components other than the hull       ^ 
with the two configurations  offers an additional 5 to    P 
auction in power requirements for the BLC non rig 
configuration. „„QOC «tin 3 0 can be expected to re- 
(4) A BLC configuration of f^e^irlments of a conven?ional non- duce the total Propulsive power requirements or a 
rigid airship of equal volume 15 to 25 P^cent        available, BLC 
(5) If both configurations have equal f^ ^"J""*   t# 
can be expected to increase the ^ance 2 0 to 4 03^Seated for 

si. fnSrtSrtLrmS SäST;«^ .i»^. 
The  predicted  theoretical   increase   in±^l^^^^ ^^ 

deli^ SS1 lSV S^SViSiSofo] . thlBLC:  program       ^-^Prog». 
although   limited   in  scope     has   confirmed   the  vj^ity  of   the^^^ 
ed  performance   improvement.     To   take     u|i   J0™^  £     configuration, 
thus   far  and   fully  exploit  the  Potential  of   the  BLC  conf  g^  ^^ 
this  contractor  recommends   the  following  proytam 
be initiated: 

(1,  TO refine the ^^ ^^^^^^S^^JSTlSlS^ 
control to airships, the following investiy   hodies with fineness 

^Stwina  tunnel  testing  to determine the rf'^«^*^^ 

SoUldr^meon5eneeior„?rhdi:Lr ,af a  d  S   E,   permit  the  selec- 
tion of an optimum and practicable configuration. 

154 



(2)  To obtain data for the design and fabrication of a BLC airship, 
a wind tunnel test of a self-powered model at reasonable, large 
Reynolds numbers should be conducted upon completion of Item 1 above. 
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N76-15029 
AIRSHIP STRESSES DUE TO 

VERTICAL VELOCITY GRADIENTS 
AND ATMOSPHERIC TURBULENCE 

Duncan Sheldon* 

ABSTRACT:  Munk's potential flow method is used to calcu- 
late the resultant moment experienced by an ellipsoidal 
airship.  This method is first used to calculate the moment 
arising from basic maneuvers considered by early designers, 
and then expended to calculate the moment arising from ver- 
tical velocity gradients and atmospheric turbulence.  This 
resultant moment must be neutralized by the transverse 
force of the fins.  The results show that vertical veloc- 
ity gradients at a height of 6000 feet in thunderstorms 
produce a resultant moment approximately three to four 
times greater than the moment produced in still air by 
realistic values of pitch angle or steady turning.  Real- 
istic values of atmospheric turbulence produce a moment 
which is significantly less than the moment produced by 
maneuvers in still air. 

INTRODUCTION 

At one time airship design was a highly organized and systematic 
activity, and hundreds of papers have been written on the subject. 
The period of greatest activity was from 1910 to 1938.  However, in 
spite of careful efforts several notable disasters occurred.  Some 
were at least partly the result of political considerations; examples 
are the American ship Shenandoah and the British ship R-101.  The 
most spectacular of all, the Hindenburg disaster, was of course due 
to the use of hydrogen as lifting gas.  With the exception of the 
inadvisable use of hydrogen and the deterioration of the hull of the 
R^lOl, most well-known dirigible disasters were connected either 
with atmospheric turbulence or vertical wind currents in storms or 
above mountains1. 

* President, Transportation Technology inc. Marblehead, Massachusetts 
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The British ship ^38 bulled  in the ^^»^5 i^SrSS^ 

^rKnSSg-iSnSI^i -ess £.  sin, from a -rp turning   ^ 
maneuver.  The shenandoah perished ^^^^T     u' th.Avn.., of 
result of a navigational enoi tho AK. on     ^ jowndrall, its iowei 
a storm.  While maneuvering upward to   UU a £ownat  ^      The 
rudder hit the ocean and the airship fell into the sea u^  / 
Macon lost its top rudder during a squall and was also lost at 

sea (1935). 

u  , .hf> R o8 crash the Royal Aeronautical Society estab- As a result of the R j« crasn cne   i.MDOnse to this competition lished the R-38 Memorial Prize.  *? "sponse to tn were £ublished2- 4. 
three excePenally de^t-^ -rship Jesxgn Papers^   P^ ^ most 
This was in 192 3, and taKen togeun-i u 7 later 
detailed airship design analyses available in     =■ can 
work was a refinement of ^thods discussed in these articles 
even view the design of the Graf^wel^n and Jer sister   p   ^ ^ 

no basic changes in the relevant technology in the years rro 

1938. 

An important part of the early design -^"J^if&inSC" 
description of the aerodynamic forces on "«^P™^. a|luia an| 
Hunk*-«.  His theory is based on an ideal (no» Y^^/^ surprls- 
Kelvin impulses.  Under most conditions Munk s theory 
ingly close agreement with full-scale experiments'. 

Rs pointed out in several recent »nicies'-', ^technology relevant 

Kl»iSS^2o-pLrLtfvitreMSe?f o       t a    ! o, pledge 

ZSTTZ  cXencial^app^ 

Sonslenrafery l?^l^L^TllsT^oltilT^ applicah le to 
SIS; a?rshipsr.nd relating atmosoh>?°J%£"£e'%£lon.     it 

»voided,   particularly during non-scheduled  flights.     The  recor 

S„cro?Hchedu?edeyratIoS1aSlsotreguSerthadteItmosohericha,ards 

be given careful consideration. 

The purpose of this paper is to show how , our present knowledge^ 

the atmosphere can be ^^"^ising from vertical currents 
the resultant moment on an airship Rising n for fche 
and atmospheric turbulence  ^proximate results     g     ^  ^_ 
resultant moment experienced by a 1,00U  oot    y .g fche 
ship with a fineness (^ngth-to-diameter) ratio of    ^^ design 

ss äSä* f - r   /CninfraLrs Sinifs 

^-inwere°LCnCinto^onsiSerat?on\rthe  early  designers. 
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AERODYNAMIC CONSIDERATIONS 

Munk's Equations 

The motion of airship hulls gives rise to an air flow that is well 
approximated by potential flow.  There may be a large resultant moment 
of the aerodynamic forces, but only a comparatively small lift and 
drag.  With wings the conditions are different as there is consider- 
able lift.  Since the momentum of the flow is not necessarily in the 
direction of motion of the hull, a principal axis problem presents 
itself.  Strictly speaking, we should distinguish between the momentum 
of the flow and the Kelvin impulse of the flow, but Munk himself dis- 
regarded this difference and we have no need to make the distinction 
here.  The net resultant moment is expressed in terms of the 
volumes of the apparent additional masses of the hull.  The apparent 
additional mass of a solid moving through a fluid along one of its 
principal axes is simply a proportionality constant expressing the 
resistance to accelerations along the axis offered by the fluid 
itself.  Note that it is not a measure of the inertia of the solid, 
because the solid need not have any mass at all.  In this case all of 
the energy is stored in the flow, and the apparent additional masses 
along each principal axis are equal to the apparent masses.  The 
effect of the fluid surrounding the solid is, however, fully described 
by assigning to the solid an apparent additional mass in addition to 
its original or actual mass.  The apparent mass of a circular cylinder 
in a uniform two-dimensional stream is pTTr2; and for a sphere in a 
three-dimensional uniform stream its value is ^(rTTr-^ß.  Here r and f> 
are radius and density.  Apparent volume is obtained from apparent 
additional mass by dividing by the density. 

Munk shows that an airship hull, flying steadily under an angle of 
attacked and with the velocity of flight V experiences a resultant 
couple of the magnitude 

M = •^V^(K2-K1)sin 2°< (1) 

where K, and K, denote the apparent volumes with respect to the 
longitudinal and transverse principal axes of the hull.  This moment 
is unstable, consequently fins are required for stabilization. Munk 
also calculates the transverse force on an airship (with circular 
cross section) turning under an angle of yaw: 

dF = dxnk.-k,)— v2 -^-sin2<t) 
2 J- dx    2 

-2 P __2 ■ + k.v2 f>  dSc~2 

where 

+ k*V -cos 4> + k'V -  x —cos <|>]        (2) 
R        .. i\  dx 

dF = Transverse force acting over a differential 
length along the longitudinal axis 

dx = Differential length along the longitudinal axis 

kx =  (Hull volume J/Kj^ 
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k2 = (Hull volume)/K2 
* 4-v,Q „nnarent hull moment of inertia k' = Ratxo of the apparent «"        h moment of about the aerodynamic center to tne 

inertia of the displaced air 

x = Position on the longitudinal axis relative to 
aerodynamic center 

S = Area of circular cross section at x 

^ = Yaw angle 

R = Turning radius 

V = Airship velocity 

0 = Density of air 
±.   •     4-Vio air forces on the fins. 

This expression of course does not contain the^ ^  ^  es 

Munk's theory also vie1^* „^inclined at an arbitrary angle to the 

with the angle of attack 
.       -1 11 (3) 
q> = tan   v 

■4-, =«ri v is the forward velocity, 
where u is the transverse velocity and V the Qf attfck 
Munk assumes the airship has a ™r^e angle is tan"1 (u/V) , 
along its axis.  The magnitude of the ^perp    uced afc each portion 
where u generally is variable.  The ™^  F     portion if the 
of the airship is the same as the air force at     PConsequently,. 
entire airship had that particular angle or   experienced by an air- 
Equation 2 can be used to determine the momen   J     Jn this case 
ship as it moves through a vertical »Jlooity g      straight course 
we assume the pilot is ableto hold the Equation 2 will also be used 
in inertial space without yaw °* P^ch.  £J     maneuver.  Equation 1 
to calculate the moment resulting from a tu   g   m0ment when the 

provides a direct method °fo
C^c^t^ng 

only disturbing force is due to pitch. 

Moment Response Function 

Munk's theory can be extended tc, calculate the transverse^rces^^ 

alrsS^^^^^ 
We begin by attributing to a "rcul^cros^ section part of a circular 
virtual mass Sfdx Dust as if 

fche cross sect10  transverse force acting 
cylinder immersed in two-dimensional «-°»; ™   perturbation u - cylinder i-ersed in two-dimensional ££»;  »^  perturbation u - 
on this cross section as a result 

f = 0Sdx(iO)u0e
: 

uQe
lwE is 0 .itot (4) 
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Now 

V 
<*> =   2irf  =   21TT  =  kpV (5) 

where ti>  is the.angular frequency of the perturbation, f is the cyclical 
frequency, V is the forward velocity of the airship, \ is the wave- 
length in the forward direction, and kp is the propagation constant for 
a particular wavelength.  It is convenient to take the geometric center 
of the ellipsoid as the origin of our coordinate system.  Then the 
moment experienced by the airship, per unit velocity perturbation, is 
given approximately by 

+L/2 

S(x)ei{"t+kx> x dx (6) 

where L is the length of the airship. 

Uniform S is not a candidate hull shape, but this case leads to the 
simplest form of the moment response function.  If S is uniform, 
the result is 

|M|- vpSL(^M) - cos(lr5] »)) (7) 
V  '    ■"> 

where $ = L/A .  This is the long wavelength approximation, and 
approaches zero as S approaches zero.  For short wavelengths, 
c,»l, the bending moment at the longitudinal positions of maximum 
transverse velocity is the important consideration.  In this case 

J M I _ SPV  ,1T  .. 
I«0« " kp"  2 " X) <8> 

For an ellipsoidal airship with a fineness ratio of 5 we set 

(9) S(x) = JL |(L/2)
2 - X

2J 

and use Equation 6 to obtain 

HI-'"'  T3nVJ sin k    3 cos k  3 sin h |    ,,ns ü0\   SO L Pv(^r~ +  —F j-r-)     <10> 

A 
where k = Lkp/2, again this is the long wavelength approximation, and 
the right-hand side of Equation 10 tends to zero as £ tends to zero 
The short wavelength approximation, Equation 8, still applies 
provided 

II«1 (ID 
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METEOROLOGICAL CONSIDERATIONS 

Vertical wiJLajBadi«>tS_i!U,Q!SSä£Egi2aS ^^ ^ 

„sini»^'* conations ».»"SX«rtfcS SLfc^rentsJknSwn 

ccnSere^    Taf ,;»^J>S£L£
3
. ""Sec ^lescrÄ" 

?^flhe region °f severe vertical currents.     Frgure 1    tPu„derstorm: 

shown in Fxgure 1.  forcing y^ to the transverse extent of tne 
jiefrihntion is cut xn nair vuuc <- This means that tne muj-e 
SH^MtTSSS^- ncruontal faction are of 

the order of  0.2  ft./sec./ft. 

fl^r^r^r-i^ Turbulence 
„ is possible to aescribe t,e Serfthaistrirticn |™-slinple 

A^or'the folloiiÄee for^s of turbulence»: 

(i)     clear air turbulence ne«^9»^. 
(ii)     turbulence near and in cumuxu 

(iii)     thunderstorms. 
*    o^v q   (k)   at different wavelengths 

, 1 + (8/3) (Ljk)2 (i2) 
S (k) = 2L8d£-; —^-1^- 

[l + (I*!*)2 ] 

^ - Root mean square vertical velocity 
where U w 

L = scale of turbulence 
s 

LL = I-339 (2flrLs> 
^  ..„fai pnerav per unit mass of 

£or each patch of to*»!«-; ^S.SJjS^.SiS « that 
air equals the mean square oi tne 

162 



0) 

0 
p 
03 
M 
0) 

ß 
3 
X! 
En 

0) 
P. 
3 
-P 
(d 
S 

4) 
U 
3 
o> 

■H 
I*. 

_l 

4 

u 
z <   H 

»- 
-1 
3 t 3 

Ul 
u. 

a 
1- 

U   UJ > > O 
i/) 

*b »- o 
z 

_j 

-1 
o tr 

uJ > 
■ • 
■*— 

o 
x o , ;                o 

t- 
o S?! s              ?S t- 

o *°~> Q   Ul 
-                                        0    U-l 

u 
a E i 
3 8 

r1 
U» 

i r~~T- 
bl 
U 
z 
id 
_l 

2    s 
"i w « 

1- •< ' 

*?! 

3  0  I 
< 1- * 
55 5 c 

5                 /   O 

i       /       JS 

o 
o 
0 
o 

< 
a 

0 
ac C 

z z < r /                          >   O 5/            S 
> 
u 

Z 
bl 

0 

» 

>i 
■P 
•H 
U 0 
0 

* 
•p 

(1) 0) +J 
> UH 0 

S3 
rH (0 *-* 
(Ö 
O 

•H B 01 
■P 0 T> 
M 4J 3 a) (0 o 
> H rH 

0) o 
fi -o 
10 C 4H 
QJ 3 0 
BÄ 

4J (0 
M-l a. 
0 (0 o 

•p 
C M-) 
0 O s 

•H 0 
4JHH 
<0 a) a> ^-N 

•H >£> rH 
M ifl rH 
rt M -p 
> +J a> • 

a) M-i 
l*H HH a) • O Pi 

H T) 
0) c 

a) c «j * 
u •H (0 a) 
3 H 3 rH 
tr 0 to 

•H c x: u 
tu •H p to 

163 



luodoad sv (»yV» 
"B   JO   NOIlHOdOMd sv(»)^sv 

164 



too ,->+<*© 

r2 = (T& = I Sw(k)dk = V kSw(k)d(logek) (13) 

'O        ^-00 

Thus, twice the total energy per unit mass of air is given by the area 
under the curve of kSw(k) against loge k and the area under the curve 
kSw(k)/ <x2  is unity.  Usually Equation 12 is adjusted to fit experi- 
mental data by selecting Ls so that the calculated and experimental 
distributions kSJk) have a maximum at the same value of k.  A compari- 
son of theoretical and experimental distributions is shown in 
Figure 4 13 .  We shall follow the common practice of referring to 
Sw(k) as a power spectral density even though in reality it is a mean- 
square-value-density spectrum. 

NUMERICAL RESULTS 

Wind Velocity Gradients 

The resultant moment experienced by the airship is evaluated from 

N+L/2 
M - \      (^)xdx (14) 

J-L/2 

by using Equations 2 and 3 and setting u = (du/dx) (L/2 - x).  The 
results are shown in Table I for (du/dx) = 0.01, 0.1, 0.2, and 0.3. 

Atmospheric Turbulence 

If H(k) is the response function describing the resultant couple when 
the airship is subjected to a transverse velocity wave of unit 
amplitude, then the mean square value of this moment is given by 

p+00 

M2r.m.s. " \ |H(k)|  Sw(k)dk (15) 

if Sw(k) is a stationary function.  Using dk = dk/(HL) and dk = 
kd(logek) Equation 15 becomes 

,2 Mr.m.s. =TT^T \ [H(k)|2Sw(k)fcd(log p£)     (i6) 

■00 

After setting 

Equation 16 was used to evaluate Mr m s  in response to the atmospheric 
power spectral density function given"by Equation 12.  Two cases were 

H(k)|   -MM2 (17) 

REPRODUCIBILITY OF THi; 
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consiaerea" .     (1)   Cap »l™*^^ obäfneairo^n'aL^laneTl^ht 

frJoTSSS S."t "i SÄ~     «"  „.Ulf  are  sHown » .-l- *• 

S^e^^e^an^^/ya-o^eeponain, to th. t«-,-g — 

was obtained by Munk 
^___i_— (18) 

2R k2 ~ *1 

Equation 1 was used in Case 1, »£ *[f f Seek™ ^numerical"' 
^eement of f--^SrSS'^SrSL5^1^«^' the approxima- 
methods and also confirm , W^ation 2. 
tions Munk used in deriving Equ ^ current 

cases Six through Eleven correspond to si^1™* ^vertical veloc- 
knowledge of the atmosphere "« u"J;icS JeJocity was assumed to be 
iJy gradient was considered, the vertJ«l je  of

y
flight.  The resul- 

ipro at the tail and increase in the direc       beCause the sine of 

are not fully satisfactory for our P^pose^ VXJ^These 
adiusted to this height, and the re u    equations is included. These 
application of the V™* Wc%*££l£lä  turbulence found in the 
results show that the values °f ^^P^ificantly less than the 
i??prature produce a moment which «a1?"1" ill aIr.  However, the 
moment produced by realistic ™>^rs in stil 1    ^ _n  th der- 
vertica! velocity 9«dient8 at an^ltitude^ ^ iarger fchan the 
«*-nrm produce a moment which is ^"^ 
moment

Pproduced by maneuvers in still air. 
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N76-15030 
AN AERODYNAMIC LOAD 

CRITERION FOR AIRSHIPS 

Donald E. Woodward* 

ABSTRACT: This paper derives a simple aerodynamic bending moment en- 
velope for conventionally shaped airships. This criterion is intended 
to be used, much like the Naval Architect's "standard wave," for pre- 
liminary estimates of longitudinal strength requirements. It should 
be useful in trade-off studies between speed, fineness ratio, block 
coefficient, structure weight, and other such general parameters of 
airship design. 

INTRODUCTION 

The longitudinal, or beam, strength of an airship is obviously of fundamental impor- 
tance to its design. It would be of great convenience to the designer, therefore, 
to have an envelope of the maximum bending moment distribution over the airship's 
length. This paper derives such an envelope from theories and experiments in the 
literature, and attempts to show that it is neither uneconomically severe nor rashly 
lenient. 

In the early days of airships, speeds and dynamic pressures were low, and static 
loads were the major ones to be resisted by the hull beam. By the end of World War 
I, however, performance had improved so that aerodynamic loads were as important as, 
or even preponderant over, static loads. This was made dramatically evident by the 
succession of large airships which were lost as the result of aerodynamic over- 

* Consultant 
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loading of their longitudinal strength. 1^38 in 1921 focused attention on circling 
flight and sudden extreme control maneuvers. Shenandoah in 1925 emphasized the 
hazards of strong vertical gusts. Finally, although Macon had been designed with 
gust effects in mind, her loss by fin failure in 1935 led to a critical review of 
airship design and contruction by the Durand Committee. This review concluded that 
there was insufficient understanding of the effects of gust loads, both as regards 
overall structural loads and local fin loads. 

At the recommendation of the Durand Committee, the Navy contracted with the Daniel 
Guggenheim Airship Institute (DGAI) to conduct a broadly based study of this problem. 
The results of this study up to 1940 are summarized in Reference 1; they comprise 
wind tunnel, whirling arm, and water tunnel experiments on airship models, and a 
meterological investigation of atmospheric gustiness. 

The essential elements of a correct theoretical approach had already been established 
in 1935 (References 2 and 3). But the actual work of setting up the equations, ob- 
taining a solution, and finding quantitative results was not completed and published 
until 1958, when Calligeros and McDavitt reported work they had performed at M.I.T. 
under contract to the Bureau of Aeronautics.4 

The larger part of this paper will consist of a description of the Calligeros-Mc- 
Davitt theory and its numerical results, and of the DGAI experiments, with a com- 
parison and reconciliation of the two. From the joint theoretical and experimental 
results, an overall gust moment envelope is constructed. Examples of the other _ 
types of aerodynamic loads --circling flight, abrupt control reversal, and lifting 
dynamically a static overload - are presented from the literature. They are shown 
all to fall within the gust moment envelope, which to some extent justifies the 
scant attention paid them here. This result also establishes the gust moment en- 
velope as the aerodynamic load criterion advertised in the title. 

Bending moments are generalized in the usual way, as a dimensionless coefficient de- 
fined by: 

Bending Moment = Cm q (Vol)
2/3 L (1) 

where (Vol) is air volume, L length, and q dynamic pressure. 

A discussion in terms of a discrete gust seems somewhat outmoded in comparison with 
the methods of spectral analysis common in airplane and missile aerodynamics, but _ 
is made necessary by the nature of the DGAI experiments. The powerspectral analysis 
would seem particularly appropriate fcr large airships, the lengths of which ap- 
proach the commonly accepted value of the scale of turbulence in the free atmos- 
phere. Happily, Reference 4 embraces both methodologies, and the agreement which is 
found between the discrete-gust formulation and the DGAI experiments lends confi- 
dence to the turbulent-spectrum approach. 

THEORY 

The theory develops the equations of notion of the airship in the usual manner. The 
physical situation is as pictured in Figure 1. The airship, at some angle of pitch 
0 and velocity V0 is encountering a gust characterized by a spatial distribution of 
transverse velocities W which can be specified quite generally. In the worked nu- 
merical example, the gust form is taken as a full cycle 1 - cosine with peak velo- 
city W0 any specified fraction of V and wavelength any given fraction of the ship 
length. The aerodynamic forces and moments acting on the airship are resolved into 
longitudinal, lateral, and rotation components, and the amount by which each set is 
unbalanced is equated to the acceleration multiplied by the apparent mass (or ap- 
parent moment of inertia). 

170 



The typical small-displacement linearizations of aerodynamics are then assumed, i.e., 
that transverse and rotary components are independent and their coefficients are 
directly proportional to angle of attack, angular velocity, etc. Both local aerody- 
namic forces and integrated aerodynamic stability derivatives are based on a modifi- 
cation of slender-body theory applied to the apparent cross-section distribution 
(i.e., including added-mass effects) taking as the base area the apparent cross-sec- 
tion of hull-plus-fins at the trailing edge. The equations can then be put into a 
dimensionless form suited to numerical solution, for any given airship form and gust 
assumption. 

As part of the determination of the equations of motion, the local aerodynamic loads 
are found; these, together with the inertial reactions of the distributed airship 
mass, are treated as loads on a free beam, integrated to obtain shears, and again to 
find the bending moment curve of the beam. This theory yields, for selected stations 
along the airship beam, a history of the bending moment at that station as a func- 
tion of the position of the airship with respect to penetration of the gust. The 
envelope of the maxima of the moments at these various stations would then be the 
design bending moment criterion we seek, if the theory were complete and exact. 
Other information obtainable from the theory includes the envelope of shear maxima, 
the lateral and angular positions of the airship and the derivatives of these quan- 
tities, and the local angle of attack and transverse acceleration at the fin center 
of pressure. 

Reference 4 also derives transfer functions for the airship responses and loads 
which, applied to an assumed or empirical random gust spectrum, yield RMS values of 
the displacements, velocities, accelerations, shears, moments, etc. 

The theoretical calculations just outlined were carried out for an airship approxi- 
mating to the ZPG-2W class of million-cubic-foot nonrigids. It was found that Cm is 
directly proportional to W0/V0, the ratio of peak gust velocity to forward velocity. 
The history of moment at any station is dependent on the ratio of the gust develop- 
ment length to the length of the airship, and peaks for a ratio of 1/2, although this 
maximum does not vary greatly between 1/4 and 3/4. Reference 4 only calculates the 
case of zero rudder angle. 

cm 
The full-line curve in Figure 2 is the envelope of peak values of ——— for the 
example airship. wo/Vo 

DGAI EXPERIMENTAL PROGRAM 

The DGAI tests measured the motions and resultant stresses which occur when an air- 
ship moves freely under the influence of gusts. These tests were made with self- 
propelled models in a water tank, a transverse current of controlled velocity pro- 
file simulating the gust. The gust profile approximated a one-minus-cosine transi- 
tion over a scale length of 400 feet, followed by a steady region at the full trans- 
verse velocity WQ. Model dimensions, and moments of inertia about all three axes, 
were scaled directly from the Akron. 

The experiments reported in Reference 1 were made with "Mark II" control surfaces, 
scaled directly from those actually used on the Akron. Later experiments 5,6 usec| 
other sizes and shapes of surfaces. Except in one case the maximum gust moments 
measured with these other surfaces all fell within the envelope established by the 
Mark II surfaces. The exceptional fins were of very high aspect ratio (for airship 
fins) and placed very far aft; their high moment values were only slightly above 
the Mark II envelope over the rear quarter of the model, and will be ignored for our 
simple design rule-of-thumb. 
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In addition to the measurements of 6:1 fineness ratio, a few results are available on 
a model of equal displacement and similar profile, scaled to a 4:1 fineness ratio. 

COMPARISON AND RECONCILIATION 

The results of the water tunnel experiments are plotted in Figure 2. The zero- 
rudder bending moments for the 4:1 model are shown as crosses, and those for the 6:1 
model with Mark II fins as circles. The small dots are moments on the 6:1 model 
when the rudder was not at zero, or was changing, during the test. Also plotted in 
this figure is the moment envelope of Calligeros and McDavitt s example airship, 
also with rudder fixed at. zero. 

Several observations can be made. First, there is good agreement between the mea- 
sured coefficients for the 4:1 model and the theoretical curve for the nonrigid. 
Second, although the envelope of moments over the forebodies is virtually the same 
for all three airships, the coefficients over the afterbodies are markedly higher 
for the two rigid airships' models in comparison with the theory. Furthermore, this 
difference is more marked for the 6:1 model than the 4:1 model. Third, use of rud- 
ders during the gust encounter is seen to increase negligibly the envelope over the 
forward two-thirds of the ship, and in fact may greatly reduce the moments over this 
part of the ship. Only just forward of the fins does the use of the rudders in- 
crease the moment significantly, by up to 40 per cent. On the other hand, reduc- 
tions of as much as 50 per cent may also result even at this far-aft station. 

The agreement between theory and experiment increases confidence in both, but it is 
still necessary to explain the discrepancies. Three factors suggest themselves: 
inadequacies of theory, differences between nonrigid and rigid airships, and dif- 
ferences in the assumed gust shapes. 

The approximations mentioned in discussing the theory are, of course, inadequacies. 
The small displacement linearization of the equations is significantly in error, 
because the displacements are not small and the aerodynamic coefficients are not 
constant; the rotary derivatives, for example, have been shown to have a strong de- 
pendence of angle of attack.7 The use of modified slender-body theory, although a 
qood approximation for obtaining the airship motions, is quite incapable of express- 
inq the generation of distributed lift over the afterbody and the downwash of the 
hull upon the empennage, i.e., the local dynamic loading in the area where theory 
differs most from experiment. 

The only notable difference between the theoretical nonrigid and the rigid models is 
in mass distribution, which in the nonrigid is highly peaked in the vicinity of the 
center of buoyancy. This might make the nonrigid more quick to respond in pitch and 
thus accelerate away from the gust more rapidly, before the fins were in the trans- 
verse flow. However, the difference in terms of the ratio of radius of gyration to 
length is only about ten per cent between nonrigid and the 6:1 model, so this effect 
is probably not a major one. 

A third explanation of the envelope differences is found in the gust forms. The 
theoretical calculation assumes a full-cycle 1-cosine profile, while the profile 
actually achieved in the water tank approximated a half-cycle; both were about 
equally proportioned to ship length. Thus, when the theoretical airship had pene- 
trated a full ship length from the entry to the gust, its lateral velocity had al- 
most peaked and was rapidly damped out thereafter, while the rigid models at the 
same stage had not yet achieved their final lateral velocity, but were still ac- 
celerating in a cross-flow. This would cause the same aerodynamic loading on the 
rigid models as in nonequilibrium pitched flight, resulting in a bending moment in 
the same sense as the transient moment cause by the gust. 
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These physical arguments give qualitative assurance, at least, that the sign of the 
difference between theory and experiment is correct. On these bases, a safe envel- 
ope for gust bending moment coefficients, in terms of Cm/W0/V0, will be bounded by 
straight lines starting at 0 at the nose of the airship, increasing to 0.065 at 0.3 
length, then to 0.10 at 0.5 length, constant to 0.65 length, and then decreasing 
linearly to 0 at the stern. 

EXAMPLES 

In order to compare the gust bending moment with other hull bending moments, it is 
necessary to adopt some definite value for the maximum gust velocity. The DGAI sum- 
mary report, considering all available published data on gustiness as well as fresh 
information obtained by DGAI, concluded: "It is suggested that 35 ft/sec cross wind 
should be considered as a maximum value which might occur in weather conditions whose 
severity is not necessarily recognized even by a skilled pilot." More recent data 
do not seem to require much change. 

The remaining two figures plot some examples of the bending moment envelope derived 
here against various measured or calculated airship aerodynamic moments. Figure 3 
groups a number of such results for the U.S.S. Shenandoah, for which fairly exten- 
sive data are available in the literature. The Shenandoah's top speed was 91 ft/sec, 
which with 35 ft/sec maximum gust velocity gives W0/V0 equal to 0.385, so the peak 
of the moment coefficient envelope is 0.0385. At an altitude where atmospheric den- 
sity is 0.0021 slugs/cubic ft, the corresponding bending moment is 3,950,000 Ib-ft. 

Curve L is a dynamic lift case, taken from Burgess1 Airship Design.8 It results in 
about 50 per cent greater moments than were actually ever contemplated in the Shen- 
andoah design.9 Curve A represents a modification of L, following a suggestion by 
ArnsteinlO that the maximum bending envelope could be derived from that for maximum 
dynamic lift by multiplying by a load factor increasing elliptically from 1 at mid- 
length to 3 at the ends. Curve C represents circling flight at full speed at a 
radius of 3,000 feet, based on curved model tests.7 Curve R is for sudden rudder 
reversal, based on a control surface normal-force coefficient of 0.4, which is 
probably as much as can be obtained by deliberate maneuvers. The curve labeled N 
is a rule-of-thumb due to Naatzll that the maximum value of Cm is approximately 
0.01; presumably this will fall off to zero at the ends according to some curve such 
as shown. Curve G results from a Goodyear report^ which states that gust loads "for 
conventional airships" have long been calculated by using an effective angle of 
attack of twice the arc tangent of Wg/V0, on the basis of two exceptional measure- 
ments of such high angles in the DGAI water tank tests. Curve X is that calculated 
by Burgess9 as possibly corresponding to the conditions which broke the Shenandoah's 
hull at Frame 125. Point LW represents a maximum-power turning moment on a theory 
due to LewittJ3 Point B is an actual measurement by Burgess while the Shenandoah 
was flying over the Alleghenies in rough weather.9 

Figure 4 collects together data on four airships, together with their bending mo- 
ment criteria as derived here. Points labeled LA-T, LA-R (which are indistinguish- 
able) and LA-G are, respectively, moments measured on the Los Angeles in steady 
turning, sudden rudder reversal, and flight through gusty weather. (14) Point RS-1 
is a measured moment at the midpoint of the keel of the U.S. Army semirigid RS-1,'° 
when encountering a gust which caused pitching through +25°. A curve is presented 
for moments due to rudder reversal calculated by Schwengler for a 7,000,000 cubic 
foot paper design.^ Finally, the design bending moment curve for the Akron^ is 
shown, the only one which anywhere exceeds the proposed moment criterion. 

The weight which ought to be given to these examples differs widely in the various 
cases. However, the fact that virtually all lie completely within the gust moment 
criterion derived here, and that the most severe of the examples approach rather 
closely that criterion, does give some credibility to the contention that the simple 
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envelope given is a useful rule-of-thumb for determining the preliminary longitudi- 
nal strength requirements of new airship designs. 
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N76-15031 
THE PLANAR DYNAMICS OF AIRSHIPS 

Frank J. Regan* 

ABSTRACT:  This paper will consider the forces and moments 
acting upon a LTA vehicle in order to develop parameters 
describing planar motion.  Similar expressions for HTA 
vehicles will be given to emphasize the greater complexity 
of aerodynamic effects when buoyancy effects cannot be 
neglected. A brief summary is also given of the use of 
virtual mass coefficients to calculate loads on airships. 

SYMBOLS 

C Drag coefficient 

C Pitching moment coefficient, My/QS£ 

C » Cm/3 (q«./2V) 
mq 2   2 
C • ■ 3 Cm/3 (qjr/2V) 
mq 
C 3 Cm/3 a 

C • 3 Cm/3 (ÖJI/2V) 
C Normal force coefficient, Fz/QS 
z 
C 3 Cz/3 (qH/2V) 
zq 22 
C • 3 Cz/3 (qjT/2VZ) 
zq 

Cza 3 Cz/3a 

Czä 3 Cz/3 (4Ä/2V) 

D Drag force 
g Gravitational acceleration 

* Supervisory Aerospace Engineer, Ü. S. Naval Ordnance Laboratory 
Silver Spring, Maryland 
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g g (1 - 1/S) 
ly Transverse moment of inertia 

Ky Transverse radius of gyration, J Iy/mi. 

L Body length 

l Reference length, body length 

My Pitching moment 

m Body mass 
2 

Q Dynamic pressure, l/2pVo 
2/3 

5 Reference area, V 

s Airship density to medium density,  b/p 

Vo Airship speed 

V Airship volume 

Xe,Ye,Ze  Inertial axes 

X,Y,Z Body axes 

Z Normal force 

a Angle of attack 

6 Angle of pitch 

(j, Velocity potential 

p Density 

INTRODUCTION 

In studies of the dynamics of Heavier Than Air (HTA) vehicles, effects 
due to buoyancy are almost invariably neglected.  Sustaining force is 
the result of relative motion existing between the HTA vehicle (or at 
least some portion of the vehicle) and the surrounding air mass.  In 
short, the lift or sustaining force associated with HTA craft is 
entirely dynamic. 

A somewhat reverse situation exists in the case of Lighter Than Air. 
(LTA) craft.  The principal sustaining force comes from buoyancy, with 
perhaps a small additional force (about 10 percent) available under 
some conditions from dynamic lift.  To put the comparison between LTA 
and HTA craft on at least a semiquantitative basis, it is convenient 
to define a relative density parameter, s, as 

It may be seen that s is of O (1) for a LTA vehicle, while for a HTA 
s is no less  than O (10+2) and for most cases 0 (lO**). 

In addition to buoyancy playing an essential role in LTA dynamics, 
there are in addition dynamic effects which for convenience might be 
lumped in the terms virtual mass.  Such dynamic effects are taken to 
mean forces and moments arising from (and hopefully linear with) 
angular rate or linear acceleration.  These virtual mass effects are 
essentially reactive forces and moments caused by imparting an angular 
velocity and a linear and angular acceleration to the surrounding air. 
Like buoyancy these virtual effects are usually neglected for HTA 
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craft; for LTA vehicles, however, such effects form an essential part 
of the loads acting on the craft.  Thus such effects enter prominently 
into any considerations of stability. 

No originality is claimed in the following development of either the 
mathematical model of planar dynamics or the subsequent load calcula- 
tion methods.  The equations of planar motion originated with ballisticians 
such as Murphy (!).  However, because of the negligible effect of 
buoyancy, great simplifications are possible in the aeroballistic 
formulation.  As will be shown, the airship equations are far more 
complex.  The load calculation techniques follow from Bryson^2)origi- 
nally and have been presented by Nielson^'. Again these methods are 
applied to LTA vehicles rather than the HTA missiles which were the 
original motivation for Bryson's work. 

DYNAMICS OF PLANAR MOTION 

Consider an airship undergoing planar motion as illustrated in Figure 
(1) below 

vsiN(0-a) 

FIG. 1 FORCES AND MOMENTS ACTING ON AIRSHIP 

The axes Xe,Ye,Ze  are the inertial axes, while X,Y,Z  are body-fixed 
axes.  The equations of planar motion are the forces along axes Xe,Ze 
and the moment about axis Ye.  Note that because of the definition of 
planarity axis Ye is identical to axis Y. 

The moment and two force equations may be written as 

m YCos (e - O - F* Co so ä-D (2a) 
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w*ic= F^Cose- FxSme-v-mgO- -§) (2b) 
lg= My (2c) 

where s is the relative density parameter of equation (1). In addition 
to the three load equations above, figure (1) also provides the follow- 
ing kinematic relationship: 

Je ~-YSvn(&-o<) (3a) 

which gives upon differentiation 

j£. = -~V"Sm C6-°0 -~V""Coste-°0Lö -*"]        Ob) 
Under the assumption that the X axis does not greatly vary from the 
horizontal, Xe, it is possible to restrict 6 and a to small angles. 
Subject to such small angle restrictions equations (2) and (3) become: 

rvlV»-D=-F* (4a) 

wi Je * ?z -^e -v-wig (1- '/s) (4b) 
I^e^XyQ-MY (4c) 

£c = -vce-°0 <4d> 
£e = -V(6-^-VCd-«0 

(4e) 

A first step might be the substitution of equation (4e) into equation 
(4b) to give: 

-Vn[V(6-°0-t"v(ö-^> F^-Fx6+vne0- s)  (5) 

Equation (4a) may now be used to eliminate V in the above expression 
resulting in: 

D(e-°0- mTCö- H) = ^ -t-De-vm^O- \) (6) 

The above expression may be altered by introducing the following non- 
dimensional force coefficients 

cD = 0 (ip v:s)-1       c*- ^(i^s)"1      {7) 
The coefficient Cz may be expanded in a Taylor series as 

Equation (6) may now be written in terms of Cz and CD as 

It is now possible to simplify equation (9) somewhat by the following 
redefinitions: 

c*-<i(gWi^-C(^-)i3-9°-« (10) 
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Equation (10) now allows equation (9) to be rewritten and then rearranged 
as 

(^,+&)^-&^«cfr&<Z-vr ui) 
7 

Equation (4c), the moment equation, may be written as: 

i=m)c»-($T(ä!m Km (12) 

where M has been replaced by C  (ps«.VV2) •  Again replacing C by a 
Taylor *   series in a, a,   q, and q and using the starred quantities 

(13) 

gives for equation (12) 

Equations (11) and (13) are now the basic equations of planar motion. 
The final goal remains to eliminate one of the variables between these 
simultaneous equations.  For the present purposes the variable q will 
be eliminated and a single differential equation of motion in a  will 
be written.  As might be expected, this single equation is quite com- 
plicated.  Before presenting this dynamic equation in a tractable form, 
an outline of the procedure will be given. A fairly straightforward 
approach is to eliminate q between equations (11) and (13).  The 
resulting equation containing q, a, and 5 is then differentiated to 
give an expression in q, a, a, and a.  Returning to equations (11) and 
(13), eliminating this time q between them now provides a second 
expression q, a, &, and ä.  Elimination of q between these equations 
gives the single dynamic equation in a, a, and a.  In carrying out 
the above manipulation it is necessary to perform the differentiation 
of (Jr/V) .  This operation may be written as, 

(14) 

The single equation in a that will represent dynamic planar motion 
will be written as: 

where 

H = 

***(*)*-M.ßJ*-A>äf)U, 
[i-^[c0*<]fCH^2c*^o-cgxc!;+^c:; 

M,- 

M 

^-v*/.* 

•Cf?tC.*-C.-C^D-^] 

(15) 

(16a) 

(16b) 

(16c) 

-v* r* 
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G, (16d) 
to*-c*o-^c4i 

oft« introduces time into the coefficients.  This may be accomplished 

by writing i        .. 

where differentiation has been changed from time, t, to a non-dimen- 
sional arc length, (X/U.  In a similar fashion B may be written in 

terms of <X/i> as /VW* » 

By replacing time derivatives by arc-length derivatives, equation (15) 
now becomes a second order constant coefficient equation: 

« + 0\cCfti-K«m^ + G*$J (18) 

Admittedly, equations (16) are quite complex; for certain applications 
such as aeroballistics, great simplifications may be made. 

However, before considering this aspect of the problem, the conditions 
for stability of motion will be examined. 

STABILITY CONSIDERATIONS 

Equation (18) may be rewritten as 

«C» WW'v «OS*'- < <* + «*olJ      <19) 

where 

2 (20b) 

(20c) 

(20d) 

a£ - - Mi 

The term, x, is the dampYn'g factor of the air ship, the te rm, a^, is the 
undamped natural frequency.  Only for small values of  does  the 
body  oscillate at this frequency;  in the presence of a significant 
amount of damping the planar oscillatory frequency, wd, is less than 
the undamped frequency, «„.  The damped planar frequency, u>d, can be 
expressed in terms of X and wn as 

The term «A in equation (20c) is the trim angle of attack due to aero- 
dynamic asymmetries, while af in equation (20d ie the trim angle of 
attack due to gravitational path curvature.  With regard to the term 
of, it might be of interest to note that if the airship is neutrally 
buoyant, i.e. s - 1, then from equation (10) g = o and hence from 
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equation (20d), a0
g must be zero. 

There are two conditions for oscillatory motion.  These are: 

kcwn (22a) 

and. 
Cut    > 0 (22b) 

The former condition allows us to write for the equality X = \Q  = wn# 

<Vd - Vnfo-   (VAC)1 (23a) 

where (X/X ) is often called the damping ratio. 

The condition for oscillatory motion given in equation (22b) is that 
u) is real which, in turn, from equation (20b) requires that 

Mt < O (23b) 

Under the condition where equations   (22b)   and   (23b)   are satisfied, 
stability   (subsident motion)   requires  that 

*A=L  tHl-C?]>0 (24a) 
CüJ«   -M,  >0 (24b) 

Thus to assess dynamic and static stability (equations (24a,b) respec- 
tively) it is necessary to assign numerical values to the derivatives 
contained in equations (16a) and (16b).  Numerical values for these 
terms are contained in Table I.  While these values may vary with 
airship dimensions, they have been computed for the airship shown in 
Figure (2) below.  An outline of the computational technique is given 
subsequently. 

Z\ = [H,-C;h 

-c* 

Inserting values from Table I gives, 
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-.0437 

-.23-1 -. o4E7= -Z78 

Quite obviously the inequality of equation (24a) is not met so the air- 
ship is not dynamically stable. 

In considering the oscillatory frequency relationship for static 
stability (equation (24b)) we may write: 

It can readily be shown that since the term in the braces is multiplied 
by C* it is rather small. This allows the above expression to be numer- 
ically evaluated as 

Obviously the second condition of equation (24b) is not met. 

It might be expected that numerical values of the stability derivatives 
would vary from airship to airship.  However, it would appear that no 
general simplifications may be made in the E±  and M]_ coefficients 
except to omit terms multiplied by C*.  The results seem to indicate 
that for a satisfactory description of planar dynamics it is necessary 
to calculate the eight stability derivatives of Table I.  Drag, as we 
have noted, is relatively unimportant for estimating the planar dynamics, 

In passing it might be of interest to examine the equivalent expres- 
sions for H1; Mi, A-,, and Gj_, which are satisfactory for an HTA vehicle. 
If quantities such as q&$,  Cgg, C* , and C*^ are ignored along with 
the product of starred quantities one, has 

H^-tC^ + kjCC^+C*^] (25a) 
lul    V-^r^ (25b) 

G, - -104)^*1 
Quite clearly the criteria of equations (24) are met when C*  + C*^ 
and Cma are negative for the HTA vehicle.  An examination of equations 
(16a) and (16b) quickly show that dynamic stability cannot depend upon 
such simple criteria in the case of an LTA vehicle: stability consid- 
erations are far more complex for the LTA vehicle. 
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For a typical airship we have seen that the motion consists of one 
exponentially undamped mode and one exponentially damped mode since 
from equation (19)         

\^ -* tf/^5 - -X±VA*+M» (26) 
and using A = -.139 and Mi = 1.73 we obtain 

Xx = .479     A2 = - 1.18 

As is well known, the fixed-wing HTA vehicle usually evidences two 
damped oscillatory modes. 

CALCULATION OF AERODYNAMIC LOADS 

A fairly straightforward method of calculating static and dynamic loads 
on an airship is the method of virtual mass.  While this technique has 
its origin in the work of nineteenth-century hydrodynamicists, it has 
been applied with some success by Brysonl2' to HTA vehicles.  Since 
space limitations do not permit even an outline of the derivation, 
reference should be made to either Bryson's work'2'or the more readable 
treatment of Nielson^3). 

Through the use of this virtual mass technique it may be shown that the 
derivatives used in the previous expressions for Hi and Mi are given as, 

Q   = -ZBC*-2Att <27a> 
C£s -4B„ <2?b) 

CW=r   iC„ (27d) 

Cn* * -*CH C$+Z (z)bPÜ +2*1 (27e) 

CW^ = 4CU    _ <27f> 
CrV-«(lU-1Q (27g) 
r-  =-^Du (27h> 

where 

'II 

for body-alone and that 

% 

fl„=TTÖÖ^/5 (28a) 

Jw^tf 

for the body in the presence of fins.  a(x) is the body radius as a 
function of body station and s(x) is fin span (center-line to tip) as 
a function of body station.  In addition B^, Cn and Du are defined 

Pfy) (29a) 
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port. 

rW* 
"^ * %)* 

(29b) 

(29c) 

when "n" and "b" refer to nose and base respectively. 

The above integrals have been evaluated numerically for the airship 
shown in Figure (2)from tabular values of a(x) and s(x).  The calcula- 
tions of equations (27) were carried out to give the results shown in 
Table I. 

LENGTH (FT) DIAMETER (FT) VOLUME (FT3) MOM. OF INERTIA (SLUG-FT*) 

517 120 4.4X10*6 1.42X10+8 

FIG. 2 REPRESENTATIVE AIRSHIP 

TABLE   I 

Sk C** Qr Cjj- *** ** 
c»r CY 

• Ö3I&S- -I.4S8 \dq - ors(> 7306" -076*6 +-•0/5"« -097AST 
+ 6 

Also calculated in the program is the airship volume V = 4.4158 x 10 
Assuming neutral buoyancy it can be shown that (pSL/2m), equals 1.57, 
which together with values in Table I allows the starred derivatives 
(equation (10)) to be calculated. 

CONCLUSION 

This paper has taken a brief look at the hydrodynamic complexities of 
planar dynamics of airships.  It has been shown that the equations of 
motion for a LTA vehicle are far more complex than the corresponding 
equations of a HTA vehicle.  A method has been presented for calcula- 
ting all loads (except drag) acting on a moving airship. 
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N76-15032 
FLOATING vs. FLYING, 

A PROPULSION ENERGY COMPARISON 

Fendall Marbury* 

ABSTRACT:    Floating craft are compared to those that fly.   Drag/ 
weight for floaters is shown to be proportional to VVL, while for 
flyers it is independent of size and speed.   The transportation 
market will therefore assign airships to lower speeds than airplanes, 
and will favor large airship sizes.   Drag of an airship is shown to 
be only 11 percent of submarine drag at equal displacement and 
speed, raising the possibility that airships can compete with some 
types of ships. 

INTRODUCTION 

Excitement over airships is again on the rise, and many expect their second coming, 
including this author.   As a result of this ferment, the air is already full of proposals, 
some alleged to float, others in part to fly, all claiming to be advantageous. 

Nor are floating and flying confined to airship proposals.   When airships reenter the 
transportation business, they will be in direct competition with ships that float in 
water, airplanes that fly in air, and a growing variety of craft that fly on water. 

This therefore seems to be the right time, and this Workshop a suitable occasion, 
at which to take stock of floating and flying in air and in water.   The groundwork 
has already been done, and all that remains is to organize the data so that useful 
comparisons can be made.   Hopefully the results will be helpful both in sorting 
out airship proposals and in steering airships towards their proper place in the 
future transportation picture. 

* Naval Architect,  Ketron,   Inc.,  Arlington,  Virginia,  U.S.A. 
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DRAG PER UNIT DISPLACEMENT AS A CRITERION OF COMPARISON 

The general standard of comparison in this paper will be the ratio of drag to displace- 
ment, both being measured in the same units, or its equivalent for flying machines, 
drag per unit weight.   This is in effect a craft's friction coefficient, the best single 
index of its energy consumption, and one of only a few important determinants of its 
economic performance. 

Consider for instance a craft traveling a distance E from one place to another, having 
drag D and displacement or weight W.   Then, 

Q = D E (1) 

0 being the energy consumed by the trip, and 

T*vWE (2) 

T being the amount of transportation produced or producible by the trip.   It follows 
that the ratio R of energy consumed to transportation produced is 

R = £«/£- (3) 
*     T      W 

Other things equal, a craft burns fuel in direct proportion to its drag-to-weight ratio. 
Besides having to be bought, the fuel must also be carried, detracting from the ability 
to carry a payload in all but nuclear-propelled craft.   It follows that, as the drag-to- 
weight ratio goes up, the upper limit on endurance comes down. 

The market for transportation has imposed a selection process on the various types of 
craft and their particular designs.   The market will accept higher drag-to-displace- 
ment only if it gets something in return.   What it usually gets is more speed, which 
has value on the market.   As a result, if the craft which coexist at any time are 
ranked in order of ascending drag/weight, most of them will also be in order of as- 
cending speed.   The exceptions, many of them watercraft, will be found to have 
something else to offer, often a combination of lower first cost and access to more 
numerous or cheaper terminals. 

Compared to other craft, airships have never come at a low price per pound, nor are 
they known for easy handling at terminals.   If airships can have any fundamental 
advantage over competing craft, it is probably a lower drag per ton.   It will be 
shown that this advantage can indeed be substantial, but that proper choices of 
both size and speed are required to realize it. 

FLOATING 

Floating Itself 

Craft that operate in air or water must be sustained from sinking to the ground, and 
floating is the most popular method of doing this.   In this application, it has two 
notable characteristics: 

Floating in the usual steady state consumes no energy.   This no doubt accounts for 
its widespread use and is part of the reason that boats were already well developed 
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at the dawn of recorded history. 

The second feature of floating is that it ties craft volume to craft weight.   The buoyant 
force results from the higher static pressure on the bottom of the craft than on the top, 
and by Archimedes' principle it is equal to the weight of fluid displaced.   The buoyant 
force on a floating craft must equal its weight.   In the usual notation, this requirement 
is: 

W=/»gV (4) 

where W is craft weight, p the mass density of displaced fluid, g the acceleration of 
gravity, and V the immersed volume.   With airships as with submarines, V is constant. 
If anything is brought aboard, something else of equal weight must be taken off. 
During the first airship era, this nearly inflexible requirement cost substantial amounts 
of time, money and lift gas1.   The classic Zeppelin cannot actually remain much 
Lighter Than Air; it has always to be about the same weight. 

Drag/Weight for Floating Craft 

The weight-volume relationship (4) has an effect on the drag/weight ratio of floating 
craft, which will now be developed. 

Drag - With hulls as with most other objects, the drag due to motion through a fluid 
is most conveniently expressed as: 

D=C7fSv2 (5) 

where v is the velocity of the motion, S is some characteristic area of the object, 
and C is a dimensionless coefficient.   When the object's shape is such as to deflect 
the flow or to induce strong turbulence, most of the drag is in the form of pressure 
differences across the object, and C is constant.   As {/>/2)v2 is the stagnation 
pressure of the flow, it is the custom to take S as the object's cross-sectional area 
normal to the flow and to think of C as the average fraction of stagnation pressure 
which acts on the object.   Drag of this type is called "pressure drag" . 

Hulls, however, are designed specifically to minimize pressure drag.   They do not 
as a rule deflect the flow, nor are many turbulence-inducing objects allowed to stick 
out of them.   The passing flow remains attached to a good hull far aft, with the re- 
sult that the pressure buildup around the bow is balanced by similar pressures on the 
stern.   Net pressure drag can be and often is quite low, in the sense that C is much 
less than unity. 

What hulls cannot be designed to avoid is frictional drag.   Be they never so smooth, 
it is still substantial and is the largest single drag component of ships at low speeds, 
and of airships and submarines at all speeds.   As friction acts tangientally on the 
hull's envelope, it is customary to use the wetted surface, or area of the envelope, 
as S when equation (5) is used on a hull.   For C{, the frictional resistance coefficient, 
one uses the value for a flat plate having the hull's length and speed. 

Cf is not quite constant; it diminishes slowly as the Reynolds number vL/V rises. 
If frictional resistance were fitted to an equation like (5) with C constant, the expo- 
nent of v would be in the range 1.8 to 1.9, slightly less than 2.   To simplify the 
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following discussion, it will be assumed for a while that equation (5) holds for 
turbulent friction with a constant drag coefficient. 

3 2 
Drag/Weight - For goemetrically similar hulls, V is proportional to L    and S to L   . 
Calling the constants of proportionality Cu and C_, and using (5) and (4), 

D    =  Ct(l/2) p C    L2 v2    =   C^    _^2 (6) 

W /> g Cv L3 2 Cy    g L 

Drag/Weight for a hull is seen to be directly proporational to v /L.   The non- 
dimensional quantity v /gL happens to be the square of the Froude number, a 
common speed parameter for surface ships.     Two geometrically similar surface 
hulls will have the same value of wavemaking R/W when run at the same Froude 
number.   Its appearance here, where no wavemaking is involved, is coincidental. 

Equation (6) is important, because it points out clearly the direction in which to seek 
transport efficiency for ships, including airships.   Ships should be large and not too 
fast.   A small, fast ship or airship is apt to be a technical tour de force and an 
economic disaster. 

Air vs. Water Performance 

At present, nearly all floating craft operate in water.   Here in this Workshop we are 
studying the proposition that more of them should operate in air.   It will therefore 
be in order to make a couple of air/water drag comparisons. 

Same Object at Same Speed - Assuming pressure drag for this simple case, every 
quantity on the right-hand side of (5) is the same for air as for water, except the 
mass density.   Typical values of mass density are 0.00238 lb-sec^/ft   for sea- 
level air and 1.99 lb-sec^/ft^ for sea water at 59°F.   Using these values, with 
subscripts a and w for air and water, respectively, 

D /> 
zr   =  —  = 0.00120 (7) 
Dp w        ' w 

As anyone who has gone wading can testify, air drag is negligible compared to water 
drag, on the same object.   This result explains the typical appearance of ships, 
clean on the bottom and cluttered on top.   In fact, ships have little to fear from wind, 
while it ranks as a major threat to airships. 

Same Displacement at Same Speed - While (7) may be interesting, it is hardly a fair 
basis on which to compare air and water craft.   In this section an airship will be 
compared to a geometrically similar submarine.   Both will have the same displace- 
ments well as the same speed, making the ratio of their drags an estimate of their 
relative fuel consumptions to produce the same amount of transportation.   Drag will 
be assumed frictional, though in fact it has a pressure component. 

Using (4) with W   = W    and with the density ratio in (7) the hull size ratios are 
first obtained: 

190 



V a 
V w 

-"   = 836 
/>a 

L a 
L w 

8361/3 = 9.42 

S a _ 
S w 

8362'3 = 88.7 

(8) 

(9) 

(10) 

showing that the airship is enormously larger than a submarine of equal displacement. 
The ratio of their Reynolds numbers will now be computed using for dynamic viscos- 
ities, V   = 1.56 x 10~4 ft /sec for air at sea level, and V    = 1.28 x 1CT5 ftVsec 

a n 
for sea water at 59°F. 

R L V 
_Jja=_a J=o.77 (11) 
R L */ nw       w        a 

g .       _ _  _     ..8 
To use (11), let R      = 10   , which is entirely possible.   That makes Rna = 7.7 x 10 
From the table of Scnoenherr flat-plate friction coefficients2 

gfe.l.58xl0~3„lt03 (12) 

Cfw     1.53 x 10"3 

With little difference between air and water frictional drag coefficients, and no 
difference between the two pressure drag coefficients, the drag ratio that is about 
to be obtained will be a robust approximation, insensitive to the proportions of 
frictional and pressure drag, and therefore valid for a wide variety of hull forms, 
appendages, etc. 

Using (12), (10), and (7) in (5), the desired drag ratio is obtained: 

-3   =   0.11 (13) 
D w 

The airship has only l/9th the drag of a submarine of equal displacement at the same 
speed!   It follows that the airship could go from port to port about three times as 
fast as the submarine without burning any more fuel. 

The writer, a card-carrying naval architect, was at first unsettled by result (13), 
which makes it appear that airships might put ships totally out of business.   Further 
reflection made this appear less likely. 

For one thing, many ships can carry two or three times their light weights, while the 
navigable classes of Lighter Than Air craft do well to carry loads equal to their light 
weights.   For an airship to be competitive with tankers in energy consumption, it 
would have to be more than 7000 feet long by 1000 feet in diameter, while operating 
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at less than 50 knots.    Winds being what they are, such a low-powered behemoth 
would be unsafe. 

Airships look much better for some of the marine express trades.   Container ships, 
Roll-on, Roll-off (RoRo) ships, seagoing ferries and passenger ships operate at much 
higher values of D/W than tankers, often five or six times as high.   All of them are 
lighter than the big tankers, and in many cases their payloads are less than half of 
full-load displacement.   Moreover, as is not the case with tankers, many of these 
ships' customers wish they were faster and would be willing to pay a premium for 
more speed. 

All this adds up to the possibility of a large commercial market for airships.   They 
are more difficult and costly to build than water ships, but in the matter of fuel costs, 
equation (13) leaves airship designers plenty of room for maneuver. 

FLYING 

Flying as an Escape from Hull Drag 

Where cheap transportation or long distance endurance is called for, a floating hull 
at low speed is unbeatable.   As equation (6) makes clear, however, the same hull 
will encounter rapidly increasing, arbitrarily high drag as speed is increased.   To 
make a craft go faster without becoming much bigger or heavier, one must do some- 
thing drastic to decrease the drag of the hull. 

In airplanes (and in land vehicles, for that matter) the strategy is to shrivel the 
hull, making it much denser than the air it passes through, so that its "wetted" 
surface is far smaller than that of an airship of the same weight.   This approach 
fails underwater, because only solid lumps of metal have the required density, and 
they do not make useful hulls.   The system used by high-speed marine craft is to 
lift the hull out of water, or almost out of water, so as to achieve the type of drag 
reduction illustrated by (7). 

Whatever is done, the result is a hull which cannot float while operating at design 
speed and must be supported by other means.   The simplest and most popular such 
means, for aircraft at least, is a wing fixed to the hull which generates the needed 
lift.   This method, called "flying", will be used for illustration here. 

Induced Drag, the Price of Flying 

Wing performance data can be condensed by the use of expressions analogous to (5)- 

(14) 

(15) 

where the symbols the same as before, except that L is the lift force, at right angles 
to the flow, and S is the wing's planform area, slightly less than half its "wetted" 
surface.   For a flying craft, L = W, the craft's weight. 

UL 1/2/oS v2 

D 

S 1/2 |»Sv2 
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Both lift and C    are directly proportional to the wing's angle of attack.   The drag has 
frictional and pressure components, as with a hull, but its characteristic component 
is the induced drag, the drag due to lift.   Eor a wing of elliptical planform (the most 
efficient planform), the drag coefficient is  : •» 

CD'Cd+    A (16) 

where c , is the coefficient of the hull-like drags and A is the aspect ratio, defined 
as b /S, where b is the wingspan. Using (14), (15) and (16), it is possible to write 
as expression for D/W while flying: 

C  2 

r 
c

ri   +   _£_ 
-D_ = _£_=_D_   = A_ (17) 
W-   L    "CL      " CL 

Bearing in mind that C   is determined by the wing section, angle of attack and A, all 
geometric properties or the wing or the flow past it, (17) has a remarkable property. 
Speed, size and weight all are absent.   To this first-order approximation, flying may 
be done at any speed (and size) with equal efficiency.   At craft design stage, more 
speed merely produces a smaller wing, leaving the product Sv   unchanged. 

Proof that flying D/W is indeed approximately constant can be found in what has 
happened to commercial aircraft since World War II.   As soon as suitable engines 
became available, their speeds tripled.   The cost of this advance was low in drag 
and fuel consumption.   In fact, the new jet airlines showed better overall economy 
than their slower predecessors. 

FLOATING COMPARED TO FLYING 

The behavior^ of D/W in floating and flying craft contrast strongly, the former 
varying as v /L, the latter scarcely changing over a wide speed range.   From 
this it is clear that low speed and large size favor airships over airplanes. 
This section presents the results of some rough airship performance calculations 
compared to typical flying performance.   One result is estimates of the speeds 
and weights at which both have the same drag, and would therefore burn about 
the same amounts of fuel. 

For the airship hull, DTMB Model number 4165 was used.   This is the best member 
of Series 58, a related group of bodies of revolution that were tested underwater 
at what is now the Naval Ship Research and Development Center, Carderock, Md. 
Its ratio of length to diameter is 7.0 arid its prismatic coefficient 0.60.   It looks 
suitable as an airship hull, and tests indicated its residuary resistance coefficient 
(pressure drag coefficient) to be 0.00037, based on wetted surface and using the 
Schoenherr friction line. 

Experience with past airships    indicates that a generous allowance should be made 
for the drag of control surfaces and other protrusions, which often had drag com- 
parable to that of the bare hull.   In the calculations presented here, residuary 
resistance coefficient is taken as 0.0004, and the allowance for non-hull drags 
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as 0.0016, for a total non-frictional drag coefficient of 0.0020, based on wetted sur- 
face.   For comparison, the friction drag coefficients ranged from 0.0019 to 0.0013, 
and were taken from ttee Schoenherr line^.   This makes the sum of the non-frictional 
drags greater than the frictional drag at all speeds.   It is intended to represent an 
airship performance level that can be achieved easily. 

Calculations were made at displacements of from 200 to 2 000 tons in sea-level air 
and at speeds to 200 knots.   The dimensions of the different-sized airship hulls are 
given in Table 1, while D/W is plotted vs. speed in knots on Figure 1. 

Table 1. 

Dimensions of Geosim Airships 

Displacement, Length, Diameter, 

Long Tons Feet Feet 

200 847 121 
500 1149 164 
1000 1449 207 
1500 1658 237 
2000 1825 261 

For comparison to the airship results, figure 1 also shows two levels of flying per- 
formance, lines of constant D/W at 0.05 and 0.10.   The former represents very 
good flying performance, well above average for flying generally but closer to a par 
performance for an airplane that might compete with airships.   Many sailplanes can 
do better, reaching D/W's in the neighborhood of 0.03, but a great majority of 
powered aircraft operate above the 0.05 line. 

The other line, at D/W = 0.1, is closer to typical performance For airplanes generally, 
but most planing hulls and many hydrofoils have higher D/W than this.   Taken to- 
gether, these two lines bracket most of the flying competition for airships. 

The speeds below which airships consume less energy than nearly all airplanes can 
be read directly from figure 1, ranging from about 90 knots at airship displacement 
200 tons to 135 knots at 2000 tons.   Airship speeds at D/W =0.1 range from 125 
knots at 200 tons to just over 180 knots at 2000 tons.   Higher speeds than these are 
unlikely to make sense, unless justified by special conditions. 

At the intermediate speeds, for instance 90 to 12 5 knots at 2 00 tons or 135 to 180 
knots at 2000 tons, airships will have flying competition.   The flying competition 
will probably operate at higher speeds, because, once enough drag is incurred to 
make flying possible, increase of speed is relatively cheap.   An airship, on the 
other hand, always has the choice of operating more slowly, thereby achieving 
greater economy and longer range.   Many water ships are doing this right now, the 
practice having become widespread about a year ago, when ship fuel first became 
scarce, then tripled in price.   This feature of floating craft has both commercial 
and military survival value, and no flying machine can do likewise. 

To conclude, figure 1 suggests the speculation that, within a generation or so, air 
transportation will have come to resemble the existing marine system.   The heavy 
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hauling will be done by large, floating ships, while most passengers and some 
freight of high intrinsic or time value will still fly. 

Figure 2 is provided for direct comparison of airships to craft for which readers may 
have data, being a plot of effective horsepower vs. speed in knots for the five dis- 
placements tried.   Those displacements were, as it happens, chosen with our co-host 
the Navy in mind.   Several hydrofoil and military planing-hull craft have displace- 
ments in the neighborhood of 200 tons, while 2000 tons matches both pre-World War 
II destroyers and the prototype Surface Effect Ships (SES's) now in development. 

Those destroyers made about 36 knots on 70,000 shaft horsepower.   Their effective 
horsepowers must therefore have been around 40,000, possibly higher.   Had they 
been airships, that much effective horsepower would have been good for about 100 
knots. 

Winged airships have been proposed, which partly float and partly fly.   A major 
motive behind these proposals is apparently to replace the balky buoyancy controls 
of past airships with something more accurate and faster-acting.   This analysis shows, 
however, that such a mixed-lift craft will incur a drag penalty. 

Suppose, for instance that such a craft has a hull of 500 tons displacement and a wing 
that supports another 500 tons, and that it operates at about 105 knots, where ac- 
cording to figure 1 both hull and wing have D/W of 0.05.   As also shown by figure 1, 
the same lift and speed could be achieved by a 1000-ton pure airship at D/W of 
about 0.04, burning 20 percent less fuel. 

This is not to say that mixed lift is wrong, because the problems it could solve are 
substantial.   However, the cost in added drag inclines the author to think that 
dynamic lift for airships should be used in moderation, much as it is in submarines. 
If only enough is provided to give the buoyancy controls time to respond to emer- 
gencies, then safety will be enhanced at small cost in fuel. 

CONCLUSIONS 

To recapitulate, the foregoing investigation suggests the following conclusions: 

Airships should be large, but not too fast. 

Bigger is better, just as with ships.   Large airships can have an operating speed 
which is, at the same time, high enough to stem head winds and avoid storms, and 
low enough to make them more economical to operate than airplanes.   For dis- 
placements under 2000 tons, this analysis suggests 80 to 12 0 knots as about the 
right speed range.   The upper limit could be increased a few tens of knots by careful 
design. 

For small airships, the demands of safety and economy conflict. If made fast 
enough for all-weather operation, they become non-competitive with airplanes 
through higher fuel consumption. 

Airships may become competitive with the faster types of ships. 

Compared to such ships, airships appear to offer the possibility of more speed 

195 



without more fuel consumption, while carrying the same payloads for the same 
distances. 

Wings on airships cause added drag. 

Small wings may well be worth having as fast-acting backstops for the buoyancy 
control systems, but large wings are suspect.   Wings improve airship drag-weight 
only at speeds so high that pure flying would be better yet. 
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LONG FLUID FILLED BAGS 

SUSPENDED BY LINE FORCES 

11. L. Hull ins* 

J. L. Duncan** 

ABSTRACT:    A previous analysis of fluid filled storage bags is extended 

to the case of a long fluid filled cylindrical membrane supported by 

uniform line loads.    Cross-sectional shape, stiffness of the support 

system and stress resultants in the membrane are determined.    The 

application of the numerical results to problems arising in the design 

of non-rigid airships is discussed. 

INTRODUCTION 

Long fluid filled bags are used for a variety of purposes and examples which^have 

been studied include sausage-like storage bags for oil portable silos       , 

inflatable structures including life-rafts (3), suspended cylinders*    and a variety 

of non-rigid pressure airships, "blimps", and semi-rigid dirigibles      . 

The long filled cylinder resting on a horizontal  flat base was considered by Demiray 

and Levinson.(1)    They obtained a solution for the stress resultants and the shape 

of the bag in repose.    In this present work, their analysis is employed and extended 

*Graduate Student, Dept. of Mechanical  Engineering, McMaster University, Hamilton, 

Ontario, Canada. 
**Professor, Dept. of Mechanical Engineering, McMaster University. 
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to apply to the case in which the long bag is supported by concentrated loads applied 

to the membrane along lines parallel to the bag axis. It is shown that the resu s 

can be summarised by functional relationships of non-dimensional parameters and some 

numerical results are presented. 

The solutions are relevant to the design of non-rigid pressure airships. In these 

vehicles the principal fixed weight, the car, is attached to the fabric envelope by 

a so-called »catenary" suspension system inside the envelope as shown m Fig 1. 

CATENARY SUSPENSION 

x\/\i/V 

Fig 1 
General arrangement of a non rigid pressure airship 

The envelope is maintained at a constant differential inflation pressure by pumping 

air into the ballonets shown. The fabric is reasonably light and woven in such a 

way as to resist both direct and shear strains. The inflation pressure is sufficient 

to maintain the shape of the envelope under static and aerodynamic loads  The 

application of the numerical results of the two dimensional analysis to the case of 

airship envelopes is discussed. 

THE ANALYSIS 

The membrane is assumed to be inextensible in all directions, to have zero flexural 

rigidity and to be weightless. We consider a normal section of an ™*™*\*'m' 
uniform bag. Under equilibrium conditions, the cross section is represented by the 

curve, 
x = x (s)   x(o) = o 

y = y (s)   y(o) = o (1) 

where (x,y) is a set of rectangular cartesian coordinates and s is the arc length 

measured from the lowest point, the origin, in Fig 2. 

200 



The stress resultant in the membrane is T, which 

is constant between loads, and the angles between 

the tangent to the membrane and the horizontal 

is e(s). For the cases to be considered here, the 

hydrostatic pressure or more strictly the differ- 

ential pressure across the membrane, is p(s) which 

is taken as, 

p(s) = p0+ wy (2) 

where p0 is the inflation pressure at the lowest 

point, y = o, and w is the difference in specific 

weight between the fluids inside and outside the 

membrane. In general w may be either positive or 

negative and in the problems considered, it is 

constant i.e. the fluids are incompressible. 
Fig 2 Membrane Coordinates 

The general solution to the problem for w < 0 is given by Demiray and Levinson'- '. 

Define R as l/2ir times the perimeter of the membrane cross-section. The following 

dimensionless groupings will be used: 

R PoR 

For convenience in writing the following equations define 

k2 « 4Jw . 4 (T/p.R) 

(Po/Rw) 

For (4Tw/p0
2)> 0, Ref (1) obtains 

(3) 

R = fc{ / Il+l<2sin2(e/2)] - 1} (4) 

2L = 2 
T   sin 6   

R     " PoR   /[l+k2sin2(e/2)] 

;fe /(1+k2)E[avöV)] 
'(2p^ + fc)7n^F[a'7nfeT] 

i 
R       PoR   /(l+k2) [a'7ö^r] 

(5) 

(6) 

where Fla.p] and E[<x,p] are the elliptic integrals of the first and second kind 
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respectively, and o is defined by 

a = arc si n   RUk2) s1n(e/2)"[ (7) 

Previous work did not consider the case for w < 0.    It may be shown that for 

-1 <  (4Tw/p0
2) < 0, 

* = 2L_[(l-L>F[\kl   +!_E   fl,kl] (8) 
R PoR k2        L2    J       k2       L2   J 

1=2 I-   F   r^kl (9) 
R        PoR        L2    J 

For (4Tw/po2) < -1, 

i-2l_ 1  F2E I ß.l I -   FIMM do) I_l   [2E^l1-    Fkll] 
PoR   k LÜ        L   kj 

I- 1 F Lil 
PoR   k       L k J 

ß= arc sin [k sin(e/2)] 02) 

i=2l_  IF IB.I I dl 
R Pc 

where 

For both of these cases, 

I = P±   {/[l-k2sin2(e/2)] - 1} (13) 
R     Rw 

Boundary Conditions 

Demiray and Levinson considered the case of the bag resting on a flat surface. In 

this work, we consider the membrane acted upon by loads uniformly distributed on a 

line which is perpendicular to the (x,y) plane. In the first case, we consider a 

central line load as shown in Fig 3. The perimeter of the membrane has a total 

length 2TTR and the membrane is filled with a buoyant fluid. The load intensity is 

Q per unit length. Taking Q/R2w as the dimensionless load per unit axial length of 

bag and setting this equal to the buoyancy force per unit length we obtain 

h - L £ (i4) 
R2w  'A R2 

The equilibrium equation at the point of application of the force i.e. at s/R = * is 

6= arc sin(Q/2T) = arc sin I .    "'1,""'   ,   \ (15) jn [     (Q/R2w)/2     1 
|jT/p0R)(po/Rw)J 

in terms of the above dimensionless groups. 
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Equations (6), (7) and (15) may be solved simultaneously on a digital computer by 

an iterative process. 

Fig 3  Central Suspension Case Fig 4  Twin Suspension Case 

In the second case, we consider two equal line loads symmetrically disposed about 

the centreline as shown in Fig 4. The force intensity F arises physically from a 

set of inextensible cables which pass through sliding seals at the bottom of the 

membrane and anchor to a rigid frame of width 2e. For convenience it is assumed 

that if the membrane were circular, the lower anchor point would be in the plane 

y = 0; under equilibrium conditions with the membrane deformed, the anchor point has 

fallen a distance h. The angle of inclination of the suspension cables in the 

undeformed state is designated by y.    In Fig 4, variables with the subscript 1 refer 

to the lower portion of the membrane below the point of application of the load; 

variables with the subscript 2 refer to the upper section. For the upper section 

axis y2 is directed downwards as shown and w is now negative. The differential 

pressure at y2 = 0 is pc - wY. 

The boundary conditions arising from continuity of the membrane are 

xic /R = x2c /R ,     ylc /R + y2c /R = Y/R 

Sir /R + S2r /R - ir 
(16) 

The equilibrium equation at the point C yields the further condition 

(xlr /R)-(e/R)  -(T2/p0R)cos e, - (VpoRjcos e. 

(yir /R)+(h/R)   (T2/p0R)sin e2 - (Vp0R)sin .e. 
(17) 

where e/R is the dimensionless cab frame width and h/R is the dimensionless 

suspension deflection. 
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NUMERICAL RESULTS 

Central Support Case 

Membrane shapes and stress resultants were obtained for typical conditions which 

might apply to a small non-rigid airship, i.e. diameter - 40 ft, inflation pressure 

in the range 5 to 15 lbf/ft2 and w = 0.0696 lbf/ft3 which is the lift of pure 

helium at 0°C (this is a conservative value, 0.0625 lbf/ft3 often being taken for 

airship calculations ^ ). The results are presented with dimensions for convenience. 

Fig 5 shows the deflected shapes and Table I the stress resultants and deflections 

of the suspension point from the position for a circular membrane. 

Po(lbf/ft
2) 

5 
10 
15 

UNDEFLECTED   SHAPE 

p„ = 15 lbf/ft 

p„ ' 5 lbf/ft 

Ö K 20 
HORIZONTAL  DISTANCE ,  »    ft 

Table I 

T(lbf/ft2) h(ft) 

112.3 
212.9 
313.3 

Fig 5  Cross-sectional Shapes 
for various inflation pressures 
for the central suspension case 

5.233 
2.727 
1.831 

QObf/ft) 

UNDEFLECTED 
SHAPE 

It) 20 
HORIZONTAL   DISTANCE ,   »      tt. 

Fig 6  Cross-sectional Shape 
for an inflation pressure of 
10 lbf/ft2 for twin suspension 

Two Support Case 

This case, shown in Fig 4, is the more usual situation in airships and is considered 

further. Results were obtained for the particular geometry Y = 15° and e/R = 0.2. 

Fig 6 shows the deflected shape for a membrane of nominal diameter 40 ft and an 

inflation pressure pG = 10 lbf/ft
2. Fig 7 shows the non-dimensional deflection h/R 

versus the non-dimensional pressure parameter pc/Rw. Fig 8 shows the non-dimensional 

membrane stresses T/p0R versus p0/Rw. 
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Fig 7 Suspension Deflection, 
h/R, versus pQ/Rw for the case 
shown in Fig 4; e/R=0.2, Y=15° 

5 10 15 
INTERNAL PRESSURE PARAMETER,P0/Rw 

Fig 8  Stress Resulatants, T/pDR 
versus pc/Rw for the case shown in 
Fig 4; e/R=0.2, Y=15° 

THE DYNAMIC CASE 

We consider the case in which the bag and the air surrounding it are subject to a 

vertical acceleration ng upwards. If we assume that the differential pressure at 

y = 0 is p0 as before, it may easily be shown that for the dynamic case, the 

differential pressure at any other point is 

p' = po + (n+l)wy (18) 

The buoyancy force per unit length will be 

Q1 = w(n+l) |A dA (19) 

We consider that the suspension is attached to a mass which under static conditions 

gives rise to a vertical force per unit length Q=w/.dA (from equation 14). Under 

dynamic conditions the vertical component of the suspension force will now be Q(l+n) 

and clearly this is equal to Q'. Thus the dynamic case may be obtained from the 

preceeding results by replacing the relative specific weight w by w' where 

w' = (l+n)w (20) 

DISCUSSION 

The analysis provides membrane shapes and stress resultants for the two-dimensional 

problem of the fluid filled bag and these can be applied to both the static and 

dynamic cases. 

In a non-rigid airship, the inflation pressure pD must be sufficient to maintain the 

shape of the structure under both static and dynamic loads. As an example, we 

consider an airship designed for a 75 mph maximum speed. Allowing for a frontal 
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gust of 15 mph, the maximum stagnation pressure at the nose would be 22 lbf/ft2. 

Usually the nose contains a stiffening structure, which permits lower inflation 

pressures of, for example, 60% of the stagnation pressure or 13 lbf/ft2 in this case. 

For a helium filled bag of 40 ft diameter, the non-dimensional pressure parameter 

would have the value of 9.3. From Figs 7 and 8, we obtain values for the vertical 

deflection of 8.4 inches and for the stress resultants of Ti= 270 lbf/ft and 

T2= 292 lbf/ft. The stress resultant due to pressure only, i.e. pQR is 260 lbf/ft 

so the effect of the suspension on the envelope stresses is quite small. 

In the design of airships, it is customary to consider the effect of a transverse 

gust of about 30 ft/sec ^7\ A vertical gust of this magnitude could give rise to 

accelerations in excess of lg. In the example chosen, the parameter p0/Rw would 

be halved for an upward acceleration of lg and the deflection would be 16.6 inches 

i.e. approximately doubled. 

There are important differences, however, between the problem formulated and the 

real case of an airship. These are:- 

1. The analysis is for a two dimensional system. Airships will have 

a fineness ratio (overall length to maximum diameter) of between 

3 and 5, thus curvature in the axial plane will significantly diminish 

the stress resultants and probably increase the overall stiffness. 

2. It is not possible to arrange the suspension system in such a way 

that the suspension force F in Fig 4 exactly balances the buoyancy 

at that section. Consequently bending moments arise in the axial 

plane and the associated shear forces are transmitted through the 

membrane. These will give rise to deformations of the section which 

differ from those in the two-dimensional case. 

3. It is customary to have a 

secondary suspension system 

in the form of a skirt or 

fairing between the cab and 

the envelope as shown in the 

schematic diagram in Fig 9. 

This will be considerably 

stiffer than the upper sus- 

pension system so that under 

dynamic loading the addi- 

tional loads will be trans- 

ferred to the envelope by 

Fig 9  Schematic Illustration 
showing the skirt location 
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the skirt rather than by the cables. 

4. Below the ceiling altitude of the airship, not all of the envelope 

is filled with helium. Up to 10% of the internal volume can be taken 

up by air in ballonets as shown in Fig 1. These serve to maintain 

the inflation pressure and allow for expansion of helium at higher 

altitudes i.e. on ascending air is bled off from the ballonets and 

this prevents loss of helium. These ballonets may have a significant 

effect on the deformed shape at a section. 

5. The dynamic case assumes that the surrounding fluid has the same 

acceleration as the bag. This is not truly representative of the 

situation in a vertical gust where there will be an aerodynamic 

pressure distribution on the section due to the relative transverse 

velocity of the surrounding air. This problem, as well as the effect 

of the pressure distribution due to forward velocity are outside 

the scope of this work. 

Other factors give rise to stress distributions and deformations in airship 

envelopes which have not been considered here. These include instantaneous and 

creep strains in the fabric, improper rigging and the effects of the empennage. 

It is considered, however, that the analysis and numerical results presented will 

assist the designer in the preliminary investigation of envelope and suspension 

performance in non-rigid airships. 

ACKNOWLEDGEMENTS 

The authors would like to thank the National Research Council for their support 

of the research at McMaster University and Mr. R. Schneider N.A., President of 

the Canadian Airship Development Corporation and Mr. E. DeAssis and Mr. D. Epps 

of Hoverjet Inc., for their help and advice in this work. 

REFERENCES: 

1. H.Demiray and M. Levinson, Int. J. Mech. Sei. 14, p431 (1972). 

2. F. Otto, Tensile Structures Vol. 1, MIT Press, Cambridge,Mass.(1967), 

3. G.H. Wu, J. Appl. Mech. 71, p615 (1971). 

4. J.L. Duncan and A.R.Ragab, Trans CSME 1, p!35 (1972). 

207 



5. C.P. Burgess, Airship Design, Ronald Press, New York (1927). 

6. I.S. Gradshteyn and I.M. Ryzhik, Table of Integrals Series and Products, 
Academic Press, New York (1965). 

7. Ministry of Transport, Civil Aeronautics Provisional Airworthiness 

Requirements, Airships (Canadian Government) (derived from FAR.25) 

208 



N76-15034 
COMPUTER AIDED FLEXIBLE ENVELOPE DESIGNS 

Ronald D. Resch* 

ABSTRACT: This paper will deal with two computer aided design 
methods for the design and construction of strong, lightweight 
structures which require complex and precise geometric definition. 
The first, flexible structures, is a unique system of modeling 
folded plate structures and space frames. In the latter it is 
possible to continuously vary the geometry of a space frame to 
produce large, clear spans with curvature. The second method 
deals with developable surfaces where both folding and bending 
are explored with the observed constraint of available building 
materials and what minimal distortion would result in maximum 
design capability. We are developing alternative inexpensive 
fabrication techniques to achieve computer defined enclosures 
which are extremely lightweight and mathematically highly 
precise. 

Folded Plate Systems 

My discovery of kinematic folded plate systems, which I term folded mosaic 
structures, began some twelve years ago with a curiosity about the dynamic behavior 
of a crumpled wad of paper. An extended observation led me to develop an opera- 
tional procedure for diagramming the bounding edges of what appeared to be the 
essential plates involved in the formation of an individual wrinkle. I have 
created diagrams of folded plate patterns which I subsequently integrated into 
continuous patterns by the use of symmetry operations. 

Hundreds of these patterns have been made and investigated. The unique property of 
each is that, by allowing only folding of the sheet along the lines of the pattern, 
a flat sheet may be transformed into a variety of three dimensional shapes, 
Figure 1. These include domes, warped surfaces, and complex shells involving both. 
It is also possible to create structures which envelope a space by closing back on 
themselves. An additional feature of each pattern is that the entire system is 
composed of the repetition.of a small number of non-identical plates. For example, 
the pattern shown has as few as two unique triangles generating the entire system, 
Figure 2. 

* Associate Research Professor, Computer Science, universtity of Utah, 
Salt Lake City, Utah, U.S.A. 
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Although there has been some formal study in the area of kinematics -- namely, 
mechanics and the kinematics of machinery -- there has rarely been an exploration 
of geometric systems of the type and to the extent of those I have conducted. This 
work is unique in its discovery, and in its development of new kinematic systems. 
My initial interest was only to examine what sort of total system behavior results 
when a specific configuration of geometry is brought together. 

Early investigation was directed toward discovery of new patterns and observations 
of how each moved. This was done simply by folding up large sheets of paper on 
which a pattern had been scribed. The model was then moved by hand to change it 
from one shell form into another, Figure 3. The inherent beauty of these forms, 
and the facility with which one could directly change them at will, immediately 
gripped the imagination. The design potential for creating lightweight archi- 
tectural shells, or other three dimensional enclosures, was more than apparent. 

Larger and larger models were made, first of paper and then of cardboard, and 
scored and folded by hand. As study progressed I began to use computers, and to 
develop computer aided design techniques for observing the behavior of three 
dimensional structures, by creating simulated images, developing shading techniques, 
and investigating structural analysis. 

We can now fold these patterns in such a way that almost any surface shape, that a 
designer can specify as an enclosure, can be constructed as a precise folded plate 
shell form. While this was always possible to demonstrate empirically, a precise 
calculation of the three dimensional geometry was not possible until 1971 when I 
collaborated with Professor Hank Christiansen, a structural analyst, who wrote a 
kinematic analysis program for this purpose. The computer aided design techniques 
achieve a series of versatile structural systems which are capable of producing 
an infinite variety of enclosure shapes. 

Computer Aided Structural Analysis 

Initial work in computer simulated structural analysis is complete on these 
systems. We are able to show, by computer simulated color photographs, the stress 
distribution throughout the structure. We have developed these versatile geometric 
systems by producing drawings, diagrams, and three dimensional models using 
computer assisted design techniques. Under computer simulation one can contin- 
uously change the plate geometry, Figure 6, make a selection of a specific 
arrangement of plates, and then continuously fold them for study and selection of 
some desired form of single curvature, Figure 7. The plates may also be folded to 
achieve an approximation to a doubly curved, or warped surface, Figure 8. An 
arrangment of a series of these folded structures would be suitable for creating 
the envelope of a rigid airship. As well as being both liehgweight and strong, 
the modular foldings would lend themselves to economic mass production techniques. 

Curved, Plate Truss Structures 

The folded plate systems can also produce space frame structures. With these it 
is possible to continuously vary the geometry of the space frame to produce 
structures other than the usual flat, or occasional geodesic, types. Structures 
which require large, clear spans, such as airport hangers, are usually accommodated 
by the standard flat octet space truss, to which current methods of design and 
construction are limited. 

210 



There is an obvious need for clear span trusses which have some curvature. To 
achieve flexibility in the design and the construction of such structures, we have 
completed a working computer program which allows the specification of any surface 
of revolution. It will then construct a truss on top of that surface, the depth of 
which may also be specified, and it will output a control tape for the creation of 
all the plates of the given structure. Figure 9 is a photograph of actual models, 
showing the standard truss at the bottom, with two trusses of increasing curvature 
above. 

The Developable Surface Program 

The aerospace industry has brought a growing need for strong, lightweight structures 
which require complex and precise geometric definition. The usual solution has 
been by costly numeric controlled milling of solid blocks to achieve these required 
structures. Our work is attempting to develop alternative inexpensive fabrication 
techniques to achieve computer defined space forms. 

It is well understood that to fold a metal plate along a straight line strengthens 
it; and that bending it to some radius of curvature will increase its structural 
stability. I have observed that one can combine these two structural properties by 
introducing a curved, folded edge to a plate. From this basic structural observa- 
tion we have created a Developable Surface computer program to allow completely 
general design freedom. It was not at all apparent at the outset, however, that 
one could generalize a folded edge to any space curve. A thorough mathematical 
analysis revealed that such a generalization was possible. With this determined, 
we developed the program. 

From this research we have developed generic systems and construction techniques 
which have the following potential applications, and are beginning to produce 
numeric controlled engraving and fabrication of folded metal prototypes for same: 

1. Airship envelopes 

2. Curved,clear span structures 

3. Solar energy reflectors 

4. Liners for liquid natural gas tankers 

5. Lightweight gas tanks for airplane wings 

6. Concrete formwork for space curve structures 

7. Lightweight guideways for rapid transit monorails 

8. Lightweight complex bridge interchanges 

A controlled, curved surface, or pathway, can be achieved by declaring the space 
curve to be a folded edge defining two developable surfaces. This program makes 
the ordinarily difficult task of physical construction of a precise, complex space 
curve, relatively simple and direct, while using flat sheet materials and requiring 
limited joining. Figures 10 and 11 are photographs of an actual model of a complex 
structure defined by the Developable Surface program. Additional typical forms 
created with this program can be seen as a part of the film presentation of this 
paper as computer simulated color video pictures. 
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Ruled Surface Program, An Approximation to Warped Surfaces 

This program constructs a triangular network in a zig-zag manner between the 
alternate points on two space curves. The curves are definable in the same ways 
as the curve in the developable surface pro-ram. The triangular network mav be 
flattened out to fomi a flat network, and uumer u i out tol led t.-»pr:> aud p i 1.1 u t c: n 
of this are available, as well as plots and display pictures of the three 
dimensional objects. Several networks may also be found and displayed at the 
same time. 

Hyperbolic paraboloids have been extensively used in architecture, for example, 
because they are both elegant and structurally efficient. They suffer, however, 
from demanding difficult and expensive formwork. The ruled surface program allows 
us to directly build any hyperbolic paraboloid by triangular approximation. 

These are a few of a number of techniques we have developed for the definition 
and construction of extremely lightweight and mathematically controlled surfaces 
and enclosures. 

FIG. 

FIG. FIG. 3 
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FIG.   6 

FIG.   7 

FIG.   8 
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FIG.    10 

FIG.   9 

FIG.   11 

REPRODUCMUTY Of $HE 

215 



N76-15035 

LTA APPLICATION OF A LONG TRAILING WIRE 
HIGH SPEED/LOW WEIGHT REELING SYSTEM 

D. F.  Werb * 

ABSTRACT:  This paper is presented to acquaint the LTA com- 
munity with the sucessful development of a unique yet sim- 
ple reeling system for handling long trailing tensile mem- 
bers at high speeds.   This high speed when combined with 
the system simplicity, low weight and effective motive pow- 
er consumption should make this reeling system particularly 
attractive to LTA planners and designers for numerous LTA 
missions. 

Renewed widespread interest in potential applications of Lighter Than 
Air (LTA) vehicles has been generated by both military and civilian 
missions that may involve raising/lowering, towing, transferring, lay- 
ing, mooring or radiating by use of trailing tensile members.  Such 
trailing tensile members generally would be metal cables, nylon haw- 
sers, coaxial multi-strand electrical wires, fiber-optic communica- 
tion lines, slender hoses for both liquid and gaseous fluids, and 
very-low-frequency trailing antenna cables. 

This paper addresses the application of a significantly improved method 
of "winching" a long metal stranded antenna cable from a LTA vehicle; 
however, this "winching" method could well have numerous military/ 
civilian applications involving the combination of a LTA vehicle and a 
reeling system for one and/or two-way movement of long trailing flex- 
ible and semi-flexible filaments of any nature. 

*  Senior Aerospace Design Engineer (30 51) 
Air Vehicle Technology Department 
Naval Air Development Center 
Warminster, Pennsylvania 
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LTA REELING SYSTEM DESIGN FACTORS 

The paramount requirements of most airborne reeling applications in- 
volve at least one or all of the following considerations: 

1. High speed payout/retrieval of trailing tensile 
member. 

2. System simplicity. 
3. Low system weight. 
4. Low system motive power. 
5. Various mechanical form factor constraints. 

(a) low profile 
(b) low center of gravity 
(c) crash loading integrity 

Certain previously classified airborne missions have required trailing 
an Airborne Very-Low-Frequency (AVLF) antenna cable that places empha- 
sis on all the aforementioned design factors plus one entirely peculiar 
requirement; handling of a fragile semi-rigid tensile member. 

AVLF REELING SYSTEMS 

Recent AVLF reeling systems have been applications of a common winch 
which apply all the trailing antenna cable tensile load onto the 
rotating drum. Thus the drum had to be "oil-well rig" design rather 
than tailored to air vehicle design. 

Structural support and motive power were adversely constrained by this 
approach.  Unrelieved tensile load and fragile tensile member handling 
requirements forced including unnecessarily precise cable wrapping 
procedures.  All of these design constraints combined to produce a 
reeling system that was complex, extremely heavy and slow, handling 
almost quarter inch diameter copper covered cable at less than 50 0 
feet per minute (FPM) rates.  Minor basic design approach changes 
resulted in a 13,000 pound (lb) mechanical system that handled more 
than 15,000 feet of cable at no better than 2,000 FPM payout and 500 
FPM reel-in respectively. 

FIGURE 1 - AVLF REELING SYSTEM 
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Several design iterations have fine tuned these systems to reach 5,000 
FPM payout and 1,500 FPM reel-in rates, and 4,000 pound system weight 
development limit. 

FIGURE 2 - AVLF REELING SYSTEM 

However, high rotational speeds, heavy equipment weight, motive power 
inefficiency, unrelieved tensile loads, precise wrapping/vibration 
sensitivities, high mass inertia shortcomings and system complexity 
have not been alleviated. 

MOTIONLESS COIL STORAGE/REELING SYSTEM 

The Naval Air Development Center, which has an extensive history in 
airborne towing system development, was tasked to explore new cable 
handling approaches free of aforementioned shortcomings.  Several 
years of laboratory experimentation and state-of-the-art reviews pro- 
duced a full scale working model of a Motionless Coil Storage/Reeling 
System which points the way to alleviation of all the addressed short- 
comings . 

Motionless Coil Storage (MCS) is a method to store cable in the shape 
of a coil without constantly continuing to rotate the coil as each 
successive foot of cable is brought aboard and wrapped.  An artist's 
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Sketch of the laboratory model is shown in figure 3, 

CABLE 

FIGURE 3 - MOTIONLESS COIL STORAGE 

The most simple description is to say that it is a significant vari- 
ation of the sport fisherman's "spinning reel" that has become so 
popular in recent years.  MCS employs one very light low speed rotat- 
ing member which, in laboratory full scale test setup, reliably demon- 
strated 6,000/2,500 FPM cable handling rates and successfully perform- 
ed the reel out of 24,000 feet of a copper covered quarter inch dia- 
meter (.65 lbs/ft) tensile member in the total elapsed time of just 
under 5 minutes ( 4 min., 42 sec).  Laboratory simulation has indi- 
cated that reel-in rates can equal payout rates if sufficient power 
is available. 

Testing began with a concept of pushing and pulling cable into and 
out of an open cylindrical container.  Progressive changing/testing 
led variously to laying cable inside an annular cavity and finally 
around to the present concept of freely wrapping the cable about a 
large-diameter, low-profile vertical stationary drum with a cable dis- 
tributing spinner.  The spinner is extremely light in weight and 
rotates at a very slow speed while handling cable faster than a mile 
a minute.  The full potential of the inherent high speed capability 
has not been able to be demonstrated yet; however, design synthesis 
conservatively indicates a 8,000/5,000 FPM system should total no 
more than 1,300 pounds. 

Key to attaining these high handling speeds with such a low weight, 
low profile mechanical system is the inherent simplicity of the over- 
all system design.  The spinner requires a simple hydro or electro- 
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mechanical drive to maintain low cable tension (5 to 25 pounds) when 
reeling-in.  Design simplicity for reeling-out is assured by taking 
advantage of a unique physical phenomenon discovered in laboratory 
testing described as a "reverse loop".  The MCS when reeling-out forms 
a "reverse loop" at a threshold speed which acts as a stabilizer 
against the MCS outer wall, thereby permitting these high speeds with- 
out complex control devices. 

ILLUSTRATION OFMOTIONLESS COIL "REVERSE LOOP »> 

ACTION DURING PAYOUT 

FIGURE  4 

The spinner is not dynamic balance sensitive and does not require 
weighty support structure as does a rotating drum and cable combina- 
tion.  Low mass movement of inertia is inherently more safe and more 
easily meets "g" loading structural requirements for crash conditions. 

Reliability and maintainability are assured since the system is a 
model of simplicity which requires correspondingly simple control and 
drive mechanisms. 

The MCS has a cable torsion sensitivity threshold which is easily es- 
tablished by laboratory simulation to finalize engineering preliminary 
design parameters. 

Although this paper has addressed the MCS in a VLF trailing antenna 
application, the MCS can be combined with cable driving/pulling de- . 
vices such as multiple capstans, pinch rollers, linear transport de- 
vices or "free fall" methods and integrated with LTA vehicles or even 
stationary groundborne applications to fulfill limitless missions. 

Expanding the laboratory facilities would permit demonstration of 
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higher speeds with longer length cables but the NAVAIRDEVCEN has com- 
pleted sufficient ground testing of the MSC concept to conclude that 
the next most economical step is the design and installation of an 
airborne prototype. 

This paper is presented to acquaint the LTA community with the suc- 
cessful development of this technology for whatever applications com- 
munity members can devise for their particular needs. 
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N76-15036 
LTA STRUCTURES AND MATERIALS TECHNOLOGY 

Norman J. Mayer* 

ABSTRACT; The state-of-the-art concerning structures and 
materials technology is reviewed.  It is shown that many- 
present materials developments resulting from balloon and 
aircraft research programs can be applied to new concepts 
in LTA vehicles.  Both buoyant and semi-buoyant vehicles 
will utilize similar approaches to solving structural 
problems and could involve pressurized non-rigid and 
unpressurized rigid structures.  System designs common 
to both and vital to structural integrity will include 
much of the past technology as well.  Further research is 
needed in determination of structural loads, especially 
in future design concepts. 

INTRODUCTION 

History records that the Western civilized world discovered the 
principle of balloon flight when Joseph Montgolfier fashioned a 
cubical container from an innkeeper*s skirt of silk taffeta in 
November 17Ö2 to capture the smoke and heated air of the fireplace 
and watched the device rise to the ceiling. 

It was common sense on the part of Joseph and Ettienne Montgolfier 
that the container or envelope holding the gases had to be a light- 
weight material.  Later versions of Montgolfier balloons were made 
of paper or lined with it.  Varnished silk was selected for hydrogen 
balloons and was a favorite among balloonists many years. As with 
most successful inventions, the specialized industries soon became 

*NASA Headquarters, Washington, D. C. 
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interested enough to apply their particular knowledge and skills to 
the production of more^uitable materials, such as high quality cotton 
fabric and rubber coatings. 

The development of the airship forced the injection of engineering 
into the subject.  The inefficiency of propulsion systems accounted 
for such a great portion of the available lift for power plants that 
designers (be they professional or amateurs) were compelled to 
utilize lightweight structural design techniques to achieve any_ 
useful lift at all. When airships passed from the category of inven- 
tor's brainchild and from sport vehicles to transportation or military 
vehicles of useful potential, funds and personnel became available to 
incorporate engineering approaches into designs.  Likewise, as with 
balloons, the input of other specialists and industries also began to 
be a part of improving the vehicle and increasing its efficiency. 
Much can be written concerning the historical aspect of the develop- 
ment itself.  However, this paper will primarily confine itself to a 
review of current technology and specifically to the state of the art 
in two major disciplines - materials and structures. 

MATERIALS AND STRUCTURES TECHNOLOGY 

These two disciplines are so interrelated that it is difficult, if not 
impossible, to clearly separate one from the other.  Structural design 
techniques vary according to the materials chosen or available. 
Materials are chosen depending on the structural design approach to 
be used. Modern design practices produce synergistic effects when 
structures and materials are properly related. 

Recent thought on the subject of airships indicates that future 
vehicles could consist of configurations vastly different from 
vehicles present or past.  It has been shown by various_studies 
(Ref. 1, 2, 3. and 4) that airships which combine dynamic and static 
lift (hybrids) may offer an improvement in efficiency in certain 
speed ranges.  It has also been proposed that either conventional 
or hybrid airships employing heated air or other gases may also show 
advantages for certain missions (Ref. 4t 5, and 6). 

As long as such vehicles require buoyancy or static lift for any part 
of their mission, there will be certain features common to all in 
terms of structural and material requirements.  These stem from the 
fact that buoyancy of any usable amount requires large displacement. 
Thus, all LTA aircraft or their variations will be large vehicles 
always exceeding in size any of their HTA counterparts by at least 
several factors. 

Large size or volume is accompanied by large surface area on which 
unit air loads are low and much lower than normal airplane surfaces 
carry.  Ultra-lightweight structural design is required to provide 
the external contours of such vehicles without sacrificing lifting 
efficiency.  Thus, the need for fabrics, lightweight high-stiffness 
structural members, etc. is well established. Minimum material gage 
is often a problem in design and construction. 

The containment of any gas requires use of pressure control systems 
capable of handling high rates of gas flow in order to preserve 
structural integrity.  Such requirements are reflected in sub-system 
development of valves, blowers, and in the design of gas snalts, 
air ducts, etc., which require application of special materials and 
design techniques. 
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AIRSHIP  STRUCTURAL TYPES 

Non-pressure rigid 

^=# 
Pressure non-rigid 

Pressure rigid 

Pressure semi-rigid 

Figure 1 
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Regardless of vehicle type (conventional or hybrid), the designer has 
to choose whether to maintain an aerodynamic configuration by means 
of pressure or by means of a non-pressurized external skin supported 
by an internal rigid structure, or by a combination of both.  Figure 1 
illustrates airships which are examples of the various types. 

These common characteristics distinguish LTA vehicles from their HTA 
contemporaries and require application of a considerable amount of 
past knowledge as well as new technology. 

Materials 

Pliant Materials - As noted above, airships are pressure sensitive 
vehicles.  Therefore, there is usually a need for at least part of 
the gas container to be capable of volume changes and be constructed 
of a pliant material. 

An ideal material in this category would be a film with extremely low 
permeability, high tensile strength, high tear strength, a linear 
stress-strain curve to the yield point, reasonable Young's tensile 
modulus, good ductility, isotropic character, and stable properties 
under expected environmental conditions.  Thus far no such material 
exists. 

High altitude scientific balloons have used films alone for envelopes. 
Such balloons are an example of the interdependence of structures 
and materials.  During the 1950's a balloon form was developed known 
as the natural shape.  The contour of the envelope was determined by 
the gas head pressure and resulted in all stresses being carried in 
the vertical direction such that theoretically there would be zero 
circumferential (parallel to equator) tension.  Such design enabled 
use of oriented polyethylene and later use of vertical load tapes. 

One parameter peculiar to balloons of this type, which does not 
necessarily apply in the case of airships, is that of the high alti- 
tude environment.  In such an environment, the envelope is directly 
exposed to very low temperature and high ultraviolet radiation. 

Higher strength films are obtained by reinforcing with some kind of 
filament, usually bonded to the film and oriented in a quasi-ortho- 
tropic pattern.  Table 1 lists a few examples of films and their 
characteristics for balloons and gas cells.  For comparison, older 
film and gas cell materials are also listed. 

Table 1 

BALLOON FILMS AND GAS SELL MATERIALS 

Reinforcement 
Weight 
Oz./Yd.2 

Tensile Strength Permeability 
L/m FILM Lbs./In. Warp 

15 Polyethylene None 0.3 1.00 
2 Ply Mylar None 1.6 30 0.30 
Mylar Dacron Scrim 1.6 45 1.75 
Nylon Nylon Cloth 1.9 50 2.00 
Rubber Cotton 5.5 45 3.00 

Coating 
Gold Beater's Cotton 4.5 40 2.00 

Skin 
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Many of these materials are of interest for airship applications. 
One significant characteristic sometimes not considered at the outset, 
is that of resistance to manufacturing and handling damage and 
resistance to tearing. Films tear easily. Reinforced films are much 
more difficult to tear once the damage reaches the reinforcing 
filaments. 

If the material is to be used as a gas container primarily, its 
required strength would be determined by the amount of superpressure 
it would have to endure and the method of transferring the lift of 
the gas to the structure.  These requirements would combine with the 
anticipated cyclic variations of pressure and flexing, atmospheric 
conditions, and the above mentioned resistance to accidental damage. 
It is anticipated that future airship gas cells would be similar to 
the reinforced balloon films now in use. 

When material is required to serve as hull structure as well as gas 
container, as in a non-rigid airship, strength and other requirements 
are considerably more severe.  The stresses are higher, the environ- 
mental effects are a major factor, and gas retention becomes a serious 
problem.  These parameters combine to exceed the properties of films 
alone and thus far, only the higher efficiencies obtainable from 
closely spaced filamentary materials such as textiles, appear to be 
satisfactory. 

Textiles have been conventionally woven as two sets of threads cross- 
ing each other in an orthogonal pattern.  Such weaves are effective 
in transmitting stress in their respective directions, but not in 
any diagonal direction, i.e. on the bias.  Therefore, the usual 
solution is to bond two or more plies of cloth together such that 
one is oriented 45° to the other. Most two-ply envelopes are con- 
structed in this fashion. 

A recent patented textile development, known as "Doweave", provides 
for this function by having three thread sets intermeshedin a 
single fabric to provide quasi-isotropic properties and eliminate 
the need for bonding two or more plies together, therefore making 
possible single ply envelopes. 

Woven fabrics must be coated with an elastomeric material or bonded 
to a film of sufficient thickness to prevent high gas loss. All 
non-rigid airships built to date have employed the first method - 
namely a coating as the gas barrier.  For two or more ply construc- 
tion, the bonding of the fabrics is also accomplished by an 
elastomeric coating. An outer coating, often of different material 
from the inner, is applied to the surface exposed to the airstream 
to provide resistance to and control of environmental effects.  The 
net result of such construction is a material which consists of 
about half cloth and half elastomer. 

If a Doweave type material is used, there is a weight saving of one 
thread set plus the additional inter-ply elastomer or adhesive. 
However, since the total elastomeric thickness provides the gas 
barrier, and a certain minimum amount is required to achieve a 
given rate of permeability, only specific testing would determine 
how much could be eliminated totally. 

Another approach which theoretically provides more efficiency is to 
combine the best properties of two materials - namely film and cloth. 
Thin film can be manufactured to provide a much less porous surface 
than can be obtained by an equal weight of elastomer.  Research 
programs for improved balloon films have progressively enabled film 
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manufacturers to achieve unusually thin gages of high quality.  For 
applications where the film is only a gas barrier, the minimum gage 
theoretically would only be limited by that required to eliminate 
microscopic holes, and obtain a given rate of permeability.  Thus, 
a weight saving is possible by bonding a film to one or more plies of 
cloth, and ideally could consist of a combination of the three ply 
Doweave with a thin film gas barrier. 

Fabrics which function as structures undergo a considerable number of 
cycles of flexing which consists of elongation of the yarns, an 
interaction of the yarns due to crimp through the interstices, and 
ply deformation due to shear stresses. All of this flexing has an 
effect on the bonds between the elastomer or films and the yarns in 
the cloth.  In the case of the former, microscopic paths for gas 
escape are developed.  In the case of films, localized debonding can 
occur which eventually leads to leaks. 

Since envelopes (and gas cells) are manufactured, shipped, and handled 
many times during both processes, they are subjected to wrinkling, 
creasing, scuffing, or abraiding conditions.  Both elastomeric coat- 
ings and films are adversely affected by this treatment. Again, the 
elastomer can be damaged by the local flexing and the film can be 
debonded..  A number of tests simulating such conditions are usually 
necessary to evaluate particular candidate materials. 

Pliant materials which function as both gas cells and airship hulls 
must have, in addition to good gas retention, and the other charac- 
teristics noted previously, sufficient resistance to creep-rupture 
under both constant and varying stress. Most materials will creep 
under constant stress above certain temperatures.  Fibers made from 
either natural or synthetic materials creep at temperatures within 
the normal operating ranges.  The rate of creep varies with the 
stress level.  For a given stress level, a fiber or cloth made from 
it will fail after a period of time of sustained stress.  Envelope 
materials are chosen on the basis that the failure point is beyond 
the planned life of the envelope.  Since these characteristics vary- 
considerably among various materials, data must be developed or 
available for each candidate material. 

The stress-strain curve for most of the candidate organic fibers 
shows a linear portion at lower stresses and non-linear portions at 
higher stresses.  Materials which show no linearity are not accept- 
able for airship envelopes.  Uncontrolled stretch results in dis- 
tortion of the envelope shape which affects the aerodynamic perform- 
ance of the airship.  It also produces severe problems with the 
rigid components which are attached to the envelope such as nose 
stiffening, suspension systems, cars, fins, and control systems. 
This is the reason why nylon has not been used, although it possesses 
good tensile strength.  Polyester fabrics, such as Dacron, on the 
other hand, do demonstrate satisfactory elongation and creep, and 
are standard for most airships(and tethered balloons) at present. 

In recent years, a new polymeric fiber has been developed by DuPont 
which appears to be ideal for airship applications.  This is called 
Kevlar-49.  It possesses a tensile strength of about 400,000 p.s.i. 
and higher (500,000 p.s.i. in short lengths).  Ref. 7.  In addition 
to its high tensile strength, it has a tensile modulus about double 
that of aluminum, and a linear stress-strain curve.  It is already 
being applied to aircraft structures as a composite material as will 
be noted later. As a textile replacement for present airship fabrics, 
it appears to be a promising candidate.  Table 2 compares various 
natural and synthetic fibers for pressure airship envelopes. 
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As noted, the concept of using heated gas in certain future vehicles 
has been proposed.  The lifting efficiency of such vehicles varies 
with the temperature of the gas.  If envelope fabrics are required to 
operate at sustained high AT values, these parameters must be factored 
into the selection and evaluation of the material, particularly with 
regard to creep and operating life. 

Table 2 

FIBERS FOR PRESSURE AIRSHIP ENVELOPES 

Fiber 

KEVLAR 49 

POLYESTER 

NYLON 

COTTON 

SILK 

Specific 
Tensile Strength 

8xl06 

2xl06 

2.SxlO6 

0.8xl06 

l.OxlO6 

Specific 
Tensile Modulus 

380xl06 

20xl06 

20xl06  v 

19xl06 

21xl06 

Metals - Modern aluminum alloys have about double the tensile strength 
of the alloys used during the early 1930*s for large airships. While 
such difference can be translated into weight saving, the percentage 
is strongly dependent on the application. When applied to a rigid 
pressure airship design, such as a metalclad, the full improvement in 
strength may be utilized over the major sections of the hull, provided 
the airship is large enough.  In rigid designs, where girders and 
frames were employed with a non-structural covering, an 18$ weight 
improvement due mostly to improved girder design has been estimated 
(Ref. 8). 

A significant feature of conventional airship structure is the fact 
that large portions operate at very low stress.  As discussed later, 
both the Zeppelin types and the pressure types tend to behave as 
monocoque cylinders in bending and are much more sensitive to the 
maintenance of adequate structural stiffness against both local and 
general buckling.  Unfortunately, although tensile strength has 
improved for aluminum alloys, the modulus of elasticity has not. 
This factor points to the need for localized stiffening of structural 
members such as may be obtained through application of selective 
composite reinforcement as discussed later. 

Other Metals - The combined requirements for high modulus, good 
fatigue life, and low corrosion were recognized in design of large 
airships in the past, and as recently as 1939 stainless steel girders 
were considered as candidates for airship structural members (Ref. 9). 
Today, they would continue to be examined, especially in combination 
with some of the structural design approaches discussed later. 
Titanium alloys could also provide some of the structure for certain 
airship hulls.  Both stainless steel and titanium would represent 
higher cost as compared with aluminum, and neither would represent 
much gain in weight savings, especially in a minimum gage application. 

Composite Materials - Fortunately, much of the technology presently 
being developed and available in connection with the use of composite 
materials in airplanes can be applied to airships.  Table 3 lists 
the properties available from composites as compared with metals,, 
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Table 3 

PROPERTIES OF STRUCTURAL MATERIALS 
——   - gpecif£c 

Specific       Tensile 
Material       Tensile Strength   Modulus 

7075 ALUMINUM 0.0x10 100x10 

6A1 4V TITANIUM 1.1x10 100x10 

KEVLAR/EPOXY 3.2xl06 220x10 

GRAPHITE/EPOXY 3.5xl06 350-700X10
6 

In this regard, two approaches are possible.  The first involves the 
use of composites to provide local strengthening and stiffening of 
conventional metal structures.  This process is described in Ref. 10. 
Essentially, it consists of bonding laminates made of advanced 
composite materials (boron or graphite/epoxy) to the surface of 
structural members, usually stiffeners or flanges located at the 
maximum radii of gyration in a section of structure.  Laminates are 
manufactured from standard tapes of composite materials.  This 
process could be applied to light alloy members of airships with very- 
effective results. 

The second approach would be use of an all-composite structure where 
all structural members are manufactured from fibrous composite 
materials.  As will be discussed later, the maximum values of weight 
savings could be obtained from this approach. 

Structures 

One of the most controversial aspects of past designs and present 
airship proposals stems from an evaluation of their structural 
adequacy.  In some respects, much of this controversy is the result 
of comparing past technology in airships with present technology in 
other aircraft.  It is a matter of record that in the period repre- 
sented by early Zeppelin construction through that of the U.S. 
rigid airship program (1900-1935) that some of the best aeronautical 
engineering talent available was associated with airship technology 
development.  The airship structure particularly represented a 
challenge to the theoretician and analyst and the airship itself 
was a very advanced aeronautical development.  Structural design, 
therefore, was at its best when applied to the airship.  In particu- 
lar, this refers to the rigid types, since in the case of the pressure 
types the sizes were smaller, and the problems simpler. 

A survey of the state of the art can be made concerning three aspects: 
loads, structural analysis, and testing. 

Loads - Airship hull loads resulting from aerodynamic forces consist 
of maneuvering loads, gust loads, and ground handling loads. 

For airships flying at speeds approaching 100 mph, the hull bending 
moments produced by flight through gusts by far exceed those from 
maneuvering.  Generally, a thorough analysis of this condition would 
include determination of loads for the hull itself for a maximum 
design velocity gust transit, and other conditions which would produce 
maximum loads on the empennage and other components. 

The response of an airship to such conditions is dependent on its 
configuration and its accompanying dynamic and control characteristics. 
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Up to and following the design of the Akron and Macon rigid airships, 
a substantial amount of research was performed to determine maximum 
gust conditions and airship flight characteristics in gusts.  These 
were limited to the ellipsoidal hull shapes employed for all airships 
up to the present. 

During the 1930's, a special airship research facility became avail- 
able in Akron, Ohio which contained, among other things, whirling arms, 
a vertical wind tunnel, and a water channel.  These three pieces of 
apparatus were used in combination with scale models to investigate 
gust effects on rigid airships.  Figures 2 and 3 illustrate two methods 
used. 

The difficulties and uncertainties of relating such tests to full 
scale results can be appreciated. More significant, however, is the 
necessity of building a step-by-step base of technology which eventu- 
ally is proven sound enough to furnish confidence for future design 
approaches.  Since gust response is configuration sensitive, a period 
of learning and confidence would be necessary for new concepts which 
represent significant departures from the ellipsoidal form. 

Another approach to this problem can be taken by means of a computer- 
ized analysis to simulate flight in turbulence.  Such studies were 
initiated in 1958 as part' of the U.S. Navy airship structures 
research program (Ref. 11).  Figure 4 shows a typical set of curves 
obtained in this manner for a large non-rigid airship. 

Ground handling of airships has always represented a critical part of 
the operational cycle. A good case can be made for never hangaring 
or docking airships because the records show more losses or damage 
occurred in this part of the operation than from any flight accident. 
The main reason, of course, is the fact that the maximum hull forces 
used for design are derived from flight conditions as discussed above. 
Ground forces are only permitted to develop loads which do not exceed 
flight values.  This results in maximum cross winds of about 20 knots 
against which the airship may be held.  If provisions were made for 
higher winds, the ground condition would become the dominant hull 
design condition and would result in excess strength (and weight) 
for flight.  Designers have been unwilling to accept this penalty 
for a non-flight condition. 

During ground handling operations, lines are designed to slip (if on 
winches) or part to avoid hull overstress and resultant structural 
damage.  If this should occur in the vicinity of a hangar, the result 
is a collision and severe damage to the airship. 

A number of tests using towed models in water have been run to inves- 
tigate both the static and dynamic conditions involved.  One series 
of tests actually simulated the complete docking/undoeking operation, 
including the weathervaning motions while moored (Ref. 12). 

Newer proposed concepts for airships would include hull shapes 
resembling oblate spheroids, deltoids, or other flattened configura- 
tions.  These shapes in combination with a large portion of static 
heaviness may effectively eliminate or reduce the limitation of the 
ground conditions. 

Analysis - The complexity of analysis of the structure of a rigid 
airship can be illustrated by a statement by C. P. Burgess (Ref. 13). 
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"Even the exact calculation for the simple case of a hexagonal braced 
structure, five frame spaces in length, and with symmetrical loading, 
requires the solution of ten simultaneous equations   with the work 
carried out to six or seven significant figures". 

Of course, no rigid airship was ever built with only six sides so 
that exact solutions of structural analyses were never feasible for 
these more complex structures.  Approximate methods were developed, 
however, which have shown remarkable accuracy when compared with later 
test results (Ref. 14). 

Among the contributors to analytical development was Professor 
William Hovgaard of MIT, who in 1922 developed a method to reconcile 
two separate approaches involving a bending moment approach and a 
transverse shear approach (Ref. 15).  Later contributions were made 
by L. H. Donnell, R. V. Southwell, Upson and Klikoff, and Burgess 
(Ref. 16). 

All of these analyses suffered from the inability of the analyst to 
visualize or separate overall deformation from local effects result- 
ing from the flow of stresses in the structure. An ingenious method 
for achieving this, using scale structural models, was developed by 
the Goodyear Zeppelin Corporation based on principles described 
originally by L. H. Donnell (Ref. 16).  This method was applied to 
both complete and partial models of rigid airships.  The essential 
element in such models was a model girder which scaled down the 
axial, radial bending and torsional stiffness of the major component 
members of the prototype.  In addition, members also incorporated 
sensitive means of measuring the corresponding strains and stresses. 

The use of these models allowed analysts for the first time to 
evaluate the existing methods of structural analysis, and separate 
effects of local from general loads.  The design of members was 
varied according to the type of condition to be investigated. 
Figure 5a shows a typical member.  Figure 5b shows the method of 
measuring deflections of the model. 

These techniques are essentially represented in modern computerized 
finite element structural analyses.  These programs contain libraries 
of various types of elements such as plates in shear and bending, 
membranes, rods, beams, rings, etc. whose behavior under various 
loading conditions are predetermined and their mathematical expres- 
sions entered as a permanent part of the computer program.  The 
analyst then represents the actual structure as accurately as 
possible, using the available elements in the library. A very complex 
structure can be represented in this fashion, using several thousand 
elements.  The computer program then combines these elements and 
performs the required structural analysis yielding stresses and 
deflections for a given load condition, static or dynamic.  It also 
produces mode shapes and frequencies, frequency response or other 
structural data for which it was designed.  The results can be _ 
displayed by CRT's or by computerized plotters enabling the engineer 
to actually see the calculated deformations (Ref. 17).  These complex 
analyses were impossible to perform in the 1930,s and it was not 
until the early 1960*s that the high speed digital computer rendered 
practical solution times ranging from minutes to hours, depending 
on the problem. 

Figure 6 shows a modern aerospace vehicle structure graphically 
represented in finite element form. 
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Testing - There are several categories of tests which all aircraft 
undergo during development.  The first of these is part of a process 
sometimes called engineering development.  In this process, complex 
structural elements such as joints, typical sections, and members or 
portions of structures containing advanced manufacturing processes 
such as bonding are tested to validate the design and analysis approach 
and the reliability of the manufacturing process.  New material com- 
binations are also evaluated to develop, if necessary, design allow- 
ables (values of strength and elastic characteristics) which can be 
relied upon for design.  This type of testing would be necessary for 
any new design. 

A second category of testing is the static test, wherein the complete 
structure, or portions of it, representing the production design are 
subjected to various load levels up to design limit and finally 
ultimate or failing loads. While portions of the structure may be 
tested this way, usually realistic tests of this kind are impractical 
for large airships.  In the past, static bending tests were performed, 
but only low percentages of the limit could be obtained due to limi- 
tations in applying load to the structure. 

A similar circumstance was found in dynamic testing of large launch 
vehicles for spacecraft. Although such tests were conducted, they 
were limited to input loads of low values.  The costs of such testing, 
which was performed outdoors, was so great as to stimulate R&D 
programs for developing scaled dynamic test models with sufficient 
accuracy to replace full scale tests. 

Models such as described previously might be adapted for simulating 
large airship tests as well. 

A number of special tests may always be required to check out struc- 
tural and design characteristics peculiar to airships.  Full scale 
flight tests, of course, will always be required to provide full 
flight condition check-out for all systems. 

DESIGN APPROACHES • 

Today, there is considerable speculation concerning novel approaches 
to improved LTA vehicles.  These range from proposals for modernized 
versions of Akron-Macon-Hindenburg designs to types which combine 
airplane-helicopter-airship features. Much of the technology dis- 
cussed in the foregoing sections would apply to all types.  Improved 
materials would naturally benefit any aircraft, and may be critical 
to the success of some. An example of this is the solitary, but 
significant development of the ZMC-2, an all metal hulled airship. 
This design was critically dependent on the development of alclad 
aluminum which provided the difference between achieving a hull where 
corrosion would have quickly accounted for its integrity and one 
which remained airworthy for over 10 years, despite its .000 gage 
skin. 

Modern structural design and analysis techniques also apply to all 
types of future airships.  However, there are many distinctions 
possible among various types proposed and their accompanying struc- 
tural features and efficiency.  The two major classes would include 
buoyant types and semi-buoyant types. 
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Buoyant Types 

Practically all LTA vehicles built thus far fall into this_class.  The 
results of a study by the author made in i960 showed the rigid non- 
pressure type to be about 25 - 35 percent moreefficient structurally 
than the non-rigid pressure airship. 

Against such efficiency must be weighed other factors such ascost 
and operational flexibility. Non-rigid envelopes can be fabricated 
at any suitable facility and shipped anywhere. Navy non-rigid 
envelopes represented about 10$ of the total cost of the airship. 
Large rigid hulls, on the other hand, must be constructed at the 
final assembly point with much special equipment and manpower.  The 
structure and the fabrication represent a major portion of the total 
cost. 

Operational flexibility is obtained from the non-rigid by virtue of 
its'envelope being able to temporarily sustain higher than design 
loads (within limits, of course) without damage.  This increases the 
overall safety of the aircraft and allows for much parameter uncer- 
tainty. 

Not all of these differences obtain without qualifications. Various 
methods have been proposed to reduce fabrication costs for rigid 
types.  Composite materials, for example, offer a possibility here 
due to lower tooling costs.  They also would result m further weight 
reductions over those obtainable from modern metals.  Recent NAbA 
studies of transport aircraft have shown structural weight savings 
up to 30f0 (Ref. 18). Also, methods may be available to perform the 
complete assembly of a hull only as a final step (Ref. 19). 

While a pressure airship may seem inherently safer, the penalty of 
assuring an adequate means of sustaining pressure and the need o± 
adjusting and monitoring this pressure almost constantly during  _ 
flight is an additional operational complexity.  The use of compliant 
materials for structure is definitely a weight penalty as reflected 
in the study. However, the comparison does not include application 
of recently developed fibers.  Compartmentation of gas space in a 
non-rigid does not produce the same advantages as available to ngids. 
A high rate of pressure reduction is an unacceptable hazard to 
non-rigids. 

The metal-clad airship would show an improvement over the values for 
the non-rigid. Modern versions of this type (in large sizes; con- 
structed of high strength aluminum, stainless steel, or titanium _ 
might equal the rigid in structural efficiency, although other design 
trade-offs might auger against the choice. 

A design concept which combines a rigid/non-rigid concept was invented 
by C. P. Burgess, but never applied in practice (Ref. 20).  The main 
structure consists of four longitudinal keels connected by widely 
spaced transverse frames and diagonal shear wires.  Only the shear 
wires are inside the gas space.  The gas is contained in a combination 
envelope-cover similar to a non-rigid airship.  The keels are external 
to this envelope and are faired over by a light cloth cover.  lhe 
combination envelope-cover is terminated by semi-hemispherical or 
concave ends with the space between cells also filled with gas._ 
Ballonets are used to pressurize the gas sufficiently to maintain 
a stiff outer shape.  These features are shown in Figure 7. As 
pointed out by the inventor himself (Ref. 21), there are a number of 
advantages and disadvantages to this concept. 
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Figure   6 

Figure   7 
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Semi-Buoyant Types 

Although serai-buoyant LTA aircraft would acquire some of the charac- 
teristics of airplanes or helicopters, they will have structural 
indices (Ref. 22) considerably below ordinary HTA aircraft. Therefore, 
they will not be entirely free of the need to utilize ultra-light- 
weight structure.  Single skin construction would appear to be limited 
to pressurized hulls unless the permissable operating speed ranges 
are significantly high enough to allow skin gages or semi-monocoque 
construction of sufficient stiffness to avoid local buckling.  Perhaps 
the higher modulus composite materials would provide the answer here. 

As noted in the introduction, gas retention will require consideration 
of the same factors as were necessary for buoyant types.  Thus, most 
of the materials technology can be applied. 

There is a substantial base technology for the aerodynamics of ellip- 
soidal hulls. A similar technology might be extrapolated from tests 
of certain aircraft body shapes such as lifting bodies and re-entry 
shapes.  The size difference could produce serious discrepancies in 
drag and stability estimates, but should not be too serious for loads 
determination. 

PROBLEM AREAS 

Materials 

Fortunately, the high altitude free balloon and the tethered balloon 
have continued to develop a technology in materials which can be 
applied to future airships.  This includes the art of design and 
fabrication of pliant materials. A similar development does not 
really exist for rigid structures.  Ultra-lightweight metal design 
and fabrication has not been needed for aircraft and only to a 
limited extent for spacecraft. Whatever technology is available 
in this regard may well come from the latter engineering activity, 
however.  Composite materials offer a distinct possibility for 
improvements, but most of the research and design activity has been 
directed toward airplane application.  Only recently has there been 
recognized a need for large area structures with low unit loads for 
space application.  This is an area requiring a combination of 
advanced structural concepts and new materials applications and 
could represent a fairly large technology effort in LTA. 

Structures 

The area of structural analysis has received sufficient attention in 
recent years such that much of it is applicable to the most complex 
airship structure and should be no great problem for the future. 
The area of weakness, however, is in the determination of loads. 
This was never satsifactorily achieved for conventional airships, 
even though progress was made as previously noted when gust transit 
criteria became predominant in design.  Much more needs to be 
accomplished here, particularly in relating realistic conditions to 
loads in very large vehicles. An important part of this relation- 
ship is the response of the airship to the air load condition in 
terms of the overall vehicle dynamics and control activity.  Practi- 
cally no technology base exists in this category.  Likewise, a 
technology program would have to be established for new configurations. 

The success or failure of either buoyant or semi-buoyant vehicles 
will be dependent on their overall efficiency and cost.  Both elements 
will be strongly influenced by conceptual innovation and application. 
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of superior design techniques.  As was true in the 1920's and 30» s, 
the best engineering talent may be required to achieve feasibility 
and ultimate success in new future vehicles. 

CONCLUSIONS 

1. Both buoyant and semi-buoyant airships have common materials and 
structures requirements in terms of needs for pliant materials, 
pressure control, and lightweight structural design. 

2. Pliant materials technology can be applied from present balloon 
development to design of gas cells and envelopes and should result 
in higher efficiency components. 

3. Improved metals and composite materials both offer reductions in 
overall weight for future airships. 

4. Loads determination in large airships represent a critical 
technology need for structural design. 

5. Modern computer techniques will provide a significant improvement 
in analysis of complex airship structures. 

6. Testing of large scale airship structures will probably require 
use of models. 

7. New design concepts are needed for most effective combination of 
structures and materials technology. 
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POTENTIAL CONTRIBUTION OF HIGH STRENGTH, HIGH MODULUS 

ARAMID FIBERS TO THE COMMERCIAL FEASIBILITY 

OF LIGHTER THAN AIR CRAFT 

D. L. G. Sturgeon* 
T. K. Venkatachalam** 

ABSTRACT:  This paper reviews Kevlar® aramid fiber, fabric, 
rope and cable performance, and economics relevant to the 
material, structural, and reliability aspects of lighter 
than air craft. 

I.  INTRODUCTION 

Kevlar® 29 and Kevlar® 49 are two high strength, high modulus, and low 
density organic fibers recently introduced by Du Pont. These unique 
aramid fibers offer for the first time textile processibility combined 
with the highest specific strength (tensile strength/density) available 
commercially for any material, and a specific Young's modulus (modulus/ 
density) intermediate between fiberglass, steel and aluminum on the low 
side, and the more exotic graphite and boron fibers on the high.  The 
excellent tensile properties of "Kevlar" have generated extensive trade 
development programs and commercial sales into rubber and plastic rein- 
forcement uses, many of which have requirements similar to those anti- 
cipated for the construction, operation and maintenance of lighter- 
than-air craft. 

♦Research Supervisor, E. I. du Pont de Nemours & Co., Wilmington, Del. 
**Senior Research Chemist, E. I. du Pont de Nemours & Co., Wilmington, 
Delaware. 
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A. Tensile Properties 

The basic "Kevlar" characteristics are summarized in Table I.  Organic 
fibers such as nylon and Dacron® polyester have long been used success- 
fully in many industrial applications; but their properties limit their 
ability to perform in end uses requiring very high strength and low 
stretch (e.g., wire rope and electromechanical cables).  "Kevlar" 29 
and "Kevlar" 49 aramid fibers with their combination of high strength 
(400 x 103 psi), high modulus (9 to 19 x 10^ psi), or low stretch (2.4 
to 4%) that approach steel (Figure 1), combined with light weight 
(^1.45 g/cc) permit the realization of systems not practical with steel 
or other synthetic fibers.  The yarn properties of "Kevlar" are compared 
to those of steel, nylon and "Dacron" polyester in Table I.  A compari- 
son of the strength and stiffness per unit weight, also called specific 
strength and specific stiffness, versus other fibers and metals is 
shown in Figure 2.  Note that "Kevlar" offers the highest specific 
strength of any known commercial material, and a specific modulus inter- 
mediate between conventional fibers and metals on the one hand, and more 
exotic fibers such as graphite and boron on the other. 

B. Temperature Effects 

The high level of room temperature strength and modulus versus more con- 
ventional textile fibers is retained at elevated temperatures as shown 
in Fig. 3 and 4.  In .addition, low temperatures that could be encount- 
ered in polar service do not reduce the strength or unduly embrittle 
the fiber, Table II.  More extreme lower temperatures, as those required 
for the containment of liquified gases are also innocuous to the fiber. 
Work by NASA has shown that "Kevlar" 49 fiber that had a room tempera- 
ture (75°F, 297°K) tensile strength of 425 x 103 psi, only decreased in 
strength to 386 x 103 psi when tested at liquid H2 temperatures (-423°F, 
20K), Ref. 1. 

C. Creep 

A further design consideration for inflatable structures, such as the 
skins of balloons, is that they must remain in tension for long periods 
of time without excessive creep.  The high crystallinity of "Kevlar" 29 
and 49 make creep negligible up to significantly high percentages of 
the ultimate tensile strength (UTS) of the fiber, Fig. 5.  Comparison 
of the creep rates of "Kevlar" 29 and "Dacron" polyester, measured by 
the slopes of the curves in Fig. 6, gives further indication of the 
superiority of the aramid in this respect. 

D. Creep Rupture 

Strong but brittle materials have difficulty sustaining high percentages 
of their ultimate tensile stress for useful periods of time due to their 
creep-rupture behavior.  This causes cracks that initiate at some point 
in the material to rapidly propagate,leading to the collapse of the en- 
tire item.  The substantial advantage over glass of the fibrous poly- 
meric structure of "Kevlar" in preventing this brittle fracture has been 
documented elsewhere (Ref. 2).  This characteristic could be of value 
in the design of pressure vessels required for vehicle altitude control 
and/or ground storage of helium. 
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E. Ultra-Violet Stability 

Precaution should be taken to protect "Kevlar" ropes, cables and fabrics 
from degradation due to prolonged UV exposure. Because "Kevlar" is 
self-screening, if degradation of the outer perimeter of a rope, or the 
outer plies of a coated fabric, can be tolerated, they will protect the 
interior from damage. More economically, ropes and cables can be jack- 
eted with UV resistant braids (e.g., "Dacron"), or an extruded pigmented 
thermoplastic. A pigmented film as the outer layer of a coated fabric 
lamination is also an effective UV screener. 

III.  FLAMMABILITY 

Flammability characteristics can be crucial in the selection of mater- 
ial for the applications of interest to this audience.  The Limiting 
Oxygen Index (LOI) is an accepted method of ranking the relative flame 
retardance of textile fabrics, Table III. Note that the performance of 
"Kevlar" 29 and "Kevlar" 49 is similar to high temperature resistant 
Nomex® aramid.  Table IV compares the flame and smoke characteristics 
of "Kevlar" 49 fabric reinforced resin laminates with identical glass 
fiber reinforced configurations, where precaution has been taken to 
select a halogenated epoxy as the matrix.  Data show "Kevlar" 49 to 
meet stringent specifications in effect for commercial aircraft 
interiors. 

IV.  ELECTRICAL PROPERTIES 

The dielectric constant of a "Kevlar" laminate is about one unit lower, 
and the loss tangent equivalent, to that of a glass fiber reinforced 
item that uses the same resin.  Thus, "Kevlar" is transparent to elec- 
tromagnetic radiation and can be used advantageously as radome material. 
Both electrically and thermally it is an insulator, Table V.  Its good 
dielectric properties also make it an ideal material for antenna guy 
wires that do not interfere with signal transmission. 

V.  COST 

Presently, "Kevlar" sells on a dollars per pound of breaking strength 
basis at 20 to 40% premium over improved galvanized plow steel wire. 
The very significantly higher strength per unit weight of "Kevlar" vs. 
steel compensates for the difference in cost per unit weight. At real- 
istic projected prices, the cost for equivalent strength with "Kevlar" 
29 and 49 should be lower than for steel wire. 

VI.  APPLICATIONS 

We will now describe applications for "Kevlar" which take advantage of 
its properties described above, and which have relevance to material, 
structural and reliability aspects of lighter-than-air craft.  We will 
purposely exclude "Kevlar" reinforced plastics applications in the air- 
craft, missile, marine and recreational equipment field that are well- 
documented elsewhere in the literature (Refs. 4-7) .  We have specific- 
ally selected for review "Kevlar" uses in high performance ropes and 
cables, coated fabrics, and industrial hose. The relevance of the 
performance demonstrated by "Kevlar" in these uses to the anticipated 
requirements of materials for lighter than air craft should become 
clear in what follows. 
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A. Ropes and Cables 

1. Advantages 

The primary advantage of "Kevlar" fibers is an excellent strength-to- 
weiqht ratio in very long cables such as those used in oceanographic 
and aerospace markets.  Fig. 7 illustrates the "free" length "Kevlar 
will support in both air and water as compared to steel.  With the 
highest specific strength of any material known, "Kevlar" offers in- 
creased payloads and permits easier handling with smaller, lighter, and 
more economical systems. 

in addition to the high strength-to-weight ratio, "Kevlar" also offers 
the following advantages: 

• High modulus (resistance to stretch) 

• Corrosion resistance 

• Non-conductivity 

• Flexibility 

These characteristics are advantageous in many applications where 
"Kevlar" is now under evaluation. These include: 

Mechanical Lines - 

• Oil well rig mooring lines 

• Buoy mooring lines 

• Tug boat towing lines 

• Running and standing rigging 

• Helicopter hoist lines 

• Balloon tether lines 

• Antenna guys 

• Parachute shrouds 

• Leader lines 

Electromechanical Cables - 

• Data and sonabuoy mooring cables 

• Air and sea towed antenna cables 

• Deep ocean work system cables 

• Subsea television cables 

• Balloon tether cables 

Data developed to date in these applications confirm the anticipated 
strength-to-weight advantages of "Kevlar".  In mooring lines, now being 
developed for offshore oil rigs, a mechanical line of Kevlar with 
1 million pounds breaking strength exhibits an 80% weight savings in 
air versus steel.  Deep ocean electromechanical cables being developed 
by the Navy have also shown the high strength-to-weight ratio allows 
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higher payloads in water (20X) at the same safety factor as an equal 
size steel cable.  In addition to the easier handling of these lighter 
lines and cables, the corrosion resistance provides safer, longer last- 
ing systems, with no significant strength loss occurring after one 
year in sea water. 

Also, the non-conducting characteristic of "Kevlar" provides added 
safety in lines, and prevents the strength member from shorting out 
conductors in electromechanical cables, or interfering with the recep- 
tion of antennas.  High altitude meterological balloon tethering cables 
have been deployed and are performing satisfactorily. Pultruded 
"Kevlar" 49 reinforced plastic guy wires have been operational since 
1972 on the radio telescope of the Arecibo Observatory, Puerto Rico 
(Ref. 7) . 

A further benefit, confirmed in hydroplane work by the Navy and Woods 
Hole Oceanographic Institute, is that cables of "Kevlar" are much 
quieter in operation than steel cables. 

2. Forms 

"Kevlar" 29 and "Kevlar" 49 can be used either as "soft" yarns (like 
nylon and "Dacron" polyester) on conventional textile twisting, strand- 
ing or braiding equipment, or as resin impregnated strands which may be 
handled like steel wire on wire stranding, cabling and braiding equip- 
ment. 

Types of rope and cable structures which have been demonstrated include: 
3-strand, 8-strand, plaited, single and double braids, parallel strands, 
1x7, 1x19, 7x7, 7x19, 19x7 ropes, and center core and contrahelically 
wound cables.  Typical properties of some rope constructions are shown 
in Table VI.  The construction is chosen to achieve the optimum balance 
of strength, modulus and flexibility required for specific application. 
Notice that the strengths of the "Kevlar" items are equal or better than 
for steel at about one-fifth the weight of cable. 

3. Cost 

Cost comparison of "Kevlar" and nylon or polyester ropes, Table VII, 
shows "Kevlar" to be comparable in cost at equal breaking strength. 

B. Coated Fabrics 
2 

Table VIII shows Hypalon® coated nylon fabric (5.1 oz/yd ), intended as 
air supported shelter material, compared to a "Kevlar" analog that util- 
izes fabric of less than half the basis weight (2.1 oz/yd2). The 
"Kevlar" item is 20% lighter, stronger and more tear resistant.  We are 
currently evaluating fabrics coated with other elastomers. 

Work by Sheldahl Advanced Products Division in tethered balloons (Ref. 
8) has shown that ply laminates of "Kevlar" offer significant strength- 
to-weight improvements, are less permeable, and have equal or better 
abrasion resistance than conventional "Dacron" reinforced counterparts 
(Tables IX-XI). 
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C. Industrial Hose 

e_a11 diameter industrial hoses (3/16"-l/2") with thermoplastic resin 
Sner line^fbrSSf with "Kevlar-'and covered with PVC have been so™ 
to support internal pressures up to 40 x 103 psi.  Such industrial hoses 
are n?w commercial.  "Kevlar» is expected to offer considerable advant- 
age in automotive radiator and heater hoses with temperature capabili- 
ties up to 300°F. 

Gates Rubber Company has recently reported (Ref. 9) use of »Kevlar" in 
anhydrous ammoniS hose with high burst, low volumetric expansion and 
superior chemical resistance than incumbent products; and in high 
presse nosS which is nonconductive and more flexible than their steel 
reinforced counterparts. 

VII.  CONCLUSIONS 

"i^v-lar" in its regular (9 x 10^ psi) and high (19 x 106 psi) modulus 
f^rms^ffers'^coSination of physical properties heretofore unavailable 
among man-made fibers.  In spite of its superior performance, Kevlar 
regains the handleability normally associated with more conventional 
textiles.  This allows processing using existing equipment and techni- 
ques tha^ result in high performance products of attractive economics. 

The hiah level of tensile strength per unit weight of "Kevlar" combined 
lith  its balanceMother properties has allowed the reduction to prac- 
tice of systems concepts in mechanical and electromechanical applica- 
tions not possible with other materials.  The new dimensions in design 
and IcSnomics available with "Kevlar» we think can help improve the 
performance/cost effectiveness of the lighter than air craft concept. 
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TABLE I - YARN PROPERTIES 

"Kevlar" 
29 

"Kevlar" 
49 GIPS* 

2.9 
285,000 

Nylon 

9.8 
143,000 

"Dacron" 

Tenacity, gpd** 
psi 

21 
400,000 

21 
400,000 

9.5 
168,000 

Modulus, gpd 
psi(106) 

500 
9 

1000 
19 

200 
29 

55 
0.8 

115 
2.0 

Specific Modulus, 
in., 108 1.7 3.6 1.0 0.3 0.6 

Density (g/cc) 1.44 1.45 7.86 1.14 1.38 
Elongation, % 4 2.4 2.0 18.3 12.0 
Cost ($/lb) 7.50 8.50 0.80 0.80-1.00 0.75-1.05 

"  ($/lb Break 
Force x 10-8) 99 112 80 25 27 

»Galvanized Improved Plow Steel 
**gpd = grams per denier 

TABLE II - "KEVLAR" 29* PROPERTIES AT ARCTIC TEMPERATURE 

Tenacity, gpd 
Elongation, % 
Modulus, gpd 
Loop Tenacity, gpd 
Loop Elongation, % 

*4500 Den. 

75°F -50°F 

19.1 19.8 
4.1 3.9 

425 521 
8.3 7.7 
2.0 1.8 

TABLE III - LIMITING OXYGEN INDEX 

T-728 Nylon 
Virgin Wool 

0.20 
0.25 

Nomex®      0.28 
"Kevlar" 29  0.29 
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TABLE IV - FLAME AND SMOKE PROPERTIES IN EPOXY* RESIN 

Flammability FAA 25.853 Test 
Burn Length (in.) 
Time to Extinguish (min.) 

National Bureau of Standards 
Smoke Chamber 

Max. Specific Optical Density 
flame ignition 

Max. Specific Optical Density 
radiant ignition 

*Flame retardant 

"Kevlar" 49 Glass 

5.5 
0.70 

7.75 
0.75 

148 197 

54 77 

TABLE V - ELECTRICAL PROPERTIES OF "KEVLAR" 49 AND GLASS 
FABRIC LAMINATES IN FR-4 EPOXY RESIN  

Dielectric Constant 
(ASTM D-150, 106 Hz) 

Dissipation Factor 
(ASTM D-150, 106 Hz) 

Dielectric Strength, volts/mil 
(ASTM D-149) 

Volume Resistivity, ohm/cm 
(ASTM D-257) 

Surface Resistivity, ohm/square 
(ASTM D-257) 

Arc Resistance, seconds 

Volume % Fiber 

"Kevlar" 49 

4.12 

0.0239 

957 
(29.7 mils) 

5 x 10 

5 x 10 

125 

48 

15 

15 

Glass 

5.15 

0.0210 

793 
(36.1 mils) 

2 x 10 

3 x 10 

123 

44 

15 

15 

Conditions: Tests at R.T. after samples had 
— —  been conditioned at 73°F for 24 

hours at 50% R.H. 
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TABLE VI - TYPICAL ROPE CONSTRUCTIONS 

3-Strand 

"Kevlar" 29 
"Dacron" 
Nylon 

Braid 

"Kevlar" 29 (med. pick) 
"Dacron" 
"Kevlar" 29 (long pick) 

8-Strand Plaited 

"Kevlar" 29 
"Dacron" 
Nylon 

H.B.L. Plaited 

"Kevlar" 29 
w/"Dacron" cover 
Nylon 
w/"Dacron" cover 

Wire Rope 

1x7: 

1x19: 

7x7: 

7x19: 

"Kevlar" 29 
Galv. Aircraft 
Strand 

"Kevlar" 29 
Stainless Steel 
Galv. Aircraft 
Strand 

"Kevlar" 29 
Galv. Aircraft 
Strand 

"Kevlar" 29 
Galv. Aircraft 
Strand 

Diameter 
(in.) Lbs/100 Ft 

Strength 
(lbs) 

1/2 
1/2 
1/2 

- 
14,300 
6,900 
8,000 

9/16 
9/16 
3/16 

10.8 
10.0 
1.5 

34,000 
16,000 
6,500 

1/2 
1/2 
1/2 

8.6 
7.0 
6.8 

17,500 
6,400 
7,100 

23/23 13.2 31,500 

1 18.9 24,600 

1/8 0.8 2,500 

1/8 3.5 2,100 

3/16 1.4 4,700 

3/16 7.7 4,700 

5/16 3.5 12,000 

5/16 16.7 9,200 

1/2 8.0 25,000 

1/2 45.8 22,800 
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TABLE VII - COST* COMPARISON IN ROPES 

"Kevlar" 29   Nylon or Polyester 

Breaking Strength, lbs 64/000 

1 1/4 ,Mnnn 164.000 
2" 

302,000 164,000 

Weight, lbs/100 ft 53-60 

l.1'4" 156 135-135 

Cost/Foot, $ i.83 

i„1/4 12.42 4.64 
-5 

Cost/Lb Breaking Strength ($ x 10  ) 

J„1/4 3.17 2.82 

*wäTl Rope "Uniline" price list May 1974. 

TABLE VIII - AIR SUPPORTED SHELTER MATERIAL 

FABRIC PROPERTIES 

Weight, oz/yd2 

Tensile Strength 
Grab Method (WxF), lbs 

Burst - Mullen, psi 

COATED* FABRIC PROPERTIES 

Weight, oz/yd2 

Tensile Strength 
Grab Method (WxF), lbs 

Tongue Tear Strength 
(WxF), lbs 

Burst - Mullen, psi 

Nylon 

5.1 

"Kevlar" 29 

2.1 

380 x 375 215 x 230 

800 930 

15.0 11.3 

300 x 300 380 x 335 

20 x 20 20 x 25 

840 900 
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TABLE IX - TENSILE STRENGTH OF "KEVLAR" 29 
COATED FABRIC LAMINATES (Ref. 8)  

1-Ply 2-Ply 1-Ply 2-Ply 
"Dacron" "Dacron" "Kevlar" "Kevlar" 

Test Temp.   3.8 oz/yd2 2.25 oz/yd2 1.8 oz/yd^ 2.7 oz/yd^ 
oc          MD  TD MD       TD MD      TD MD      TD 
    —(lb/inf" (lb/in) (lb/inT- (lb/inf" 

60        230    220   173     148   257    300   331    303 

22        262    263   184     154   269    330   394    420 

-51        258    261   216     210   321    334   460    457 

MD = Machine Direction 
TD = Transverse Direction 

TABLE X - HELIUM PERMEABILITY DATA (Ref. 8) 

l/m2/24 hr @ 300 N/m2 Pressure 

Single-Ply Two-Ply ,  „ „„ 
"Dacron*-^ kevlar" 29        "Dacron"    kevlar" 29 

0.4 0.3 0.7 0.5 

TABLE XI - ABRASION DATA* (Ref. 8) 

Cycles 

1-Ply "Dacron" 40,000 

1-Ply "Kevlar" 69,000 

2-Ply "Dacron" 21,000 

2-Ply "Kevlar" 21,000 

*Number of cycles required to expose the 
fabric when abraided against themselves. 
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N76-15 0 38 
AIRSHIP CONSTRUCTION 

John Roda* 

ABSTRACT:  Forty-four years ago the first successful metal 
airship was completed and delivered to the United States 
Navy, the ZMC-2.  Between those years and the present, 
very little effort or serious consideration has been given 
to the manufacture, design, construction, or economic 
impact of airships.  It is important that we retain and 
exploit the small but continually diminishing pool of air- 
ship talent that will expedite the success of the United 
States in what is now a pioneering venture.  The relative 
simplicity of airship construction, utilizing the tre- 
mendous technical advances of the last 44 years, leads to 
the conclusion that this form of transportation holds 
great promise for reducing costs of military missions and 
improving the international competitive position of the 
United States in commercial applications. 

The design concept for our all metal airship directed the utmost con- 
sideration toward manufacturing feasibility. The design is such that 
existing fabrication and assembly methods can be applied. 

Extensive sub-assembly of the airship's structure components into 
large module segments will substantially reduce the elapsed time re- 
quired to complete each airship in the assembly dock. 

Modular assembly methods in various forms are presently being used in 
aerospace and modern shipyards to increase productivity, insure quali- 
ty and reduce costs. 

When necessary to accelerate production, a subcontracting program will 
be negotiated with existing aircraft builders, also their sub-con- 
tractors and material suppliers.  Thereby we will avail ourselves of 
additional facilities and skilled personnel. 

♦Director, Turbomachines, Inc., Irvine, California, U.S.A. and member, 
Southern California Aviation Council, Inc., Lighter Than Air Committee 
Technical Task Force, Pasadena, California, U.S.A. 
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The technical skills required to fabricate and assemble metal airships 
are comparable to those presently employed to construct all metal air- 
planes.  For the forseeable future these skills are readily obtainable. 

Certain special tooling and new assembly methods, as they relate to 
our metal airship construction are being designed and developed during 
the initial research and development phase.  During these early stages 
of research and development, close coordination between engineering, 
manufacturing and tooling personnel is very essential. 

The team concept is a must on an airship development program. You can- 
not departmentalize. Time and cost will not permit an elaborate organ- 
ization. 

A delivery schedule commitment applies to all involved on any complex 
project.  A schedule is no more or less than a timetable, or time 
allotment.  It is very important that all functions committed to a 
"Promise to Deliver" complete their responsibility on time. 

A behind schedule condition frequently leads to cost overruns.  This 
is usually caused by expending excessive overtime and resorting to 
other forms of heroics to make up for lost time.  The excessive use of 
overtime on a fixed price contract can become a bottomless pit inas- 
much as a fatigue factor limits output, and not the hours expended. 
Also, quality is endangered as mental fatigue and discoordination 
occur. 

There are many factors involved in scheduling and they are all of 
utmost importance and deserving of full consideration before making a 
contractual delivery commitment. 

QUALITY CONTROL 

The quality of aircraft starts with the initial design layout.  Quali- 
ty must be designed and manufactured into a craft with each operation 
performed within approved standards. 

Quality cannot be inspected into an aircraft or in any way compromised. 
There can be only one standard applied as to the degree of quality 
acceptance.  Skill requirements for airship craftsmanship must be 
above levels acceptable for routine aircraft production line work. 

Airship mechanics will require diversified experience and a capabili- 
ty to perform a variety of skills with a minimum amount of supervision. 

CONSTRUCTION FACILITIES 

Existing airship construction facilities in America are limited and 
whether any of these could be obtained for an airship development pro- 
gram is being investigated. 

If existing facilities are not available, a new and completely modern 
structure with overhead cranes, elevators, adjoining fabrication 
facilities and engineering department should be constructed.  If such 
a structure were approved, serious facility design consideration must 
be given for future growth in size of airships up to thirty million 
cubic feet or larger.  Modern production layout would be taken into 
account. 
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For the initial research and development program, present United 
States government owned facilities exist in Southern California.  This 
property includes two large airship hangars.  It is a former Navy Air- 
ship Base, now being used as a helicopter repair and storage depot.  A 
close inspection would be required to determine whether they are ade- 
quate, or if they are obtainable for a prototype airship development 
program. 

The location, climate and other considerations make this facility 
desirable. 

Information from knowledgeable sources indicates that much government 
owned surplus machinery of all categories and sizes are stored in 
various depots.  If this equipment could be leased for an airship pro- 
gram, much valuable time could be saved with a considerable reduction 
in total budget requirements. 

In conclusion I would like to share this thought with you.  At this 
late hour we still have access to a diminishing store of technical 
knowledge and experience relating to modern all metal airship engi- 
neering and construction. 

This knowledge and experience is a valuable and irreplaceable national 
asset and should be exploited to strengthen our national defense. 

The dirigible also has the potential for resolving our rapidly deteri- 
orating national transport system and thus insuring our future eco- 
nomic well-being. 

There is an urgent need in many areas of this world for a modern air- 
ship transport system to provide transportation and cargo service 
where none exists.  These multiple needs will insure the economic 
viability of this transportation medium, a medium which is capable of 
establishing an entire new industry and sustaining itself on its own 
merits. 
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N76-15039 

OPERATIONAL CONSIDERATIONS FOR THE AIRSHIP 
 IN MRT-HAUL TRANSPORTATION'  

Charles D. Walker* 

ABSTRACT:    This paper surveys the airship's problems and the possi- 
bilities for their solution 1n a short-haul transportation environ- 
ment.    The problems are derived from both past experience and envi- 
sioned operation.    Problems relative to both fully buoyant and semi- 
buoyant confimirations are considered and their origins in principle 
discussed.    Also addressed in this paper are the state-of-the-art 
technologies with the potential of providing answers to the airship's 
operational difficulties. 

The airship as a mode of short-haul transportation appears among the long list of 
potential applications for the modern operational vehicle.    But there is, at present, 
no operational transport airship.    The anticipated problems of operation, a necessary 
element of the concept evaluation for any new system, must then be based upon any 
pertinent past operation.    This operational experience 1s, however, limited in its 
direct correlation to modern demands.    It is limited not only in the scope of appli- 
cations but also in time base (as compared to span of operations for Heavier Than Air) 
and level of technology.    Virtually all inputs keyed to large rigid airships origi- 
nated prior to 1939.    Military and limited commercial  (mainly advertising) experience 
continued to the early 1960's 1n the form of non-rigids.    Only limited commercial 
application 1s on going.    Current research and development is almost nonexistent. 

So the present day planner, wishing to determine the applicability of a modem air- 
ship to the short-haul  air transport market, must either ignore the labors of his 
technological  forebearers and start from scratch or he can build on the past.    He has 
the ability to survey, filter and assimilate the facts and figures of the airship's 
operational history.    Determining the operations and the problems that are now rele- 
vant to a short-haul role, he can make swifter, less costly and less risky system 
design decisions.    This paper will make a beginning in this direction. 

♦Manager, Aerling, Bedford, Indiana, U.S.A. 
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REQUIREMENTS OF THE MODERN AIRSHIP IN SHORT-HAUL TRANSPORTATION 

Eventually, a set of criteria will be required to evaluate the enpineerlnq solutions 
of the airship's operational shortcomings.    These criteria can be extrapolated from 
the general requirements of a short-haul system.1» 

Retirements of Short-Haul Transportation 

The qeneral requirements of the short-haul system are no different than those of any 
larqe transport system:    safety, convenience and comfort, comparable cost, and com- 
munity benefit.    From these qeneral requirements, the technical requirements of a 
short-haul mode aircraft may be drawn.    These are shown in Table 1. 

Table 1 
Technical Requirements of an Aircraft Short-Haul Mode 

• Reliability at Least Equal • Accessible to the Traveler/ 
to Fixed-WInq Aircraft Shipper 

• Navlqational and Flicht • Compatible with the Traveler/ 
Path Control Aids to Provide Shipper 
All Weather Operation 

• External Noise at Acceptable 
• Internal Noise Vibration, Levels 

Sensitivity to Atmospheric 
Conditions at Levels Attractive   • Low Air Pollution 
to the Traveler/Shipper 

• Low Enerqy Consumption 
• Competitive Payload Capacity 

• Minimize Utilization of Land 
• Competitive Block Speed and New Facilities 

The short-haul aircraft will be operatinq over travel distances of up to 500 miles 
and in low, medium and hiqh density markets. 

OPERATIONAL PROBLEMS OF THE MODERN AIRSHIP 

It can be assumed that in this operational environment the modern airship will en- 
counter many of the same difficulties as its ancestors during the first third of this 
century. There will also be new problems spawned by market demand, institutions, and 
modern'technoloqy. The list of problems that follows contains those difficulties that 
appear to be most nearly associated with the short-haul operating mode. 

Slow Speed Aerodynamic Control 

This problem is not one peculiar to the airship. It is common to all aerodynamically 
controlled bodies. Basically it is the control surfaces' inability to provide an 
adequate resultant force due to lack of sufficient flow velocity. The upper thresh- 
old for loss of aerodynamic control 1s generally 15 mph. It was found that a kind of 
control reversal also occurs at these low speeds. This has been investigated and pro- 
cedural remedies can be instituted.3 This problem is particularly hazardous during 
landing maneuvers when positive control is required for mooring operations, as well as 
for the welfare of the ship itself. 

Trim Control 

The balance adjustment of an airship in flight has two inputs - aerodynamic and static. 
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AerodynaMc trimming is done by deflection of the elevators.    Again, this is a common 
point for controlled aerodynamic bodies.    But static trimming is more obvious in a 
buoyant vehicle.    Static trim is accomplished by adjusting the center-of-gravity longi- 
tudinally.    The medium of static trim adjustment has usually been ballast movement, 
ballonet Inflation control, valving of lifting gas, or even shifting on-board person- 
nel     Obviously, the principle is positional control of mass.    Adeguate control of 
static trim can effectively minimize the demand for aerodynamic trim. 

Buoyancy Control 

This problem area can be basically described as the reouirement to maintain a level of 
static lift. Control is a function of vehicle altitude and lifting medium temperature. 

Gas Valving 

The valving of llftino gas is intimately tied to buoyancy control. In fact. It is a 
reans of control. Gas will be valved if the airship exceeds its pressure altitude 
and the oas cell or envelope is at maximum volume condition. There is the potential 
of a catastrophic failure of the envelope, so gas is released to reduce the Pressure 
differential. Ras may be valved to control ascent and descent, although it is the 
most expensive and risky means. 

Ballast Management 

Aqain. this 1s a means of buoyancy control and also potentially a trim control tech- 
nique. Ballast is mass and has consisted of such innocuous items as sand, lead, and 
water. The Inefficient use of ballast (and gas valving) in flight can lead to a con- 
dition called "exhaustion" by the Germans. It is the condition of an airship that 
has lost its means of buoyancy (and possibly trim) control. 

Manpower (Ground Crew) 

The bulk of the airship reouired many personnel actively engaged in holding her down 
when the ship was not flying. Being a buoyant body, the airship was generally at the 
mercy of some of the elements and people were the most easy means of active control. 
Today, this kind of labor intensive activity is a problem. 

Weathervaning 

Another nround problem, weathervaning is actually a result of the vehicle being a 
buoyant body and subject to any sufficiently large disturbing motion of the surround- 
ino medium - wind. With a streamlined configuration and airfoils aft, the airship 
continually tries to point into the wind. Mooring and ground handling eguipment and 
operations must be adaptable accordingly. 

Weather 

Perhaps potentials the oreatest problem, weather has many facets.    Rusting near the 
nround may cause a vehicle/oround collision.    Turbulence at altitude can produce 
structural^ damanino shear forces.    Thermals can produce an undesirably rocky ride- 
trim control problems.    Precipitation and condensation provide buoyancy P"*lf*      . 
throuoh mass accumulation on the vehicle's surface and P?«!ble coolinVt-^n «I fl 

gas, reducing displacement.    Temperature variations resu t in changes of lifting gas 
and thus affect buoyancy.    The control surfaces can easily be Jammed if J«   s al- 
lowed to accumulate.    This problem is common to all  aircraft.    Loss of visibility is 
noTas oreat a problem for an airship as it is for a heavier than aircraft because an 
airship can reduce its velocity to zero in obstacle avoidance without loosino lift. 
It will be more of a danger in conoested airspaces.    Lightning strikes are not a oreat 
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problem because even a large puncture of the gas container doesn't mean a catastrophic 
loss of 11ft.    And the use of helium, rather than hydrogen as the liftino oas, means 
that combustion is negated. 

Human Error 

This problem is all pervasive and, as lono as man remains in the operational system, 
this problem area will, to some deqree, be present. 

Air Traffic Control 

This heading refers to a catagory of problems derived from the interaction of air 
vehicles within a limited volume of airspace. An air transport system brings these 
problems of congestion upon the airship. 

Useful-Load Transfer 

The transfer of payload to or from the airship, both on the ground and hovering, is 
seen as presentlno some tough engineering and procedural problems. Problems of posi- 
tive load positioning, vehicle control, and buoyancy control are foremost 1n this new 
area. 

Landino Impact Control 

Because airships were originally constructed of girder and wire frames overlayed with 
fabric skins, any Impacting contact with the earth could cause structural damage. 
Impact loadlno would still be a problem with rigid structures of this type. 

Interface Hith Ground Handlino/Support Equipment 

Problems of eoulpment/systems interfacing will become a laroer concern when the de- 
sign complexity of the airship escalates to meet the problems touched on previously. 
Both active and passive ground support will be Important to a moored or docked airship. 

POSSIBLE TECHNOLOGICAL APPROACHES 

All of the previously descussed problem areas must be evaluated to determine their 
basic nature. Only then can effective, detailed approaches to solving the problem 
be programmed. In the paragraphs to follow, however, a start is made'at isolating 
state-of-the-art concepts and techniques that may be able to evolve solutions. 

Vectored/Lift Thrust 

Producing vectored thrust bv swlveling propulsors and by reversing propellors is pos- 
sible. Both methods are either in operation today or 1n the prototype stage.5 

Another approach that is 1n operation is the use of the directed thrust jet of a turbine 
engine; an application of blown flap technology. 

Improved Control Surface Response 

Several current control systems appear to be applicable. Control Augmentation System, 
fly-by-wire, and Active Control Technology would provide an attractive coupling of 
dig1tal/electr1cal/hydraul1c/mechanical systems for the increasingly complex control 
reguirements of the modern airship.6f 7 Boundary Layer Control would go far toward 
solving the principle cause of surface control loss. 

Improved Static Trim 
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The approach to Improving static trimminq may be the positional control of mass in the 
form of a liquid. Aircraft are currently utilizinq on-board fuel for this purpose by 
controlling its location in the fuel tanks. Additionally, the concept of a semi-buoy- 
ant airship would provide mass for an inertial keel that is inherently trim stabilizinn. 

Thermodynamic Lifting Gas Management 

Suggestions for artificial means of super heating the lifting gas to increase lift on 
one hand and cool, compress or liquify the gas to decrease lift on the other, have 
obvious merit. The means of compression and liquification may prove too massive, 
however. 

Mechanical/Thermal Icing Prevention 

Proven means of applying thermal energy to aerodynamic surfaces to prevent icinq are 
available. The heat produced by a thermodynamic gas management system would also prove 
helpful. Hydraulic and mechanical means of releasing the ice are practical. 

Increased Speed Capability 

This improvement has many benefits including economic competitiveness and weather 
avoidance. It may be accomplished by use of laminar flow control to reduce drag, 
better aerodynamic design, and turboprop/turbofan propulsors. 

Avionics 

The vide range of systems available and programmed can provide aids to solve the 
weather and air traffic control problems,    instrument Landing System and Area Navi- 
gation »re two systems in existance.    Micro-wave landing and discrete-address beacon 
systems are projected aids of importance.    Weather forecasting provided to the systems 
user will go far to assist the operational airship. 

Improved Flight Crew Training 

Simulators, currently an indispensible part of flight crew training should improve 
the airships' efficiency and safety. 

Ground Handling/Material Handling Equipment 

In a competitive transport market, the airship cannot Ignore the existing container- 
ized/bulk cargo handling systems.    In addition, consideration to adapting conventional 
general  purpose equipment such as vans and flat-bed trucks should be given.    This 
could assist in opening new markets. 

Improved Mooring Methods 

The problems of mooring and handling airships will not soon be gone. But innovative 
devices such as turntables for mooring and direct mooring to the airship's undercar- 
riage structure could ease them. 

Further study and clarification of the semi-buoyant lift concept may in itself prove 
the most important solution to the modem airship's problems.    The successful adapta- 
tion of the safest form of air travel with the best understood and utilized form 
could mean a more efficient complete transportation system. 
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DESIGN ASPECTS OF ZEPPELIN OPERATIONS 

FROM CASE HISTORIES 

Walter P. Maiersperger* 

ABSTRACT; This paper deals with some widely held beliefs 
concerning the practicability of rigid airships in air 
carrier operations. The paper shows, by a review of past 
operational experience, and some basic aerostatic theory, 
their actual record and the reasons for their demise. 
Problems of atmospheric density and temperature varia- 
tions, meterological factors, aerodynamic stability and 
control, and mooring difficulties are discussed and re- 
lated to actual case histories.  Structural and flight 
efficiencies are compared to airplane efficiencies for 
airplanes contemporary with the zeppelin as well as 
modern designs. The difficulty of supporting new, 
commercial airship developments on an economic basis is 
made clear. 

"In the development of human flight the zeppelin episode could only 
have been a very brief one".  So wrote the master mariner of airships, 
Hugo Eckener, with respect to air carrier operations.  Because refer- 
ence books, semi-professional journals and current airship enthusiasts 
have published a great deal of mis-information about bouyant aircraft, 
it is the purpose of this paper to put on the record of this workshop 
some physical laws and design factors that establish the truth of 
Eckener's observation. 

Ship Analogy - Sir George Cayley appears to have started the analogy 
with surface ships by suggesting that airship lift be subdivided into 
multiple compartments for greater safety. C. P. Burgess wrote that 
because rigid airships had this feature, they could lose one or more 
lifting cells without endangering the airworthiness of the ship. 

*Lt. Col. USAF-Ret 
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Actually, this feature only helps prevent instant catastrophy. To re- 
main aloft the airship must jettison weight in equal proportion to the 
lift it lost. The veight dropped must leave the airship in satisfact- 
ory trim, or it will experience extreme difficulty in maintaining con- 
trol of any forward speed, and thus, its chances of reaching a safe 
haven. Therefore, any loss of lift jeopardizes the airworthiness of 
any airship. 

The SHENANDOAH and the R-33 both escaped disaster after being torn 
from their mooring masts and thereby suffering the loss of forward 
lifting cells.  On the other hand the ITALIA and the MACON were both 
lost after suffering deflation of their aft cells.  The disparity in 
the analogy is that surface ships have an immense reserve bouyancy. 
No airship ever had any while on a design mission.  A ship with a 
flooded compartment sinks deeper into the water, all of its hull above 
water constituting reserve bouyancy. The airship with deflated cell 
sinks all the way to earth, unless it drops weight, as stated above. 
This ship analogy is one of the most basic and persistent myths, so it 
was treated first. 

■rimming *••( Cabin-Cloti Blnli Dlmn« I«K     Inglnat     T*vrltt-Claii Dining ■.••*■   Hut pit« I    KMI    UJ(«#i bak><* Mit top of lh* imohatloch 

Figure 1.  Ship and Airship cross-sections 

Shipping is the cheapest and best mode of long distance transportation 
known to man.  It does not follow that because airships are also bouy- 
ant vessels, they are equally as attractive.  Because water is more 
than 800 times as dense as air, there is a striking difference between 
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the utilization of volume aboard a ship and an airship.  In Fig. 1 it 
is seen that it is almost impossible to overload a ship with most 
industrial products, -only solid materials and ore can do that.  Gen- 
erally, the stability of the ship becomes the limiting factor, not the 
load which may be placed aboard.  In contrast, the passenger and cargo 
space on the airship is so small as to be almost unrecognizable.  As 
an Englishman has put it, "The wisdom is questionable, of creating an 
airship as large as the MAURETANIA for a load only so large as a lorry 
can carry". 

Before leaving this analogy, it is necessary to point out that only 
captive balloons operate lighter than air.  In normal operation, an 
airship is not lighter than air.  Like a ship, it is equal in weight 
to the weight of the fluid it displaces.  Balloons, and all airships, 
which are really dirigible balloons, should be called bouyant aircraft, 
and the term 'lighter than air' eliminated as part of the myth 
surrounding the subject. 

AEROSTATICS 

Eckener reminds one that every airship landing is essentially a balloon 
landing. Misunderstanding concerning the nature of balloon flight be- 
gan with the first public notice, the 23 August Proclamation of the 
French Government, issued, "so that alarm be not occasioned to the 
people".  It spoke of balloon experiments than in progress and revealed 
the operating principle as "filled with inflammable air" a balloon will 
"rise toward heaven till itte in equilibrium with the surrounding air". 
Ever since, most people believe that a balloon will rise until it is in 
equilibrium with less dense air at higher altitude, and conversely, 
that a descending balloon will sink until it is in equilibrium with 
lower, more dense air.  In fact, aerostatic lift is unstable lift.  A 
light balloon will continue to go up and a heavy one down, until the 
pilot valves gas or drops weight, or the balloon, on its way up, passes 
the height at which its bag is full, known as pressure height, and 
either blows-off gas through its overpressure valves, or bursts.  This 
physical fact is responsible for the expenditure of both gas and ballast 
on every flight.  In operation, an airship must sacrifice almost 1%  of 
its gross lift for every 100 ft rise in altitude, and must carry a min- 
imum of 3% of its gross lift in the form of ballast to prevent inadver- 
tent descent at inopportune times.  In practice, its lifting gas is 
assumed to be about 95% pure (ie., diffused 5% by air).  Thus, a comm- 
ercial airship must sacrifice about 13% of its cargo capacity to fly at 
minimum altitude (1500 ft) with minimum safe ballast.  No other vehicle 
ever seriously considered for commerce is so inherently handicapped. 

Altitude - Feg. 2 shows the aerostatic effect on design if an airship 
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were considered for transcontinental flight.  For scheduled, instrument 
flight over eastern USA, the FAA requires a minimum cruising altitude 
of 8000 ft, and over western USA 16,000 ft.  The figure shows the in- 
creases in diameter, frontal area, and volume necessary to achieve 
various cruise altitudes, compared to a sea level balloon having the 
same lift capability.  Alternately, the lower block shows the effect on 
lift capability if the volume is kept constant and the design is used 
at the various altitudes.  This block explains the extreme difficulty 
all airships have had in crossing the United States in the past, as 
they were all sea level designs.  The SHENANDOAH flew so low she knock- 
ed off her trailing wire antenna 'fish' at 2200 hrs near El Paso.  The 
GRAF did the same thing near Tours on the return maiden flight, also at 
night, and carrying passengers!  The AKRON, eastbound, had to jettison 
6 tons of fuel and her onboard airplanes to proceed beyond Phoenix, and 
was then so short of fuel she couldn't make it back to Lakehurst 
non-stop. 

None of the historic airship flights would have been sanctioned under 
modern airways regulations, yet these flights are recalled by current 
enthusiasts to extoll the capabilities of Zeppelins.  It should be 
noted that the figure represents static lift effects only.  A larger 
airship would require still greater volume increase to carry the larger 
engines and greater fuel and ballast load of the larger, high level 
design. 

Figure 2. Static Effect of Altitude    Figure 3. Atmospheric Effects 

The real world has a variable atmosphere and cities are located at 
various altitudes and climates.  Fig. 3 is a standard air chart which 
has certain selected cities spotted on it at their respective altitudea 
It is seen that an airship designed for eastern USA (8000 ft design 
altitude) could not operate into Denver, at design gross weight if the 
ground temperature exceeded 85°F, although Denver's altitude is but 
5280 ft.  The same would be true at Mexico City, elevation 7347 ft. 
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whenever the temperature exceeded 42°F.  Only the 16,000 ft design 
would be practical for both places, even though the Rocky Mountains 
would not have to be crossed from the eastern seaboard, for either 
destination. 

Superheat - This is the amount of increase of gas temperature above 
ambient air.  Superheat develops most noticeably when the airship is 
moored out on the field on a sunny day.  Even at Santiagj?, elevation 
1675 ft, the airship will be at 7,400 ft density altitude if 40° of 
superheat is allowed to develop on a 100°F day.  A sea level design 
airship with full cells will blow off gas equivalent to 18% of its 
gross lift under such conditions. This happened to the GRAF at Los 
Angeles.  As the field had no refilling facilities, the GRAF was so 
heavy at take-off, she left without ballast and made it over the tele- 
phone wires at the end of the field with 3 ft to spare.  Eckener 
mentions a 'cat-walk' crew, whose duty it was to step off, or back onto 
a moored-zeppelin, depending on changing superheat as clouds or rain 
showers went by.  Larger zeppelins will require that the field have 
gas, water and fuel pumping facilities to maintain the airship at 
correct equilibrium under changing conditions.  The AKRON experienced 
this situation at Parris Is. Marine Base, and the MACON at Opa-Locka. 
In both episodes, alternate rain and sun aggravated the troubles, as 
rain soaked covers may add 10% to the gross weight of the ship. 

Rain, Snow and Ice Loads - If extra gas is added to permit take-off 
with a load of rain, snow or ice on the cover, this gas will be blown- 
off when the ship reaches design altitude. Cold weather will normally 
allow take-off, whereas in hot weather the gas cells may become full 
before the extra lift to carry the load is obtained. While moored, 
snow and ice may cause high local structural stresses at the horizontal 
fin attach points.  Nobile recounts brooming for two days to prevent 
snow accumulations from buckling his hull at these points.  Andree's 
log books show his balloon suffered acutely from snow and ice loads in 
flight, and they leave the recommendation that means be developed to 
heat the cover and prevent such accumulations.  Nobile's controls froze 
tight on his return from the North Pole.  His tragic crash is attribu- 
table indirectly to having to stop the ship while the jammed controls 
were freed.  However glorious the record of the German passenger zeppe- 
lins, they never attempted a North Atlantic crossing in the winter sea- 
son.  Only a few years later, green crews flew combat planes over this 
route year 'round.  De-icing remains a development of large proportion 
facing those who would resurrect the zeppelin. 

AERODYNAMICS 

Knut Eckener claimed that airships flew naturally, unlike airplanes 
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which depended on some trick to keep it in balance.  The force center 
comparisons, shown in Fig 4, indicate the airship may be the trickier 
of the two.  In airplane configuration terms, the airship is a 'tail- 
less' design, meaning the tail control surfaces are carried on the 
wing itself, -the wing being the hull of the airship.  While the cent«=r 
of pressure (c.p.j and the center of gravity are virtually coincident 
on an airplane, the c.p. is far forward of the e.g. on the airship 
when it enters a gust.  The airship has a third force center, the cen- 
ter of bouyancy (c.b.) located high, but directly above, the e.g. 
This arrangement provides a stable restoring moment whenever the hull 
develops lift.  It is seen that the low slung engines of the airship 
always produce a pitch-up. C.P. movement on an airplane is expressed 
as a percentage of the length of the wing cord.  On an airship, it is 
a percentage of the length of the entire hull.  Tailless airplanes 
cause design control difficulties;  so does the airship.  The inter- 
relationship of forces about these three centers apparently require a 
great deal of experience for the pilot to assess correctly. For 
instance, a heavy ship will be flown dynamically in a nose up attitude. 
But an airship at neutral bouyancy, trimmed statically nose heavy, will 
appear to fly in the same attitude.  Consumption of the fuel and water 
ballast causes the e.g. to rise, thus reducing its power to provide 
stable restoring moments.  A light ship flies and handles differently 
than a heavy ship. 

Controls - The destabilizing foroe 
always produced by gusts on the 
forward hull is countered by the 
large control surfaces.  Their 
movement has been a field for de- 
velopment of design philosophy, 
if not for satisfactory solution 
of the problem they present.  The 
problem is that rapid movement of 
the surfaces tends to produce 
forces so high as to endanger the 
integrity of the hull.  On the 
other hand, slow motion produces 
very sluggish control response. ' 
It sounds incredulous to learn 

that it took 25 seconds to move the LOS ANGELES elevator through full 
travel, and that Norway was proud of his solution for the R-100 which 
only permitted the full strength of the helmsman to move the control 
3° initially.  Then, as the ship responded, additional deflection 
could be applied.  Full deflection took about 30 seconds!  Norway re- 
calls passing thru a squall at night, near Montreal, when the ship was 
tossed upward 3200 ft into the clouds, spun 92 in direction, and 

Figure 4.  Force Center Comparisons 
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pitched nose down 35<\ all in less than a minute.  Actually. Norway s 
statement proves the ship was actually uncontrollable under certain 
conditions.  Both the SHENANDOAH and MACON experienced moments when 
the rudder was applied one way and the nose moved initially in the 
other.  The SHENANDOAH just missed a mountain at night.  On the MACON, 
the forces produced under this action carried away her upper fin.  Be- 
cause the airship has a very low thrust to weight ratio, and is slug- 
gish in response to its controls, it can hardly avoid being carried 
above pressure height in a developing thunderstorm.  It then blows-off 
its gas, or overpressures and bursts its gas cells, leaving the airship 
heavy as it encounters the corresponding down current.  Either the 
structure fails, as it did in the case of the SHENANDOAH and the DIXMUE 
or the ship is left short of fuel and ballast with which to reach its 
destination.  Because the trim of the airship and the forces developed 
are so interelated the pilot may easily make an error of judgement. 
The MACON was 'light' when her fin ripped off and deflated her aft 
cells, due to the action of a violent down and side gust. Without 
steering control and hanging tail low, the pilot dumped ballast heavi- 
ly  The MACON then rose above pressure height to 4850 ft and stayed 
there 16 minutes, blowing off gas. When it finally grew 'heavy' and 
started down, it went all the way down into the sea. 

Airships driven into warmer air tend to sink until their gas tempera- 
ture normalizes with the ambient air.  The reverse is true when driven 
into colder air.  Under such conditions, the airship may at first balk 
at climbing into warmer air, or descend into colder air. The AKRON 
spent several hours cooling off her gas before she would descend into 
the cool air overlaying San Diego on her first trip west.  Because of 
such 'tricks' airship schedules may only be set to the day, steam ship 
schedules to the early or late tide, while airline schedules may be set 
to the hour, as Scandinavian Airlines demonstrated when pioneering the 
North Polar route from western USA to Europe. 

Systems have been proposed to eliminate the valving of gas, by various 
means, or to recover the weight of fuel consumed by water recovery sys- 
tems placed in the engine exhaust.  None of these systems would answer 
the control requirement for successful penetration of violent atmos- 
pheric conditions.  The glib answer is to avoid such conditions.  If 
the incident of violent weather coincides with the arrival of the ship 
at her destination, the answer is no longer satisfactory. Alternate 
bases, criminally lacking in the past, must be provided in any serious 
plan of the future. 

MOORING 

A previous section discussed mooring problems associated with changing 
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Figure 5.  Stern Beam Car 

lift due to temperature variations 
and precipitation.  This section 
will touch on mooring problems con- 
nected with wind.  The problem dates 
back to the first involuntary free 
flight of a Montgolfier balloon, 
their second of 600 cu ft capacity, 
when the wind tore loose the tether- 
ing lines.  A few days later it de- 
stroyed their 23,000 cu ft balloon, 
prepared for a demonstration before 
the Royal Academy.  Both Eckener and 
Lehman had their mooring accidents. 
The mooring system developed by the 
US Navy appears to represent the 
highest state of development of any, 
but it is desired to question one 
feature of this development, the 
stern beam car.  Fig. 5 shows this 
car in position.  It rode out of the 
dock athwartships, then transferred 
to the rails of the mooring circle, 
until the airship was headed into the wind.  Then it was replaced by a 
lighter 'riding-out' car which allowed the airship to rotate into the 
wind with her nose secured to the mast at the center of the mooring 
circle.  The operation was reversed for docking the airship. 

The stern car was in use in February 1933, when it was noted that 
strong cross winds were heeling the AKRON 6° from vertical.  An instant 
later the lines tore sections of Frame 35, 17 and Zero out of the ship. 
Frame 17 was damaged on the MACON from thermals while crossing Texas on 
a sunny day, and is also the frame from which the upper fin of the 
MACON separated, the day the MACON was lost.  With this restraint sys- 
tem the wire stays from the stern car do not pass into the center line 
of the ship, while the nose is restrained at the center line.  How much 
strain did Frame 17 absorb during the undocking and docking operation, 
and to what degree was this system of docking responsible for the suc- 
cessive failures of Frame 17?  Perhaps the floating hangar system 
originally used was the optimum system. 

STRUCTURE 

Fig. 6 shows the differences in frame design used on the German and 
American airships.  Fig. 6a shows the radial, wire braced Zeppelin Co. 
type frame.  Fig. 6b shows the Goodyear design, an integrally braced, 
deep triangular section, built-up girder ring.  The fins of the AKRON- 
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Figure 6a. 
Wire Braced 

Figure 6b. 
Integrally Stiff 

Figure 6c Cruciform Tail 

MACON were cantilevered from such rings.  The side loads developed by 
the fins due to cross winds while mooring would be transferred thru 
these rings to the wire stays of the stern beam car.  In contrast, the 
fin spars on Zeppelin designs passed right thru the hull, in what is 
called 'cruciform' design.  Fig 6c shows how well braced the Zeppelin 
fins were into the frames.  The difference in design has occupied many 
words of testimony, and any new design would revive the discussion all 
over again. 

METEOROLOGY 

The original French Proclamation of 1783, prophesied that the taffeta 
and paper machines "will some day prove serviceable to the wants of 
society".  So they have, particularly in the field of meteorology, 
which has reciprocated by serving all aviation.  In WWII, the air 
transport command adopted 'pressure pattern' navigation, said then to 
have been developed by the Zeppelin Company.  It is astonishing to dis- 
cover that in 1831 an American mechanical engineer, William Redfield, 
published a paper entitled "The Law of Storms" and in 1836, gave a set 
of rules for determining the path of a hurricane and how to avoid sail- 
ing into the center of it.  An English museum curator, Henry Piddington 
in Calcutta, read Redfield's papers and soon marketed a "Sailor's Horn 
Book" enclosing in cover pockets, celluloid guides for the Northern and 
Southern hemispheres. With these, the knowledgeable ship's captain 
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could locate on his chart, the center of a storm, whether to run before 
the storm or detour behind it, and what his sailing time would be. 
Fig. 7 shows Eckener's use of this knowledge on his delivery flight 
with the LOS ANGELES, and the maiden flight to the USA in the GRAF 
ZEPPELIN.  His long detours by way of the Madiera, Azores and Bermuda 
Islands are plain to see.  Of particular interest is his return journey 
in the GRAF, when he deliberately penetrated a front off the east coast 
of the United States, and based on clear weather reports, planned a 
great circle route from there all the way home.  Instead, his 1,000 
extra miles of zigs and zags indicate the kind of weather he actually 
ran around. 

Figure 7.  Actual Routes vs Great Circle 

In January 1933, the captain of the AKRON detoured around the Great 
Lakes to land the following day behind a storm that had confronted him 
the night before when he had tried to land at Lakehurst.  American air- 
ship captains also learned meteorology, but were guided more by radio 
reports than by the "Law of Storms",  in April 1933, that same captain 
made several course reversals before choosing one that took him 
straight into the center of a storm, and eternity.  On that night, 
static had partially blocked his reception of a full weather report. 
The literature suggests the airship was mishandled on the fatal night. 
It might be more accurate to admit that zeppelins cannot survive some 
storms. 
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There seem to be only two kinds of turbulence particularly dangerous 
to airships.  One is a single violent gust not visibly associated with 
a frontal passage, or any widely ranging thermals.  It is undetectable 
and experienced before the pilot can do anything.  Such a gust appears 
to have torn the wing off a jet airliner climbing to altitude past Mt. 
Fuji, and on 12 Feb 1935, one tore the upper fin off the MACON, three 
miles off Pt. Sur, over the Pacific Ocean on a generally overcast day 
when violent updrafts are least expected. Another kind of turbulence 
is associated with frontal passage and air mass thunderstorms.  The 
principal currents are up and down, in clear air or in precipitation, 
at any altitude, and occasionally, strong horizontal gusts are encount- 
ered at the same time.  The sequence of zeppelin failure under these 
conditions has been mentioned previously. Munk, a contemporary of the 
WWI zeppelin age, analyzed a sample gust of 6 ft per second and con- 
cluded that gusts are no more dangerous than turns, certainly a now 
outdated judgement.  One wonders if anyone has designed a zeppelin to 
modern gust data and found that it could be built light enough to 
carry a viable payload? 

PERFORMANCE AND ECONOMY 

Economic cost formulations are published by governmental regulating 
agencies, although each manufacturer and user has his own rules as well. 
When government engages in a vast new engineering project it tends to 
make its own, new set of rules.  It seems adequate at this time to 
make comparisons based on the weight of metal need to produce a given 
design, and the performance in terms of payload and range obtained by 
this investment. 

TYPE LZ-24 LZ-85 LZ-99 LZ-104 STAAKEN LINKE LZ-129 AKRON DC-6 BRISTOL 
0 S.L. & H 0 100* parity VI     1 iOFFMAN MACON           BRITTANIA 

DATO 193A   1916   1917     1917 1917 1919 1936   1931 1947 1960 

VOL. M cu ft 0.795     2.0   2.04     2.42 7.06   6.85 - 
We     M lbs 36.8     -       51.0     51.5 18.0 17.6 260.2 242.4   49.8 90.6 
Wto   M lbs 56.6 142.5 145.0   166.0 26.5 32.1 419.0 403.0 106.2 185.0 
% We/Wto 65.2     -      35.2     31.1 68.0 54.7 62.6   60.3   46.8 49.0 
PAYLOAD M lb: 0.7     5.0     9.9     26.5 2.2 - 36.4   30.0»   8.0 34.0 
5GPATL0AD^rfto 1.24   3.51   6.83     16.0 8.24 - 8.01   -          7.5 18.4 
CEILING M ft 1.5    15.0   19.0       1.5 19.4«» 10.5 1.5       1.5     - - 
PASSENGERS 50                 70 
CREW 50                    7 
♦Estimated Airplane contingent   »»Adjustable pitch propellers   H - million 

Figure 8.  Design Data Comparisons 

Fig. 8 shows data for a reasonable sample of airplanes and zeppelins 
from WWI forward.  Because the data is obtained from so many different 
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sources, no real accuracy is claimed.  It is felt that the figures are 
sufficiently representative for the task at hand.  WWI data, with two 
exceptions, applies to bombing missions over England.  Post WWII data 
applies to a minimum New York to Paris capability. 

At first glance, it becomes apparent that there never was a 25 ton pay- 
load zeppelin, despite the almost daily assurances of Enthusiasts that 
such payloads are 'small' for Zeppelins.  The Enthusiasts and certain 
reference books alike, seem confused by the difference between "useful 
lift' and 'payload'.  Next, the payload to gross lift ratio is little 
if any better than airplanes of the past, inferior to more recent air- 
planes and getting more inferior all the time. 

The five WWI Zeppelins show the influence of design altitude on the 
payload and range capabilities of a zeppelin.  The first zeppelins were 
sea level designs.  Antiaircraft fire soon drove them higher.  The bomb 
loads peaked at 9,900 lbs with the LZ-99 of 1917, which had a design 
ceiling of 19,000 ft.  The next example is the famed Bulgaria to Khartum 
and return zeppelin, LZ-104 (L-59) which carried 26,500 lbs of supplies 
The LZ-104 was a specially prepared LZ-99 type, with an extra lift bay 
added, increasing its volume by 18%.  The great increase in payload and 
range was not due to extra lifting bay but that it flew a sea level 
route, while the LZ-99 at 19,000 ft was operating at a density ratio of 
.55.  At that height LZ-99's lift was only 75,600 lbs, and her bomb 
load 13.5% of that.  The LZ-104 with the same structure, was operating 
at sea level gross lift, -that is to say, grossly overloaded, for a one 
time flight. 

The above possibly explains the tragedy of the L-72 (LZ-117?), of a . 
class designed to operate at 26,400 ft (5000 meters), the peak develop- 
ment of German WWI zeppelins.  Seized by Prance for 'reparations', 
named the DIXMUDE, she was used to surpass Germany's feat with the LZ- 
104, to impress the French African colonies by flying around them.  The 
DIXMUDE was destroyed on the second such political exploit near Sicily, 
probably by structural failure in the vicinity of a storm, though she 
also burned in the air. 

Designed to airline structural standards, the HINDENBURG (LZ-129) re- 
quired 7 million cu ft to slightly exceed the feat of the LZ- 104 with 
2.4 million cu ft.  To cross the United States in accordance with air- 
line standards will require airships that many times larger again, to 
carry the same payload as the LZ-104. 

Two WWI airplane designs appear in the figure.  The Staaken VI bomb 
load in percentage of gross weight {%  Payload/wto) exceeded that of the 
Zeppelins.  The Linke-Hoffman II, completed only after the war, is 
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shown in an overload condition.  Its 54.7% empty to gross weight ratio 
(We/wto) is the harbinger of airplane structural efficiency to come, - 
20 years later.  The Staaken Co. was a division of the Zeppelin Co., 
created by Count Zeppelin to produce bombing airplanes for the Army, 
because he never had any faith in the zeppelin employed as a bomber. 

The figures presented for the HINDENBURG are not the more favorable 
ones representing hydrogen filling, but less favorable ones for helium 
at 95% purity and 1500 ft cruise altitude, which is the basis for the 
AKRON-MACON figures.  The relatively small DC-6 is seen to be far 
superior in terms of structural ratio and almost matching the HINDEN- 
BURG in payload to weight ratio.  The BRITTANIA surpasses the HINDEN- 
BURG in both categories.  The crew to passenger ratio alone may spell 
the difference between profit and loss for airline operations.  The 
record is discouraging for any mode of transportation which demands a 
high level of manpower to operate. 

Staaken E.4/20 all-metal airliner of 1920 

Armstrong Whitworth ATALANTA class of 1932 

Figure 9.  Airplane Development Delay 

Airplane-Airship Competition- Enthusiasts like to indulge in a theory 
that airplane interests conspired to delay the zeppelin progress. 
Figure 9 shows that an outstanding airplane development was seemingly 
suppressed for more than the number of years Germany was prohibited 
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from building large commercial zeppelins.  The upper photo shows a 
Staaken passenger plane built of aluminum, equivalent in construction 
to the Boeing 247 and DC-3's of the 1930's, flown in 1921 before being 
ordered destroyed by the Allied Control Commission.  The same design 
apparently resurfaced 12 years later on Imperial Airways, lower photo. 
So much for the conspiracy theory. 

RANGE/PAYLOAD 
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The range payload curves of Fig. 
10 complete the story.  The 
BRITTANIA at 185,000 lbs almost 
encompasses the performance of 
zeppelins weighing 2% times more. 
The 707-320, three quarters as 
heavy as the HINDENBURG, complete- 
ly surpasses it. Because air- 
planes shown are 4 to 7 times 
faster than any airship ever built, 
and return of investment is depen- 
dent on productivity, the product 
of payload and speed, it is un- 
necessary to even show the 
relative speed or productivity of 
the airplane and the airship.  This 
figure indicates the magnitude of the improvement necessary to produce 
zeppelins that will be economically viable, were they to ever overcome 
their operational difficulties. 
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Figure 10. 
Range-Payload Comparisons 

CONCLUSIONS 

The Enthusiast recites like catechism that the advantage of the air- 
ship is that it requires no power to develop lift (unlike an airplane) 
and that this feature is its great advantage in economy and fuel 
savings over the airplane.  This rote ignores the extreme weight empty 
penalty and high drag associated with the enormous gas filled structure 
required to produce bouyant lift, which inevitably defeats the airship 
in any comparison with the airplane in air commerce.  But for the 
technological accident that large volumes of hydrogen became available 
to lift transatlantic payloads in bouyant aircraft a generation before 
large and reliable engines became available to lift those payloads in 
airplanes, the airship would never have been developed.  It follows 
that when the engines became available the airship faded from the 
scene, and there appears no valid reason for ressurecting them as air 
carriers. 
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The cathedral-like hangars which remain at Lakehurst and Moffett N.A.S. 
for one of man's most beautiful creations, the zeppelin, give pause 
for reflection of a brief chronicle of bouyant flight: 

"The French Government of 1783, 'It is only a machine— which will 
some day prove serviceable to the wants of society'. 

Sir George Cayley, in 1816, explaining why he was pursueing flight by 
means of inclined planes, ' my object was to leave out the unwieldy 
bulk of balloons altogether.' 

Adm Wm A Moffett, USA, testifying before Congress, 'I would willingly 
sacrifice the purchase of one cruiser for two airships of the same 
cost, but would not sacrifice any airplane funds and transfer them to 
the airship fund...' 

Sir Dennistoun Burney (in 1922 originator of the British Government's 
'Burney Scheme' which resulted in producing the R-100 and R-101) writ- 
ing in 1929, 'As a result of the last seven years investigation and 
work upon R-100, I am firmly convinced that airship enthusiasts not 
only overstated their case, but failed to realize that a vessel that 
could neither make a landing without elaborate extraneous aid, nor be 
housed or rigidly secured in rough weather, must always remain a 
doubtful value for commercial purposes '. 

Hugo Eckener in his 1949 book, "...the role of this aerial vehicle in 
commerce seems to have ended after a brief period of glory for 
speed and time saving are trump cards'". 

Frank Lloyd Wright reportedly shook his head when he looked at St. 
Patrick's cathedral.  Asked why he shook his head he answered that he 
approved of the design but not its purpose.  That about sums up the 
case against the commercial carrier zeppelin. 
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LIGHTER THAN AIR:  A LOOK AT THE PAST, A LOOK AT THE POSSIBILITIES 

William F. Shea* 

In these days of energy concern and the rising cost of all types of 
fuel, it is not surprising that eminent authorities are casting about 
for an economical method of flight - inexpensive to operate, causing 
small noise interference to others, and offering the possibility of 
great payloads. It is also not too surprising that in the search 
for economical flight, lighter-than-air aircraft are once again 
receiving serious consideration as one of the feasible alternatives. 

Ever since the first free flight of men, on November 21, 1783, when 
Pilatre de Rozier and the Marquis d'Arlandes arose from Paris in a 
"Montgolfiere" or hot-air balloon, lighter-than-air flight has waxed 
and waned in popularity. Their balloon had a volume of some 60,000 
cubic feet of hot air - which was generated by the burning of straw 
and wool in a brazier suspended under the open neck of the balloon. 1/ 
Today's modern hot-air balloons typically range from about 77,000 
cubic feet to one monster nearly 300,000 cubic feet in size, and 
instead of burning wool and straw, the modern balloonist burns propane 
or butane.  Although that first free flight of man lasted only about 
25 minutes and covered a distance of only five miles, it encouraged 
others to venture into the age of flight.  In January 1793» Jean 
Blanchard conducted the first free balloon flight in America at 
Philadelphia. History records that that flight was witnessed by 
George Washington and his cabinet. 2/ 

As early as 179*+, balloons were used for military purposes.  On 
June 26, 179*+, a gas-filled balloon was used by the French to direct 
fire of artillery onto enemy ranks. 

In 1861, during our Civil War, a Professor Lowe introduced balloons 
into our own military operations for the Union Army. He was cited as 
influencing a German military attache, Count Ferdinand von Zeppelin, 
who later designed and built many rigid airships or dirigibles. 3/ 

The first true airship flight was made in 1852 by Henri Giffard, a 
Frenchman.  Other pioneers included Charles Renard and Captain A. C. 
Krebs in 188*+, and Alberto Santos-Dumont, a Brazilian working in 
Paris in l?Qli 
* Chief, Division of Aeronautics, California DOT, Sacremento, CA. U.S.A 
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The first rigid airship, with an interior framework for shape, was 
constructed in 1895 in Petrograd by David Schwartz, an Austrian.  A 
second ship, all metal (aluminum) was constructed by Schwartz in 
Berlin in 1898. 

On July 2, 1900, Count Ferdinand von Zeppelin and a crew of four 
others launched the first "Zeppelin" from Lake Constance and in 1908 
the Schutte-Lanz Company launched its first airship. 

In I915, Schutte-Lanz and Zeppelin combined forces (resources and 
patents) to develop the L-30 class of dirigible or "super Zeppelins" 
They were used during World War I for raids on Allied cities and war 
vessels. France and Great Britain also built airships for war use, 
and one of these - the British R-3*t - crossed the Atlantic twice 
shortly after WW I in 1919 - the first airship to accomplish that 
feat. The United States Navy operated a non-rigid airship on a number 
of evaluative flights in 1917 and in the same year the Zeppelin L-59 
flew a 4,000-mile nonstop round trip from Jamboli, Bulgaria to South 
Africa. 

As part of the reparations following WW I, the United States Navy 
acquired the German-built Los Angeles, which it operated from 192^ to 
J-7J7» 

The Germans continued with their successes in dirigibles, and the 
LZ-127 Graf Zeppelin operated from 1928 through 1937, carrying more 
than lM-,281 passengers and traveling more than a million miles. 

The largest airship ever built, the German LZ-129, or Hindenburg, was 
completed in 1936.  It was 8ll feet long, and had a gas volume of 
7,063,000 cubic feet.  Its cruising range at 78 miles per hour was 
0,750 miles, and was powered by four >+,000-horsepower diesel engines. 
Unable to obtain helium, the Hindenburg was lifted by highly-flammable 
hydrogen.  In May 1937, at the end of its 37th Atlantic crossing, the 
Hindenburg was racked by explosions and crashed at Lakehurst, New 
Jersey.  Essentially, this was the end of the airship era, except for 
some non-rigids operated since. The Germans began to construct the 
LZ-130 and LZ-131 as successors to the Hindenburg, but these were 
abandoned when the Germans decided to concentrate on heavier-than-air 
?ircSS^t for their W n venture-  0ne of the oddities of the era was 
the ZMC-2, a metalclad blimp constructed for the U.S. Navy in 1929 
Known as the "Tin Bubble", it had a 202,000 cubic foot hide of 0.0095 
Alclad alloy.  It was dismantled in 19»t2 at Lakehurst.  Another all- 
metal airship was the "City of Glendale".  Airship engineering for 
Sigl« types ended in 193? in the United States and in 1938 in Germany. 
7TomaVy °Perated a WW II K-class, non-rigid Blimp in Air Sea Warfare 
U&w; operations. These blimps were twin-engined, and ranged in size 
fr°mM^,000 to 1+56,000 cubic feet. The final Navy non-rigids were 
1.5 MILLION cubic feet - ZPG-3 ASW airships of the late fifties. The 
U.S. Navy abolished its Lighter Than Air program in I960.  Other than 
hot-air balloons, about the only lighter-than-air craft still in use 
today are the Goodyear blimps.  Goodyear constructed 2V+ blimps for 
™r!aVy and Army under contract - 55  more for commercial uses, and 

a 300th for use as a commercial vehicle in Europe. Besides Goodyear, 
Wallenkamper has produced some in Germany and delivered one to Japan. 
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The Goodyear blimps are most famous for their advertising. The 
smallest of the three in use today is the Florida-based "Mayflower" 
built in 1968, which is 160 feet long, 58 feet high, and %  feet 
wide, with a capacity of l>+6,300 cubic feet of helium, powered by 
twin 175-horsepower, 6-cylinder aircraft engines. The Los Angeles- 
based "Columbia" and Houston-based "America" are sister ships, con- 
structed by Goodyear in 1969- They are 192 feet 1 inch long, 59 feet 
5 inches high, and 50 feet wide, with a capacity of 202,700 cubic feet 
of helium, and are driven by twin 210-horsepower, 6-cylinder fuel 
injected, pusher-type aircraft engines. These normally operate 
between 1,000 and 3,000 feet altitude.  Goodyear's most recent airship, 
a sister to the Columbia and America, was constructed in Carington, 
England, and is known as the Europa.  It was put in service in June 
of 1972 and has performed public relations and public service assign- 
ments in 11 countries. 

In a series of public information releases, the Goodyear Corporation 
has given many facts on its nonrigid blimps.  One of those releases 
contains the following: 

Safety is the primary factor in the overall airship opera- 
tion.  Although it is possible to fly in some types of 
adverse weather, the Columbia remains moored to her mast 
when there is rain and/or wind in excess of 20 miles per 
hour, h/ 

Quite obviously, this severely limits utilization of the blimps at 
certain times of the year, and more specifically, in certain areas of 
the world. The blimps, when they travel cross-country, must be 
accompanied by a ground party with vehicles for mooring, service, 
radio control, and ground assistance. There just aren't airports 
or other ground facilities capable now of accommodating the blimps - 
hence, the extensive support convoy for cross-country flights. 

"It sounds preposterous, but some enthusiasts believe dirigibles will 
make economic sense in the seventies", says Tom Alexander in an 
article entitled "A New Outbreak of Zeppelin Fever".  Alexander 
presents some rather interesting facts in his article and states that 
the Hindenburg: 

...was so lightly poised in the ocean of air that a child 
could shove it about. Loaded with seventy passengers and 
thirteen tons of cargo, it could cross the Atlantic on 
$500 worth of diesel fuel... 

Alexander also speaks of modern day uses for lighter-than-air vehicles 
in reporting that Goodyear has a $35,000 contract from the city of 
Tempe, Arizona to work up a preliminary design for a small, two-place 
police blimp that might replace the "noisy, fatiguing helicopter". 
He also discusses the Boston University's proposed passenger Zeppelin, 
which might possibly be nuclear powered. 5/ 

Alexander also discusses some limitations on airships.  He says: 

...They will never be particularly fast; because of the 
air resistance to their huge bulk, the practical upper 
limit on airship speed appears to be somewhere in the 
vicinity of 100 to 120 miles per hour... 
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But Mr. Alexander isn't all condemnatory of dirigibles.  He describes 
Gordon Vaeth as the principal activist for the "airship underground" 
and cites that what 

...lighter-than-air craft have going for them is the 
1 square-cube' law - which simply says that if you double 
the radius of a sphere, the surface area (and therefore 
weight) will quadruple while the volume increases eight- 
fold.  Applied to airships, what this means is that as 
they get bigger, they should get better and better in 
lifting capacity and operating economics. By now, few 
people in the movement are much interested in airships 
smaller than the Hindenburg. Vaeth and several others 
seem to think that dirigibles containing around 20 million 
cubic feet of helium - or around three times the volume 
of the Hindenburg - would be about right for starters. 6/ 

Alexander also credits John Norton, president of J. R. Norton, Co., 
which is headquartered in Phoenix, with interest in shipping produce 
by lighter-than-air. He says that Norton ships the equivalent of 10 
to 12 carloads of lettuce around the nation daily, but is at the point 
of despair over conventional transportation. 

The Southern California Aviation Council, Inc. (SCACI), has a Lighter- 
Than-Air Committee which has done prodigious work in exploring the 
possibilities for future uses of airships.  The committee even urged, 
in a resolution, that research should be conducted into the possible 
use of dirigibles to help solve some of the nation's transportation 
problems. 2/ In their unpublished Technical Task Force Report of 
May 15» 197*+? SCACI discusses airships ranging in size from 7,^00,000 
cubic feet to 55 MILLION cubic feet and with payloads ranging from 
11^-.k  tons to 1,167.15 tons. 8/ The same report speaks glowingly of 
speeds ranging up to 200 miles per hour (17^ knots), and dimensions 
from 712 feet 7 inches to 1,390 feet 7 inches in length. Diameters 
range from V+2  feet 5 inches to 278 feet 1 inch. 

Power is another question entirely. The report indicates that for 
speeds up to 50 miles per hour, from 2,500 to 21,000 horsepower will 
be required. Between 51 and 100 miles per hour, the horsepower range 
is from 5,000 to 27,000. To achieve speeds of 101 to 200 miles per 
hour, however, the report predicts horsepower requirements of from 
30,000 horsepower for the smallest airship to lM+?000 horsepower for 
the largest. Neumann states that engines are available which can 
generate 1 horsepower for each 1/2 pound of weight. Even if that is 
achievable, it would take a 72,000 pound engine to generate lM+,000 
horsepower, not including the weight of fuel.  It is conceivable that 
nuclear power could be developed for use in airships, but problems of 
shielding and gearing would have to be considered.  Safety considera- 
tions would also have to be fully brought into any study aimed at 
nuclear uses for propulsion. The lifting capacity of the airship, 
naturally, would have to be adequate and it goes without saying that 
cost considerations would be paramount. Estimates have ranged from 
50 million to 500 million to create the first prototype modern air- 
ship.  In these days of the commonplace cost-overrun, however, it 
would be conceivable that the cost for the first airship - on the 
scale envisioned - could easily reach 1 billion dollars. 
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Although some of the modem visionaries of the airship speak in glow- 
ing terms of huge passenger loads, most of the realists in their 
number devote their efforts to the area of cargo movement. As to the 
"airlift" capacity of the airship, some of the authorities in the 
field are talking about payloads of more than 500 tons: 

Let it be clearly stated and understood that the current 
technology exists within the U.S. to produce an airship 
capable of carrying payloads in the 250- to 500-ton range. 
The potential use of a nuclear power plant is technically 
possible but is politically unacceptable at this time, 
therefore conventional power plants would have to be 
considered. 2/ 

It is also readily conceded by all of the airship advocates that the 
lifting gas used would be helium. Even though a cubic foot of hydro- 
gen can lift about 10 percent more weight than a cubic foot of helium, 
the flammability of the hydrogen makes it unacceptable. 

Critics of the airship concept are quick to point out the time lag 
between conceptual design and actual fabrication of any air vehicle, 
but the airship defenders point out that the Slate Metal Airship and 
the ZMC-2 - the Navy's "Tin Bubble" - were completed in less than six 
months after completion of the detailed engineering and construction 
of hangar facilities. 

There are a number of constraints inherent in airship operations.  One 
of these is the tremendous expenditure of power needed to achieve 
useful speeds. Forward movement of an airship is calculated to re- 
quire approximately 10 horsepower per ton of airship weight - and this 
is at low speeds of 50 to 90 miles per hour. On the other hand, 
dynamic lift can increase gross loads from 8 to 13 percent.  In the 
past there was a 50/50 ratio of structural weight to payload, but new 
design criteria call for a ratio of 35/65. The SCACI report 10/ also 
states that an airship applies a lift ratio of 65 pounds for every# 
1,000 cubic feet of helium gas.  Applying that lift ratio to the 55 
million cubic foot monster envisioned in the report, we find that the 
total lift capacity would be 3,575,000 pounds - and at a ratio of 
65/35 (payload to structural weight), the payload computes to 
2,323,750 pounds - or more than 1,161 tons.  It appears that the 
engineers have adequately done their homework. 

The SCACI report 11/ also accepts the metalclad concept for the air- 
ship of the future and indicates that using laser welding equipment 
now available, aluminum sheet can be welded at a speed of 500 inches 
per minute - 2,>+00 feet per hour. Technicians and scientists are 
currently evaluating the need for heat treating the welds produced 
by the laser technique. 

Another of the constraints less susceptible to solution is the problem 
of a construction facility capable of housing and sheltering the air- 
ship during its construction. West Coast shipping yards have been 
exploring the possibility of using some of their docking capacity for 
just such a purpose, and some have even speculated on using the Rose 
Bowl at Pasadena for a construction port. Perhaps the major con- 
straint, however, is overcoming the inertia and lack of any real 
interest in investing the massive amounts of capital needed for 
airships. 
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Researchers have estimated that the supply of helium available is 
adequate: 

Finally, in recent weeks, as word that the U.S. Government 
has ended its helium conservation program, the question 
has arisen whether there is enough helium available to 
support an airship revival program on a long-term basis. 
Helium that has been extracted from natural gas and stored 
underground now totals about 30 billion cubic feet. 12/ 
A careful analysis of long-term helium reserves (raw 
helium), particularly that found in natural gas which is 
not well suited for heating, shows that lack of helium 
should not be a problem and that a major airship effort 
can go forth without concern over this point. 13/ 

We note quickly that the 30 billion cubic feet now stored is consid- 
erably more than needed for a fleet of 55-million-cubic-foot airships, 
even those of the monster proportions spoken of in the SCACI report. 
It is more than enough, even, for several airships of the proportions 
envisioned by William Kitterman, a member of the Atomic Energy 
Commission's Division of International Security Affairs. Kitterman 
contemplates a 75-million-cubic-foot airship, 10 times the size of 
the Hindenburg, and nearly a quarter of a mile in length.  It could 
carry a 750-ton payload. lV 

SCACI has been in contact with a number of congressional leaders, 
including Senators Barry Goldwater, Warren G. Magnuson, Charles H. 
Percy, and Herman E. Talmadge. They have also contacted airline 
people and representatives of NASA and the office of the U.S. Navy's 
Chief of Naval Operations (Air Welfare).  Some of the responses have 
been lukewarm acknowledgements, while others might be construed as 
half-hearted endorsements of the uses of airships to solve our trans- 
portation problems. 

In most of the material available on the subject, there is precious 
little in the way of discussion of the ground-handling facilities 
necessary to accommodate the huge and ungainly airships of the size 
discussed. True enough, some of the writers speak of cargo delivery 
without landing of the airship, but there still has to be a large 
enough cleared area for maneuvering space. 

In "The Helium Horse", Stehling and Vaeth report some interest has 
been evinced at the working levels within the U.S. Navy - for anti- 
submarine warfare - and within the U.S. Air Force - for strategic 
airlift.  Almost everyone knows of the role played by "barrage 
balloons" in guarding strategic installations during WW II, and the 
use of blimps for convoy escort during that same conflict.  Let us, 
for the moment, concede that there are many uses for which the air- 
ship or dirigible might be readily adaptable.  Let us also concede 
that construction of large airships is feasible - in the light of 
present day technology.  Are there enough peacetime and/or wartime 
uses of airships to warrant the infusion of huge amounts of capital 
into construction, and if so, what will be the source of that capital? 
Research and development costs would surely be expected to be under- 
written by the U.S. Government - at least, that is the expectation 
voiced by the airship advocates. Who, then, would be the expected 
users or operators of these giant airships? The only existent air- 
ships today (not counting the hot air balloons) are used in public 
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relations and advertising - or for an occasional sight-seeing trip. 
It would seem to this writer that there is much work yet to be accom- 
plished by the airship advocates if they are to persuade the public 
that airships are a feasible answer to public transportation problems. 
It would also seem that power plants must be designed and constructed 
with a capacity to generate the tremendous horsepower required to 
propel the huge airships conceived by airship advocates. Fuel con- 
sidered to be useful for the airship must be lightweight, readily 
available, and low in cost. Our truckers now know that diesel fuel 
is no longer inexpensive. With all the opposition to nuclear power 
plants evidenced today, it hardly seems reasonable that the public 
will readily accept an atomic power plant which might conceivably 
fall on them. Cooling an atomic reactor would present a logistic 
problem of mammoth proportions to handle the coolant liquid, and 
shielding of the crew and passengers would be a small problem when 
compared to protecting those on the earth below. 

This writer also finds it difficult to readily accept the predictions 
of speeds approaching 150-200 miles per hour, or of airships nearly a 
quarter-mile in length.  It is equally difficult to accept predictions 
that airships will be capable of carrying 2,000 passengers, when 
passengers can cross the Atlantic in a matter of hours by airplane, 
how many will be content to fly at speeds of 90-100 miles per hour 
by airship? Even with radar, storm penetration is not always easy 
for the modern airliner - operating at altitudes 30,000 to 40,000 
feet, above most storms. But some storms tower to even those heights. 
When compact aircraft are occasionally damaged by clear-air turbulence, 
how will an airship - rigid or otherwise - cope with CAT or jet 
streams? Will they only be able to travel from west to east? With 
rising fuel costs, will the airship be able to compete with, say, a 
fleet of Boeing 7>+7s or Lockheed 1011s, or DC-10s in hauling produce 
from, say, California, or Europe, or New York? With all the pressure 
brought to bear on airports today, where is the land to come from for 
airship handling facilities? (Although little land would be required 
for airships.) When the Goodyear blimps are grounded in the presence 
of rain or winds of 20 knots, will not the airships also suffer in 
times of storms? It is enough of a problem today to create the 
hangars and ground equipment to facilitate maintenance on the Boeing 
7*t7 and DC-10. How is the cost for such facilities to be borne for 
handling and maintaining airships? The true test of the airship 
concept, of course, can only come with time. The research has been 
beneficial in resurrecting little-known facts of the past, but little 
Federal support appears to be forthcoming. Nostalgia is not an 
acceptable substitute for pragmatism or true cost/benefit analysis. 

Maybe the future isn't all gloomy for the airship enthusiasts, though. 
NASA is reportedly looking at lighter-than-air: 

Three major aircraft manufacturers with no previous ex- 
perience in building large lighter-than-air craft have 
revealed in-house study efforts on their part to deter- 
mine the applicability of airships to modern transport 
needs. The American Institute of Aeronautics and 
Astronautics (AIAA), responding to the increasing 
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professional interest in the subject, scheduled a special 
panel session on airships on January 29 (197*0 as part ol 
iSannual meeting. This special session drew one of the 
largest crowds of the overall meeting. During that_ 
session, a NASA representative announced a forthcoming 
Request'for Proposals for a feasibility study of potential 
applications of buoyant and semi-buoyant aircraft. 
Further, NASA and MIT are planning a jointly-sponsored 
summer workshop on airships and their uses. 

The airship has a potential for peacetime uses, such as transporting 
whole hospitals toremote areas; transporting heavy construction 
equipment? hauling large volumes of P^duce cross-counjtry at 
a^cpptable speeds, but passenger movements will not be as readily 
acceptable  Even'some of the airlines have grounded their Boeing 7^7s 
becafsf if'a poo? load factor, and there is no ?^gc« ^s%i£

ge 

nasseneer capacity would be used on airships. The airship has Deen 
?"SSß£ certain war or military (and naval) °Perfi°nf,^t their 
vulnerability is something else with which we would have to cope. It 
wuld haie to le  accepted that certain meteorological conditions would 
centra-indicate the utilization of the airship, and harboring an air- 
ship in the face of oncoming storms would be a mammoth problem not 
Ksily soluble. LTA research will undoubtedly contribute to the 
"Megalifter", a project about to begin by NASA Ames. 

In a paper of this brevity, we have only touched the surface of the 
uses of airships, and the Admittedly sketchy treatment of the subject 
should only be eAough to whet the appetite of the reader for more 
Sedge on the sulject. We commend the interested reader to our 
very brief bibliography, and we give full credit to all the autnors 
we have cited in this work. 
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N76-I5042 
MOORING AND GROUND 

HANDLING RIGID AIRSHIPS 

Hepburn Walker, Jr. 

ABSTRACT:  This paper will deal with the problems of 
Mooring and Ground Handling Rigid Airships.  A brief 
history of Mooring and Ground Handling Rigid Airships 
from July 2, 1900 through September 1, 1939 is included. 
Also a brief history of ground handling developments with 
large U. S. Navy non-rigid airships between September 1, 
1939 and August 31, 1962 is included wherein developed 
equipment and techniques appear applicable to future large 
rigid airships.  Finally recommendations are made 
pertaining to equipment and procedures which appear 
desirable and feasible for future rigid airship programs. 

Today proposals for construction and operation of very large rigid 
airships for both COMMERCIAL and GOVERNMENTAL purposes are actively 
being considered.  These plans envision conventionally configured 
rigid airships dependent on static lift ranging in volumes up to 
100,000,000 cubic feet displacement.  These huge specialized cargo 
rigids would have a length of some 1,800 feet, and a maximum diameter 
of 300 feet. 

Mooring and ground handling these very large airships presents 
problems, but none of the problems are insurmountable.  During the 
first rigid airship era, which spanned some forty years from July 2, 
1900 through September 1, 1939 and the outbreak of WWII, great strides 
were made in developing mechanical equipment and ground handling 
techniques.  During this forty year period approximately l60 rigid 
airships were built and operated in Germany, Great Britain, France, 
Italy and the United States of America.  Rigid airships increased in 
displaced volume during this time span from about 400,000 cubic feet 
to over 7,000,000 cubic feet.  As these volumes increased obviously 
the mooring and ground handling problems increased also, but 
fortunately linear dimensions and surface areas of airships do not 
increase at the same ratio as volumes increase.  In fact with the 
eighteen fold increase in volume from the 400,000 cu. ft. LZ-1 of 1900 
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to the 7,000,000 cu. ft. volumes of LZ-129 and LZ-130 we find the 
length had merely doubles from a little over 400 feet to 804 feet. 
Diameters rose from 38'6" for LZ-1 to 135'1" for LZ-129 and LZ-130. 

During the first nine years of rigid airship flight operations from 
July 2, 1900 to October 27, 1909 Count Zeppelin concentrated 
construction activity and flight operations of the Bodensee, or Lake 
Constance, at Mansell on the shoreline at the western outskirts of 
Friedrichshafen.  LZ-1 made her first flight from the floating 
construction shed on the Lake on July 2, 1900.  The ship was secured 
to a float inside the hangar and towed out on the lake by small boats 
acting as tugs.  The LZ-1 then made her takeoff from the deck of the 
float and a short time later landed on the surface of the lake on her 
two cars which were designed to float on water.  She was then spotted 
on her barge and towed back inside the hangar, or rather maneuvered 
into the hangar, by the launches.  The term ground handling is an 
obvious misnomer during this period as it was strictly water handling. 
The significant point is that by using the boats as tugs mechanical 
handling was first used for undocking and docking rigid airships. 

Count Zeppelin had decided on water based operations for two reasons; 
1. He felt that takeoffs and landings could be accomplished more 
easily and safely from and to the surface of the lake. 
2. He was of the opinion that a floating hangar moored at one end and 
free to weathervane would solve any problems with cross hangar winds. 

The water takeoffs and landings created no problems in themselves. In 
fact water landings by rigid airships continued infrequently through 
the Arctic flight by the Graf Zeppelin in 1931.  It is felt that water 
landings and moorings are perfectly feasible for any future airship 
program on the surfaces of large protected bodies of water such as 
bays, lakes and wide rivers.  Loading and off-loading cargo to boats 
and barges can be accomplished easily, and water landings are ideal 
from the standpoint of ease in ballasting airships as unlimited 
amounts of water ballast are immediately available. 

The problems Count Zeppelin faced with his Lake Constance construction 
and operation efforts were due to the two floating hangars, and the 
original floating hangar relocated on pilings on the shoreline at 
Manzell.  On one occasion a severe winter storm damaged the second 
floating hangar and badly damaged the airship housed inside.  Another 
time a storm tore the hangar from its moorings and drove it ashore. 
On top of all this it proved extremely difficult to tow the airships 
back into the hangars in any real wind, and on one occasion a ship was 
severely damaged redocking.  In 1908 Count Zeppelin decided that his 
operation should be relocated on a flying field on land.  A site at 
Friedrichshafen was obtained on a long term lease and in 1909 he 
transferred his construction and flight activities to this base. 

On March 16, 1909 the first deliberate landing on land was made by 
LZ-3 on the field at Friedrichshafen.  May 9, 1909 LZ-3 was first 
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docked in the temporary tent hangar, and on October 27, 1909 LZ-6 made 
the final flight from the floating hangar at Manzell.  All 
construction and flight operations by the Zeppelins subsequent that 
date were from land based hangars. 

From May 9, 1909 until May 16, 1911 Zeppelins routinely docked and 
undocked from their new hangars on land using manpower alone without 
serious incidents.  On May 16, 1911 LZ-8, the commercial "Deutschland 
II", was undocked at Dusseldorf in a strong cross hangar wind with a 
ground crew of about 300 men.  The wind carried the ship away from 
the ground crew and stranded her on top of the wind screen, damaging 
the ship so severely that she had to be dismantled. 

Dr. Hugo Eckener took the accident to LZ-8 to heart and he quickly 
developed a system of docking rails and docking trolleys for the 
hangar at Baden-Oos in the summer of 1911. These proved so successful 
that they were soon installed at all German airship bases, and were 
later copied in Great Britain, France, Italy and the United States for 
their rigid airship bases. 

The docking rails and trolleys were the first mechanical aids devised 
for docking and undocking the land based rigid airships.  They marked 
a vast improvement in maneuvering the ships in and out of their 
hangars.  The ships were secured by lines, port and starboard abreast 
the ships for much of their lengths, to the trolleys which ran on 
small wheels or rollers in two tracks recessed in concrete extending 
from inside the hangars several hundred feet out on the field.  After 
undocking, the aft cables would be slacked off and disconnected and 
the ship would be held by the ground crew until takeoff.  The reverse 
procedure was used after landing into the hands of a ground crew for 
docking.  Docking rails and trolleys continued in use in Germany until 
flight operations ceased September 1, 1939. 

For any future rigid airship program the docking rails and trolleys 
should probably continue to be considered as an alternate docking aid, 
particularly at construction hangars where docking and undocking 
would be a very infrequent occurrence.  The reason for this is that 
the trolley-rail system is a relatively inexpensive system as compared 
to the more sophisticated docking and undocking equipment which will 
be discussed later in this paper. 

Between August 1, 1914 and the Armistice on November 11, 1918 Germany 
completed some 106 rigid airships, while the British completed 8 
rigids.  It seems almost incredible that with all the technical skill 
and ingenuity of the Germans that they were unable to devise any 
system to moor their ships out, either on the ground or in the air. 
They had only two alternatives; fly them or dock them.  Their ships 
were frequently hangar bound by high winds when they were needed for 
scouting or bombing missions.  Often on returning from long flights 
of 24 hours or more high winds were encountered at their bases that 
prevented the ships from being docked. 
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Very large ground crews were required to handle the German army and 
navy aSfhips .  In 1916 large 2,000,000 cu. ft. ships were introduced, 
five times the volume of LZ-1.  In 1917 ships as large as 2,400,000 
cu ft. were completed, six times the volume of the earliest ships. 
While the smalle? pre-war passenger ships of the DELAG all well under 
1 000 000 cu. ft., were operated only in fair weather, the much larger 
military airships of WWI operated in extremely unfavorable weather. 
?t wat no? unusSal for ground crews of as many as 700 men being used 
to land and dock one of the larger ships in adverse weather, and using 
the docking trolleys to assist in getting the ship into the hangar. 
At the height of WWI North Sea operations the number of men assigned 
to the ground crews at the two largest bases were 1,293 men at 
Nordholz, and 1,299 at Ahlhorn. 

The German navy did make one very expensive attempt to solve the 
ground handling problem.  In 1914 a revolving double hangar was 
completed at Nordholz to lick the problem of cross hangar winds. This 
hangar, later lengthened to accommodate larger ships, remained in 
service until November, 1918, but it could house only two ships of 
the 26 operational. High costs, plus the problem of revolving the 
hangar with snow on the ground, precluded other revolving hangars from 
being completed. 

Great Britain, although she only operated 8 rigid airships during WWI, 
grasped the need for some method to moor the airships outside their 
hangars.  In April, 1917 rigid #9  was accepted and operated at Howden 
testing sea anchors, and operated at Howden and Pulham testing the 
"three-wire system" for mooring out through October, 191 f.  A 
triangle some 550 feet on each side with ground anchors at each corner 
and tied together with three wires of greater length forming a bridle 
to the airship at her mooring point midway between the nose and 
control car was the essence of the system.  The R-9, ballasted light, 
rode at a fairly safe altitude above the ground;  The 3-wire system 
was never a satisfactory solution to the mooring problem, but. at 
least it was an attempt to find an answer. 

In 1919 R-26 experimented further with this system.  R-34 used the 
3-wire arrangement at Mineola during her American stay in July, 1919, 
but it gave considerable trouble.  The 3-wire system was last used at 
Howden in January, 1921 when R-34 rode out to it and was so badly 
damaged on the field that she had to be dismantled.  It does not 
appear that the 3-wire mooring out system has anything to offer for 
future rigid airship programs, with the possible exception that a 
variation of this arrangement might prove practical for mooring on 
the surface of protected bodies of water. 

But the British deserve full credit for developing the high mooring 
mast for rigid airships, a solution to the mooring out problem that 
was extremely successful, if not quite the ultimate answer.  In 1911 
they had tried a floating mast at Barrow with the "Mayfly , but that 
particular approach, while of historical interest, was not made in 
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incite a strengthenefhrforanosTmoSLdrX^ 

SL2«1;,0^ USS shenandoah,  between Sept.   4,   1023  and Sent     *     100s 
»Patok
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a SSlTS^^tf S.'SÜS"":    Tta
1
alrS"» about  200».     The moor,™ wi~f ?!£    ?u e wlnd afc  an altitude  of 

out on the ground^öme^Ioö^to^eward S£ uhe SI*0"!.1^"" la" 
the airship reaohes a point above this mlsT ITreTte'lotlSX?^ 
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wire to the ground where it is connected with a special coupling to 
the mast wire.  The airship is allowed to rise statically taking the 
slack out of the mooring wire.  The two yaw guy wires are then sent 
down to the mast head on messenger blocks and connected by couplings 
to the two yaw winch wires which have already been led from the 
winches at the base of the mast to fairlead snatch blocks located 
about 60 degrees to each side of the mast on a 500' radius circle. 
One of these fairlead block anchorages is located every 7 1/2 degrees 
around this 500' circle so that the ship can moor headed into a wind 
coming from any direction.  The slack is taken out of the yaw lines 
and all three winches controlled remotely from the mast head pull the 
airship slowly into the mast until the airship cone is locked in the 
mast cup.  This procedure is an easy one and can be accomplished with 
a ground and mast crew of less than a dozen men.  The ship can remain 
moored to the high mast for any desired length of time. 

Aside from the very high costs for the permanent type high masts there 
are other disadvantages. The fact that an airship must continually be 
literally "flown" while moored to a high mast is the main disadvantage. 
A complete section of the flight crew must remain aboard at all times 
to man the elevator and rudder controls and keep the ship properly 
ballasted.  Also they must be prepared to slip the mast in an 
emergency and fly the ship.  Suitable tail drags to prevent the 
airship from kiting were a problem and the crew had to be alert that 
sudden rain or snow would not cause the tail to contact the ground. 

The ZR-3 was delivered in October, 1924 and between that date and her 
final high mast mooring in October, 1929 she made 47 high mast ^ 
moorings.  She also made 44 moorings to the mast on the Patoka 
during her career.  On August 25, 1927 the Los Angeles made her 
famous nose stand on the Lakehurst high mast when a cool sea breeze 
swept in from the Atlantic.  The ship had tremendous superheat when 
suddenly immersed in the cool air.  The ship kited to almost a 
vertical position with the 180 degree shift in wind coupled with the 
sudden drop in air temperature.  She soon regained her normal 
horizontal attitude and suffered no damage, other than to her dignity. 
But officers at Lakehurst were convinced that a better method of 
mooring had to be devised, and in fact they were already at work on 
this project.  This was the low, or stub, mast. 

But before going into the low mast development, let us put the high 
mast to bed.  In 1925 and 1926 the R-33 was put back in commission for 
mooring experiments to the old mast at Pulham and the new permanent 
200' mast completed in 1926 at Cardington for R-100 and R-101. The 
R-100 used the Cardington mast and the one at Montreal for flying 
moors on all her flights, and R-101 made all her flights from and to 
the very expensive Cardington high mast.  It does not appear that the 
high mast has any real future for a rigid airship program based 
primarily on the excessive cost of permanent type high masts. 
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On October 5, 1927 history was made at Lakehurst when the Los Angeles 
was first moored to an experimental 60' high stub mast. This mast was 
a pole braced by wire cables and proved entirely successful. A taxi- 
wheel carriage was clamped on #1 power car so that the stern of the 
ship was free to roll in azimuth around the mast on a 10* wide smooth 
path on a circle with a radius of 438'. The ship was ballasted heavy 
on the taxi-wheel to prevent kiting. 

This mast was shipped to Panama early in 1928 and the Los Angeles 
moored to it at France Field, Canal Zone February 28, 1928. The stub 
mast became so popular with the commanding officers of the Los Angeles 
that only four more moorings were made to high masts after 1-1-28, and 
none after October, 1929-  The Los Angeles moored to a low mast at the 
1929 Cleveland National Air Races.  In early 1930 a low mast was 
erected at Parris Island, South Carolina as a regular advance or 
alternate base.  The Los Angeles moored at Parris Island on numerous 
occasions throughout 1930 and 1931. Another stub mast was erected for 
the Los Angeles at Guantanamo, Cuba early in 1931- Between February 4, 
1931 and March 2, 1931 the Los Angeles was away from her Lakehurst 
hangar for a month for operations with the fleet at Panama.  She 
operated from the mast at Guantanamo Bay as well as from the mast on 
the tender Patoka, mooring at Parris Island also during her return to 
Lakehurst. 
Between October 5, 1927 and her decommissioning for reasons of 
economy on June 30, 1932 the Los Angeles made a total of 185 moorings 
to various low masts, and 26 moorings to the Patoka.  The stub mast 
had been a complete success and high masts were no longer used by 
U. S. Navy airships, except for the mast on the airship tender Patoka. 

Static takeoffs from the stub masts were routine for the Los Angeles 
from October, 1927 on, but moorings were another matter.  For the 
first year or so the Los Angeles would make a conventional trailrope 
landing to the regular ground crew and the crew would "walk" the Los 
Angeles to the mast where the main mooring wire winch would slowly 
pull the nose cone into the mast cup.  In July, 1928 a railroad track 
on a 438' radius from the center of the mast was installed at mooring 
out circle #1  at Lakehurst.  On this track a rideout flat car was 
provided equipped with rail clamps, but no brakes, upon which #1 
power car was secured.  This marked an improvement over the taxi- 
wheel on a path system as, between the ballast on the rideout car and 
the hold-down clamps on the track, the ship was positively prevented 
from kiting, even in the severest gust and superheat conditions. 

In addition to the rideout car, two yaw guys cars equipped with hold- 
down clamps and brakes also ran on the same track.  While the first 
flying moors to the stub mast were made with the ground crew handling 
the yaw lines with the main winch pulling the nose into the cup, the 
addition of the track and yaw guy cars made mechanical flying moors 
to the stub mast a reality. 

As any future rigid airship program will almost certainly Involve some 
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type of low mast mooring, a detailed description of the procedure 
seems appropriate.  The mooring mast is located in the exact center 
of the riding out circle.  At Lakehurst two tracks were provided at 
circle #1, one on a 438' radius for the Los Angeles and her rideout 
car and yaw guy cars, and a second track on a 643' radius for the 
Akron and Macon.  Making a flying moor to a low mast is a relatively 
easy maneuver.  The main wire is laid out on the ground 500' to 
leeward from the mast cup with the coupling eye located at the 
landing flag.  The two yaw guy anchor cars are spotted forty degrees 
to right and left of the landing flag, or about sixty degrees right 
and left from the mast cup on the railroad track. 

The two yaw lines are led from the winches at the mast to the fairlead 
blocks on the two yaw guy cars anchored on the circle, and back to the 
landing flag.  The landing flag is kept directly downward from the 
mast cup with a smoke candle leeward from the flag. The yaw guy cars 
and gear are shifted relative to any shift in the wind as indicated by 
the flag.  The airship slowly approaches the mast at an altitude of 
around 200 feet. When the nose of the airship is over the landing 
flag the port and starboard trailropes are dropped and the two yaw 
lines are coupled to the two trailropes, and slack is taken out of the 
lines quickly in order to control the ship without delay.  As soon as 
the yaw guys have tension the main wire is lowered and coupled to the 
main mast wire and slack taken out.  Four forces are now involved; 
the positive buoyancy of the airship acting upwards, the main mooring 
winch pulling the nose cone towards the cup, and the two yaw guy 
winches supplying lateral control as well as preventing the ship from 
overiding the mast.  Once the nose cone is locked in the cup the 
water ballast line is hooked up and the stern of the airship is 
pulled down and secured to the rideout car on the track. 

Low masts were used by six rigid airships between October, 1927 and 
Sept. 1, 1939.  The U.S. Navy rigid airships Los Angeles, Akron and 
Macon used both the fixed stub masts and the mobile low masts 
developed for mechanical docking.  The German commercial airship Graf 
Zeppelin used the fixed stub masts regularly during her seven years 
of service between Germany and Brazil, and also used mobile masts for 
docking at bases with hangars.  The Hindenburg and Graf Zeppelin II 
used the mobile type of low mast only, but Hindenburg rode out at 
circle #1 at Lakehurst regularly in 1936 with the mobile mast anchored 
and dogged down, so in effect it served as a fixed mast for most of 
her flights to Lakehurst.  It is to be noted that of all l60 rigid 
airships built to date, but six of them had the great operational 
advantage of being able to operate from either stub masts, or from the 
mobile masts. 

After the tremendous success with low mast mooring In October, 1927 
at Lakehurst bids were asked for a mobile mast at Lakehurst in 
November, 1927.  This first mobile mast for rigid airships was 
completed in the summer of 1929 and revolutionized rigid airships 
ground handling.  This mast had a triangular base and was mounted on 
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crawler treads.  It was towed by a heavy duty tractor.  The mast had a 
minimum height of 60-, but the top was telescopic so that sh?ps large? 
than the Los Angeles could also moor.  The procedure for mooring to 
the mobile mast was identical with that for a fixed low mast. 

thpS2h?fer> i929A1
the ^°S An<?eles made her first static takeoff from 

bv us?™ JhfSnhi/180 Jn/eP^mber» !929 the Los Angeles made history by using the mobile mast for the first time for docking in the 
Lakehurst hangar.  By using the mast to handle the bow of the shin and 
for towing into the hangar, the ground crew was substantially redLJS 
as manpower was only needed to handle the stern of the airship in 
docking and undocking maneuvers.  In November, 1929 the Los Angeles 

5$! til  fofJ fl?ln8rP t0 the m0Mle mast! Flnal1^  in «January i??2 Ä  H frigeles first docked with the mobile mast in conjunction 
with four docking trolleys on each side of the ship connected to one 
another and a taxi-wheel under the aft car.  A BysteS^^sSSablv with 
bridles was used whereby the trolleys were towed by the"airship 
while the tractor towed the mast, airship and trolleys.  The ground 
crew for docking the Los Angeles was now reduced to 60 men? where 
previously several hundred were required to dock and undock thJshiD 

^erTtlTlZ'Tw     TT^Ser  ra±?r0ad m0Mle masts ondsq
Cuareebase1 

A?^ 11       in 1931 and 1933 respectively for the Akron and Macon. 
the Maconf66 telescoplc railroad mast was constructed at Sunnyvale for 

»« K±r^ m«blle rallroad mast was completed at Lakehurst in 1931 for 
Los Anile's  ?h.°'M6i'500A000 ?U* "' V°lume« nearl*  3 times ^at «? ' tllJ^ll* J railroad mast was heavier, ran more smoothly on the 
tracks and was towed by a railroad locomotive.  The larger telescopic 
SrnSt ideSi1^'?"?^1?,33 Sad a S6lf contai^ci Power plfnt and was" almost identical with the Sunnyvale mobile RR mast. 

ln  1?30 officers at Lakehurst had devised a heavy stern beam to 
?K 1? thVails of the Akron and Macon for docking III  undockLg at 
sJde load on\ahTULakehUr^ ?*  Sun^vale-  " „af assumed tha^tS side load on the Akron would be on the order of 63,000 lbs. in 
docking and undocking in a cross wind.  The stern beam was designed 
!1lS.

nfanVUt °nl  the hansar on tne two existing 64 1/2 ft  gage railroad tracks.  The stern beam built by Wellman Engineering Co^for 
SSf, ??St righ^d around 178>000 lbs- The length was 186»6» 
tlfZti  ?£  /nd °^  °f the hangar the bea™ rolled on two four-wheeled 
t^äii towards each end of the beam on the existing tracks.  For 
traveling on the circular hauling up track in front of the hangar the 
beam was supported by one truck at each end of the beam.  The trucks 
t^c^So^Ä.^ eight inches lifting the han^SS 

Originally the Akron was towed in and out of the Lakehurst hangar bv 
Thismw^ ?!?? lh\Shlf  ,tOWing the beam along under the lower An.     * This was felt to be risky and early in 1932 a spreader gear 
arrangement between the railroad mast and beam was adopted so that the 
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mast towed the stern beam, and there were no compression forces, or 
tension forces, acting on the airship. 

For hauling the beam and ship against the wind on the circular hauling 
up track a special locomotive was built 266,000 lbs. in weight and 
with a drawbar pull of 63,000 lbs. 

Sunnyvale and Lakehurst each had hangars, mobile masts, spreader gear, 
yaw guy cars and rideout cars.  At Sunnyvale the two mooring out 
circles at each end of the hangar served a dual purpose, they were 
both mooring out circles and hauling up circles. 

The six class B bases for the Akron and Macon ideally each had a stub 
mast with a rideout RR track on a 643' radius, winches, two yaw guy 
cars and a rideout car. Opa-Locka, Florida; Camp Kearney, Cal.; Ewa, 
Hawaii; and Guantanamo, Cuba were so equipped.  Parris Island had a 
mast and path only and Fort Lewis was in process when the program 
ended. 

Germany had rail type mobile masts for LZ-127, LZ-129 and LZ-130 at 
Frankfurt, Lowenthal and Rio.  Hauling up circles were at the above 
bases, but it is not known what mechanical hauling up equipment was 
used, if any, to secure the ships to docking trolleys.  But all three 
airships used their mobile masts regularly for docking and undocking. 

Since September 1, 1939 all significant improvements in airship ground 
handling have been developed by the U.S. Navy.  Mobile masts mounted 
on balloon tires at each corner of the triangular masts and towed by 
tractors were built for the L, G, K and M airships during WWII.  Stick 
masts were also used at advance bases.  All docking and undocking of 
the non-rigids was done with a tractor and mobile mast handling the 
bow and manpower on the stern of the ships. 

After WWII 55 new airships were purchased through April, I960.  Sizes 
of some of these new AEW and ASW non-rigids increased dramatically. 
Eighteen of these new airships were of 1,000,000 cu. ft. volume, while 
the largest WWII non-rigid was 725,000 cu. ft.  Four of the new 
airships were huge non-rigids of 1,500,000 cu. ft. with a length of 
403'.  It became absolutely imperative that new methods and mechanized 
equipment be developed to help land, moor, dock and undock these large 
airships. 

The largest mobile mast we had during WWII was the KM mast weighing 
39,000 lbs.  Types weighing from 44,200 lbs. to 55,900 lbs. were 
produced to handle the 1,000,000 cu.ft. airships.  But much larger 
masts were needed to handle the huge 1,500,000 cu.ft. ZPG-3W AEW 
airships.  The Type V mast with hydraulic controls was developed, and 
the 1-14-58 Ground Handling Manual listed its weight at 150,000 lbs., 
but the 1-15-61 Manual revised its weight down to 128,670 lbs.  In 
any event these masts were by far the largest ever built to moor a 
non-rigid.  Jacked and secured at a mooring out circle with a 3W 
moored a Type V mast was designed for 90 knot winds. 
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The towing tractors also became heavier and more powerful.  The 
1-1-54 Manual lists two tractors in use; the Type 1-9 Tractor 
uff™"5 }°^°°  ^SD^ith a drawbar Pul1 of  7,500 lbs. and the Buda 
HA-120 weighing 16,800 lbs., with a drawbar pull of 12,000 lbs.  The 
1-9 is being phased out at this time. The 1-14-58 Manual lists 3 
S^Rnnf J;TaiConrS f?f t0üinf the heavler masfcs and larger airships. 
Zu f„n  o ^"120 mentio"ed above is now being phased out in favor of 
the MC-2 Airship Spotting Tractor weighing 23,500 lbs., with a 
drawbar pull of 15,000 lbs. The ultimate towing tractor for the 
program was the Mobile Winch Type MC-3 weighing 30,000 lbs., and with 
a drawbar pull of 24,000 lbs. 

The greatest breakthrough and most significant advance in ground 
handling airships, since the mobile railroad masts and stern beams 
for the rigid airships of the 1930s, was the development of the 
ground handling "mules" in the mid-1950s at Lakehurst.  The 1-1-54 
Navy ground handling manual makes no reference to mobile ground 
handling mules, but the 1-14-58 Manual features their use? Obviously 
at some time between these two dates the mobile winches were developed 
evaluated and adopted for regular service use.  The Mobile Winch Type 
MC-3 was the first mobile winch developed.  This MC-3 mobile winch 
served several purposes and proved to be invaluable.  First of all 
they were by far the most powerful towing tractors to be used with 
the large mobile masts.  But their other designed uses were far more 
Än^'.r6? ^tal; Ihe  MC"3 winches> working in pairs, were Sid to handle the tails of the airships in undocking and docking 
maneuvers, while the Type IV and Type V masts, towed by MC-f tractors, 
nanüled the bows.  Ground crews were greatly reduced.  MC-3 mules 
held the nose of an airship stationary while the mast was towed close 
and the winch pulled the nose cone into the mast cup completing the 
mooring.  It was found it was better to bring the mast t? the fhlp 
than vice versa.  A MC-3 tractor towed the mast and ship to a mooring 
n

U fiS1;;  Pair" °f "C"3 mules were used for unmasting the sh?ps, S 
and were also used to launch the airships.  With the versatile MC-3 
;jSTO

aJ Jast ff? Sfou?d handling of the largest non-rigids had 
?«n5?™ » 7lrUlu±mat<e  ±n mechanical ground handling and mooring. 
Landing a ZPG-3W using a pair of mules was accomplished regularly 
with a ground crew of only 18 men.  Docking was done with a crew of 
12.  Unmasting and launching with a pair of mules was accomplished 
with only 12 men. 

Later MC-4 mules were introduced.  They were lighter and more 
maneuverable, consequently they were not usually used for handling 
the tail during docking or undocking, but they were used for landing, 
came intoUnia     ^ launchlnS airships where their greater agility 

In ending this paper I should like to make some observations and 
offer a few opinions. 

I feel that future conventionally configured large rigid airships 
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should operate as true VTOL aircraft.  They should make static 
Skeoffsfperhaps aided by vectored thrust, from low type mooring 
masts. 

Large rigid airships should make flying moors to low masts, again 
making them VTOL vehicles. 

Rigid airships should moor out on circles, preferably equipped with 
railroad track for yaw guy cars and a rideout car. 

Nearly 100? of large rigid airship operations should be to and from 
fixed low mooring masts.  Loading and off-loading cargo can be 
accomplished easily. 

Future rigid airships should only need to dock once a year for a few 
weeks of annual, overhaul. Thus only one maintenance hangar should 
be required for every dozen or so airships. The maintenance hangar 
servicing these dozen ships would require a mobile mast, and a stern 
beam and spreader gear.  Ideally the mooring out circle and hauling 
up circle would be combined as at Moffett Field in the 1930s. 

Construction hangars, in my opinion, will always be required for large 
airships.  A mobile mast, docking rails and manpower should suffice at 
these sites as docking and undocking operations will be few and far 
between. 

Mooring on large protected bodies of water is feasible, and loading 
and off-loading cargo on barges can be accomplished easily. 

A small training rigid airship should be built and operated before 
Koing into large rigids.  This small ship could be ground handled 
Sith mobile malts like the Navy Type V mast, and with ground handling 
mules similar to the Navy MC-3 Type.  This training ship should be 
from 1,000,000 cu.ft. to 2,000,000 cu.ft. in volume. 

The sheer size and length of very large rigid airships, plus the large 
area landing mat that would be required, plus structural 
considerations indicate that heavy takeoffs using aerodynamic lift 
should not be considered for conventional circular cross section rigid 
airships. For large rigids a static takeoff from a mast is best. 
Additional payloadSup tS 10? of the gross static lift of the airship 
can easily be flown aboard by hook-on plane once the airship is at 
cruising altitude and speed. 

Airships larger than 5,000,000 cu.ft., to use an arbitrary figure, 
should be ground handled with a railroad type mobile mast and beam 
at maintenance bases. 

The metal-clad pressure rigid airships would be moored and ground 
handled by the same methods and equipment as conventional rigid 
airships. 
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15rooSeoSoannfSUre We *hould only  consider rigid airships up to 
lb,000,000 cu.ft., as that represents the size ship that can be built- 
in our largest existing hangar.  After the 15,000,000 cu ft shins 
prove their worth we can go to larger hangars'and larger airships? 

We have the basic answers for ground handling any size airshin anri 
ITolllT  and techni*ues w111 continue to mjrovl with a nS^irs^p 
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1.  R-100 moored to permanent type high mast Montreal, Canada (1930) 
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2. USS Los Angeles making a flying  3. USS Akron lower fin moored at 
moor to mobile mast.Lakehurst (1931) circle with rideout RR carriage 

and taxi-wheel. Lakehurst (~1932) 

4. USS Macon being docked with mobile railroad mast, stern beam and 
spreader gear. Lakehurst (1933) 
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N76-15043 
A NEW CONCEPT FOR 

AIRSHIP MOORING AND GROUND HANDLING 

John C. Vaughan* 

ABSTRACT;  Calculations have been made to determine the 
feasibility of applying the Negative Air Cushion (NAC) 
principle to the mooring of airships.  Pressures required 
for the inflation of the flexible trunks are not exces- 
sive and the maintenance of sufficient hold down force is 
possible in winds up to 50 knots.  Fabric strength re- 
quirements for a typical NAC sized for a 10-million cubic 
foot airship were found to be approximately 200 lbs./in. 
Corresponding power requirements range between 66-HP and 
5600-HP. No consideration has been given to the internal 
airship loads caused by the use of a NAC and further 
analysis in much greater detail is required before this 
method could be applied to an actual design, however, the 
basic concept appears to be sound and no problem areas of 
a fundamental nature are apparent. 

INTRODUCTION 

Recent publications have pointed out some potential advantages 
possessed by airships in certain mission areas and have advocated 
the construction of large airships employing modern technology and 
materials.  If the airship is indeed to stage a "comeback," then in 
addition to the application of new materials and technology in the 
vehicle itself, some quantum jump in the area of mooring and ground 
handling must also be accomplished.  It is the purpose of this paper 
to suggest a means by which this quantum jump might be made. 

For several years, development work has been proceeding which is 
aimed at applying the basic principles of Air Cushion Vehicles (ACV) 
to aircraft takeoff and landing systems.  (Ref. 1, 2, 3 and 4.)  A 
schematic of a typical system is shown in Figure 1. A flexible 

* Operations Research Analyst, Naval Air Systems Command, 
Washington, D. C, U. S. A. 
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toroidal shaped trunk of rubberized fabric is located on the bottom 
of the aircraft and its shape is maintained by pressurizing it to a 
pressure (Pt) greater than atmospheric. Air is allowed to flow 
through holls (A) and (B) to maintain the cushion pressure (Pc) and 
to provide lubrication between the trunk and the ground.  The cushion 
pressure is greater than atmospheric (but less than trunk pressure) 
and supports the weight of the aircraft by acting over the bottom 
TiFrT^^ff^-Gt tibia-aircraft enclosed by the trunk. 

DESCRIPTION OF CONCEPT 

Figure 2 is a sketch illustrating a Negative Air Cushion (NAC) as 
applied to a large somewhat conventionally shaped airship.  The maDor 
departure from a conventional airship shape stems from the employment 
of a large flat bottom rather than the usual rounded extension of the 
hull body of revolution. A flat airship bottom is not essential to 
the concept, however, a rounded hull bottom would require a slightly 
mole Comdex trunk design and construction.  The two NAC trunks 
shown may, in general, assume any planform shape, but for the anal- 
yst to follow? they are assumed to be circular. The trunk material 
itself may be either elastic or inelastic non-porous fabric. A pump 
Si) is used to inflate the trunk to a pressure (P2) greater than 
atmospheric pressure (P0). Another pump (M2) evacuates the space 
enclosed by the trunk, the ground and the airship bottom so that a 
cushion pressure (Pi) is maintained less than P0.  The pressure dif- 
ference (Po-Pi) acting over the airship bottom produces a force 
acting to hold the ai?ship down to the ground.  Obviously, the pump 
ttSräightV through the use of appropriate valves and lines, supply 
the air to pressurize the NAC trunk, thus obviating the need for 
separate pukps  for trunk and cushion pressure.  Operation in this 
manner Sijh?not be practical, however,  in  view of the differing 
pressures and air flow rates associated with the NAC cushion and a 
trunk which utilized bleed air lubrication.  This paper will not 
consider design details to this depth. 

in order to satisfy the condition that the airship will weatheryane 
two alternative methods may te proposed.  One ;nvolves/P^^p

in" 
stallations on the airship itself while the. other would utilize 
oermanently installed ground equipment.  Some representative turn- 
table schemes are illustrated in Figure 3.  In the methods depicted 
in 3A and ?B? the  entire forward NAC trunk would be mounted on rollers 
OR) so that it could rotate about its vertical axis of symmetry.  The 
arrangement of 3B requires a seal in order to prevent atmospheric air 
from leaking into the cushion volume.  It can be seen that with 
arrangements 3A and 3C, no seals are required, since solid structure 
effectively separates regions of differing pressures.  In the first 
two designs, the NAC trunk remains stationary with respect to the 
ground whUe the airship hull is free to,swivel as the wind direction 
changes.  (It should be noted that the air station «ale täte re 
quired to permit 360° airship rotation is considerably less than if 
the conventional mooring mast is located at the airship nose.)  The 
second method of swiveling would employ a NAC trunk fixed to the 
airship (Figure 3C) but a flat turntable permanently mounted flush 
with ground at the air station would provide the swiveling action. 

The methods mentioned above represent alternative means of obtaining 
airsSip weathervaning.  The first method, wherein the forward NAC 
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is connected to the airship through a swivel, will permit operation 
at virtually any suitable remote site.  The second method could be 
used only at an established site equipped with the appropriate turn- 
table.  The obvious advantage to the second method lies in the simpli- 
fied airship installation. A third possibility, applicable to the 
fixed site, is the use of a ground based pump to supply the forward 
cushion suction.  Since the forward NAC trunk need only be inflated 
initially and then sealed, no airship borne power need be expended to 
provide the airship hold down.  The ground-based cushion pump could 
be mounted directly on the turntable or connected to the turntable 
through suitable rotary seals. 

Regardless of the method used to allow weathervaning, the horizontal 
shear force between the airship and the ground, which resists the 
wind force, is a function of the friction coefficient between the 
trunk and the ground and the force pressing the trunk to the ground. 
This force must be supplied entirely by the forward trunk, since the 
aft trunk can furnish none while the airship is turning. 

The aft trunk might be operated in two different ways.  In the first 
mode, air would be supplied continuously to the trunk and be allowed 
to bleed out through lubrication holes located where the trunk is 
tangent to the ground.  This method of operation would require a 
continuous power output to drive the pumps.  However, the ability to 
reduce the horizontal friction between the trunk and the ground by 
this method is not certain.  The second method of operating the aft 
trunk would entail the use of sensors on the airship which would 
detect the presence of crosswinds requiring airship weathervaning. 
The aft trunk would be identical to the forward trunk, that is, it 
would have no bleed holes and could be sealed after inflation.  When 
the sensors determine that the crosswind has reached some predeter- 
mined valve, the cushion pressure would be released, reducing the 
ground contact force and permitting the hull to rotate around the 
forward trunk.  While this rotation is taking place, all external 
horizontal and vertical forces and moments applied to the airship 
would be resisted by the forward trunk alone. 

All of the previous comments have considered only airship mooring on 
a solid surface.  Figure 4 illustrates the NAC in use on a water 
surface.  Since it is not possible to develop horizontal shear forces 
with the water, the airship could tie up to an anchored buoy or, 
alternatively, could carry its own anchor.  In either case, the 
weathervaning problem is solved automatically if a single anchor near 
the nose is used. A variation to the water based mooring concept is 
the use of a raft anchored at a single point so as to be free to 
swivel.  If the raft were large enough to receive both trunks, the 
airship would have complete freedom to weathervane with essentially 
a dry land interface. 

ANALYSIS OF CONCEPT 

In the following analysis, it will be assumed that the airship is 
ballasted to produce a condition of neutral buoyancy. Additionally, 
the airship is assumed to be a rigid body and internal loads caused 
by the externally applied loads are not considered. 

Axial Horizontal Forces 

The drag force on the airship along its axis is given by 
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D«=C9aqS. (1) 

The magnitude of the force holding the airship down to the ground is 
given by 

H=(Po-f?)A0 (2) 

In order to restrain the airship while facing into the wind, equation 
(3) must be satisfied. 

D* = /*H (3) 

Combining equations (1), (2) and (3), and assuming that A0=a 5o 

r  — Cpx (4) 

where CPl = (P0-
pl>/<3' 

Lateral Horizontal Forces 

Similarly, an equivalent pressure coefficient related to a crosswind 
is given by 

r  -   Cpy (5) 

Vertical Forces 

In addition to increased drag (in the lateral direction) and rolling 
moment, a crosswind can also result in an aerodynamic lift on the 
airship hull.  In order to relate the lift and lateral drag force to 
the same reference area, it is assumed that the airship is a cylinder 
with an arbitrary length/diameter ratio.  Thus, 

S/So = 1.274 
l/d (6) -- 

The magnitude of the lift force is given by 

L = CL q S0 <?> 

and the pressure coefficient required to counteract this aerodynamic 
lift is shown in equation (8). 

Cp = % (8) V
PIL  a* 

Vertical Ground Reaction 

In order to belance the down load produced by the NAC, a ground 
reaction force is transmitted through the trunk over the shaded 
areas shown in the trunk plan views of Figure 5.  Two conditions are 
indicated, one with no wind and the other with enough wind to raise 
the upwind trunk contact area to a line. 

First considering the no wind case, 

(ground reaction force) = (hold down force) 
7T4(1-Po)[(CL+2n2d2-aM2]=n/4(?-f?)a

2d2 
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IP PI - "''IB-RI 
[P*   P°]-   4f(Q.f)        (9) 

For the case with maximum crosswind, 

(ground reaction force) = (hold down force) - (lift force) 

c   -   Q2^-^ 
L
P2- 4fla+f)       <10> 

where Cp2 = (P2-PQ)/q. 

Rolling Moments 

The ability of the NAC to resist the overturning moment caused by 
a crosswind condition is analyzed in the following manner.  If it is 
assumed that the trunk bleed holes are completely effective in re- 
ducing the horizontal friction force between the trunk and ground to 
zero, then all of the horizontal wind force must be resisted by the 
forward trunk alone but both trunks are capable of furnishing a 
counter rolling moment to resist overturning.  Figure 5 indicates the 
TakTno ™V°nKidred-al0ng With their Metric relationships? It 1*1  m?™pts about point X, we consider first that moment produced 
by the difference between the hold down force and the aerodynamic 
lift which is assumed to act through the vertical centerline.  Next is 
the moment produced by the drag force which is assumed to act a dis- 
tllCl£/2»above the ground.  Finally, there is the moment produced by 
the ground reaction force which acts on the shaded area of Figure 5 
All of these moments are combined as follows. 

(hold down - lift) + (drag) - (ground reaction) = 0 

2«-w A. (¥) - L (<>£) + vAi)-2 [(?-P)A, &«fy _Ä.e)Ae(^a _0 
Substituting appropriate terms and dividing by q   we have 

CDy= aCL + 2Cp2[(a-H2f)
3-a3]-2a3CPi   di) 

Equation (11) indicates the maximum value of the lateral draq co- 
efficient (based on airship cross sectional area) at which an over- 
turning moment can be resisted. 

Trunk Fabric Loads 

The tension in the trunk fabric can be computed by considerinq the 
trunk pressures which are required to hold the airship in a given wind 

innFiqire'6 Ltn\^\^  ^^ t0 the airshi<> b°ttom ""ketSed in Figure 6, then the fabric tension is given by, 

j je-B)[ n/A* +2u)2d2- *A w«d*1 
it(w+2u)d + nwd 

T=/2CP2^
du (12) 

Power Requirements 

The horsepower required to maintain a given air flow over a specified 
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pressure drop is given by , D| 

£W^^~ ■£=■£ aSÄffi ESS £-*?= 
density, we have - 

Qc=nhadViM 
The power required to maintain the aft N^would be considerably^ 
greater than the above value. At a m^^' |JJJ JJJ atmosphere 
le required to maintaxn the same axr Mk*ge  from the     P^ the 
to the cushion area.  In addxtxon, ^" "."qair throUgh the trunk 
trunk pressure while supplying the lubrxcatxon «f tnru y 
bleed holes. The aft NAC power requxrement becomes, 

HP = 5-^[QC(^)+QT(PZ-PC)3 (15) 

The airflow Qt is based upon V^SÄftfbl^^^ 
ence between trunk pressure and a pressure hair way oew 
pheric and cushion. _ 

u A MOESEII      •(16) 

Operation Over Water 

The essential features of a NAC ^-^^^1^:^^ S^~ 
shown in Figure 4.  In order to maxntaxn vertical equx        ced 
ship ballasted to neutral buoyancy)' the wexght ot wa     * 
by the trunks plus the aerodynamxc lift jeneratea on  chamber above 
equal to the weight of water drawn up into toe^ourtxonjja        Qn 
the free water surface.  Fxgure 4(A) lllu^trates tnersw 
with no wind.  The shaded volumes f^\J^^c^fs  numerically equal equal.  The weight of water above the free surface is num* 
2 the hold down force  Figure 4(B) shows the ef ffectof wxnd^ ^ 
case, the weight of water xn the "mxlarly shaje vo   fQrce minus 
below the free surface level "•J^LStSj shaded volume is equal 
the lift force.  The weight of the °Pj£?£|gVely, that roll stability to the lift force.  It can be seen, qualitatively, wind 
is maintained by the trunk sxnkxng to a greater depth o      ^ ^ 

Xus "ist SncSon Sf^tSuSl^tS!°tio.qu«tlt.tiv. analysis 
or "oil stability on°water has been made at thxs txme. 

Cushion Pump-Down Time 

The cushion pump-down time  is calculated on the ^sis^fjquation 

rinkiofo/tnfpr^surfdr P ^*S ff^Ä'Ä*^^».. 
tion,   the airflow approaches  ^fxnxty as the pres * pr£SSures 
zero,   an arbitrary £g™Js^eS\0^ar?n?o the cushion volume  in 
less than 16 psf.     Axr xs assumea w Thus,   combining the results 
accordance with Equations   (14     and   (16.     Thus,   f^ fnation Q£ 

of these two equations and Equat ion   (1^ perm it f ^ 
the net flow out of the cushion       Integration o^ ^ ^ 
vides an expression of cushxon pressure as 
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? = p.- ^/ik^-KJd*.       <17) 

NUMERICAL EXAMPLE 

To illustrate the application of the NAC concept to an airship design, 
a sample calculation will be made to indicate the characteristics of 
a NAC as applied to an airship of ten-million cubic feet displacement. 
The basic airship layout is as shown in Figure 2 with other pertinent 
details listed in Table I.  Equations (4) and (5) determine the NAC 
pressure coefficient required to withstand axial and lateral wind, 
respectively.  It can be seen that the lateral force 

CP)X=0.8I (A) 

CPly=\7.0& (B) 

is about twenty times the axial force for any given wind velocity.  If 
weather conditions and local topography are such that wind directions 
can be accurately predicted, then operation of the NAC can be based 
upon axial winds.  For the purpose of this example, the worst case 
will be assumed, that is, lateral winds at the maximum expected 
velocity will be considered. 

Equation (8) can be used to determine the NAC pressure coefficient 
which will counteract the lift produced on the airship hull by a 
crosswind.  The total pressure coefficient required is the sum 

CP(L = 2.I3 (C) 

of Equations (B) and (C).  Thus 

CP( = I7.0&+2.I3= 19.19       (D) 

Equations (9) and (10) show the relationship between cushion pressure, 
trunk pressure, lift coefficient in crosswind, trunk diameter and 
trunk ground contact area.  From Equation (10), 

r _(.50)2«9.<9)-f.533) 
^2 "  4f(.5 + f) (E) 

Values of Cp2 as a function of f are plotted in Figure 7. 

If the flattened portion of the trunk (f) is taken as 0.05 of the 
nominal inside trunk diameter (a), the allowable CDy which can be 
tolerated before the airship will begin to roll over is given by 
Equation (11).  Substituting appropriate values yields 

CDy = (.533) (.5)-2(40)[(.5+2(.05))3-(.5)3]-2(19.19) (.5)3 

CDy =2.75 (F) 

This allowable value of CDV is less than the estimated value. 

The fabric loads in the trunk are computed from Equation (12) using 
a design crosswind of 50 knots. 

T=(.5)(40)(8.47)145(.10)=2450 lbs/ft 
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T=205  lbs/in (G) 

The NAC power requirements will now be calculated using Equations   (13) 
through   (16).     From Equatxon   (14), r±*/ccr 

Qc=n(.00.)(.5)(!45)(.IO)V^E=84f+/5EC (H) 

where;   (P0-PD-CPl      -19.19(8.47)-162.3  lbs/ft» 

From Equation   (13),  the horsepower requirement of the forward NAC 
trunk is 

5501.75) 
up- 84(162)   =33 , (i) 
HP-   trtrni7<)       JO*' 

« the aft »C trunh JtiUj-b« J^LeSn^ef uPon rÄole 
(16)   is used to compute the"rfl°w,^S^ "rea      This area would 

ss.f iS'Ä MrsLSS äS-Lsr^ app^^ 
0.8 inches apart. 

The horsepower requirement of the aft trunk utilizing bleed air is 

given by Equation (15). 
(• »4-1162.3) +6771(339)] _  c^qfl (K) 

HP= 55ÖÜ75) 
This high power requirement for the aft trunk    when 
cation is employed,   "J^s that the ;fnJs of a certain magni- 

airship weathervaning. 

?o a height of 2.6 feet above the free surface. 

The cushion pu^pdown. ti-ne <*"-**£*£? «ST i'.SSS'iaX.'S" 
C1^ to^es^he^reSrsrateVafufofthe design cushion pressure 
is assumed. 

The approximate volume of the NAC cushion chamber is, 

V=
K/4l.5ftl45)

3-l0/2-29,930 ft
3 (D 

The initial mass of air in the cushion (at sea level standard condi- 

tions) is, 
M= pv=.0023769(29930)=71.14 slugs 

The  flow out of the cushion is given by Equation   (13). 

ft0UT= 34.45 /AP    sluqs/sec 

The  flow into the cushion is givenby (0) 
p\w =0.0I57-V£P   sluqs/sec 

These flows are plotted in Figure 8. 

(M) 

(N) 
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A numberical integration of Equation (17) was performed using the 
flow rates of Figure 8.  Two curves are shown, the first which assumes 
a single pump with 33.1-HP input, the second which assumes the addi- 
tion of another identical pump. When two pumps are used, it is 
assumed that one pump is shut down when the steady state pressure is 
reached. 
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GLOSSARY OF TERMS: 

Symbols 

A0 Area within trunk-to-ground inner tangent line.  (ft2) 
a Diameter of NAC inner ground tangent line as fraction of 

airship diameter (See Figure 5). 
CQ Drag coefficient in ground proximity. 
CL Lift coefficient in ground proximity. 
Cp Pressure coefficient. 
D Aerodynamic drag in ground proximity.  (lbs) 
d Nominal diameter of airship (See Figure 2).  (ft) 
f Radial dimension of trunk in ground contact as fraction of 

airship diameter (See Figure 5). 
g Acceleration due to gravity.  (ft/sec2) 
H NAC hold down force.  (lbs) 
h Equivalent gap between NAC trunk and ground.  (ft) 
L Aerodynamic lift in ground proximity.  (lbs) 
1 Length of airship.  (ft) 
m Mass flow.  (slugs/sec) 
P Pressure.  (lbs/ft2) 
Q Airflow.  (ft3/sec) 
q Dynamic pressure.  (lbs/ft2) 
R Universal gas constant.  (ft-lb/lb/°F) 
S Area.  (ft2) 
T Temperature.  (°R); tension in trunk fabric.  (lbs/ft) 
u Radial dimension between inner and outer trunk attachment 

as fraction of airship diameter (See Figure 6). 
V Volume of NAC chamber.  (ft3) 
/< Coefficient of friction between trunk and ground. 
1 Overall pump efficiency. 
P Density of air.  (slugs/ft3) 
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Subscripts 

0 With pressure, ambient. 
With area, airship cross section normal to x axis, 

1 With pressure, air cushion chamber. 
With area, airship cross section in x-y plane. 

2 With pressure, air cushion trunk pressure. 
C      Air cushion. 
T      Trunk.   

TABLE I 

NUMERICAL EXAMPLE AIRSHIP CHARACTERISTICS 

Volume = 10,000,000 ft3 

CL = 0.10(Si/So) = 0.5333      a = 0.50 

CD = 0.20 (Si/So) = 1.066     /*= 0.25 

CDx = 0.05 u - O.10 

1 = 606 ft A = 75% 

d = 145 ft h - 0.001 ft 

320 



"> > i / f > > > t) /1 / / / 

TYPICAL ACLS 
Figure 1 

-> > > >> i 11 > I , r, > r) >•>>,,,? 

TYPICAL AIRSHIP NAC INSTALLATION 
Figure 2 

Figure 3f
TERNATIVE «AC TURNTABLE ARRANGEMENTS r Figure 3B 

Figure 3C 

No Wind With Wind 

NAC ON WATER 
Figure 4A     Figure 4B 

Horizontal. 
Ground Reai 

Verti 
No Wind 2fd^ r  aa -i    Wlth w±nd 

NAC GROUND REACTIONS AND FOOTPRINT 
FIGURE 5 

FREE AIR TRUNK CONFIGURATION 
Figure 6 

-7 2.4 
o 2.0 
w 1.6 

8, '-2 faO 
=! -8 

.4 CO 

TRUNK FLATTENING VS TRUNK PRES 
Figure 7 

.Pump HP=33.l 
Pump Eff.=75J? 

0   20   40  foO 80   /OO /20 /4o  160 180 

CUSHION PRES. (PSFG) 
LEAKAGE & PUMP FLOW VS CUSH. PRES 

Figure 8 

12   14  ifo 18 2D 0    2    4   6   8   10 

TIME   (SEC) 
CUSHION PUMP-DOWN VS TIME 

Figure 9 

321 

REPROBUCMLITY OF THE 
ORIGINAL PAGE IS POOR" 



MODERN AIRSHIP DESIGN CONCEPTS 

The Slate All Metal Airship - Claude C. Slate, Richard D. Neumann 

State of the Art of Metalclad Airships - V   H   Pavlecka. John Roda 

The Aerospace Developments Concept — John E  R  Wood 

Method for Transporting Impellent Gases — Hermann Papst 

The Design and Construction of the CAD-1 Airship - H. j  Kleiner, R  Schneider, J. L Duncan 

A LTA Flight Research Vehicle - Fred R. Nebiker 

The Airfloat Heavy Lift Project - Edwin Mowforth 



N76-15044 
THE   SLATE  ALL 

METAL AIRSHIP 

Claude C. Slate* 
Richard Neumann** 

ABSTRACT:  This paper will cover the development of the 
Slate all metal airship "City of Glendale" built and com- 
pleted in 1930.  A brief discussion of the airship facili- 
ties accompanied by slides will be covered.  Pertinent 
data which led to other engineering accomplishments for 
aviation will be covered and shown.  The paper will deal 
with the SMD-100 concept, along with a brief commentary on 
the costs and problems involved in such an airship design 
and the application of the hoisting and elevator facili- 
ties to airship development. 

In 1928, in the city of Glendale, California, the Slate family, headed 
by Captain Benton Slate funded, designed, constructed and inflated the 
airship "City of Glendale."  It was one of the four all metal airships 
built in the Lighter Than Air era.  Unlike the ZMC-2 metalclad, the 
Slate was financed by a family group and considerable attention to 
cost was required with limited availability of outside sources. 

The Slate design incorporated a gore panel structure which was formed 
on the world's largest stretch and form press and in the process 
corrugated for additional strength.  The gores were placed along the 
hull longitudinally, while the hull was rotated with slings and 
counterweights to maintain the work area at a specified platform 
height. 

* President, Slate All Metal Dirigible Company, Glendale, California, 
U.S.A. and member Southern California Aviation Council, Inc. Lighter 
Than Air Committee Technical Task Force, Pasadena, California, U.S.A. 
**Chairman, Southern California Aviation Council, Inc. Lighter Than 
Air Committee, Pasadena, California, U.S.A. 
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On completion, the hull was inflated with natural gas and floated to a 
second hangar facility where mating of the gondola was carried out. 
In this facility the hull was purged of the natural gas and inflated 
with hydrogen.  Metal was German manufactured duraluminum in sheet 
form and imported to the United States.  The second facility was also 
to be used for the installation of the powerplants and related modifi- 
cation work. 

As with many aircraft, the Slate airship was taken out of the hangar 
for purposes of promotion and publicity, at which time it was to be 
turned around and brought back into the hangar to complete the instal- 
lation of powerplants and flight controls.  The person assigned to the 
control car to maintain the pressure controls was talked into leaving 
it for a few moments to have his picture taken.  While this was 
happening, hull pressure expanded due to the hot California sunlight 
and caused the rupturing of a seam. 

The hull gores were joined with a crimping process similar to that 
used on conventional food cans today.  Internal ring structure of 
very light weight was riveted to the gores.  So despite the sudden 
heavy pressure surge and the opening of a seam, damage was confined 
to a very small area and the airship was returned to the hangar with 
adequate time to spare for repairs.  This alone was testimony to the 
ability of metal airships to sustain damage without catastrophic 
results.  Had the same accident happened in flight, there would have 
been sufficient time to land and unload passengers. 

The Slate design offered novel and significant changes in airship 
thinking, many of which have been adopted today by airship proponents. 
Passengers, fuel, crew and cargo were taken aloft by an elevator or 
hoisted aboard.  The corrugation gave the hull unprecedented longi- 
tudinal strength. 

The powerplant, which consisted of a high speed rotor, operated in 
such a manner as to cavitate air in front of the airship and pull it 
forward into what amounted to a vacuum.  It also acted to redistribute 
the boundary layer and this permitted use of smaller control surfaces. 
As a result of tests the powerplant.initially reached an effectiveness 
of 68.2 percent.  Later refinements are reported to have increased 
this figure to almost 80 percent. 

The Slate program required that they not only design and innovate, but 
become manufacturers of hydrogen gas, engineer the world's largest 
stretch and form press, and develop new ideas on the handling of cargo 
and passengers.  Our film clips and slides will show these aspects. 

In 1958, Claude C. Slate decided to follow in the family interest in 
airships and produced the Slate All Metal Dirigible SMD-100.  This 
design has been copied in the USSR and was reported extensively in the 
1960's by the Soviet press.  The description and slides on the SMD-100 
which follow are based on the design and engineering of a 7 million 
cubic foot airship and missions to which it is applicable. 

The original design would have involved costs including the building 
of facilities, of 9 million dollars.  With inflation and the way costs 
have gone up, the same design is estimated to cost now between 14 and 
15 million dollars which includes the facilities. 
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7Mr %    £• t       hl§ Hke the ZMC"2 was an accomplished fact.  Unlike the 
M.?K M°h wasu

desiSned from the start as an experimental prototype 
for the Navy, the Slate was for commercial application.  In l?30 82 

2SSrISSnf™-linHf-1i SWaY an<3 fUndS Plann^ f°r the Development by K f  ! famxly dried up.  Within an 18-month period all work was 
abandoned on the airship and demands for the removal of the faclutv 

unco^Kted^irshxp^^ "" ^ "8ultln* ^  ^  scrapping^of^tL 

With the technology that exists today, the Slate airships could be 

cons?ruc?2? °  ^ t0 f°Ur Were devel°P^ and facilities 

A metal airship was recognized as the only answer to the many perils 
of the airships of the 20's and 30's.  The Slate family contributed 
to our knowledge of airships and designs.  More than any other organi- 
zation they willingly gambled their own funds on development and would 
have succeeded except for the financial crash that shook not only the 
United States, but the world. 

SLIDES PRESENTED AT WORKSHOP 

Slide #1 
The Slate Aircraft Company was formed in the middle 20's.  After an 
unsuccessful attempt to lease the blimp hangar at Ross Field in 
Arcadia, California, property was leased in the city of Glendale 
Hangars were erected to produce the Slate All Metal Passenger Carrying 
Airship.  The initial financing was by private capital and it wasn't 
until construction was well underway that stock was available to the 
general public.  These ships were to be used strictly for carryinq 
passengers and cargo. 

Slide #2 
The small hangar was for the construction of the hull and the larger 
hangar was for the final assembly of the cabin and powerplant. 

Slide #3 

3?^ai1^t?1^°n?COCqUe Ship Was 212 feet lon9' 5835 feet in diameter, with a total displacement of 330,000 cubic feet.  Initially, it was 
to be powered by a 500 horsepower steam turbine.  Total weight of the 
ship was under 14,000 pounds, and payload was approximately 8,000 lbs. 

Slide #4 
Airborne ship shown during one of the many tests for checking the 
powerplant, ballast, and elevator systems. 

Slide #5 
The first longitudinal sheet in place.  The ship was made up of con- 
tinuous longitudinal sheets and circular rings.  The rings were pro- 
duced on a yoder type roll.  At the time the ship was started, 18-inch 
wide coiled aluminum in 200 foot lengths was the largest size availa- 
ble.  It required splicing at the nose and tail sections.  All work 
was performed on the horizontal centerline of the ship. 

Slide #6 
Hull approximately 75% complete.  Note end of stretch and form press. 
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Huiieapproximately 90% complete.  All riveting was performed with hand 

operated rivet sets. 

Front end of hull showing work platform and splice of longitudinal 

sheet. 

Thfhulf work crew putting the last sheet in place.  158 formed sheets 
made up the hull.  The last sheet fit perfectly. 

Internal view of the hull.  Note the simplicity of construction. 

Cabin under construction and ballonet undergoing inflation tests. 

Huifmoving from small hangar to larger hangar for °f ^.f ^achment 
Natural gas was used to initially purge the ship.  At this point natu 
ral gas was used as a means of buoyancy. 

Slide #13 , .  .  ^ .. . . 
Hull suspended in a large hangar for cabin installation. 

in^lfs*1* larger ship of approximately 900,000 cubic foot displacement 
was proposed to the Navy. Complete design and structural analysis was 
furnished to the Navy. 

Slide #15 
Performance data on the ship. 

Cabin arrangement, with live-on provisions for crew and submarine 
surveillance equipment. 

Slide #17                                .    .  .,    j n 4. ,q 
In 1960, lighter than air, as a means of moving missiles and related 
equipment was investigated by the government.  The design of the 
8,600,000 cubic foot ship with a 100 ton payload and a 2,400 mile 
range was started. 

The primary task was for moving the new Saturn booster and other out- 
sized cargo. 

Slide #19 
Performance data on the ship. 

Slide #20 
Payload and operational data. 

The cargo bay was sized to carry the first stage of the Saturn booster. 
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Slide #22 
The ship would have the capability of moving three Minuteman missiles. 

Slide #23 
Further studies brought about the SMD-100 and primary effort was 
directed to the Air Force and NASA. 

Slide #24 
The ship was configured to accomodate practically any size cargo. 
Two hoist bays were provided in place of the large cabin.  The flight 
deck and crew quarters were in the lower fin. 

Slide #25 
Live-on accomodations for forty men were provided. 

Slide #26 
Specifications of the ship. 

Slide #27 
Performance of the ship. 

Slide #28 
Ten hoists in each bay are capable of picking up 300,000 pounds. 
Maximum height of pickup is 250 feet.  The hoists are mounted on rails 
in each hoist bay and move fore and aft to handle cargo up to 160 feet 
in length.  Auxiliary power is provided on the tips of the horizontal 
stabilizers.  The powerplants swivel 360 degrees making it possible to 
turn the ship in twice its length. 

Slide #29 
Carrying the first stage of the Saturn booster. 

Slide #30 
Hoisting three Minuteman missiles. 

Slide #31 
Moving bridges and out-sized cargo. 

Slide #32 
Moving housing and emergency hospital. 

Slide #33 
Installation and servicing of remote radar installations. 

Slide #34 
Salvaging of aircraft. 

Slide #35 
Container loading or unloading without the use of conventional dock 
cranes.  The ship would handle ten 40-foot sea-land containers, with 
each container weighing up to 30,000 pounds. 

Slide #36 
Container handling from ship to shore for remote areas without harbor 
facilities. 

Slide #37 
Moving, erecting, and servicing of oil well equipment. 
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Servicing of off-shore oil drilling platforms. 

fitting pipe line with prefabricated lengths up to 160 feet. 

transporting and servicing of remote housing and construction equip- 

ment. 

Maintenance and servicing of remote mining operations. 
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1W6-15 04 5 
STATE OF THE ART OF 

METALCLAD AIRSHIPS 

V. H. Pavlecka* 
John Roda** 

ABSTRACT: This paper will deal with metalclad airship devel- 
opment of the past history and with the immediate prospects 
for continuation of the development of these airships.  The 
metalclad airships promise high safety even in highly in- 
clement weather, are capable of high speeds, while lifting 
high useful loads.  Metalclad airships which in first cost 
would compare favorably with the costs of sea-going ships 
and in operating costs promise to be lower than airplanes. 

HISTORY 

First flight by man was in a balloon.  It was inevitable that as 
soon as a prime mover was available, man would install it under an 
elongated balloon, now called an airship or a dirigible, and drive it 
directionally.  At the time of the first flight in an airplane, the 
airship was well understood and for that time, daring prospects were 
already under way, in sizes that dwarfed the small airplanes.  The his- 
torically unforgettable names of these pioneers, Zeppelin, Parseval, 
Schutte-Lanz in Germany; Forlanini in Italy; Clement-Bayard, Lebaudy 
and Santas-Dumont in France; Welman and Baldwin in the United States, 
etc., will always live in the mythology of airship development.  One 
of them was Schwartz, an Austrian army officer, who succeeded in 
building an all aluminum, cylindrical airship, which at least floated 
in the air.  Ultimately, Zeppelin, a master industrialist, besides a 
daring and imaginative inventor, organizer and ef%ineer, brought the 

*Technical Director, Turbomachines, Inc., Irvine, California, U.S.A. 
** Director, Turbomachines, Inc., Irvine, California, U.S.A. 
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rigid airship to a high state of perfection.  A parallel  development 
arose in Germany, headed by Professor Schutte and financed by the 
Sown firm of Lanz, makers^f farm implements  Jhis group was even 
more daring and innovative than Zeppelin.  They built "^^st three 
ships of plywood, as the aluminum alloys were still being developed, 
later on o7tubuiar steel girders; their ships ?«« ""g^d lidis- 
least resistant bodies, with many innovations, later considered mdis 
pensable to airship concepts. 

In the early 1920s, with Zeppelin returning back to civil aviation and 
resuminethe highly successful passenger transport service by Delag 
and Stte-Lan? terminating thSir existence ^«^i^^iSf- 
the Versailles Treaty, two men emerge in the United States  from ditt 
erent directions but with a common interest - all-metal dirigibles, 
Carl B. Fritsche and Ralph H. Upson. 

Each one was unlike the other, and in fact each complemented the other. 
Carl was a pragmatic, outgoing man; a man of immense energy and vision, 

LSedtS purpose', inglnioSs in finding ™af t^^e^b^cies 
convincing and enthusiastic not above removing P«|"*£* °°J^? 
with impatient gusto.  Ralph was a rare P^u^v°

f.^rican culture , 
a practical idealist, intellectual of.profundity, in the class ot 
Adlai Stevenson, highly educated and intelligent.  To us, young ones, 
it was a delight to be daily exposed to these two men, who so well 
Provided indispensable and different talents to the development of 
metllclad airships.  Due to their cultural diversities, each vaguely 
anS subtly distrusted the other with a solidly built in, but never ad- 
mitted mutual plea of, "Please do not leave me, I need you". 

Ralnh laid down the principles of all metal hull design in the days 
when tne great majority of the aircraft industry doubted that all met- 
al airplanes were feasible.  Carl worked the intricate paths to the 
Sowers of decision; somehow obtained private money from many sources 
in Sit still must"'be one of the best examples of free enterprise, and 
evenJuallJ found all doors of established agencies in Washington 
r1n,Prl to anv hoües for contract money.  In this situation, ne aio. 
Sill Lit  beyeqSvalent to climbing of Mt..Everest; he went directly 
to the U. S. Congress and with his persuasion he managed a rider to 
the Naval Appropriations Bill for the funds to build the ZMC-2, an ex 
perimental all-metal airship. 

It is most proper to commence this talk with a sincere tribute to 
these ?wo men, no longer with us; to their genius in the services of 
humanity their attractive human qualities and their vision, which 
Ü^MAS 1U Si into a unique group of workers.  I am sure that they had 

s1S5du:hS1winJhaiiu;.s .L.«. it i»1ä
e

Be;
1sst;thS,litasian' 

i<«m nf nature that singular men do not live longer than others,  we 
now must do the utmosAo take up the slack due to their absence and 
continue, and I am certain that.both, Ralph and Carl, ™agmed this 
day might sometime come, when airships would continue. 

The results of efforts of Carl and Ralph was the ZMC-2, (Picture No. 1] 
The primary objective was to demonstrate the all-metal or metalclad 
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hull principle: the secondary objective was to use the ZMC-2 in train- 
ing airship pilots.  It was delivered in August, 1929  to Lakehurst by 
then Captain W. E. Kepner, the test pilot of the ZMC-2 and it served 
at Lakehurst for twelve years, until 1942, when it was decommissioned 
to gain space for larger airships.  It had a length of 149 ft. 5 in.; 
diameter of 52 ft. 8 in.; displacement of 202,200 cubic feet of which 
151,600 cubic feet was lifting and originally was fabricated from a 
.006 inch thick 17ST alloy.  This alloy corroded so badly in spite of 
anodic treatment that soon after commencing the fabrication of the hull, 
it appeared wasteful to go any further and our Navy was asked to pres- 
sure the aluminum industry to develop either an effective protection 
against corrosion or to come up with a noncorrosive alloy.  Alcoa did 
just that, developing the Alclad sheet from which also most airplanes 
have been made since 1933.  Alclad was developed for the ZMC-2. 

The Alclad plating was .095 inches thick, riveted by a wire-rivet 
automatic machine developed by E. Hill; and the plating was cut in 
frustum cone envelope sheets and was riveted in peripheral and stagg- 
ered longitudinal seams. Mr. Roda, who was deeply involved in the 
fabrication and assembly of the ZMC-2 will tell you more about its 
construction as well as the construction of modern metalclad airships 
to come. 

The ZMC-2 hull was inflated with Helium and the hull was kept under a 
pressure of approximately 2.5 inches of water by two ballonets, used 
also for pitch trim.  Throughout all twelve years of service, no seam 
leakage of Helium has been recorded and the experience is that a lift- 
ing gas can be contained inside a metal hull indefinitely with minimal 
additions from time to time.  The external metal surface in the highly 
salty air of Lakehurst, shows pitmarks of corrosion after twelve years, 
some of it caused by impact erosion by grains of sand.  The aluminum 
layer of the  .095 inch thick Alclad is extremely thin and this is 
probably the main factor.  The internal surface appeared still as 
bright as when it left the mill, even inside the ballonets where too, 
it was exposed to salty air.  In large ships, the electrolytically 
protective external aluminum layer will be thicker due to the thicker 
gages of the sheet, and possibly, Alclad sheet can be rolled for large 
all metal ships with one side, the external side, having a greater 
thickness of aluminum than the internal side.  The fineness ratio of 
the ZMC-2 was 2.83, yet the hull was still stable and manueverable. 
The sheet thickness was excessively great, for reasons of facilitating 
fabrication and it was planned that the ship be overweight for this 
reason although the final weight met the estimates with some 2 70 lbs. 
underweight.  Such a limitation will not again arise in larger hulls. 
To countermand this penalty, the fineness ratio was selected low, in 
order to obtain a low surface-volume ratio.  Another influence on this 
decision was the desire to secure as high a hull curvature longitudin- 
ally as possible; more than sufficient thickness of the hull plating 
permitted high-hoop loads at still low-hoop stresses. 

In Figure 2 is shown the inside of the hull of the ZMC-2, inflated with 
air under a low pressure.  The hull plating under pressure was taut 
and smooth without wrinkles.  When the pressure was released, the 
plating buckled, entirely elastically and the hull was then supported 
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1 
in  it     gc„eral  =^P?;Kit.r   rr:c   a„,   .»„.even   stn,ctu«,   a,  ^1...^ 

l^rlCZllionlTs -I"     «*a  t<.the gating b,--nte/hoe 

snips-     The pressure   ^"»"^"t^ave been  "peated very   fre- 

The  ZMC-2 hull «as   inflated first with carbon dioxide.   J™«",^. 
torn,   displacing the  air toward "e  top  and out.     b q 'Hellum_ 
bon dioxide   gas was pushed out   from «e  toJ*     HelluB.     This method of 
until   the  gas  volume  of th%h""„vf!t*"UCe  layer of mixed gases,   air- 
inflation  resulted  ma very thin ""'"^^elium.     In  larger 
hSrifwilfnS

dh|UnecSsaryytoares;rf ?o this process   of inflation, 

as we  shall  see  further on. 
•   i       £  „ mot!.iriafl hull was   and remains  the  use 

The  fundamental principle  of J^.nlY\hl  illation pressure  for strength 
of the  lifting gas P^f r%^ffl£r™!c^ered rigid airship hull  also and rigidity of the hull.     The  fabric covered rig F  ^^ 
is  subject  to the  forces  ?f *h"  ljftjngufJS {        0 be  contained by the 
But this pressure,   in a rigid airship ™"»  J" little  to the 
wire  and girder structure  and con*flutes  only jery girders  in 
strength of the hull  as  a beam jjile  loading adversely gbending 

bending,   in  addition to compressive  loads  «PJS" sure'   or the 

moments      of the hull.   ^"^iVseloXry loads which the  structure 
lift,   generates  ^wanted and ^g^ secondary i carrying 0f basic 
has  to  «ntain without  «y gain  in  strJJgt r&  additional 

hull   loads.     The   litt  torces   in   **» \     Figure   3  is   shown  the 
„eight   in  longitudinal  g«ders   and frames In JJJ« be  seen the  gas. 
Zeppelin  L-129  airship,     f  J^^S^f 5rei  anchored to  the 
cell   fabric  supported by  a Planar networx u£t   £orc6s 
longitudinal  girders   and frames,  which  in turn meg   &re 
by bending  to the  transverse   frames       The  girders   o network. 
also  loaded in bending by the  forces  from the  retaining^ ^ ^ 
The  lifting  structure     the  cells   and the  gir £abric whose 
tween  adjacent members,   are  then covered oy  c This  is  the 
Tale purpose  is  to  streamlinej  the whole hu 11 .^f^ sp™e

S
of  its 

original  concept   of the  Zeppelin rigid  ajrsnip ^ Q£ trans_ 
defects,   it has   served well.     In  FJfJJJ  JaJJ*ft

well  the  sequences   of 
ST'trUTf.r.AWfi1^       to "I     git  dinal   girder,.in bending. 
Tfi?ler„5thraLSanrir^ilatedCto1hr^idrat numerous  stations. 

Uct   +n tup  lift-   in Hydrogen airships  of This  space  of course     is   lost  to the  litt     in    y       | hazard t0 
this  type,   this peripheral volume  always was  tiie  V    d     -th  a mixture 

„Aea^out rdr^.Ä.."!    fa cet j    --scipline o^ 
«"8^™°.,*!« Srpe^cltSfoperatlonrt'l01 ran  into  ground 
and burned afterward. 

S^are'now SassiSIÄ Sd^;daSi^rirn.b^rseTriiciples 
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recognize that an airship hull must be an all-metal, gas-containing 
body, simply,  a shell.   The presence of the lifting gas pressure is 
not a nuisance but a design asset that automatically can benefit the 
strength and rigidity of the hull.  It is not necessary to design it 
out, at the cost of complexity and weight, but rather it is desirable 
to design it in, with a gain in safety, simplicity and improved struc- 
tural quality.  The metal hull of the Upson airship was to be rigid, 
noncollapsible, so even if gas were to be lost from a cell, the hull 
still would retain its form, not collapse, and get the airship home at 
reduced speed. 

To this end, he went further and specified that the hull be held under 
pressure by air in the gas dilatation volume or volumes that we call 
ballonets.  Upson outlined a principle that may be considered a hybrid 
between the rigid ship and a collapsible hull nonrigid or semirigid 
airship and, advanced this concept, by making the self-supporting hull 
completely of metal.  Hybrids often, but not always, are superior to 
the original individual components; this definitely is the case in met- 
alclad airships, although we see proposals for some hybrids combining 
airships and airplanes which make one wonder. 

Upson's concept not only utilizes the lift forces for strength and 
rigidity but also uses additional pressure to keep the whole hull skin 
under tension and imparts to it a high capability to support shear 
stresses as well as high compressive loads due to bending.  The use of 
pressure provided by nature as well as by the designer in an all-metal 
hull, has opened wide the prospect of constructing all-metal airships 
of very large sizes and flight capabilities, especially speed, hereto- 
fore not possible even of consideration.  Upson's system has given us 
means to create airships of high speed which will be reliable, strong 
and powerful to ride out storms if need be, that non-pressurized rigid 
airships should not dare to come near. 

One important advance in the control of airships was introduced also by 
Upson in the form of multiple fins.  All airship hulls in motion build 
up a thick" boundary layer along the length of the hull. The classical 
cruciform fins are largely submerged in this boundary layer on the hull 
of high fineness ratio, also partly due to their low aspect ratio. 
The multiple fins can have a higher aspect ratio and therefore, are 
more effective and can be smaller.  Furthermore, the multiple fin 
loads, being individually smaller and more numerous, are better distri- 
buted into the hull structure, and the stern structure weight can be 
markedly reduced.  All rigid airships of the past suffered from low 
lift in the stern, due to the hull slenderness, still further aggra- 
vated by high structural weights and consequent high bending moments. 
This limitation has now been either reduced or done away with at no in- 
crease in drag.  The multiple fins of the ZMC-2 were successful and did 
not have to be reworked as is often the case with airplane tail sur- 
faces.  ZMC-2 suffered in flight from a swinging roll, which can be an- 
alyzed as originating from the swirling slip-stream of the propellers, 
both rotating in the same sense.  This should not occur again. 

ZMC-2 was the first airship of this system.  After its completion, we 
continued working on a larger ship, the ZMC-38, a 3,800,000 ft.3  dis- 
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placement with lifting gas volume of 3,500,000 ft.3, Fig. 5, of 1930, 
which, while still of a small scale would have incorporated all fea- 
tures of a working airship of much larger size.  ZMC-38 was projected 
for 100 mph top speed.  It had a fineness ratio of 4.5; at this fine 
ness ratio, the hull already reaches its minimum drag coeff., which does 
not change significantly toward higher fineness ratios. 

The hull form was arrived at with highest diligence and desire to ob- 
tain a high prismatic coefficient (.63) at low drag and therefore, the 
maximum practical surface/volume ratio.  It also provided high lift in 
the stern.  The envelope curve, so called E-H curve, Fig. 6, is a com- 
bination of an ellipse from the bow to the maximum diameter station 
with a hyperbola from approximately 40% length to 801 length and fin- 
ally a second hyperbola in the stern for the remaining 201 of the hull 
length.  At all stations of change from one geometrical curve to an- 
other, the first derivatives are on a smooth curve as anywhere else on 
the whole hull.  Also, the second derivatives, the rate of change of 
the slope are on a smooth, continuous curve at all longitudinal sta- 
tions.  The hull plating was to be approximately .018 inches thick 
2024 ST Alclad, although the thickness was to vary over the hull, ac- 
cording to the local needs.  Fig. 7 shows the wind-tunnel model of the 
ZMC-38. 

The main frames were deep only in those segments where transverse bend- 
ing moments are high.  The main frames had everywhere sufficient depth 
for free movement of a man, one or more, but at the low side of the 
hull, the depth was large enough for spacious habitation.  The inter- 
mediate frames and longerons were to be made of lattice girders, as of 
course were the main frames.  The design you see is now 44 years old, 
an immense age in the aviation history; yet today, as we apply modern 
technology to this effort, nothing needs to be altered in principle, 
although the influences of technical advancements on the design as it 
might be constructed now, are many as we shall see.  The A ratio 
(weight empty/total lift) of ZMC-38 was A = (.6838) , a rather high figure, 
compared to the Hindenburg, adjusted for Helium gas,A=(.5991), until 
we consider the scale of the two hulls and also that the ZMC-38 was to 
be a 100 mph ship, compared to Hindenburg's 77.7 mph.  In general, 
these numbers have changed noticeably now, in view of modern technol- 
ogy. 

Since 1930, the project year of the ZMC-38 several other metalclad air- 
ships were design-studied, among them MC-59, MC-72 and in 1939, Upson 
studied MC-11.9.  In late times, we have been exploring parameters of 
metalclad airships of as much as (50-55) X (10«) ft-5 hull displacement 
and up to 200 mph top speed. 

MODERN METALCLAD AIRSHIP POSSIBILITIES 

The resumption of metalclad airship design and construction cannot, at 
this time, be focused on a large ship.  Such a program would be too de- 
manding on the designers, builders and operating crews.  Instead a ra- 
tional program has to be considered which would resume at where we 
stopped 40 years ago and bring the art as rapidly as possible to a use- 
ful state with larger and larger ships to follow. 
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Historically, this procedure has been followed by the Portugese King, 
Henry the Navigator in his most farsighted program for sea voyages to 
discover the rest of the world and in our times by the NASA in the 
Apollo program.  A metalclad airship of (3-4) X 10^ ft 3 displacement 
appears to be highly justified for this purpose as the next ship to 
build; this initial class could even be named the "Caravelle" class. 
Not only one ship but several, will be needed before all participating 
in the return of airships would be ready for large airships. 

The purpose of this new MC-38 is to organize an imaginative and pro- 
ductive design group with the responsibility for designing successful 
large and fast ships; to establish a dedicated construction group, re- 
liable and trustworthy, and to train operating crews, first on simul- 
ators, as the assembly of the first ship commences and later by actual 
flight experience and overall, to continue the further development of 
airship technology in all completeness. 

One of the first ships should continue to be experimental, heavily in- 
strumented and should be for some time, in a never-ending state of re- 
building for trying new structures, power plants, boundary layer con- 
trol, computerised operation, thrustors, thermodynamic management of 
lift, ground handling, etc. An MC-38 airship has approximately 100 tons 
gross lift with Helium and should be useful for several tasks of Naval 
as well as Coast Guard and civilian nature, so it would not be a waste 
any more than many other devices we operate as a nation for our collect- 
ive benefit or protection. 

In Fig. 8, is shown a sketch of such an airship, the MC-38 of the vin- 
tage of 1974.  The hull contour curve is the same as that of the ZMC-38, 
shown before, as is its fineness ratio; possibly, the stern hyperbola 
could be made still fuller, but only wind tunnel tests could decide 
this.  The only striking difference is that six instead of five fins 
are projected.  We shall come to the reason for this later on.  In the 
design of the hull, we shall have the luxury of computer programs for 
shells and it will be possible to determine precisely the thickness of 
the plating locally, based on wind-tunnel pitch and yaw test, with not- 
able saving of weight. 

First of all, let us orient ourselves with respect to areas in which 
significant gains have been made since 1930, in an itemized arrange- 
ment as follows: 

Materials 

The first significant gain is in materials now available to us, in 
aluminum and other metal alloys.  Alclad is to be used again, with 
7075 or 7178 series for hull plating, frame structures and longitudin- 
als.  For forgings, excellent aluminum and also magnesium alloys are 
available.  Titanium alloys may be used in some applications, al- 
though Titanium will be appreciated more in bigger ships to come. 
Similar advancements have been made in steels, superalloys, fabrics, 
synthetics, bonding materials, etc., even in cables, all tending to- 
ward lower weights. 
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Structure 

The structural configuration is markedly different in detail.  No long- 
er the intricate, embroidery-like girders of the past.  The basic 
structural element will be the honeycomb components, solid panel sur- 
faces, with minimum of joints.  A joint in any structure is a liability: 
it makes  for a structural discontinuity, has to restore the elemental 
strength and is usually the first part to fail; it is always heavy and 
expensive without contributing to the structure.  The honeycomb panel 
frames and structures in general, do not have point concentration o± 
forces and where concentrated loads enter the structure, the local re- 
inforcing structure is easy to fabricate and low in weight and cost. 

The honeycomb structure will be used all over the bow hull surface, 
without framing and longitudinals, with suitable doublers, as well as 
at other parts of the hull and over the fins, particularly at all loca- 
tions loaded with concentrated shears, such as valve openings and hull 
cut-outs for any purpose.  All transverse frames will be peripherally 
continuous (Fig. 9) circular, not polygonal, without individual joints 
except for reinforcements where local loads enter.  To further carry 
out the policy of structural integrity and light weight and low cost, 
all longitudinals will be external, on the outer surface of the hull. 
Aerodynamically, this is a minimal compromise with a small aerodynamic 
penalty but a vast gain in strength, rigidity, lower weight and also 
cost.  The longitudinals also will be designed as internal honeycomb 
structures, most likely of semicircular sections, riveted over the 
plating seams.  The structure inside the hull will be everywhere cir- 
cumferential, while outside the hull, it will be exclusively longitu- 
dinal.  There will be no specific joints between them, except as they 
cross, one inside the other with the hull plating between them. 

Hull Plating 

The ZMC-2 hull was assembled from straight-sided frustum cone envel- 
opes of thin sheet as rings.  For large hulls, long and deep thinking 
concludes, it is more practical and also aerodynamically perfect, to 
assemble the hull out of gores, as Mr. Roda will describe later on. 
We already have facilities in the aerospace industry for stretch-form- 
ing panels of the maximum sheet sizes.  This system requires a minimum 
of length of seams on the hull surface, the large panel gores can be 
lifted and manipulated by vacuum pads and in the quality of surface of 
finished hull, it is doubtful that a more aerodynamically perfect 
structure can be fabricated; this is important in view of the high 
speeds at which future metalclad airships will sail. 

Not the least important of the structural components are the means of 
joining the structure.  While the first ships will be riveted, we are 
intensively thinking of EB welding, Laser welding, thermoplastic bond- 
ing and we shall consider any other method that may yet come to notice. 
We know from experience that sealing will not be a problem; all hull 
seams will be in the immediate proximity of rigid structures, elimin- 
ating possibilities of local flexure.  All hull seams will be made of 
flush 100° rivets, not so much for reasons of low surface roughness al- 
though that too, is important, but for reasons of high fatigue resist- 
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ance.  These rivets are driven in with one pneumatic hammer blow and 
fill the dimpled hole cavity in the sheets by plastic flow of the rivet 
metal to a tight, prestressed fit.  They are not only stronger but also 
highly fatigue resisting; people flying airplanes do not realize when 
they look at the flush rivets along a door jamb as they enter, that 
they are catching a glimpse of one of the most powerful, yet lightest 
fasteners. 

The honeycomb light structures are well developed in a multitude of 
configurations and their use in the metalclad airship construction is 
one example of modern technology making available for airships most 
useful means for the purpose of achieving light, rigid and strong 
structures.  In the history of airships, it has usually been the other 
way around. 

Fig. 10 is a picture of a tanker.  Two of these are being built by Cam- 
mel-Laird in England.  It is a 55,000 tonner and as tankers go, it is 
therefore a baby tanker.  It is 680 ft. long, fully 151 ft. longer 
than MC-38.  Its beam is about the same as the MC-38 diameter.  The 
two structures,  MC-38 and this tanker are comparable in size but de- 
signed for different elements; the airship for sailing in the air 
space and the tanker on the interface between oceans and atmosphere, 
the roughest and most hostile boundary on the earth.  The purpose of 
showing this picture is to compare these two structures.  The tanker 
structure is obviously highly complex compared to the metalclad air- 
ship structure and it has to be.  The amount of fitting and welding of 
elemental components in the tanker hull, compared to the simplicity of 
the metalclad airship structure, is simply staggering.  The tanker has 
four longitudinal, full depth bulkheads; without them it would come 
apart.  The design and the labor in thousands of joints connecting the 
structure into a force-resisting shell, is in startling contrast to 
the continuity of structure of a metalclad hull, requiring only seams 
for joining.  This has a direct bearing on the cost and weight of the 
two structures.  This may at least allay some apprehensions about the 
cost of fabrication of metalclad hulls.  The comparison goes further 
in contrasting the mechanical equipment in the tanker hull;  the main 
engine room and its ancillary facilities, the pump room in midships 
and the electric and pipe lines not completely visible.  In this 
respect also, the airship is either simpler and at worst, not as 
complicated as the machinery of a tanker.  It is constructive to keep 
this in mind when considering costs in particular. 

The airship hull as well as the fin structure, will be provided on all 
metalclad ships with permanent strain sensing transducers which will 
report at all times to the flight engineer's panels and will inform the 
captain during storms.  The hull will be equipped with orthnicon trans- 
ducers observing the cell fabric, functioning of valves, and of movable 
surfaces, of power plants and any other strategic elements.   The 
flight engineer will know local gas temperatures as well as the surface 
temperatures of the hull; after all, he is managing not only an aero- 
dynamic but also thermodynamic engine.  He will also learn quickly of 
any internal leakage; in fact, the airships will be thoroughly instru- 
mented for continuing surveillance of strains in the structure and 
state of the lifting gas as well as of the controlling air. 
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Propulsion 

If the available materials and structural concepts, useful for metal- 
clad airships are spectacular in their merits, the contribution of 
turbomachines to airships is even more dramatic.  Here it is best to 
itemize the possibilities, as follows: 

A. Forward and reverse propulsion. 
B. The control of the boundary layer in flight. 
C. Thrustors for the automatic as well as the manual control of 

airships in the proximity of the ground, without any laboring 
crew. 

Forward and Reverse Propulsion 

The airships of the forseeable future will be propelled by gas turbines. 
These are the lightest, most reliable and durable power plants avail- 
able now; any talk about Stirling engines, Diesel engines, or for that 
matter any reciprocating engines, is sheer retrogression.  Gas turbines 
even in the small size projected for the MC-38, have a fuel consumption 
now of (.40)lb/SHPh and by the time the first ship will be ready for 
them, this should diminish to approximately (.35-.36)lb/SHPh. 

The MC-38 uses three power plants, approximately 2,000 HP maximum capa- 
bility, and without BL control of the hull, although even for 100 mph 
it may be less.  Two power plants are one on each side, driving CR, CP 
propellers, the 100 mph speed being still too low for turbofans.  The 
third unit is in the main frame supporting the fins, driving air 
through a tunnel toward the stern exit end.  With all three power 
plants running, the speed is 100 mph; with two side power plants 
running at full fuel imput, the speed is 87 mph, while the central unit 
is at standstill.  With the central unit only running, the speed is 
63 mph.  Thus we have three modes of operation, obtaining three high 
economy cruising speeds with lower economy speeds in-between.  The 
latter case, propelling by the stern power plant alone, is particularly 
suitable for exploration of oceans at 60 mph and lower speeds, with a 
silent driving engine inside the hull, surrounded by accoustically 
impermeable lifting gas.  The central turbine may have a lower maximum 
output than the side turbines. 

Reversing is to be done by propellers in either all three power plants, 
or preferably only in the two side power plants.  All propellers are 
specified as CR, to eliminate the wake swirl, not only for neutral ap- 
proach toward the fins, but also for efficiency reasons.  All power 
plants are telecontrolled from the bridge, no crew is needed for on the 
spot supervision. 

The problem of weight-lift equilibrium with respect to fuel cannot any- 
more be solved by exhaust vapor condensation.  For one reason, it is 
difficult to condense moisture from gas turbine exhaust, but most im- 
portantly, it is a clumsy method, dirty in its product, with resistance 
to flight and heavy.  The most suitable and acceptable way to deal with 
this necessity is to burn Hydrogen gas as a supplementary fuel to the 
liquid fuel.  Hydrogen is to be contained in balloons, in Helium cells, 
completely isolated from air, Fig. 11.  Their volumetric content is 
just right for lifting the fuel and it is to be consumed at the corres- 
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ponding rate to the liquid fuel cor. amption so that there is maintained 
a continuing lift-weight equilibrium at all times.  For complete equi- 
librium of lift-weight, the Hydrogen has to contribute 17.731 of the 
total heat input into the turbines, based on one pound of liquid fuel 
requiring 14.22 ft 3 of Hydrogen for lift.  Only the three main power 
plants will run with supplementary Hydrogen; all others, in thrustors 
and boundary layer control units, will run exclusively with liquid fuel 
and the figures just noted will increase above 20% of the total heat 
input to the main turbines.  The volume of Hydrogen for a 25-hour trip 
at full power in MC-38, is 11.851 of the total displacement.  The sup- 
plementary use of Hydrogen as fuel is the ultimate solution of the 
lift equilibrium problem with our present means.  It is safe and de- 
pendable, simple and efficient, does not involve any increase in drag 
and very little if any additional weight. The reduced tankage for the 
liquid fuel should compensate for the fabric weight of the Hydrogen 
cells in the Helium compartments. 

The gas turbine is of tremendous value to airships.  Not only is its 
specific weight low, but the structure supporting it from the hull can 
be also much lighter than with piston power plants.  Furthermore, it re- 
quires no major cooling and complexities associated with it.  It is the 
most reliable power plant requiring low maintenance we could have 
dreamed of and in a honeycomb structure cell, it is not excessively 
noisy; two side power plants are provided to give the Captain an addi- 
tional freedom of horizontal directional control. The power plants are 
so small and compact that mounting them inside the hull is not justi- 
fied for the side units. 

The Control Of The Boundary Layer In Flight 

The MC-38, as in fact the metalclad shell principle at last makes pos- 
sible effective boundary layer control.  Boundary layer control is 
now an old technology, discovered already in 1904 and developed in the 
1920's to a point of usefulness but not applied to aircraft generally, 
because at the speeds the heavier-than-air vehicles fly, it requires a 
considerable power plant to energize.  For MC-38, it is projected that 
each of the seven main frames will be provided with surface orifices to 
remove the boundary layer that grows in the longitudinal direction be- 
tween the main frames, by suction.  The expectations are that a large 
reduction of the mean thickness of the BL along the length'of the hull 
will be achieved, an approach toward the goal of a thin and constant 
BL thickness all over the hull.  Similarly, the fixed parts of the fins 
will also be provided with suction slits or orifices to reduce the BL 
build-up on them.  The prior work on this control is most encouraging 
and in our experiments with advanced turbomachine cascades, we have 
achieved extraordinary results in preventing separation of flow with 
only negligible expenditure of energy. 

Each main frame will have a suction power plant for this purpose; a 
suction compressor driven either electrically or by a small gas tur- 
bine.  It is a fact that no known dynamic compressor system can attain 
as high a negative (suction) entry pressure, as the centripetal contra- 
rotating compressor.  It will be mandatory to use these compressors for 
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the removal of the BL.Their energy consumption will be small, parti- 
cularly in relation to the fuel amount that would be needed without the 
reduction of drag by the boundary layer removal.  These little suction 
power plants, if gas turbines, will run only on liquid fuel, without 
Hydrogen admixture.  The electrical load in a modern metalclad airship 
will be high, due to the automation of controls, orthnicon cameras of 
the closed TV system in the hull, power pressurizing system (no scoops), 
computer load and also the transient de-icing demands by electrofilmed 
surfaces over known strategic areas.Electricity generating power plants 
will also be gas turbines. 

It is known that drag can be reduced by removal of the BL on a body of 
revolution to less than one half of that with BL.  We have attained 
similar results on compressor cascades with only one station of suction; 
to begin with, it appears reasonable at this time to expect that with 
seven stations along the length of the hull, it should be possible to 
reduce the drag, on a metalclad, pressurized airship hull to at least 
66% of the drag without the BL control; the drag coefficient therefore 
would be approximately .043, with fins, controls gondola and two-sided 
turbines.  This expectation could not be realized on a fabric-covered 
rigid airship hull, even if the fabric were to be pressurized to a 1- 
pressure to prevent flapping of the surface.  The fabric instability 
of the surface of rigid airships is a source of high drag.  I have s 
fabric waves on the R-100 dirigible which must have been at least four 
,feet crest-to-crest. Metalclad hull surface is stable with almost per- 
fect curvature when at atmospheric pressure, will not exhibit deep 
buckles in the ship of the size of the MC-38 and larger. 

One incidental benefit of the BL control will be the reduction of the 
size of the fins, due to the thin BL at their bases, as compared to 
the relatively large part of their span made ineffective by a thick 
noncontrolled BL.  This gain manifests itself in two ways.  First of 
all, it is possible to rely on only six fins, with dual elevators and 
single rudders, on the top and bottom dorsal fins.  The second gain is 
in the increased aspect ratio of the fins, compared to eight surfaces. 

The fact is that without BL control, it would be prohibitive to oper- 
ate even low drag hulls of metalclad airships at high speeds.  The 
metalclad airship hull has even in the case of the ZMC-2, a very smooth 
surface.  With the projected gore construction, the smoothness of sur- 
face and the correctness of shape, will be the ultimate that can be 
reached with any hull, non-deformable by aerodynamic forces, unlike 
with fabric pressurized hulls.  With hulls of this precision of form 
and low surface friction, it is effective to practice BL control and 
reduce the virtual drag to a minimum attainable within the practica- 
bility of the means.  The fuel requirements for doing this will be very 
modest, because the powers involved are low.  Also, the weight of the 
turboblowers for this purpose will be low, of the order of .20 lb/lb ofT. 
Gas turbines have an excellent record of reliability of starting; stat- 
istics of our Navy for instance, are completely reassuring on this and 
there is no doubt,  that  the BL control power plants, as well as the 
thrustors will be similarly reliable in response to the starting 
switch. 
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Thrustors for the Control Of Airships 

The third power plant system on board the MC-38 will be the thrustors. 
This is a fairly recent technology, developed first for docking of 
large ocean ships and now also.used in spectacular manner on drilling 
rig8plat?orms on high seas, for example in the North Sea, one of the 
roughest oceans. 

What has been accomplished already and is being used on an increasing 
scale with drill rigs and ocean liners, can be duplicated with airships 
of Jhe highly rigid'metalclad hull system. The MC-38 is Jo be provided 
with turbine thrustors in the bow and in the stern.  In the bow on 
ton of a hull main frame will be a vertical, downward thrustor of 
approximately loSo lb. maximum thrust, although the final thrust size 
Jill be determined by extensive consultations with the captains of the 
oast airships and by wind-tunnel tests.  On each side of the hull is 
to be locked also one thrustor, for starboard thrust and port thrust. 

On the bottom of the hull but closer to the center of buoyancy, will be 
a group of three thrustors in the bow and three on the stern, for vert- 
icil upward thrust.  The vertical positive lift thrustors are projected 
in triplicate in the bow as well as in the stern, in order to secure a 
Sah vertical lift for a heavy lift-off.  All thrustors will be identi- 
cal in size and in positive vertical lift which is the only critical 
direction there is a safety factor of 3 on response to starting and 
availability  All will be operated by a computer with captain's over- 
ride, through accelerometers sensors. 

There arises a new and peculiar problem associated with aerodynamic 
Srustors?  Similar thrustors are being manufactured and several firms 
produce them.  They are used for vertical lift platforms and in all 
present applications their long time speed response lag is not highly 
important. 

T. thp  airchirj control  the long time lag in speed response of the 
aerodynamiftLusfors'isextremlly important  The hydraulic thrustors 
in shins have a short lag, because they are low-speed machines.  In 
high speed aerodynamic machines, the time lag is a ^tion of the cube 
of speed of rotation and is too long for this control method with 
single-rotating thrustors, which would have to be run up beforehand 
and left running at full speed, or near-full speed while the airship 
is under their Control; the forces of control would have to be derived 
from opening and closing of gates.  This is a complex, heavy, fuel con- 
suming method. 

However, contra-rotating thrustors are capable of alleviating this lag 
because for the same output, their time lag is eight times shorter on 
thrusT delivery either risiAg or decreasing.  This is a promising use 
anTit should satisfy the requirements for high responsiveness even for 
airship control without structural complexities of gating.The 
thrustor control is an indispensable means for airship handling near 
land and during approach to the mast and taking over the anchoring by 
heavy land traHtors\ a method initiated by Zepplm works already in 
1935. 
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The concept of control of airships by thrustors completely changes the 
experiences and preconceptions of the past and requires the abandon- 
ment of the insecurity and unpredictability of handling of airships 
near and on the ground.  This concept, now available and in fact  m 
dispensable to all future airships, is contingent on a rigid hull; 
w thout this quality of structure, thrustors would actually be danger- 
ous  again the metalclad pressurized airship meets this prerequisite 
Condition and will be capable of making use of thrustors from the 
first ship to come. 

Hull Cells and Pressure Control (Thermodynamic Management of Lift) 

The ZMC-2 was a single cell lifting gas hull.  In larger ships, the 
Problems arise with containment of the lifting gas. One is the infla- 
tion with lifting gas.  The second is the problem of division of the 
hill into individual lifting compartments.  The third one is the pres- 
sure and lif? control.  In fig..12 is shown a Practical solutJ°n of the 
problem of inflation and subdivision of the hull.  The upper half dia 
Jetral area of each main frame contains a «Jicircular curtain of re 
inforced fabric, which separates two adjacent cells.  At a station a 
sSort distance from the center line of the hull is attache  ote 
horizontal edge of this curtain, a semicylmdncal cell, with a halt 
circle fabricwall at each end and a half-perimeter cylindrical fabric 
wall connecting the two semicular ends.  The upper part of the metal- 
clad hSll and the walls of the main frames are the remaining contain- 
ing walls of each cell.  After installation, the cells, one by one, 
will be deflated by pumping the air out at the top of a main frame. 
The pumping will continue until a low vacuum is reached, to draw all 
air out in order to reduce the contamination of the lifting gas. 

Next step will be the inflation of the cell space  at this time reduc- 
ed tn zero! with the lifting gas, with the lower, fabric-cylindrical 
curtain of'the cell ultimately floating above the bottom part of the 
hull thus creating a control air space below each cell.  At two spec 
fie main frames will be provided reinforced fabric, separating the hull 
into three individual air spaces for hull trim control. 

The cell fabric is considered to be silk, with Mylar films on each 
side  The silk industry is in a depressed state and it should not be 
difficult to obtain this strongest fabric for highly flexible  internal 
walls.  Rapid and noncontaminating inflation and deflation of the 
metalclad airship hulls is therefore no problem whateyer  Both the 
air space as well as the gas space will be provided with blow-off 
valves.  For containing the Hydrogen-fuel gas in a Helium-filled hull, 
one of several possible schemes is to provide a semicircular cell, 
shown before, from all internal walls of the hull which would be lo- 
cated between two intermediate frames and piped into the main frames. 

So far, we have been talking about Helium filled airships.  The first 
metalclad airships will have to be filled with Helium for reasons 
which are obvious to all.  Yet, we are and always have been aware that 
the metalclad hull is safe for holding Hydrogen gas; even in case of 
puncture of the plating, air will not enter the hull, only gas will 
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escape and even if it should burn externally, it cannot burn internally. 
The lift of Helium is almost 10% less than that of Hydrogen.  This re- 
duced lift cannot come from the weight empty of the ship, it has to 
come from the useful load; in terms of useful load, the 10% difference 
grows to 25-301 of the useful load of a small airship and this cruel 
fact would make the Helium airships economically unattractive. 

If the airships are to be a factor in transportation they must use Hy- 
drogen for lifting gas.  The metalclad hull is safe for containing Hy- 
drogen, but the cell system in Fig. 12 is not.  If it were to be used 
to contain Hydrogen, the leakage through fabric and possibly also at 
the seams would contaminate the control air volume and we would have 
the same dangerous situation as in the peripheral interspace of fabric- 
covered airships.  In fact, worse because in the fabric covered hull, 
the mixture of air and leaked gas eventually and in a short time es- 
capes, but in a metalclad hull, it could remain for a relatively long 
time.  Solution of this problem leads to the concept of using Helium as 
a separating or shielding gas between Hydrogen and the control air vol- 
umes.  This is shown in Fig. 13, where we again see a similar cell-fab- 
ric structure as with Helium only inflation, but now the cells contain 
Hydrogen.  The space between the fabric cells and the bottom of the 
metal hull, is containing Helium, completely enveloping all facilities, 
habitable spaces, controls, and power plants, the Hydrogen cell fabric 
never coming in contact with the air space.  Even the seams on the 
sides of the main frames are covered with Mylar films to contain pos- 
sible leakage in spite of seam seals. 

The controlling air is contained in ballonets between the Helium vol- 
umes and accessible air spaces; the fabric of these inflatable volumes 
is the only additional weight required, not a great weight. 

This containment of Hydrogen is feasible, would be safe and light in 
weight.  The volume of Helium would be no more than 10-15% of the Hy- 
drogen volume at most, therefore, the Hydrogen lift would be reduced 
only very little.  It is inevitable that metalclad airships of the im- 
mediate future will fly with Helium but after experience and confi- 
dence will set the minds at ease the Hydrogen-Helium metalclad airship 
is inevitable.  In this respect the experience gained with Hydrogen 
fuel will be reassuring and valuable. 

The MC-38 will use blowers for the control of air pressure; this is a 
simple means, without additional scoops.  Of course, the control will 
be automated and capable of holding the pressure to extremely small 
tolerances with means that have been available and in use for a long 
time already in the central power plant stations.  There is no fixed 
value of operating pressure to be set as the optimum.  An optimum can 
be based on speed, on the diameter or on the maximum expected bending 
moment due to turbulence or a number of other criteria.  In MC-38 with 
7075-T6 Alclad plating of .018 thickness, with a minimum factor of 2 
on Y.P. and seam efficiency of only 75%, the hull could sustain an air 
gage pressure of .54lb/in  in a Hydrogen filled hull at sea level.  In 
terms of water column, this amounts to 15.77 inches of water.  With al- 
titude, this pressure would be reduced by controls.  The operation of a 
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metalclad airship will probably take advantage of the continuously con- 
TrollbUJ hull pressure,"raising it to a safe limiJe

dj;S;8 approach to 
the ground and during flight in rough weather.  The hull Pressure will 
become a variable not only as a function of altitude but ^so of flight 
conditions, of speed and also during ground approach.  The elevated 
pSssure is desirable at high flight speeds as well as during rapid 
changes of temperature. 

This last observation gets us to the consideration of what has come to 
be known as the thermodynamic management of lift  J^we?n^"d y 

from the desire to control lift without wasting Helium but instead 
liquefy it and store it in Dewar containers as the fuel was consumed 
This proved to be impractical due to high energy consumption required 
for liquefying Helium and also due to the lightness of the liquid He- 
lium! Next, we explored liquefied air and discarded that too for sim- 
ilar reasons.  TheVe is no hope for either one of these cryogenic me- 
thods of lift control.  However, this thinking then leads into two dif 
ferent directions; one, to use Hydrogen as supplementary fuel for main 
turbines, which we mentioned already and the second one, to consider 
heating and cooling of the lifting gas; the thermodynamic control of 
lift by addition or removal of heat has considerable merit and will be 
one of the programs for experimentation with the MC-38. 

It requires much less energy for a given volumetric change, to manipu- 
late Helium than Hydrogen and this is part of the attraction for apply- 
ing this method to Helium airship operation.  Also, in the Hydrogen 
ship with Helium barrier, this is convenient; although in the Hydrogen 
ship the required energy will be greater and the Helium volume will 
have to change more to control the broader Hydrogen volumetric changes. 
Obviously, it is much more efficient to heat Helium than to cool it by 
refrigeration, due to the low thermal efficiency of all refrigerating 
cyclef?  The Carnot ratio is always low in refrigeration.  It is really 
fortunate that heating is so efficient  because it """«^JJJ^f or 
in controlling the lifting gas than refrigeration, since it reduces or 
prevents sinking motion.  For this reason, the cooling of the lifting 
gas will be only a large fraction of the heating capability; during a 
?ising motion, the Captain has also valving besides thrustors a his 
disposal, whereas during the sinking motion valving is denied him, and 
for this reason among others, the thrustors for countermanding the 
sinking motion are more numerous and therefore, more powerful than the 
thrustors for providing sinking motion. 

The overall purpose is to eliminate the need for carrying water ballast. 
The ultimate decision not to carry ballast at all will be arrived at 
gradually; the first airship definitely will still carry some ballast 
wa?er? although perhaps not as much as without thrustors and thermo- 
dynamic control of lift. 

FINAL COMMENTS 

The MC-38 and larger airships of the future, should be constructed as 
load carriers, with exchangeable containers, locked into the structure, 
so that their bodies will integrate into the airship hull and contri- 
bute to its flight strength and rigidity; although these containers 
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will be of the same size, their conceptual design will be diverse.  One 
type may be insulated and refrigerated; another may be constructed for 
carrying liquids; a number of them would be made similar to mobile 
homes, for habitation, with built-in sanitary facilities, cabins or 
seats, galley, interconnected social spaces between containers, etc. 
By carrying different containers, the ship will be cip.-iblr of coni-rr 
sion into a freighter, or a laboratory, or a passenger ship by select- 
ing loading alone. 

There exists a wide speed gap between surface vehicle or sea vessel 
speeds and the today normal aircraft speeds.  This speed gap is at 
least 450 mph, within which there is no transport means of intermediate 
speed now available to us.  This wide-speed gap will be corrected by 
airships with speed ranging from say one hundred knots to two hundred 
knots within five years from the commencement of the airship program. 
This comparison illustrates how sorely needed airships are, particular- 
ly on intercontinental routes, overseas.  Equally as much but in a dif- 
ferent way, for the surveilance of the oceans. 

Small airships of the MC-38 size inevitably have high weight empty/ 
gross lift  ratio or A ratio, and cannot afford a relatively large 
fraction of their total volume for the compensation of lifting gas dil- 
ation.  This means that they are low ceiling airships.  The MC-38 air- 
control space would have to be approximately 12% of the total gas vol- 
ume of the ship for 5,000 ft. ceiling.  At this ceiling the MC-38 
would still have a useful lift of 30,000 lb with Helium, not bad for a 
small, purely experimental and training class of ships. 

The A ratio changes, at first rapidly, with increasing displacement. 
At approximately (12.825) X 106 ft 3 hull displacement, the value of 
A=.396, instead of A = .594 of the modern MC-38, a gain of 501 in favor 
of useful load to total displacement.  This is a law, one of the laws 
governing the airship engineering.  Therefore, larger ships will be 
able to reach and stay at higher ceilings without any problems and 
without excessive limitations of useful load capability.  This is an 
indication of how powerful airships can be in larger displacements, 
over approximately 107 ft3, and also what broader freedoms of operation 
are open to them with increasing size. 

The favorable decline of A with increasing size of airship hulls has 
two other consequences, both desireable and welcome.  One is the pros- 
pect of very large Helium-lifted airships in which the reduction of 
the useful lift would be less than the (25 - 30)% characteristic of 
small ships and the load carrying capability would still be within 
economically attractive limits. The probable consequence might be that 
large passenger airships would be lifted with Helium, while the naval 
ships and freighters, both of which will very likely travel at higher 
speed, will be lifted with Hydrogen-Helium gases. 

The second consequence of the declining A with size, is the freedom of 
large airships to afford a larger gas dilatation control air volume 
and therefore, gain in their ceiling capability, without serious lim- 
itations on their useful lift.  In other words, ceilings of 15,000- 
20,000 ft. will be economically feasible, if required.  This would 
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apply to overland airships;   intercontinental airships  should have no 
need of  ceilings  over  8,000  to  10,000  feet. 

Still  another  conclusion emerges with  j^^^^^^^i^^thf^rki" 
is  the  fact  that past  the MC-200,    <2?/°00'^0^:rs

S^ubtful  that  air- 
declines  only^ly^/^Ji^a^^SilgKSLS^Sl  offer 

ecoKm cafly more  San^nis'maximum  size,     The  ^f ^5) (^  £*3 
opt^-m  size.of  an  airship may K^Pg«™^ef~a\\£±< Should 
airship       This  size  is ^jger^han  f^c  covere^ be  approximately 

^  0fc!  ^mensi^Ä     M^would have  a diameter  of  224   ft. 

5S  ?oSetonht°anker°ol wnich^r  So'S?be^buuf  o JJ  ^  *. 
world?0  This  could well  be  a  200  knot  ship,   capable of  20.000  f^ 
CfiguS:  iLtSrliSed^riell^of SS fyfrogen-helium combination. 

With hydrogen  it would have  a total  lift of  »Wroximately  747  tons; 

a locomotive, and it will also be true rof=^"„tX-t, . .   to every comolexity imparts desirable and indispensable qualities to every 

all our past experience. 

ILLUSTRATIONS AND SLIDES TO BE PRESENTED 

Figure 2 Inside of ZMC-2 
£*££ 3 L-129 - Longitudinal 

Fi^re  4 ^"B"--^«!!™™6 

?iaure  6 l-H~Curve  for Hulls 
lUllt  7 Wind Tunnel Model  of   ZMC-38 

liZlt  I pSpe^ive'view of  the MC-38   (1974)   Structure 
Piaure 10 Picture of a Tanker 
llllrt  Ii Cell Diaphragm for helium only 
Figure 12 Hydrogen cells in helium 
Figure 13 Hydrogen-Helium cell 
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N76-I5046 
THE AEROSPACE DEVELOPMENTS CONCEPT 

John E.R. Wood  * 

ABSTRACT:    For the last three years, Aerospace Developments have been 
under contract to Shell International Gas.     Their brief has been to assess 
the viability of using airships for the transport of natural gas, and to com- 
plete the initial design of such a system, the airship and its associated sub- 
systems together with a continuing economic analysis of the project.   Invest- 
igations, on a funded basis, have also been carried out into the application of 
the airship for A. S. W. andA.E.W. uses, and a further investigation into 
the transport of mineral concentrates for an Australasian mining concern has 
recently been completed. 

INTRODUCTION 

The present day method of transportation for Natural Gas has several major disadvantages. 
It is a high cost operation, which demands considerable investment both in surface vessels 
and in fixed ground plant.    Briefly, the system in use at present is as follows: 

1. The gas is piped from the well (or wells) to a central liquefaction plant.   This is 
usually located at, or near, the coast. 

2. From the liquefaction plant the gas is piped aboard liquid Natural Gas (L. N. G.) 
carriers.   It is stored at - 161 C throughout the voyage. 

3. On arrival at the home port the gas is stored in a liquefied state, and is then 

* Director, Aerospace Developments, London, England 

PRECEDING PAGE BLANK NUT k'LLhlW 

351 



re-gasified and passed into gaseous pipe storage for subsequent distribution to  consumers. 

Both the tankers and the liquefaction plant are enormously expensive.   A large L N G. 
carrier costs, at present day prices,  in excess of $100 million,  and a large liquefaction plant 
with its associated tankers,  demands an investment approaching $2 billion.   Much of tins 
investment has tobe concentrated in ground plant located in areas of high political instability 
(Algeria   Libya   etc.).     These assets may be sequestered by the parent countries at any 
time   and without any notice.     The liquefaction plant consumes approximately 20% of the 
energy it produces in the liquefaction process and the scale of investment required means 
that a very large market must be assured before any deliveries can be contemplated.   Small 
wonder then that the need for a cheaper, less politically susceptible, more flexible system 

has been recognised for a long time. 

THE AIRSHIP AS A GAS CARRIER 

Because the gas methane (the prime constituent of Natural Gas) is lighter than air, with a 
lifting force of approximately 45 lbs/1000 cubic feet, there is an obvious attraction in using 
a Lighter Than Air craft for transporting the material, since the payload will also provide 
the ascensional force (at least on the outward voyage).   Even if the gas is assumed to con- 
tain its maximum possible concentration of contaminants (sulphur, C02 etc.) it is still no 
heavier than air.   The main problem centred around the fact that, because the volume of the 
gas is increased in the ratio   of 645:1 over its liquefied state when it is expanded to atmos- 
pheric pressure and ambient temperature, and because hoop stress considerations demand 
that the gas be carried under these conditions in order to carry a sensible amount of gas, 
the craft has to be a very large one indeed. 

CHOICE OF TYPE OF CRAFT 

An initial examination of the economic considerations, together with the knowledge that 
within the bounds of technical competence (and certain construction costs) "The Bigger the 
Better" at least from the point of view of ultimate costs/cubic feet, led to the requirement 
for a craft approaching 100, 000, 000 cubic feet, which,  in dimensional terms, is very large 

indeed'. 

For craft even approaching this size there appears to be only one answer, the Supported 
Monocoque type of construction.   Supported because at some point in the journey the gas 
will have to be removed from the craft, and therefore gas pressure will not be available to 
stabilize the outer skin, and Monocoque because this is the only type of construction that is 
sufficiently amenable to the present day demands of quality control and rapid assembly 
whilst retaining adequate margins of strength.   The "Zeppelin" type of construction is often 
still held to be the best type of construction, and the reasons for this advocacy are very 
difficult to ascertain.    A fairly rudimentary analysis of craft of this type will show that this 
system of construction was inadequate to meet the demands   on strength grounds alone   for 
the sort of annual utilisations that must be achieved in order to make the system profitable. 
Even when used for the sort of craft that were constructed forty years ago, the rigid girder 
construction was not safe enough, by modern standards, and was demanding in terms of 
in-flight maintenance,  and yet many people are still advocating the use of such construction 
methods for craft far larger than those of old, and they are intending to use these craft in 
applications far more demanding than any that have been required in the past.   There is a 
great deal of evidence to suggest that even such staunch advocates of conventional airship 
practise as Charles Burgess were convinced of the need for a "stressed skin" type structure. 
Had the initial design for such an airship resulted in a much smaller size of craft, then it 
is possible that a different approach might have been adopted (probably an internally 
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supported "BLIMP") but for a craft of the size required, we are confident that the type of 
construction system adopted represents an optimum. 

THE CRAFT ITSELF (Figure 1) 

As may be seen from the illustration, the craft represents a fairly conventional approach 
to airship aerodynamics.   It has a length/diameter ratio of 6:1 which represents a reason- 
able compromise between controllability and cost of materials (it is interesting to note that 
recent economic analyses show that,  as far as material costs are concerned, there are 
advantages in reducing the length/diameter ratio to as little as 2:1.    These analyses do not 
take account however of the control and mooring difficulties associated with craft of this 

type.). 

The craft itself is approximately 1, 800 feet in length with a maximum diameter of 300 feet. 
This entails considerable difficulties as records a construction facility, and the methods 
used to overcome this problem are described later in this report. 

The use of a considerable degree of cylindric    midship section is a sensible one,  there is 
little,  if any,  advantage   in resistance terms in adopting a fully streamlined form, and 
the advantages in terms of jigging and construction costs militate heavily in favour of the 
type of design which has been adopted. 

THE BASIC SYSTEM OF CONSTRUCTION (Figure 2) 

The pri mary unit of construction is the "unitary panel" which is 20 feet in length by 10 feet 
in height.   Since there is a very definite need to conserve  weight, and because the primary 
mode of failure is in compressive buckling of the top skin,  it was decided to develop a 
material which combined the best of both worlds.   It was decided to utilise a "sandwich" 
form of construction, using stainless steel outer and inner skins, which are adequate for 
the tensile loads that will be imposed, together with a Keflar fibre inner  core, the purpose 
of which is to increase the "1" value of the matrix.   The result is a material which combines 
light weight with exceptional strength albeit at a fairly high unit cost.   The decision to use 
a polyamide fibre rather than a metal such as aluminium as the infill for the matrix was 
based on two major considerations. 

1. The need to obviate, as much as possible, the risk of corrosion due to the ingress 
of water under the outer skin. 

2. The necessity to avoid the possibility of electroxytic action between the infill and the 
outer skins. 

In order to minimize the weight of the infill, a honeycomb type of structure has been used 
for stabilizing the outer and inner skins. 

The basic method of the assembly is outlined in Figure 2.   Storage is provided for the steel, 
the honeycomb and the epoxy type adhesive (refrigerated).     The honeycomb panels are 
pre-profiled to an accurate curvature, and the panels are then bonded to the outer and inner 
skin by an autocalve process,    the completed panel then moves to a final finishing bay(edge 
profiling etc.) before being passed to a completed materials stockyard.    This system 
enables the latest methods of quality control (ultrasonics,  radiation, backscatter etc.) to 
be employed to ensure continuously high standards of material integrity.   When one considers 
that one airship alone of this size will require approximately 1^ million square feet of 

353 



honeycomb and 3 million square feet of skin material, the necessity for proper quality cont- 

rol will be apparent. 

A comprehensive stress analysis, based on "finite element techniques" developed by 
Prof eTof Lgyris, has been'carried out on the craft, together with ananajys.so     kly 

gust, loads that will be imposed on the craft during in "™™^v"™*''?d 5j "^ S
ysis 

Indicate than an overall safety factor approaching 3 is likely to be achieved     (Thianalysis 
takes account of the maximum aerodynamic loads likely to be encountered.)    These safety 
f^ors r;:considerriy in excess of those required for current civil aircraft application* 

and augur well for future development. 

POWERING REQUIREMENTS FOR AIRSHIPS 

As part of the current programme, a comprehensive examination of the powering require- 
mentTas been carried out      This programme, carried out under the supervision of 

™ r"f Queen Mary College, has entailed a ^f^^et^ZToL 
laver conditions obtaining around an airship of the size contemplated.     There is an obvious 
advantagenusing a power plant that has already been developed, even though the lower 
sSTadvance of the airship when compared to conventional aircraft may reduce the 
efflcfency of the unit.    It is desirable to keep the number of power units to a minimurri   in 
order to reduce the number and complexity of associated sub systems, and to ease problems 

concerned with cockpit control. 

A summary of the i lowering requirement.» 10 given . 

Hull Volume 50 million cubic feet 

Speed   (m.p.h.) S.H.P. 

40. 951. 

70. 4, 558. 

100. 12, 246. 

140. 33, 305. 

Hull Volume 100 million cubic feet 

Speed (m.p.h.) S.H.P. 

40. 1,433. 

70. 6, 906. 

100. 19, 265. 

140. 50, 230, 

It can be readily appreciated that the powering disbenefit from increased speed is far larger 
than that imposed by increasing size.     Since the economic cruise speed for the craft lies 
n the range 90 - 100 kts. it is possible to use existing power plants for the smal er craft. 

In the prototype programme two proteous engines, driving Hovercraft type (i.e. large 
Wade area) PTop set"will be adequate.   The proteous, which will be of the marine type 
has accumuMed over 500, 000 operative hours, has a high mean time between overhauls, 
and is already available shafted to a B. H. Y. type Hovercraft propeller.   For the larger 
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V) 
/ ships it is possible to utilize a multiple (4 or 6) proteous arrangement, but it is rather more 

likely that an exhaust turbine, connected to a high by-pass fan unit such as the RB-211 would 
J represent a more sensible approach.    In the gas carrying application the craft would use a 

certain amount of gas to fuel the engines, and this further reduces the maintenance require- 
ments. 

It is not intended to install these engines in any type of vectoring mounting, this is usually 
a much more expensive exercise than most people imagine, and often entails major redesign 
of the power plant itself.   As may be seen from the first illustration, the engine units are 
"podded", this is not an attempt to improve propellor efficiency, but rather an effort to 
reduce blade tip noise.    In the prototype craft it will be possible to mount the engines above 
the wing section, and to use the wing to further improve the noise attenuation characteris- 
tics of the craft. 

Because of the thickness of the fin root, it is possible to provide access to the engine pods 
in flight. It is unlikely, however, that licensing authorities would look kindly on anything 
other than emergency repairs being carried out whilst the craft is in flight. All electronic 
and mechanical interfaces have been designed to be as modular as possible, and any major 
servicing would be carried out on a replacement basis. 

Attention has also been focussed on the decision to place the engines on the tail surfaces. 
It is pointed out (correctly) that this entails an increase in the loading on the tail surfaces. 
The weight penalty, at least for a gas-turbine engine is, however,  small and the control 
surfaces have to be designed to absorb high aerodynamic forces anyway.   In addition, 
placing the engines at the tail has the following major advantages: 

1. The engines are installed well clear of the boundary layer, thus there is little 
boundary layer interraction, with consequent power savings. 

2. When fully pitchable propellers are fitted, the transverse separation of the 
engines enables a high turning moment to be applied, even at very slow 
airspeeds, this is particularly useful when approaching or leaving the mast. 

3. Because the power units are situated at the mid height of the elevators, 
rather than on the underside of the hull (common practice on many early 
airships) there is far less chance of the engine being driven through the 
hull and into the methane gas in the event of a grounding. 

THE BUILDING FACILITY FOR THE CRAFT 

One of the major cost areas in the development of this craft, will undoubtedly be the pro- 
vision of a suitable facility within which the airship may be built.   There are those who 
advocate building the airship in the open, using everything from a roofed over clay pit to 
a lake,  or who suggest that by using turntables etc. a large airship may be constructed 
without any protection from the elements.   This we have always regarded as fanciful . 
Although the prototype craft are sized to fit inside the facilities still in existence in the 
U. K., the full scale ships will require a shed some 2, 000 feet in length by 400 feet high. 
Comparative studies of conventional and inflatable structures, which   have been commis- 
ioned both in the U. S. A. and the U.K. have resulted in the decision to use an air stabilized 
structure,  in which the prime loads are taken by a supporting steelwork and cable system, 
with inflation being used to stabilize the building against gust loads.    A ground plan, 
showing the existing sheds at Cardington, England, together with the new "super shed" 
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superimposed upon them,  is shown in Figure 3.   The total cost of such a facility is est- 
imated to be approximately $40 million at present day prices. 

GASSING AND DE-GASSING THE SHIP 

The ship will almost certainly be gassed through a fairly conventional "Stub" type tubular 
mast    The gas   fed in through a central connection, is led to individual compartments by 
four "Box Keels" at 90° to each other within the ship.   A "Top Hat" membrane system 
is used to keep air and gas separate within the craft.   At the discharge terminal the gas LS 

forced back through the box keels by purging the ship with a carrier ga&On the other side of 
the membrane, the gas is passed to ground storage for future distribution.   Various systems 
for returning the craft to the gas field have been under consideration, and the version 
shown uses an internal helium annulus to provide sufficient buoyancy to lift the craft in the 
"light ship" condition, the excess buoyancy being counteracted by ballast being taken aboard. 

THE PROTOTYPE PROGRAMME 

It is regarded as being impossible to construct a full size craft without a comprehensive 
prototype programme.   In addition to a large number of static rigs, a series of craft 
ranging from 2 million - 30 million cubic feet are intended to be built before work on the 
100 million cubic feet ship can commence.   These craft will be built using the same 
techniques and panel sizes intended for the fleet size ships,  in order to optimize the 
assembly techniques and to provide feedback operational information.   Because of this 
these craft will not be as efficient in terms of their payload/total lift ratio as vessels built 
by alternative means, nevertheless, these craft still have enough lift to provide a useful 
payload and illustration 4 shows the 8 million cubic feet ship in an anti submarine role. 

CONCLUSION 

The work being carried out for Shell is part of an on going process. All being well it is 
hoped to complete the construction of a prototype craft by the beginning of 1979, and for 
a full size craft to be operational by 1984.   This exercise is by no means a low key area 
of financial activity, precise costs are classified by Shell, and indeed are as yet not 
finalized in many areas.   But a unit cost of $60 million/ship may confidently be expected. 
It has been the purpose of this necessarily brief paper to emphasize the fact that at least 
one major industrial company has seen fit to initiate, and to continue to support, on a 
significant financial scale, a thorough investigation into the possibility of utilising Lighter 
Than Air craft on a major scale.   It would perhaps be pertinent to add that due to obvious 
considerations of commercial confidentiality much of the information given has necessarily 
been of a superficial nature.   Should more detailed information on the project be required, 
it is respectfully suggested that initial approaches should be made to Shell International 

Gas themselves. 
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^76-15047 
METHOD FOR TRANSPORTING 

IMPELLENT GASES 

Hermann Papst* 

ABSTRACT: The described system DAL comprises a method and 
a device for transportation of buoyant impellent gases, 
without the need for expensive pipes and liquid tankers. 
The gas is self air-lifted from its source to a consign- 
ment point by means of voluminous, light, hollow bodies. 
Upon release of the gas at the consignment point, the 
bodies are filled with another cheap buoyant gas (steam 
or heated air) for the return trip to the source. In both 
directions substantial quantities of supplementary freight 
goods can be transported. Requirements and advantages are 
presented. 

THE PROBLEM AND ITS SOLUTION CONCEPT 

The Situation 

More than 90 %  of the presently known finds of natural gas can not 
yet be used economically as supplies of energy. Annually, billions of 
cubic meters of natural gas are being burned off at the heads of oil 
wells. Systematic exploitation and utilization of natural gas fields 
is by no means fully developed. 

Conventional Transport Systems 

Contrary to the situation that prevails in the case of transporting 
oil, pipelines and tankers are not economical for transporting natural 
gas and must therefore be seen as intermediate solutions. Investments 

President, Papst-Motoren KG, St. Georgen, Black Forest, W.-Germany 
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modes are extraordinarily high. Even an interconnected 

optimal solutions for the transportation of natural gas 

The Solution Principle 

Reflections on a better solution of this problem center on a specific 
property of natural gas: it is lighter than air. Compared to the earth 
atmosphere, natural gas has a much lower specific weight which thus 
makes it possible to transport it through the air in large containers 
which are able to fly. At the place of delivery of the natural gas, 
these containers can be filled with another light gas that is cheaply 
and abundantly available there, in order to make the flight return to 
the natural gas source. Both steam and hot air are possibilities here. 

Special Requirements and Possibilities for Realization 

The weight of the containers plus power plant and thrusters, with the 
necessary accessories, must be less than the lift that is generated 
by a load of steam or hot air. A lightweight and heat insulated sand- 
wich skin for the containers will be required to guarantee the neces- 
sary temperature stability for the steam or other gases. To supply 
the necessary heat to keep the temperature at prescribed levels, the 
heat of the engine exhausts is used. The steam or hot air is forced 
out by natural gas in the loading process. Mixing of the gases is pre- 
vented by moveable separating walls in the individual cells. 

Comments 

The most significant advantages of gas transport by "lighter than air 
ships" compared to pipelines have been indicated in an expert opinion 
from Professor Alfred Walz (Technical University of Berlin, Institute 
for Supersonic Flow). Also Mr. Miles Sonstegaard of the University of 
Arkansas has determined, for his system, that the transportation of 
liquid natural gas (LNG) in "lighter than air ships is decisively 
more advantageous than fixed pipeline systems. 

Patents and Acronym 

Detailed construction considerations and calculations form the basis 
for patent applications in over 40 countries, some of which have al- 
ready been granted. These patent applications cover construction and 
mode of operation of the DAL transport system, which requires no han- 
ger or special landing facility. The acronym DAL represents the ger- 
man conceptual description 

"Dampf/Erdgas Austausch Lufttransporter" 
(Steam/Natural Gas Exchange Cargo Airship) 

In the following section, the concept described above is explained in 
greater detail via an example.of typical airship of the kind mentioned 
before. The explanation indicates further advantageous construction 
features. 
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DESCRIPTION OF THE SYSTEM 

Structure Characteristics 

The natural gas air transport system DAL is designed around large, 
dynamically stable self propelled flying bodies. It is technically 

II» UN 0« ed Int-KFZ-Ba.geogrLdge. 
O07.SK>- Länge 6sH. Greenwich 
OtTSn' Breite, •=« ,=s 

d/l-0.3 

Hvfmm Papst 
077*2 St G«rgtn DAL Dampf-Auftriebsausgleich-Luf transporter 5/74 

feasible, for example, to consider a ship of 364 m (1100 ft) length 
and 104 m (317 ft) diameter with a volume of 2,300,000 cubic meters 
(63,000,000 cubic feet) and which consists of a pressurized skin made 
of fiber-reinforced plastics. A rigid integrated cabin structure and 
keel, 130 meters long, 26 meters wide, and 18 meters high, is attached 
to the pressurized balloon via circumferential bands. The cabin houses 
the crew, passengers, freight containers, all equipment necessary for 
driving the vessel, and approximately 150 flexible tanks for ballast 
water or liquid freight (e. g. oil). In the interior of the airship, 
flexible bulkheads (dividing walls) are installed to allow separation 
of the total space into gas compartments of variable size. Figure 10/1H- 
shows the distribution of different gases within the interior of the 
ship during a single transport journey. 
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Thus an effective manue- 
and low noise levels is provided. 

Motive power is produced by a thruster with a ring _ 
of the airship. Steering of the jet stream is performed by excentrical 
regulation of the inner cone of the thruster. 
vering capability at low air speeds 

Double-Walled Skin 

For this concept, the skin of the airship body is the decisive compo- 
nent. It must be light and strong, gas tight and heat insulating, 
aging resistant and weather resistant. 

Weight and Strength - The skin must carry the aerodynamic loads during 
flight The external pressure distribution on the flying body (fig.1/7f)Zt 
shows, that significantly less strength is sufficient over the large 
surface area of the middle part. 

The gas pressure P can be reduced to a quarter of the T stream 
pressure Q. 

Use of small spherical cells of higher strength in the bow and stern, 
f!l. realized by means of the highly pressurized tube ring element 
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shown on the left in fig.U, drastically reduces the skin weight via 
such divisions of the total skin surface. Fig.I indicates alternative 
solution. Foil and polyester       fabric are intended as skin mate- 
rials for a maximum strength to weight ratio. 

Temperature Insulation - This tensile fiber polyester fabric hull 
consists of two separate walls with a heat insulating protective 
gas maintained under pressure in between, thus making it temperature 
resistant to 100° C. 
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NATURAL GAS SHIPMENT 

The medium that provides the lift for the vessel on the way to the na- 
tural gas source is either hot air or steam. Fi gurelZ/tyshows the DAL 
filled with steam shortly before departure to the natural gas source. 
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Figure 13/74 indicates how steam or warm air is 
in natural gas at the gas source. 

forced out by pumped- 
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All gases are heated to 100°C. For an assumed unloaded weight of the 
airship of 570 tons including keel frame, skin, crew, passengers, 
supplies, and auxilliary ballast water, a lift of 1,100 tons is avai- 
lable for payload, e. g., LNG or oil. At departure from the natural gas 
source, the total lift is composed of: 

1 613 tons natural gas 
70 tons warm balancing air 

After traveling the example distance of 5 250 km the natural gas compo- 
nent is reduced to 1565 tons. This equalized by a steam lifting compo- 
nent of 53 tons and a reduction of the air lifting component to 65 tons 
The total departure lift of 1,683 tons is thus maintained. 
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< Ausgktkhluft     wt 
5   N,  Schutzgas 
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Erdoastransport IV 

Erdgas wird durch Damp/ 
mm E-Werk herausgedrückt 

HWIIBIWI Popst 
DT7*2 St. Qeärgen DAL Dampf-Auftrwbsousgleich-Lufttronsportw-1    15/74 
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is pumped into the 

Small 
skirt struc- 

e DAL can 

bottom perimeter. »"«"""»  "%:.", ie near the gas source, means. The landing surface can thus lie near tne g 
anyilliarv suction pumps reduce the pressure unuer u..c 
ture to approximately     30O « water-column. so that the 
also be held fixed in storms with winds up to 150 km/h. 

SAFETY CONSIDERATIONS 

The life expectancies of the.double sheath covering «Jjof highly im 
pact-resistant f^er-rein ore d   yest  a covering are ve 

safety. 

COST AND ECONOMIC FEASIBILITY 

sion and"buoyancy per 1 000 kms. 
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load the pumping costs amount to approximately 50 cents. 
Loading and unloading would usually be done by this gradual process 

The annual revenue from goods transported by one DAL of 364 m length 
and 104 m diameter, assuming a 70% utilization of freight capacity 
and 70% utilization in time, is illustrated in the following table: 

Lift generated by      Net cargo capacity        %  Million 

Steam 880 t 9.6 
Natural Gas HOO t 11.55 
Hydrogen 2200 t 23^10 

For 50 round trips over a Distance of 6,215 miles each, this cor- 
responds to an annual mileage of 621,500 miles. (Base 3 cts/ton.mi 1e) 

SUMMARY 

Compared to pipeline or pipeline ship - pipeline systems of trans- 
porting natural gas, the proposed natural gas air transport system 
DAL shows the following advantages: 

Independence from geographic and climatic hazards. One means of 
transportation only for both land and sea routes, door-to-door 
transportation even over great distances. 

Independence from locally changing political situations. Quick 
shifting to alternative soures maximum of flexibility. 

Lover investments of reduced risk. 

The possibility of large-scale coordination of supplying even re- 
mote natural gas sources. Thus additional optimization and ratio- 
nalization is feasible. 

Lower cost for transporting natural gas via freight and passenger 
revunue. 

Even small finds will be economically attractive. 

CONCLUSION 

The DAL-Airship-System in principle can be used: 

for transportation of high volume and heavy goods 

in aero-crane applications 

for passenger transportation purposes with 
maximum comfort. 

for transporting impellent gases and thus puts 
a big question mark over natural-gas-pi peline 
systems. 
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* N76-15048 
THE DESIGN AND CONSTRUCTION OF THE 
 CAD - 1 AIRSHIP  

H. J. Kleiner* 
R. Schneider** 

Dr. J. L. Duncan*** 

ABSTRACT; This paper will deal with the background history, 
design philosophy and Computer application as related to 
the design of the envelope shape, stress calculations and 
flight trajectories of the CAD-1 airship, now under con- 
struction by Canadian Airship Development Corporation. 

It will also outline a three-phase proposal for future deve- 
lopment of larger cargo carrying airships. 

INTRODUCTION 

McMaster University's interest in airship technology and development 
extends back to September 1972, when three senior mechanical engi- 
neering students began a feasibility study to determine the possible 
use of airships to help expand Canada's northern frontiers.  The 
three students, H. J. Kleiner, E. G. Smith, and J. Douglas, with the 
aid of their supervisors, Dr. J. L. Duncan, Prof. W. R. Newcombe and 
Dr. J. H. T. Wade, produced a four volume report.  This work re- 
ceived fairly extensive publicity and eventually drew the attention 
of Mr. R. Schneider, President of Hoverjet Inc., to the abilities of 
McMaster University's Mechanical Engineering Department in this area. 

* McMaster University, Hamilton, Ontario 
** President, Canadian Airship Development Corporation, Thornhill, 

Ontario 
*** Professor, McMaster University, Hamilton, Ontario 
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construct airships in Canada. 

degree, and the three supervisors remained. 

the construction of this airship at Hoverjet Inc. 

Three basic objectives were envisaged as being achieved by this 

course of action: 

(i)   Commercial employment in the role of a research platform, 
aerial filming, and TV work, survey and S.A.R. work and 
aerial advertising. 

(Ü)  Training of Air and Ground crews for future larger airships. 

/•••\ Dy,„,r^0 a ha=;i=! for developing Canadian design and 
(111) 2S3a?tÄ Skills «d capabilities for larger airship 

projects. 

as Co-ordinator. 

r>  T„V.0 1Q71  initial financing was secured and the bulk of the 
Ssignewo?k3;asncompLterallowing a construction start to be made 

in the Fall of 1973- 

aspects of airship design. 

The airship is 120 ft. long, with a 40 ^maximum diameter powered 
by two CONTINENTAL 0 - 200 aircraft engines of JJ0 ^P eJ« a^^h 
rruisine range of 300 miles. Payload capacity of 15/^ IDS. wnicn 
Sll enablef flight crew of two and four passengers, or an 
equivalent cargo load to be carried. 

S^i sssLssirss^^Ä^r JAM. - 
joining methods. 
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As the construction of the (then) CAS - 1 progressed, it was felt 
that a company should be incorporated to take over from CASG and 
Hoverjet Inc., and oversee the construction of the present airship 
and lay the framework for future airship designs. Thus, early in 
1974, the Canadian Airship Development Corporation was incorporated 
to take the functions of the CASG. The airship was re-designated 
as CAD-1. 

This paper will describe the analysis which led to the design speci- 
fications of the CAD-1, the techniques employed in the computer 
aided analysis of the flight performance and loads, and the economic 
assessment of the present airship.  Further work to be done by 
C.A.D.C. will also be reviewed. 

DESIGN PHILOSOPHY 

The preliminary studies performed were based on computer outputs 
which, for various fineness ratios, allowed evaluation of such 
parameters as: 

(i) Weights and displacement (Fig. 1) 

(ii) Power and velocity for constant shape        (Fig. 2) 

(iii) Power and displacement (Fig. 3) 

(iv) Power and shape for a constant velocity   ; 

(v) Displacement and control surface areas 

Initial evaluation of these parameters and the performance speci- 
fications which had been set, led to the selection of a shape with 
a fineness ratio of F = 2.25 and a volume of 70,000 cu. ft. 

The shape chose'n was developed from a polynomial expression 
originated by General Mills (*4) which allows the generation of an 
infinite number of shapes.  The final body shape can then be chosen 
on a performance and aesthetic basis.  The expression used for the 
body shape was: 

r     "+m       n m y=ii±=] .  /   \ 
_ . n  m     , n + m - 1  \    / 
2 f n m      L 

where: n and m are parameters which may be altered to produce 
varying shapes, 

f is the fineness ratio desired, 

L is the overall airship length in feet, 

x is the distance from the bow in feet. 

The versatility of this expression is illustrated by 2.1 and 2.2 
which show the relationship between the shapes generated and 
several known shapes. 
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The very low fineness ratio caused considerable worry as to possible 
stability problems.  In order to ascertain the degree of stability 
of the design, a computer program was developed to calculate toe 
pressure distribution over any airship body in both level fligM 
and flight at varying angles of attack.  The only inputs required 
£S datf reKtingytogvelfcity, angle of attack and body shape 
This program was derived from, and is an extension of Theodor yon 
KarSaS (*1) on airship pressure distributions. The type of output 
produced by the programmer is shown by Fig. 3.1, the pressure dis- 
tribution for the CAD-1 shape in level flight. As a result of this 
investigation, the fineness ratio was increased to 3-00, while at 
Sllail tiSe'the volume was raised to 90,000 cu.ft., in order to 
offset the weight escalation by this change and other developments. 
Figures 3.2 and 3.3 show the initial and final shapes that were 
decided upon. 

Tt was originally intended to power CAS-1 by means of two 2-stroke 
InboSd enflnes driving swivelling, ducted fans. Although this was 
a very light and simple arrangement, the Canadian Ministry of 
Transport (M.O.T.) requirements for licensing the craft and the 
lack of funds for a large scale certification program led to the 
temporary abandonment of this vectoring power system.  In its place, 
two light aircraft engines of sufficient power, mounted in a con- 
ventional configuration, are used. This caused a substantial 
increase in weight. 

At the same time, several discussions took place as to the Gondola 
(Car) design.  Based on manufacturing facilities and skilled labour 
available, the decision was made to use a welded tubular steel 
structure over a fabricated aluminum structure, which, in turn, 
caused a further increase in weight. 

The gondola load structure consists of lightweight 4130 chrome- 
moly aircraft tubing in a conventional design arrangement. However, 
it was decided that the gondola design and strength was to be suf- 
ficient to provide for the possibility of future development ol 
various propulsive methods, such as the one previously mentioned, 
and also allow for the testing of other systems. In addition, the 
use of the airship for training purposes suggested a_rugged 
structure as the possibility of heavier than normal impact on the 
main wheel, which must be absorbed by the gondola structure, was 
high. 

All these considerations made the volume increase mandatory in order 
to maintain the initial specified payload and performance 
specifications.  The engineering required to design the gondola 
was provided by the McMaster group while the actual application _ 
engineering and construction was carried out by a group at Hoverjet 
under the supervision of Mr. Schneider.  The primary gondola 
structure is illustrated in various stages of construction in 
Figures 4.1 and 4.2. 
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FLIGHT TRAJECTORY CALCULATIONS 

The question of how an airship will behave when required to perform 
certain manoeuvres has always been one of the uncertainties of 
airship design. Wind tunnel experiments and model studies have 
been inconclusive (*5)- 

During the period of quantity construction of airships, designers 
based their decisions upon emprical data that had been gathered 
from previous designs.  However, recent airworthiness regulations 
require that the forces acting during various manoeuvres be cal- 
culated and taken into account at the structural design stage. 
The calculations involved in this task would be very tedious and 
time consuming if done by hand; the problem is tractable, however, 
using the high speed digital computer. 

The requirements that must be met are given in the "Ministry of 
Transport, Civil Aeronautics, Provisional Airworthiness 
Requirements, Airships" subpart C, Structure, sections SC. 4 (a) 
through SC. 4 (e)  (*3). 

"Manoeuvering Load Conditions. 

The airship structure shall be designed to withstand the limit loads 
resulting from the following manoeuvering conditions, conducted at 
airspeed of VD, critical statically-heavy weight, and at the centre- 
of-gravity location critical for each manoeuvre: 

(a) In level flight, application of full rudder, applied at the 
maximum control rate attainable, until a heading of 75 
off the original heading is attained, followed by immediate 
application of full opposite rudder, applied at the maximum 
control rate attainable to original heading. The effects of 
overcontrol shall be taken into account. 

(b) In level flight, maintain a steady-state turn with rudder 
fully deflected in the direction of turn. 

(c) The manoeuvres of SC. 1(a) through SC. 1(b) combined with 
full-up elevator, applied at the maximum control rate 
attainable, and alternatively, with full-down elevator, 
similarly applied. 

(d) In level flight, apply full-down elevator at maximum control 
rate attainable until the specified maximum rate of descent 
is obtained followed immediately by full-up elevator at 
maximum control rate until rate of descent equals zero.  The 
effects of overcontrol shall be taken into account. 

(e) The manoeuvers of SC.4(d) combined with alternatively a left 
and right steady-state turn." 

The theory needed to provide the trajectories dictated by these 
manoeuvres was examined and a user-oriented computer package which 
has been developed will be described. 

This work constituted a major part of Mr. Kleiner's M.Eng. thesis 
(*2). 
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Once the required trajectories have been achieved the resulting 
loads on the airship are calculated by the programme. The theory 
used in developing the programme was based mainly on empirical 
equations. The programme does not simulate the exact conditions 
thafp?evail in the airship.  To simplify matters, the ballonets 
weK Considered to be fully deflated at all times. Thus center 
of gravity shifts, due to various degrees of inflation, were ne- 
glected as were axial shifts of the center of gravity due to the 
fore-and-aft of the air in the ballonets. The results achieved by 
the programme are illustrated by Figures 5.1 through 5.5. 0n}7a 

portion of the manoeuvres required are illustrated here, however, 
the results achieved are readily apparent. 

The manoeuvres presented are: 

(1) Fig. 5.1 Graphical illustration of the programme 
output-take-off trajectory. 

(2) Fig. 5.2 Graphical illustration of the programme 
v output-full rudder until a 75° turn has 

been achieved. 

(3) Fig. 5.3 Graphical illustration of the programme 
output-full opposite rudder until the 
original heading regained. 

(4) Fig. 5.4 Graphical illustration of the programme 
output-full up elevators and a steady 
state turn from 0 - 1Ö0 degrees. 

(5) Fig. 5.5 Graphical illustration of the programme 
output-full down elevators until maximum 
descend rate achieved and then full up 
elevators until descend rate equals zero. 

It is also hoped that these results will provide a basis on which 
to check the output of the work presently being carried out by Mr. 
H. Sharpe of the University of Toronto Aerospace Institute for CADU, 
on modern stability analysis and control systems evaluation for 
airships. 

The computer design package previously mentioned is very simple to 
operate and requires only that the designer input the physical 
characteristics of the design. The trajectories and the loads 
incurred will be the resultant output. This package has been tested 
for several designs and has performed satisfactorily. 

ENVELOPE MATERIAL 

The selection of the envelope material presented several interesting 
alternatives.  Initially, it was hoped that the envelope could be 
built of metal, a la ZMC-2, or perhaps a plastic-foam laminate. 
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Whatever the advantages of these materials, one major obstacle pre- 
vented their use, cost. The term "cost" includes both the large amount 
of engineering time required as well as the actual costs of material 
and construction.  The use of the more established airship envelope 
material as used on the Goodyear airships was felt to be a last 
resort as cost and weight were felt to be much too high.  Also, 
construction of an envelope of this type and material required 
skilled labour, not presently available.  Hence, after surveying the 
alternative materials available, a decision was made in favour of the 
new Dupont "Kevlar-29" fibre.  The material is woven in a "Trigon" 
(triaxial) fabric, polyurethane coated and UV retardent added in the 
process. Material weight is 8.5 oz. per square yard. 

Induction sealing of all envelope seams will replace conventional 
sewing.  Seams are taped inside and outside.  This process provides 
a major saving in labour. 

So far, no major obstacles have been encountered, neither in the 
engineering or construction of the airship. Work progresses very 
well with the construction of the envelope and control surfaces as 
the next step. 

FUTURE PROGRAM 

Based on the work so far, a future development program has been 
worked out between McMaster University and Canadian Airship 
Development Corporation and submitted to the Canadian Government and 
potential future users of large cargo carrying Airships. 

PROPOSAL 

This proposal has been prepared in the anticipation that the LTA 
vehicle technology so far developed will be recognized as a sound 
contribution to a method of Cargo Transportation capable of ser- 
vicing the northern areas of Canada. 

A consortium of interests is proposed so that the contributions of 
expertise in the technical, operational and economic areas can be 
included in the overall project development besides providing some 
financial support for the project. 

In view of the developments in LTA vehicle technology in the USA and 
Europe, it is considered that Canada does have both the potential and 
technical capability to develop its own LTA vehicles especially for 
areas where there are a wide range of natural resources and climatic 
and terrain conditions which make normal modes of transportation 
extremely difficult. 

DEVELOPMENT PROGRAM 

Since the formation of CADC work has started on what could be a three 
phase program; the program will start with the current small scale 
activities and move toward the larger scale, potentially economic 
vehicles and actual freight operations.  The program will be directed 
at developing the technological expertise to design and build air- 
ships which are not only reliable but efficient (in their design) and 
at the same time provide real data on operations from which better 
operating forecasts can be made. 
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The program has three identifiable phases: 

(1) The first can be planned and costed in detail immediately. 

(2) Financial requirements for the second phase can only be de- 
( ' temined by the work done in the first phase, although an 

approximate estimate has been prepared. 

(3) No attempt is made to determine the cost of the third phase, 
{3)    but the general objectives and some of the possible means are 

stated. 

Before detailing the three phases, an outline is given ^the groups 
who might be interested in forming a consortium to develop LTA 
vehiSf technology and then establish an operating organization as a 
transportation function in Canada. 

ECONOMICS 

The economics using Lighter Than Air transportation vehicles has not 
been devSoped as therl is no reliable history on which to base 
manufacturing and operating costs. 

There are, however, some interesting comparisons on the costs of: 

(a) very large aircargo aircraft, and 
(b) the costs of LTA vehicles. 

In the case of (a), the initial manufacturing costs are extremely 
highV Under normal operating conditions large airstrips, navigation 
qvstems refuelling facilities and maintenance support must be 
Sovided. There if sufficient data available to at least estimate 
costs per mile in the aircraft mode of cargo movement. 

In the case of (b), the manufacturing costs are much less, and will 
not require the complicated design inherent in aircraft. LiA 
vehicle^ will not require the extensive runways with their continual 
maintenance expense, will operate with a less sophisticated navi- 
gation system and the turn around maintenance will be much less.  It 
is also anticipated that development into full service would be 
accelerated through LTA vehicles. 

Comparison of fuel and other secondary costs would also appear to be 
in favour of the LTA vehicles. 

It is recognized that the speed difference between the two vehicles 
is a big ffctor but against this could be considered the possibility 
of intemediaSe staging posts which could readily be established for 
LTA Cargo Carriers. 

The economics of the LTA operations would be part of the consortium 
study. 

THE CONSORTIUM 

The eventual scale of the venture, and its inherent risks are such 
that the total program should involve a consortium of interests. 
For the sake of brevity in this proposal, these are identified m 
the following manner. 
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Government Agencies 

It is suggested that the Department of Industry, Trade and Commerce 
would invite the appropriate Branches in other relevant Departments 
such as the Ministry of Transport, the Ministry of Indian and 
Northern Affairs and the Ministry of State for Science and Technology 
to evaluate their interests in supporting the project. The Science 
Council and the National Research Council should also be invited to 
participate in discussions. 

Discussions have already been held with the Canadian Transport 
Commission and the Transport Development Agency who have encouraged 
continuation of the project since it was first introduced to them. 

Carriers 

The two principal Canadian carriers with extensive transportation 
experience, Canadian National and Canadian Pacific Railways, would 
be invited to contribute their own proposals for the operation and 
economic assessments of airships related to transportation demands 
in areas of Canada not .serviced by their own systems.  Additional 
freight.carriers both surface and air, specializing in northern 
transportation could also be invited to contribute in long range 
planning, i.e. Air Canada, C.P. Air, Nordair, Transair, Wardair. 

Aircraft Manufacturers 

Such companies as DeHavilland, Canadair & Douglas could be involved 
in the future design and fabrication of the airship and companies 
like CAE, Aviation Electric interested in the flight instrumentation 
and controls. 

Constructors 

The Canadian Airship Development Corporation (CADC) has designed and 
is constructing an airship - CAD-1 which is 120 feet long to carry 
a payload of 1,500 lbs. and be operational by the Spring of 1975. 

The CAD-1 would be used for initial training and operations and is 
committed by CADC for their own evaluations.  A second model using 
the same design and configuration could be built and be operating 
by the Summer of 1975 for use by the consortium. 

It is inevitable that other developments for larger airships with 
carrying capacities of 300 - 500 tons will require other aircraft 
manufacturers to be part of the consortium for engineering, design 
and construction of the larger airships. 

The Centre for Applied Research and Engineering Design, Incorporated 
(CARED) at McMaster University would provide the project management 
and administration to coordinate the activities of the Consortium in 
Phase I and prepare the estimates for Phase II at a negotiated 
contract cost. 

THE PROJECT 

Phase I * 

This Phase can be conveniently divided into three sections: 
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Operating and Training 

ThP numose is to obtain experience with a small, pressure type 
IirshipP(blemp) operating in various areas of Canada. A nucleus of 
KlLSlnd air crews would be developed which would be suf- 
ficient TiL  ?o man operations in the next phase of the program. 
The airship would be of the CAD-1 type: 

120 ft. long, 1,500 lbs. payload 

The first airship of this type will be ready for operations early in 
107«; however it is fully committed in another area under an 
existing aerating contract with the Canadian Airship Development 
Corporation  It is suggested that a second airship of this type be 
coS^cteS-anfpurchaSd as part of ^»-f^^i^ 
™~nbabiv be available by the Summer of 19/5-  This would tnen De 
SperSed forTperiod of 1* months in this phase of the program. 

Application Assessment 

Investigations of the applications, economic assessments and feasi- 
SSSyif transportation development for a larger airship to be 
«««etnirtPrt in Phase II would be carried out jointly by the 
goverSenfanS ^consortium. The developed data would be con- 
tinuously fed into the third activity m Phase I. 

Engineering Design 

A detailed design and cost estimate would be produced for an airship 
to be constructed in Phase II.  This would still be a Pressurized 
?ype of about 300 ft. overall length ^h a payload of 15 to 20 tons, 
F-r convenience, this type would be called CAD-2.  The design ac- 
tivit? for CAD-2 will be headed by Canadian Airship Development 
formation (CADC).  The objective will be to complete the design 
bv the end of 1975 so that Phase I can be completed by the middle 
of 1976 with detailed plans, targets and cost estimates prepared 
for Phase II. 

An estimate of costs in Phase I is as follows: 

Purchase of CAD-1 type airship       $   600,000. 

Cost of operating and crew 
training for 18 months 300,UUU. 

Applications investigation and 
transport systems evaluation öU,UUU. 

Design of CAD-2 and associated 
research projects iou,uuu. 

Project administration costs  96J0001 

TOTAL PROJECTED COST: $ 1.236,000. 

378 



Phase II 

The detailed program would be proposed as the result of the experience 
gained in Phase I.  However, it is intended that operating tests and 
training with the CAD-1 type airship would continue while the large 
CAD-2 type was being constructed. 

This Phase would include the operating of the larger airship (CAD-2) 
with some time spent on scheduled freight movements.  It is unlikely 
this airship would be an economic carrier except in exceptional cir- 
cumstances, but it would enable realistic operational trials to be 
made which could influence the economics in the next Phase of the 
program. 

No detailed extimate of the cost of Phase II is attempted, although, 
the CAD-2 airship would probably cost approximately $3 million and 
the overall cost of Phase II would be about $5 million.  The CAD-2 
airship should be operating by the end of 1976 and Phase II concluded 
at the end of 1977. 

The design team would continue during Phase II on the preliminary 
design of an economically feasible commercial vehicle. 

Phase III 

The objective in Phase III will be to complete the detail design and 
to construct a prototype of an economical commercial carrier based on 
the experience and data obtained in Phases I and II. 

The configuration and method of manufacture cannot be determined at 
the present time, although it seems likely that this would have a 
payload of about 300 to 500 tons.  (It will be observed that in each 
successive type of airship in the program, the payload increases by 
a multiplication factor of between 10 and 20, and this is thought to 
be the maximum jump which is reasonable to make). 

The eventual prototype could be a metal-skinned airship, but it is 
anticipated that many of the features in the vehicle itself and in 
ground handling and operating will have evolved naturally (as is 
normal in sound engineering projects) from what has been developed 
in the earlier Phases. 
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Figure : 4.1  Cabin Structure During Construction 
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Figure^ 4.2   Cabin Structure as Completed 
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0.24- 0. ANGLE OF ATTACK W HORIZONTAL PLANE 

HORIZONTAL   DISTANCE   U>. FT 

290 

FIG.   5.3 FULL OPPOSITE RUDDER 
UMTIL THE ORIGINAL HEADING REGAINED 
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N76-1504? 

A LTA üT-TfiWT RESEARCH VEHICLE 

Fred R. Nebiker* 

ABSTRACT:  A LTA riight Research Programms propose^ Major 

described. 

INTRODUCTION 

The renewed interest in LTA vehicles can be attributed to four major factors: 

1) A growing awareness of the> ecological^2^^^ 
current transportation; Systeme;  2) the realization ^   or avaiiable 
acteristics and capabilities of a\r^P^a4^f"nsvstems   3) the conviction 
only to a limited extent in other.^spor^ technology 

£Ei SrJoÄfonÄ SÄÄ-™ airship vehicles 
could potentially perform cost effectively. 

,„ contrast to these factors, certain «^^»^^SS^S^' 
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three maior -as: ^KSÄS EÄÄ^ 

.   -i     f^ fv,o ioint Armv-NASA Rotor Systems A LTA Flight Research ^ogr^m   simi^Ttothe}om^Ty discussed as one 
Research Aircraft and Tilt Rotor Research Aircraft Prog ^^ uncertaln- 
ffÄÄSSffiÄÄ nation of the Ml potent.al of 

_'~j,-.».« oivcViinR. 

im8 vLe. consists of a Modernized Navy ZP0-3W is described and its 
performance presented. 

ECOLOGICAL AND ENERGY FACTORS 

The recent oil embargo and theresulW*^™™ e^sUngTrmfp! tZI^- 
ed in an increased awareness of the> WJ^J    Commercial aircraft, one of the 
tion on the ever decreasing supply of petroleum.■   <-°«   embarg0, join private auto- 

S1» ÄÄÄ'Ser AUely & efficient transportation 

Tslnd area of increased P"^ --„^ -^ÄÄ 

A?ceptaSe locations^or the cons ™''°" ^Sionmeffi and land use problem, 
nnrt facilities present an increasingly dimcuuenv"       d, t ly adjacent to airport 
Sfo   the grouSd level noise eniyronment m areasL|™^frCial aircraft-ground 
tecilittes, as well as the air pollution^associated wit«m atlon ot fut- 

The lower power requirement results «™»«^£SFff£te^£^r 

consumption per unit productivity. 
MODERN AIRSHIP CAPABILITIES 

craft traffic.   
T^O^C   *i.hPr internal in specially designed, con- 

2- ÄÄÄ JÄ-fflÄl» beneath the hull. 

3    Virtually all-weather operational capability, with ground handling in severe 
3' wSher fuSher aided by vectorable thrust. 

4.   Exceptions endurance capability unparalleled by any air transportation ve- 
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5. Operate where no airports or roads exist, unhampered by land-water inter- 
faces. 

6. Hover for extended periods of time, particularly in the hybrid mode, com- 
bining buoyant lift with propulsive lift achieved through vectored thrust. 

7 From an environmentalist's point of view, airships offer one of the most 
attractive transportation modes available. Both reduced air pollution and 
lower noise levels result from the lower power requirements. 

8 Finally, from an energy conservation point of view, airships offer an ex- 
' tremely fuel-efficient transportation mode in terms of cargo ton miles or 

passenger seat miles per pound of fuel. 

APPLICATION OF CURRENT TECHNOLOGY TO AIRSHIPS 

Significant advances in structures, materials, and aerospace technology have oc- 
curred since the last detailed airship design effort was conducted.   A few of the de- 
velopments that could provide the highest payoff to airship technology include. 

1. Extensive knowledge of weather patterns via Space Age weather forecasting and 
and on-board weather radar. 

2. More reliable propulsion systems with improved fuel consumption and power 
to weight ratios. 

3. Higher strength-to-weight ratio materials:   fabrics, metals and composites. 

4. Improved permeability plastics that will greatly improve helium retention. 

5. Tremendously improved capability for the analysis and design of large rigid 
and semi-rigid airship structures resulting from the advent of modern high- 
speed computers and the developments of large-scale generalized structural 
dynamics analysis programs developed for Apollo and other NASA related 
programs. 

6. Better insulation and high-temperature material capability to capitalize on 
the potential performance improvements resulting from super heating the 
lifting gas. 

MODERN AIRSHIP MISSIONS 

Perhaps the most significant factor contributing to the revived interest in modern 
airship vehicles is the identification of many promising conventional missions and 
several rather unique missions for modern airships.   The missions most frequent- 
ly discussed have arisen from a combination of the factors above:   ecological and 
energ? considerations, unique airship capabilities, and the promise of new techno- 
logy    They may be loosely grouped into five general classes;   commercial, public 
service, space related, AEC related, and military.   Some of the most promising 
missions are listed below. 

Commercial Missions:   short haul passenger, oversized cargo, bulk (agricultural) 
caSc" natural gas transportation.  Public Service Missions:  police surveillance, 
envfronmental surveillance, disaster relief,   ^e R^t^ MIBBI^:   ehume 
t Li: „~UJ _~„i,^ ^ntnr. onH oYtpmnl tank transDortation.   AhL Missions. tra^spor a ion, solid rocket motor and external tank transportation    AEC Missions: 
Active fuel/waste transportation, delivery of large P^f^^XüTance 
remote plant site construction.   Military Missions:  Open ocean ASW surveillance 
with towed sonar arrays, sonar buoy field-deployment, monitoring repair and re- 
rrievaT mine sweeping vehicles, airborne command and control, cargo delivery, 

397 



anti-ship missile defense. 
MODERN AIRSHIP PROBLEMS AND TECHNICAL LIMITATIONS 

ing airship applications. 

In the military area, airships appear tc, be^W-^^^ÄwES 

nerability. 

As submarine performance ^^^^^^^^^^S^' 
able to maintain the required 30- l° J" ^Lf^SpulIion and design technology, 
conditions:  60-knot head winds.   Witb ™aay s prop provide the per- 

provements outstripped detection e^^JJ^^lS'rSt decade have resulted Fection range.   Sophisticated advancements durggtte recent dec ^ ^.^ 
in quantum improvements in ASW ™™™™e^^™' sonobuoy fields, new mag- 
extremely large towed array Bojar;^^^^^JS^aBweU as supporting 
netic anomaly detection gear-and i^oved ra^^1Pm

1
e

1yS\s, localization, attack 

Äa'lÄ airCraft and SH"3H and 

LAMPS helicopter ASW vehicles. 

The final factor often cited in the.demise^^^^JpS?^' 
This topic seldom fails to arise when ^^ ^^?to-air missile systems and 
cussed* In fact, recent development^ „^ovieto^t

rf^e
0^t

ai
e
r
survivabii[ty of even 

anti-aircraft artillery systems often leads tc»doubts «JJ«       acceptable levels of 
our least vulnerable attack aircraft.For iai

tjf^^n^sions and tactical en- 
survivability can be achieved bj /»^^"S^rtlonal characteristics, 
vironments compatible with their unique oesignj""j   * rf   warning 
IS^S^^t^-S^^^^S. and «rio J eiectrontc 
Suntermeasures to further enhance their survreabüity. 

in the nonmilitary mission area, other V^^J^^l^SiSS^S^' 
cations include low speed handling and control groundtan <£mg, ™ reSponse to 
ments during load transfer   control ofS^^Stute unsolvable technical 

faby i^%gX%JÜ££fiti&^ utilizing Apollo-era 

technology. 

Ground handling of ^^^^S^^^SkSSxSSS^ Addition OT" 

llfj^T^^^^^^^ Änd Macon *** airsMps in 
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Wate?rIc?vei7from fuel combustion products have ^een successfully applied for 
SSSmfn?ballast as fuel is consumed and warrants further investigation for mod- 
eln^5£&KJSterns    iittal heating of the lifting gas or intermediate, enroute 
ffistRecovery are also promising avenues to buoyancy control. 

«Dr-nhipm«? associated with airship response to severe turbulence can be minimized «äsfeÄ SÄ'- 
result in airship designs äs air worthy as any modern aircraft. 

T ™A transfpr nf massive cargo loads is an area that can benefit by actual flight 

^M^n^Srt^SterV^ecsiTgo to the ground and the ballast to the airship. 

of large1iÄÄ?KS characteristic of some modern airship missions. 

Th„s   nonP of the maior technical problems or limitations often associated with mmamm 
cal technology and experience. 

ThP successful evolution will benefit significantly from the technology advance- 
^pnts of the Sst few decades and could be further enhanced by a research aircraft 
ments ot me »sr "* ™~*","A, _ralp   aimed at investigations and improvements 

SSiSSsÄ sfa sac 
ancy control and ballast recovery systems. 

ECONOMIC UNCERTAINTY 

raüont andacMevsignificant technological advancements in performance capabi- 
SyTs^sm^ Äry equipmentf^and airship design characteristics for its 
utilization, resulted in specialized design features and costs. 
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INSTITUTIONAL UNCERTAINTIES AND CONSTRAINTS 

The third problem area that will,£fect^^^SB^S^^S^ 

state regulations, economic regulations, and so on. 

aborate assurance! of compliance with federal regulations. 

Some of the major questions[which arl«jin■ c^^^^^^^st. 

the institutional uncertainties, 

PROPOSED FLIGHT RESEARCH PROGRAM 

OHtoBMBBi 
tions. 
The major development areas of interest to the flight research vehicle program are 
presented below. 

Low Speed Control amd^^ 

scale vehicles anjudged_to be gonerallj^»^££^J°id fu
p
rther ^re and de- 

^^SS'ffiSSI^t^^SSS^'S^riB«^ flight test data correla- 
ted with theoretical predictions. 

The research program, objectives closely ggZSffiSäatfZäSZ ^t 
^SSf^&S^SI^^^^^k of dynamÄflity and control 

400 



ho^rSr near hover mode of operations,   Other technology evaluations could in- 
clude A) taprSJX bSlonet/envelope pressure control systems   B) improved buoy- 
ancy management techniques, and C) high altitude cruise vehicles. 

ThP qppond maior area of investigation of the flight research vehicle program is 
to^eTw^ttoSionce^s.   Research projects would include   A) investigation 
i?FmOTwer/rouSd^Mdling equipment and procedures, B) operation with large 
?USSS ratios   C) investigation of cargo/ballast transfer systems, D) in flight 
S3^rlcove?y'systemI, DTinvestigation of terminal area guidance and navigation 
systems   and ?) ?n?egration of LTA vehicles with existing aviation/air traffic con- 
trol systems. 

ThP third maior area of investigation is research and evaluation of promising mis- 
lion aoolic^tions forrnodern LTA vehicles.   These investigations would include the 
S?«f™ npruliar characteristics and requirements for the missions identified, as 
^^S^T^SSSA characteristics of many Promising missions 
Fnr Pxamme   investigations would include A  external carriage of bulky objects, 
B?pSS«r ii7wsXs?ess techniques, C) systems and techniques for transport- 
rngPfluid clrgosf and öf extremely low speed (hover or near hover) operations. 

The hieh development costs Which might be predicted or expected of the "first'' air- 
ship or vehiclefor the Flight Research Program can be avoided by utilizing an ex- 
isting, flight-proven vehicle design. 

FLIGHT RESEARCH VEHICLE 

A "modernized" version of the Navy ZPG-3W pressurized airship is proposed for 
the Flight Research Vehicle. 

Tua vv>r sw ™n«? ripvplooed for the Navy by Goodyear Aerospace in the late 1950's 
Tte SZSKS waYa/l weaker Airborne Early Warning 
(AEWrpatrols of long endurance in open ocean areas at an altitude of 5, 000 feet. 
The original ZPG-3W configuration is illustrated in Figure 1. 

Figure 1 
Original ZPG-3W Configuration 

ThP 7PG-3W volume is 1,490,000 cubic feet. The distinguishing configuration fea- 
tures rfthe airsMp arl twin engines mounted on outriggers which also function as 
a ram air intake scoop for the ballonets, an "X" tail for obtaining ground clear- 
ancean internal Ana installation with a height finder and a tncyge landing 
oSar for imoroved ground management.   The engines are Wright Model R-1820-88 
lapped wiS^ a cooling fan and I special gear box to obtain a lower propeller rpm. 
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The ballonets are c«m^^£^^^S^1^SU^ %£■"»*, 
ir!   The ballonet air te^?^'™ IKroiXtacts in the leading edge of the 
£Sg£ VeefntlrebaeonSetaa,r?y"tS Ifantomatle «ith manna, ovemde. 

The battens are structurally designed ^^^^^S^S^SS°SJSi 
t™ mtS loads.   The envelopejtach s construe <=d of two p^^ ^ .„. 
dacron fabric functions as » f «°™„e^fheTght finded.   The empennage and car 
^fc^entS^f^s^cÄ^th the former fabric covered. 

The interior of the car V^^.g-^^&Tl^rP* 
rcomm-ÄÄÄe||2£ffctÄt?Sonab,er^Ä-s 
r ^ÄetrÄpaÄ^TeroSr ^emergency ballast coupons. 

The flight controls are similar to airplane.«*&£*£ % %*$&*%£*»>- 

S^SSS^CT^ÄdÄ CÄSed performance of the ongtnal 

7IPG-3W is presented in Table I. ZPG 3W     p       T^ie i _ Demonstrated ZPG-3W Performance 

Operating Altitude A0°0ft
ft 

Design Ceiling JO, 000 ft 
Maximum Speed ^Ä^nfin 
Rate of Ascent J'inoftft! 
IndurLcfC 7^hours'with military equipment 
Endurance man crew folrortff\ 
Gross Weight 93, 485 (10, 500 lbs heavy at takeoff) 
Empty Weight 67 566 

Envelope 33,115 

Empennage 3,701 
Useful Load . 25,91« 

Crew & Provisions     7,204 

Miälon Equipment   (Included in Weight Empty) 

A recent study has been —*^ 
mance potential of a "Modernized   ZPG^ \ype        ^^ ^ stri    ed 0j the AEW 
LTA Flight Research Program.   The o^™1 "*  impregnated Kevlar with a 
and othe? military mission equipmentrjJ^Sic would be used for the envelope 
strength to weight ratio twice that of dacron taoric wo        T64_GE.l0 0r GE 
Serial and the basic propulsion^ould ^grttnGX   ^^ as 

low speed control improvements. 

SS EMMS SÄÄSÄ-Är 
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Table II - "Modernized" ZPG-3W LTA Research Vehicle Characteristics 

Maximum Speed 100 knots 
Gross Weight* 97,030** 
Empty Weight 47,342 

Envelope 17,018 
Car 26,623 
Empennage 3,701 

Useful Load* 49, 688 

*10, 500 lbs heavy *„„*.,„. 
**3i 000 ft pressure altitude, Kevlar fabric without stretch factor 

SUMMARY 

The renewed interest in modern airship vehicles is based on several well founded 
facts'  1) Airships are an environmentally desirable and energy efficient alterna- 
tive to existing transportation modes, 2) airships have distinct advantages over 
existing transportation modes due to their unique operational capabilities   3) Ap- 
plication of 1974 technology can significantly improve the capabilities of modern 
airships compare   with vehicles of the past, and 4) because of the three facts 
above, many promising missions have been identified. 

Three major areas must be investigated in order for the full potential of modern 
airships to be realized:  technical limitations or uncertainties, institutional un- 
certainties and constraints, and economic uncertainties. 

In the technical area, the successful revival of modern airship vehicles can be 
achieved bv an evolutionary program based on airship technology of the past, up- 
eraded to reflect the technology of today. With the possible exception of transfer 
of la?ge indivisible cargos and incorporation of vectorable Propulsion systems 
technical problems do not exist that have not been solved in the past and could be 
signmcanFly improved upon by the application, testing, and proving of equipment 
and operating techniques using 1974 technology. 

The area of institutional constraints and uncertainties does not present any insur- 
mountable problems but will require further investigation.   Airship certification 
for commercial applications could be aided significantly by the availability of a 
research airship for actual flight-test programs. 

Economic uncertainty is the major problem retarding the.dev
a
elo^nt and suc- 

cessful introduction of modern airship transportation systems.   Cost uncertainties 
arise from unknown production quantities and unknown costs.   These.unpertainties 
in turn actually result from unknown market size (i. e.    how many missions could 
airships cost effectively perform) and what characteristics (speed, payload, range, 
3c?) the airship should possess to perform these missions and the costs required 
to develop such a vehicle.   The number of missions that airships can perform is 
uncertain because actual flight testing and operational investigations have not been 
conducted due to lack of a research or test bed airship.   A research or test bed 
a?rship is not available because of the uncertainty in what size airship should be 
developed and the cost to develop such an airship. 

One approach to eliminating the development cost/applications dilemma is through 
a Flight Research Program.   The program would utilize a Research Airship, 
based on an existing ZPG-3W design, to serve as a flying test bed for evaluation 
of improved technological and operational approaches.   Flight evaluation of a 
broad spectrum of mission applications would be performed. 
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RECOMMENDATIONS 

Many of the applications being -^ 
tentially economically viable. fortunately mos fted modern airship 
do not justify the l™tm«J ^SXS that the country's military and civil inter - 
vehicle.   Goodyear Aerospace'believes th«^ TO       

y
LTA m&it Research Pro- 

ests would be best served ta' ^rn^irt ^^^ of advanced technology 
•SSL^Sf^^^^^^ as well as investigations of pro- 
mising mission applications. 

The sooner a practical, success oriented hardwire program can be implemented, 
fte scTer theVyo« will occur for our nation. 
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N76-15050 

THE AIRFLOAT HL PROJECT 

Edwin Mowforth * 

ABSTRACT:   This paper describes a design study for a large low-cost 
rigid airship intended primarily for the movement of large indivisible loads 
between unprepared sites.   A survey of the ship and its overall performance 
is followed by accounts of the operational procedures for the above function 
and for an alternative application to unit module transfer between fixed 
terminals.   A final section indicates the estimated costs of construction 
and operation. 

Objectives 

The Airfloat HL (Heavy Lift) project was initiated late in 1970 as a design study for an 
airship to carry large indivisible loads over moderate distances - typically, 400 tonne 
over 2 000 km - between unprepared and possibly congested industrial sites.   The 
associated requirement of minimum cost has dictated a 'low technology' design policy 
making the greatest practicable use of currently accessible materials, installations, 
techniques and experience in order to bypass, wherever possible, expensive involvement 
in research and development programmes.   The outcome is a vehicle lacking 
sophistication and falling somewhat short of optimum technical efficiency, but offering 
the facilities of rapid manufacture and of immediate commercial effectiveness even if 
only one ship is built. 

* Design Director, Airfloat Transport Limited, and Lecturer in Mechanical 
Engineering, University of Surrey. 
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General Description 
Hull - The hull is seen from Fig 1 to be of conventional form, 400 m long and185m in 
diameter; it comprises a light alloy framework covered by a textile skin and divided 
internally by radially-braced transverse frames into 27 cells, each containing a 
reinforced Mylar gasbag to give a total helium capacity of 1 342 000 m . 

|HOIST AXIS 

TAILCONE  EJECTION 

FUEL BLIMP FUEL SYSTEM: 
GAS/PUA^LN /^p DOCK^G 

Fig.1. GENERAL ARRANGEMEN r OF 
AIRFLOAT HL AIRSHIP 

Propulsion - The ship carries 10 Rolls-Royce Marine Proteus dual fuel gas turbines, 
each driving a 6.4 m diameter Hawker Siddeley propeller.   2 units are mounted at nose 
and tail and can be vectored for lateral thrust, while 6 of the 8 disposed along *e lower 
flanks can vector the propellers for vertical thrust.   The ship normally cruises at 145 km/h 
using 4 engines when alone or 5 when towing a fuel blimp. 

Control - To achieve the necessary position control in hovering flight there are 8 radially 
disposed fully-floating fins at either end of the hull, hydraulically powered through 
independent pump and motor sets driven electrically by duplicated gas turbine generator 
sets in the nose.   Hovering and normal cruise control are automatic, gusting being 
sensed by the forward probes and compensated by control operation under the direction of 
a master control unit. 

Fuel - The ship may operate on aviation kerosine, on natural gas or on dual fuel, a 
combination of both. 
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Kerosine operation uses 2 fixed 20-tonne tanks, topped up in flight from 10-tonne transfer 
tanks picked up and carried with the payload or ballast. The cruising weight loss of 4 
tonne/h is met by routing journeys over free water surfaces from which water may be 
raised at intervals of up to 1 000 km through suspended pumps and hoses with the ship 
trimmed in hovering flight by vertical thrust. Between stops the discrepancy is met by 
dynamic lift, and the interval may occasionally be extended by the use of a rain water 
collection system. 

On natural gas operation the HL airship tows a blimp, 135 m long, which carries 59 000 m** 
of fuel gas; this offers an effective stage length of about 1 200 km.   The blimp has its own 
propulsion unit and control system and can fly independently under radio control, so that 
refuelling may be effected by detaching the empty blimp and docking a full one with the HL 
ship flying at 60 km/h.   While the blimp is detached the HL ship runs on a bridging 
supply of 5 000 m   of fuel gas housed in a tailcone which may be ejected in case of fire; 
a further reserve of kerosine extends the operating period in an emergency. 

Natural gas from European sources is lighter than air, so that the blimp becomes 
heavier as fuel is consumed.   In the above system the blimp carries water ballast which 
is progressively discharged to balance the lift loss; in the alternative dual fuel system 
this water is replaced by kerosine which is pumped forward and consumed at the 
necessary rate to maintain trim.   The Proteus engines of the HL ship may all run on 
either gas or kerosine, and the necessary dual fuel ratio is maintained by alternating 
between different combinations of gas and oil burning units.   The effective stage length 
using the 135 m blimp is then 2 000 km. 

Loading System - Loads are picked up in hovering flight by attachment to a frame 
suspended from a swivelling hoist mounted in the hull.   The hoist is driven electrically, 
being powered by two gas turbine generator sets; it can be rotated to align the frame 
with the load axis regardless of wind direction, and has a compensation system for pitch 
and roll of the hull during load transfer.   The use of the system in Open Site and in 
Module Operation will be described in a later section. 

Accommodation - The control deck and crew accommodation are in two offset nacelles 
adjacent to the hoist.   A cruising crew of 3 is envisaged, with a nominal load exchange 
handling crew of 4.   In 24-hour operation on extended circuits 3 full crews and 3 cabin 
staff may be carried, totalling 24.   A transfer lift between the nacelles permits the 
exchange of personnel and small stores with the ground while hovering. 

Performance 

Under ISA conditions and assuming 5% air contamination of the lifting helium, the gross 
disposable lift values corresponding to pressure heights of 500, 1 000 and 1 500 m become 
respectively 520, 460 and 400 tonne for the oil-burning version, reduced by 8 tonne for 
the gas and dual fuel versions with tailcone gas storage.   With a 10-tonne reserve of 
kerosine and 20% excess range allowance, the range-payload relationships are indicated 
in Fig 2 for cruise at 145 km/h close to the pressure height, using 4 engines on the 
kerosine version and 5 on the blimp-towing types. 

In all cases the payload corresponding to a given pressure height will fall by about 10 
tonne for every 3 K rise in atmospheric temperature, and vice versa. 

The nose engine is not suitable for axial propulsion, but flight is possible on any 
symmetrical combination of the remaining 9 units; on 9 engines at economical cruise 
(3 000 hp) the airspeed in ISA conditions becomes 205 kmA for the kerosine ship and 190 
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Fig. 2. [PERFORMANCE OF AIRFLOAT HL AIRSHIP (ISA) 

when towing a blimp; the corresponding 'idling' speeds on one engine only are 75 and 70 
km/h. All quoted speeds refer to axial flight and may fall by 2 or 3 km/h when the hull 
axis is pitched for dynamic lift. 

Open Site Operation 

For the movement of large indivisible loads between industrial sites the hoist frame is 
coupled as in Fig 3 to a load frame which has ballast frames suspended from electric 
winches at its ends.   Latches on the load frame bottom booms correspond with pickups on 
simple sub-frames which have been built onto the load prior to its proposed transportation 
date 
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EXCHANGE SYSTEM OF 
AIRFLOAT HL AIRSHIP 

To pick up a load, the airship arrives ' in ballast', i.e. with packs of 15-tonne water 
containers suspended from the ballast frames, and takes up a controlled hovering position 
15 to 50 m above the load according to local conditions.   As the load frame is being 
lowered by the main hoist it is aligned with the load and the ballast packs are  et down 
relative to the load frame so that they will touch ground first with about 1 m clearance 
between latches and pickups, as in Stage A of Fig 4.   The ballast packs are manoeuvred 
into position and grounded by downthrust of the vectored propellers while the ballast 
winches on the load frame draw it down onto the sub frames; the latches are then 
engaged to attach the load (Stage B).   Upthrust is now applied and the ballast winches 
reversed   allowing the load to rise from the ground; in this position (Stage C) the load 
security and e.g. mav be checked before finally detaching an appropriate number of 
ballast units so that the airship may rise bodily with me load (Stage D), which is then 
hoisted up and secured in the flight position.   After departure of the airship the ballast 
containers are emptied and taken away by ground service vehicles, which also have the 

409 
PTtfRODUeiBlLlT* OF THE 
SAAL PAGE IS POOR 



A:        .     J1DOWNTHRUST 
LOCATION!     V 

ATTACHMENT!   V   I 

— I    {rUPTHRUST 
TESTJJ£TJ__M___i 

task of providing containers and setting up 
ballast packs at delivery sites for exchange 
with incoming loads; the delivery sequence 
is then the reverse of the pickup process 
outlined above.   The oil-burning version of 
the HL ship uses further ground vehicles to 
supply fuel in 10-tonne fibreglass transfer 
tanks which are incorporated into the ballast 
packs in place of ballast containers; the gas 
versions detach and dock fuel blimps in 
flight wherever these may be conveniently 
flown into the operating circuit. 

The weight of the load frame and attachments, 
estimated to be 30 tonne, must be deducted 
from the gross payloads of Fig 2 to obtain 
the permissible weight of the payload and 
its sub frames. 

Module Operation 

Operation between fixed bases permits the 
use of permanent transfer installations 
through which loaded modules of similar 
weight may be rapidly exchanged without 
the involvement of external ballast systems. 
Fig 5 indicates the components of the module 
system; there is now no intermediate load 
frame, the hoist frame engaging the upper 
booms of lifting beams running across the 
module.   The permissible weight of the 
loaded module then becomes the gross pay- 
load plotted in Fig 2. 

A standard module has been designed, 60 m 
long, 25 m wide and 10 m deep, which with 
different internal arrangements can 
accommodate for example 250 cars and 
1 000 passengers; or 3 000 foot passengers; 
or 15 loaded vehicles averaging 24 tonne 
apiece.   Smaller modules may be postulated 
for bulk grain and fluids, perishables and 
containers, though there are few applications 
in the latter categories where the airship 
may be expected to show a decisive 
commercial advantage over existing systems. 

Different module exchange mechanisms are under consideration; the one in Fig 5 uses 
two transfer pools separated by a causeway which carries a ballast block, equivalent in 
weieht to a loaded module, on a frame of adjustable height.   The incoming module is 
lowered into its pool and held down by vectored thrust while tracking bollards move it 
into the exchange position, the airship following in response to control signals from a 

CLEARANCE 

a 
Fig. 4. 

a 
OPEN SITE LOAD 
EXCHANGE SEQUENCE 
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position gyro in the load frame.   In the exchange position the module is coupled to the 
ballast bXk   which moves vertically to hold the module level while the hoist frame is 
Scled across the module and onto the block.   At this stage the ballast block may, in an 
emerjency or for some other reason, be lifted out in place of a module; in the normal 
transfer seouence   however, the block is now disconnected from the incoming module, 

oTp ed"Te Sofng one, 'and again used to control the level of the latter while the 
noTst frame is moved onto its suspension beams.   Finally the module is disconnected, 
moved out into the centre of its pool, and lifted clear. 

Maintenance and Construction 
The size of the HL airship precludes accommodation in a hangar of reasonable cost, and 
it must therefore live permanently in the open.   For maintenance the airship is clamped 
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to a base turntable through its load frame and through additional stays to the engine 
mountings; the turntable is rotated through a control unit responding to signals from wind 
sensors surrounding the base, so that wind loads on the hull are kt.pt within acceptable 

limits. 

Construction must be carried out on the same turntable.   The hull comprises an assembly 
of prefabricated units, each composed of two or three gas cells complete with shell 
structure, covering and gasbags; the latter are partially filled to reduce handling weight 
and to check for leaks and valve function.   The units incorporating the hoist are first set 
up on the turntable, and further units are then added at either end so that the structure 
cantilevers towards nose and tail and can be turned to suit wind conditions.   The hull 
units are lifted into place by hoists travelling along a temporary  dorsal girder mounted 

along the top of the hull. 

Safety 

The most critical operating conditions arise during load transfer, and this phase has 
therefore received more attention than any other in tiie design of the HL system.   The Open 
Site sequence allows the airship to lift either the load or the ballast clear of the site at 
any moment during the exchange period; an equivalent facility is offered by the ballast 
block in the module system, though here a critical condition arises while the hoist frame 
is tracking between lifting stations  and the system is therefore being further examined. 
The failure during load exchange of any one engine will modify the control envelope, but 
will not require immediate withdrawal from the sequence except in severe turbulence. 
Flying control and computer systems are duplicated against electrical or mechanical 

failure. 

In moving flight the principal danger, particularly when manoeuvring close to the ground, 
is that of structural damage and gasbag rupture due to collision with ground obstacles or 
light aircraft; larger commercial and military aircraft will tend to operate at higher 
altitudes and under stricter traffic control.   The shell structure is diffuse and highly 
redundant, and may be expected to absorb appreciable damage in most areas without 
significant immediate loss of airworthiness; gasbag rupture, however, requires more 
attention.   Each gasbag in the HL airship is divided internally by an annular membrane 
into two compartments, so that rupture of the outer skin cannot release more than half the 
gas content.   In addition, 62 tonne of emergency water ballast carried in tanks at nose and 
tail permit balancing both of lift loss and of pitching trim loss arising from the collapse 
of any one gasbag or of any two half-bags. 

The fire hazards inherent in gaseous fuels are met by the controlled separation techniques 
which have already been indicated.   A burning fuel blimp may be towed on an extended 
cable until it burns out or can be released over a 'safe' area.   Similarly, if the airship's 
tailcone becomes ignited the fuel blimp may be cast off and the tailcone 'trailed' on a 
cable until it can be safely jettisoned, running meanwhile on the kerosine reserve while 
the fud blimp follows under its own power.   The blimp is then reattached for continued 

flight. 

Costs 

Estimation of the capital cost of the HL airship is based upon the assumption that no 
initial facilities exist; the final figure, referred to current U.K. averages, therefore 
includes the cost of the construction site, of the accommodation, materials and personnel 
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for design, research, construction and crew training, and of one base turntable.   A large 
item in the cost is a flight simulator system, to be used initially for control system 
development and later for crew training; the nature of the project renders simulator 
training more appropriate than flight training in a small airship, and no specific 
allowance has been made for the construction of a small vessel within the HL programme. 
Some use may, however, be made of any small airship which becomes available, such as 

,one of the Goodyear or WDL blimps, or the larger Airfloat GP airship which forms the 
basis of a parallel project. 

Exact costing is inhibited by unstable economic conditions; a comprehensive costing 
exercise was, however, carried out by Airfloat in 1972, and subsequent application of a 
suitable spectrum of inflation factors and known cost increases has led to a current 
estimate of about £9 000 000 ($23 000 000) for one basic airship, using kerosine alone. 
There are then additional items for airship and mission variants; 3 fuel blimps and a 
refuelling base for the gas burning versions, ground service vehicles and facilities for 
open site work, 3 modules and 2 exchange terminals for module operation, leading to the 
following approximate capital costs: 

Open Site Operation Module Operation 

Oil-burning HL airship £10 000 000 £11000 000 
($25 000 000) ($28 000 000) 

Gas-burning HL airships £12 000 000 £13 000 000 
($30 000 000) ($33 000 000) 

These costs refer to one airship; subsequent ships and their associated facilities would be 
expected to cost about £3 000 000 ($7 000 000) less than the above totals. 

The annual operating cost is found not to differ greatly between Open Site and Module 
systems, the running cost of the ground services for the former balancing that of the 
module terminals for the latter;there are, however, significant differences between the 
running costs of alternative fuel versions, and at current U.K. fuel prices the annual 
operating cost for a 46-week working year in a 15-year depreciation period becomes about 
£5 200 000 ($13 000 000) on kerosine, £4 000 000 ($10 000 000) on dual fuel and 
£3 300 000 ($8 000 000) on natural gas alone.   These figures refer to a single airship 
recovering the whole of its capital cost. 

On Open Site work the annual capacity of one HL airship is about 450 000 000 tonne-km on 
kerosine and 470 000 000 tonne-km on dual fuel or gas; the corresponding figures for 
module operation with a module of 100 tonne tare weight are respectively 350 000 000 and 
370 000 000 tonne-km.   The unit capacity rates are then found to be: 

Kerosine Dual Fuel Gas 

Open Site Operation: 
pence/capacity tonne-km 
cents/capacity U. S. ton-mile 

1.2 
4.1 

0.9 
3.1 

0.7 
2.5 

Module Operation: 
pence/capacity tonne-km 
cents/capacity U. S. ton-mile 

1.5 
5.4 

1.1 
3.9 

0.9 
3.2 
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It should be emphasised that these are capacity rates estimated for construction m the U.K. 
and operation in Europe; their relationship with true rates will depend upon the area of 
operationS £on the load factors which can be achieved in the selected traffxc category. 
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THE BASIC CHARACTERISTICS 
r>F HYBRID AIRCRAFT 

J. B. Nichols * 

ABSTRACT:   A number of missions or capabilities associated with LTA 
SoTo^y have not been accomplished by Heavier Than Air craft 
Among these are the transportation of very heavy or very bulky loads 
and the ability to carry out extended duration flights at low speeds 

and low cost. 

LTA technology appears capable of contributing to the solution of 
these problems; however, there are strong indications that the ideal 
solutions will not arise from the rebirth of LTA technology in the 
cSssical Torm of Zeppelins and blimps but in the form of hybrid air- 
craft which exploit the advantages of both aerostatic and aerodyna- 
m?c techniques while avoiding the primary disadvantages of each 
Ss paper establishes the basic characteristics of hybrid aircraft. 

INTRODUCTION 

n=l™~ 
and helicopter upen which cur existing aerospace industry is establrsned. 

. President,  United Technical Industries, El Segundo, California 
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Aerodynamic Structural Weight/Aerodynamic Lift 

Figure 1 
Structural Weight Growth 
for a Constant Payload 

For a Pure HTA vehicle, KB = Kg, 

The generalized structural weight equation 
for a hybrid machine is given by: 

EW = KB(l-Kp+KrKp) + KpKs(l-KF) 

__ 1-KF-KB 
(1) 

Kp= 1, 

EW. 
PL 

Where: 
KR = Structural weight of LTA element 

Lift of LTA element 

Kp = Fraction of Payload carried by 
Aerodynamic Element 

Kp = Fuel Weight/Gross Weight 

Ks = Structural Weight of HTA element 
Lift of HTA element 

and the above reduces to: 

_J^  (2) 
1-KF-Ks 

A typical value of Kß is .15 or less and remains almost constant regardless of size 
while Ks is seldom less than .50 and grows as size increases.   The advantage of 

adding an LTA element is illustrated 

Kp = 0 

HTA Craft 

HYBRID -.15 

by Figure 2 for the case of a hybrid 
with a Kn = . 15 vs an HTA craft.   For 
both aircraft the aerodynamic element 
weight/lift ratio, KS, is allowed to 
grow.   For the HTA craft the EW/GW 
ratio is identical to Kg, while for the 
Hybrid the EW/GW ratio is considerably 
less than Ks   and remains in a practical 
range even when the Aerodynamic lifting 
structure far exceeds the lift produced 
by that structure.   The overall vehicle 
weight (EW) required to carry a given 
payload (PL) is considerably less for 
the Hybrid than for the HTA craft and 
while the Hybrid machine should offer 
a significant cost saving over the HTA 
machine, the primary advantage of the 
Hybrid is that it makes very large sizes 
practical. 

Figure 2. 
Structural Weight Comparisons 

HTAs vs HYBRIDS 
PTTPRODUCIBILITY OF THE 
SAL PAGE IS POOR 

416 



Separate Elements 

THE GENERALIZED AIRCRAFT CONCEPT 

The complexity of the problem can be appreciated from the following minimum list of 
factors which must be considered merely to categorize a hybrid vehicle: 

o Airplane or "fixed wing" based 
hybrids vs helicopter or "rotary 
wing" based hybrids. 

o  VTOL hybrids vs STOL hybrids. 

o Ballasted vs unballasted opera- 
tion. 

VTOL VTOL 

Aerocrane Deflected Shipstream 
(Separate Elements)     (Separate Elements) 

Figure 3 
Hybrid Configurations 

Helicopter Engine 

Figure 4 
Generalized Aircraft 

o  Separate static and dynamic lift- 
ing elements vs combining static 
and dynamic lift in one element. 
(Figure 3) 

A very effective approach to isolat- 
ing the important areas of hybrid 
vehicle interest is to define a 
totally generalized aircraft in which 
the fuselage, or working space, is 
identical for each aircraft, but the 
lifting means can be a wing (air- 
plane), a rotor (helicopter or auto- 
giro), a pure LTA system (Blimp), 
in Figure 4.   The methodology can 
also be applied directly to a 
"rotary wing" as desired. 

The hybrid machine thus can be 
treated as a generalized aircraft 
whose total lift capacity (i.e. 
gross weight) is provided by "p," 
the fraction of static lift-, plus 
"1-p," the fraction of dynamic lift. 
For the case of combined elements , 
the volume of the "wing" is dic- 
tated by p; but with any given 
volume, the wing parameters (area, 
aspect, ratio, thickness, etc.) can 
be varied widely to produce a large 
family of surfaces with different 
dynamic lift characteristics. 

There is a bit of irony involved in the hybrid aircraft of the type employing combined 
elements since the area available for the wing increases as the static lift percent- 
age, p, increases.   Maximum area is available for dynamic lift just when it is 
needed least, i.e. , when the gas volume is enough to do the whole job.   Neverthe- 
less, this does not suggest a return to the pure LTA.   Static lift elements still 
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appear to be best applied in combination with wings (or rotors) to allow them to fly 
slower, longer, or to carry larger loads.   This is somewhat like adding a flap to a 
wing, but one which decreases rather than increases power requirements as speed 
is reduced.   The enhancement of low-speed flight by the addition of LTA elements 
is paid for by large volumes, large frontal areas, and high drag which extracts a 
large power penalty at the higher-speed end of the spectrum.   It also involves a 

, handling and hangaring problem, when the vehicle is on the ground. 

BUOYANT GAS LIFT CONSIDERATIONS 

Light Gases 

The buoyancy of a gas is simply the difference in density between air and the lifting 
gas. Several of the lighter gases are listed below with their densities and the ideal 

lift provided per 1000 ft3 of the gas. 

Gas Density Cj> Y Lift per 1000 ft3 (lbs) 

Air .0765 .24 1.4 0 

Hydrogen .0053 3.41 1.41 71 

Helium .0106 1.25 1.66 66 

Neon .0533 .246 1.64 23 

Ammonia .0451 .52 1.32 31 

Methane .0423 .59 1.3 34 

Natural Gas .0514 .56 1.27 25 

A perusal of the above table makes it quite evident why the most common lifting 
gases are hydrogen and helium.   Nothing else compares.   The 7% lift loss of helium 
also seems a small price to pay for its non-flammability compared to hydrogen.   The 
other non-flammable gas, neon, is poor in performance.   The other flammable ones 
are all commercial gases and while they provide little useful lift capability for pay- 
load they can easily lift themselves and thus suggest aerial transportation by LTA 

vehicles. 

Hot Air 

One other gas, hot air, is commonly employed for lift, particularly in sport balloons, 
Its use is popular for the obvious reason that it is easily available.   While not a 
factor in its choice, the low Cp of air also makes it cheaper to heat than, say, 
methane or helium.   The lifting capability of air is directly proportional to the den- 
sity difference between the hot lifting air and the outside free air. 

As shown in Figure 5, a temperature increase of 152° (to a gas temperature of 
212°F = boiling water) will produce a lift of 17.3 lbs for each 1,000 cubic feet of 
air.   A 1000°F temperature rise will yield a lift of approximately 50 lbs. while a 
2000°F rise is required to provide 61 lbs.   A temperature of approximately 3400°F 
would be required to obtain 66 lbs. , the lift of helium. 
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Figure 5 shows considerable curvature in 
the lift characteristics indicating a severly 
reduced pay-off after 1000°F temperature 
rise.   This is somewhat fortuitous because 
the lift obtainable by temperature rise is 
obviously limited by the capabilities of 
materials to contain the hot air. 

The energy required to heat this air is 
given by: 

sooo Btu/lb lift.    =    T C (3) op 

Temperature Increase - F 

Figure 5 
Lift Obtainable from Heating Air 

This remarkably simple relationship states 
that each pound of lift costs the same in 
energy input regardless of the temperature 
level.   For air at sea level standard 
temperature and Cp = .24, Eqn. 3 yields: 

Btu/lb lift = 520 (.24)= 125 

If we are to assume that this heating is obtained by burning a liquid hydrocarbon of 
18550 Btu/lb costing 9* per lb (54<r/gallon) then the cost of lift by hot air is 9t x 
125       = .06$ per lb lift. 
18550 

Helium therefore costs 1.06  =   1770 times as much as a charge of hot air for the 
same lift. .0006 

Dry steam exhibits similar characteristics to air and the use of steam as a lifting 
gas could prove interesting depending upon the propulsion system employed and the 
possibility of condensing and recycling the steam in an integrated lifting-propulsion 

cycle. 

LIFTING VOLUME GEOMETRY 

The choice of geometry for a lifting volume is a compromise between minimizing sur- 
face area and weight and maximizing the favorable external aerodynamic character- 
istics one wishes to exploit.   Surface area, or weight, to contain any given volume 
of gas is minimized, obviously, by the use of a spherical container, 
approximate spherical shapes. 

Free balloons 

Non-Lifting Shapes 

In the case of true LTA vehicles (Zeppelins and blimps) the departure from a sphere 
is made in the direction of ellipsoids to reduce the frontal area and drag in the for- 
ward flight direction.   The ellipsoid shapes of LTAs, which attain all or most of 
their lift statically, vary from the classically streamlined "Tear Drop" blimps to 
the Barrage Balloon "Sausages" and "Cigar Shaped" Zeppelins. 
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In the case of a hybrid aircraft, which obtains dynamic lift from its static lifting 
element, the lifting volume must be shaped to provide a more effective dynamic lifting 
surface since the static lifting force is less than the gross weight of the aircraft. 
Instead of "squashing" the meat ball into the sausage shape of a classical dirigible 
it is now more beneficial to flatten it into a hamburger or perhaps even into a true 
wing shape which has a longer span than chord. (Figure 6) 

Departing from a sphere by increasing 
span (lateral stretching) while simultane- 
ously reducing the thickness causes sur- 
face area and weight penalties more 
severe than longitudinal stretching but it 
does add dynamic lifting capability at a 
rapid rate. 

Figure 6 
Various Shapes with the Same Volume 

Planform (Wing)Area 
Ratio 

a:  1.0- 

Surface Area Ratio 

Frontal Area Ratio 

Length/Diameter Ratio-   !/d 
10 

This is illustrated in Figure 7 which shows 
the area ratio relationships of an ellipsoid 
as compared with a sphere.   Note that the 
frontal area can be reduced very much but 
one pays for this with considerable more 
surface area and structure to contain the 
gas volume.   On the other hand, one also 
generates planform area which can act as 
a wing to provide dynamic lift. 

Figure 7 
Area Ratios of Ellipsoid Compared 
to Sphere of the Same Volume 

Lifting Shapes 

The shapes defined in Figure 7 are representative of pure LTAs but do not provide as 
effective dynamic lift surfaces as those which have a greater span as is typical of 
airplane wings. 

It is still desirable from a structure and weight viewpoint to depart as little from a 
sphere as possible while aerodynamically it is best to have a long span wing.   In- 
tuitively one might expect an optimum vehicle shape somewhat like a hemisphere. 
For the same volume as a sphere, the hemisphere would have 1.26 times the dia- 
meter or 1.59 times the wing area.   Even the hemisphere is not a good airfoil shape 
and its frontal area/volume relationship is poor, being identical to that of the full 
sphere. 

The area of a wing in terms of its volume is given by an equation of the form: 
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A wing  =   K       AR    x y 

t 

Where:   PR  =   Aspect Ratio 
t    = Thickness ratio 

V    = Volume 
K    = Constant defined by the basic 

shape 
Equation 4 is plotted for one value of K in Figure 8. 

(4) 

Wing Shapes 

Aspect Ratio 

Figure 8 
Effect on Aspect Ratio and 

Thickness on Wing Platform Area 

"AIRPLANE" HYBRIDS 

For all practical purposes we can define a hybrid aircraft "wing" as being an air- 
plane wing with a high-life device which allows it to maintain full lift at lower 
speeds     In this case the high lift device is not a flap or slat which deflects the 
airstream but it is simply a device which relieves the wing of part of its burden. 
The amount of burden removed is defined by "p" which is the fraction of the gross 

weight carried by static lift. 

A given wing volume relative to total aircraft weight establishes the value of "p," 
but for this same value of "p" the volume can be arranged into an infinite variety 
of wing geometries.   For example, for any given fixed aspect ratio, a decrease in 
thickness will increase wing area.   Obviously this will affect performance more 

than the thickness alone. 

Drag and power curves were 
variables: 

calculated and computer-plotted for 60 combinations of 

Static lift fraction of total: 
Aspect ratios: 
Thickness ratios: 

p= 0.2, 0.4, 0.5, 0.6, 0.8 
AR = 0.5, 1.0, 1.5, 2.0 

t = 0.2, 0.3, 0.4 

Figure 9 is a plot of drag and power curves for the case of AR- 1.0, t-3, p- 0.5. 
It should be noted that they are quite similar to typical airplane curves , except that 
the power required at low speeds is much lower than for airplanes since a signifi- 
cant fraction of the lift is supplied by the static lift element. 
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Drag and Power Curves for 

a Hybrid Vehicle 
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Wing Requirements 
for Low Speed Flight 

The minimum speed capability of an aerodynamically supported vehicle is a function 
of the wing loading and maximum lift coefficient, (Figure 10).   The wing loading and 
lift coefficient are, in turn, functions of wing geometry (area, aspect ratio, etc). 
In the case of those airplane hybrids which employ their aerostatic lifting volumes 
also as aerodynamic surfaces, the aspect ratio and p factor both have a direct 
effect on the wing loading (Figures 8 and 11).   The aspect ratio also has a direct 
effect on the maximum lift coefficient.   Figures 11 and 12 illustrate the variation in 
wing loading and minimum velocity as affected by the p factor and aspect ratio. 
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Figure 11 
Hybrid Aircraft Dynamic 
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Figure 12 
Hybrid Aircraft Minimum 
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Several cases have been selected to illustrate the effect of the various parameters 
on vehicle power requirements.   Rather than a display of the entire 480 computer 
plots, curves for 160 ft/sec (110 mph) and 50 ft/sec (35 mph) have been selected 
as basic indicators.   Two additional curves were also chosen to illustrate the STOL 
characteristics: the power at 10 ft/sec (less than 7 mph), and the minimum power 
values.   The speed at which minimum power occured generally fell below the 50 ft/ 
sec checkpoint, thus illustrating the ability of a very simple hybrid aircraft to pro- 
vide very low loiter speeds without flying on the back side of the power curve. 
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Figure 14 
Effect of Thickness 

Figure 13 illustrates the effect of aspect 
ratio when t and p are held constant at 0.3 
and 0.5 respectively.   Wing area increases 
with aspect ratio for a constant volume and 
thickness ratio.   One would, therefore, 
expect this increased wing area at higher 
aspect ratios to manifest itself in improved 
low-speed performance but at the expense 
of drag during high speeds.   Such is the 
case. 

Figure 14 illustrates the effect of thickness 
ratio.   The effect of thickness ratio on 
power required is surprisingly small, at 
least for the particular conditions 
assumed (AR = 1.0, p = 0.5).   The conclu- 
sion drawn from this trend is that factors 
other than power requirements would dic- 
tate the choice of thickness ratio.   For 
example, structural weight and ground- 
handling conditions might both benefit 
from increased thickness .   The former is 
obvious in that thick wing structures can 
be built lighter than thin ones for the 
same loads. 

■met or » 
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Figure 15 
Effect of p 

It is less obvious, however, that the in- 
creased thickness ratio increases the 
wing loading.   This is due to the fact that 
for a given p the volume is fixed, and an 
increase in thickness ratio shows up as a 
decrease in wing area.   This tends to re- 
duce gust sensi tivity and ground handling 
problems, which would be expected in air- 
craft with low wing loadings such as 
these.   Even with modest values of p, the 
wing areas are much larger than for air- 
planes , and anything which can relieve 
the gust sensitivity would be beneficial. 

Other things being equal, a thick airfoil 
would appear to be desirable.   However, 
while the drags of these thick airfoils 
probably have been adequately accounted 
for in this study, there is some question 
as to the actual efficacy of these thick 
sections as lifting elements in a practical 
situation.   Section thicknesses of much 
over twenty-five percent may leave much 
to be desired, particularly if they involve 
unknown side effects such as erratic 
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pitching moments or other poor handling characteristics. For this reason before any 
decisions are made regarding the use of airfoils of over a 30 percent thickness ratio, 
it is recommended that considerably more study be given to the matter than was pos- 
sible in this effort. 

As would be expected, the most critical parameter is p, the fraction of the lift 
carried by the static lifting element.   This is the primary parameter that differenti- 
ates the hybrid from a conventional aircraft.   The effect of p has been plotted in 
Figure 15, with the aspect ratio held constant at 1.0.   Thickness ratios of 0.2 and 

0.3 are shown. 

The primary performance penalty for the hybrid aircraft, as with its cousin the pure 
LTA   lies in the high-speed drag and power requirements.   The high-speed power 
problem is clearly illustrated by the upper curve.   This curve has been extended by a 
dotted line to the estimated performance for a machine of p = 1. 0.   (There is a break 
in the curve because there would be no reason to maintain an AR = 1.0 wing shape 
for a 100 percent state lift machine, and the best configuration would revert to a 
blimp shape of AR of 0.3 or less.) 

With modern structural techniques it appears that a hybrid aircraft employing a mix- 
ture of staue and dynamic lift can meet a number of mission requirements and provide 
long endurance at low-loiter speeds more economically than helicopters, airplanes, 
or autogiros.   The problem is the power requirement at higher speeds.   Obviously if 
extensive periods of loiter are required, p should be larger; while if high speed is 
required, p should be small.   Recognizing that the one asset LTA elements offer is 
economical low-speed flight, it would not be too logical to incorporate LTA elements 
in a design and then prevent their effective exploitation by making p too small. 

At this point, without a further mission-oriented guide to detail design, it would 
appear that a hybrid vehicle will attain most of the advantages hoped for it with 
values of p between 0.4 and 0.6, ARs of approximately 1.0 and thickness ratios 
representing the best compromise between aerodynamic performance and structural 
weight.   Regarding the structural weight, one would expect the weight of any gas 
filled structure to minimize as it approaches spherical shape.   It is, therefore, 
fortunate that the aerodynamics of hybrids tend to favor ARs near 1.0, as this is 
about as close to a sphere as a wing can be made. 

AIRFRAME WEIGHT 

General 

There is no parameter more significant to the performance of an aerial vehicle than 
airframe weight.   For any given aircraft class and size, the empty weight/gross 
weight ratio is a direct measurement of design refinement and structural efficiency. 
The empty weight represents the actual flying hardware purchased.   Where the use- 
ful load (UL) represents the job to be done, the empty weight represents the initial 
investment made to get it done.   It should be minimized, of course, and the value 
of the practical minimum is a function not only of the aircraft type and size but of 
the state of the art in materials and structure.   All aircraft types are trending toward 
an EW/GW ratio of 0.50, with several isolated examples already below this value. 
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Figure 16 
Useful Load - Empty 
Weight Relationship 

Figure 16 shows the linear relationship between UL and EW.   For a given gross 
weight, a pound added to one obviously requires a pound subtracted from the other. 

The significance of weight control for HTA 
craft is dramatically illustrated by plotting 
the EW/UL ratio. (Figure 17.)  What 
appeared to be a rather innocuous increase 
in the EW/GW ratio now is seen to result 
in an extreme economic penalty when it is 
realized that a 30 percent increase in the 
EW/GW ratio from 0.50 to 0.67 results in 
doubling the size of the aircraft to carry 
the same useful load.   This fact provides 
much of the incentive for employing LTA 
elements in the larger sizes rather than 
HTA elements (Ref. 1). 

Heavier Than Air craft 

The EW/UL ratio of several hundred air- 
craft of all Heavier Than Air types were 
plotted to determine the trends. 

A combination of statistical, design study, 
and analytical approaches has been em- 
ployed to develop a weight and cost 
rationale which is accurate for each air- 
craft type and consistent between types , 
both HTA and LTA.   By the use of com- 
puter correlated statistical data, certain 
insights were gained in both the weight 
and cost pictures which led to a novel 
approach towards determining weight and 
costs which appears to be more accurate 
and consistent than previously existing 
approaches, however space does not per- 

Figure 17 mit covering this material in this paper. 
Empty wt/Useful 

Load Ratio 

4.0 

3.0 

5?*-° 

For actual aircraft types the EW/UL ratios vary from 0.8 to almost 4.0.   In other 
words, for the lighter designs the purchase of only 0.8 pound of airframe is required 
to lift 1 pound of useful load, while at the other extreme the purchase of 4 pounds 
of airframe is needed to lift 1 pound of useful load.   The EW/UL ratio is obviously 
the more meaningful one in pricing an aerial vehicle to accomplish a particular 
mission. 

The zones for a number of aircraft types are illustrated in Figure 18. 
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The Heavier Than Air types represent the 
overwhelming preponderance of aircraft. 
Their number and variety present a large 
base for statistical weight analyses but 
the Lighter Than Air (LTA) types are so few 
in number that a statistical analysis could 
be misleading particularly when most ex- 
amples of the art represent obsolete prac- 
tices.   On the other hand, in some respects, 
the LTA types are simpler to analyze.   For 
example, while the Heavier Than Air types 
are subject to the cube-square law, the 
static lift of an LTA type increases as the 
cube of its size right along with its empty 
weight, so that the efficiency of a giant 
machine should be no less than that of a 
small machine.   Indeed, a plot of the 
limited data available (Figure 19) con- 
firmed the linear (cube-cube) relationship 
to such a remarkable degree that it suggests 
more confidence in the ability to develop a 
weight rationale than was originally ex- 
pected.   The scatter of data points was so 
little for each discrete type of LTA as to 
provide certain insights regarding LTA po- 
tential on the basis of these observations: 

D     The useful load ratio of rigid types 
of LTAs (Zeppelins) is considerably 
higher than for the nonrigid types 
(blimps).   Useful-to-gross weight 
ratios of 40 to 50 percent are typical 
for Zeppelins , while blimps seldom 
exhibit ratios of better than 30 per- 
cent.    (Blimps were not found in- 
herently cheaper than rigid types 
either.) 

o     The higher (50 percent) useful weight 
fraction for Zeppelins is associated 
with the hydrogen-filled types, while 
the 40 percent value is associated 
with the helium-filled types.   The 

difference cannot all be accounted for by the 7 percent increased lifting ability of 
hydrogen.   A small remainder is probably due to a somewhat more conservative de- 
sign practice on the later American (helium-filled) models versus the earlier 
European (hydrogen-filled) models. 

10 
Volume, ft* 
Figure 19 

Useful Load Capabilities 
of LTA Craft 
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o     Nonvehicular-type LTAs (weather balloons , logging balloons , tethered Aerostats, 
etc.), manufactured with more modern materials and engineering than found in 
present blimps, attain useful load fractions of approximately 70 percent.   To ob- 
tain a fair comparison with Zeppelins and blimps, of course, it would be neces- 
sary to add a propulsion system, fuel, and a "car" which would reduce the useful 
load values below those of Zeppelins but probably above existing blimps. 

For the purposes of this study it was necessary to obtain representative weights of 
LTA elements.   Furthermore, the LTA elements for hybrid types are not like conven- 
tional shapes for dirigibles or blimps but are of shapes closer to that of airplane 
wings.   While structural shapes of almost any configuration can be attained with 

inflated structures, nothing was dis- 
covered that would indicate their superi- 
ority in weight, performance or cost ex- 
cept for the simpler (spherical) shapes. 
Since more data was available on metallic 
structure than on fabric, the weight was 
estimated as if the structure were rigid. 
Figure 20 illustrates the weight picture 
for "Fixed Wing" combined element 
hybrids. 

EFFECT OF SIZE 

While airplanes follow a cube-squared law 
and become less efficient as size in- 
creases, dirigibles follow a cube-cube law 
and tend to maintain a constant useful 
load/gross weight ratio, regardless of size 
variations.   The hybrid exhibiting certain 
of the characteristics of each, would be 
expected to fall between the two. 

The wing area ratio between two geomet- 
rically similar hybrid machines (i.e. , 
those with identical values of p, AR, and 
t) varies as the 2/3 power of their volume 
ratio.   In other words, as the size in- 
creases, the wing area grows only as the 
2/3 power of the buoyant (static) lift and 
the dynamic wing loading of the larger 
machine is greater than for the smaller 
machine.   Either its minimum flying speed 
or its lift coefficient must be increased. 
(See Figure 21.) 

Alternately, instead of maintaining simi- 
larity, the wing area could be increased 
(at the same volume) by decreasing the 
thickness ratio; or the aspect ratio could 

be increased to obtain a larger CL margin.   Both of these approaches would tend to 
increase "wing" weight.   As size increases, there would appear to be less incentive 
to combine dynamic and static lift elements and favor separate elements.   This is 
dramatically illustrated by Figure 22 and 23 which show, respectively, wing loadings 
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for a fixed wing hybrid and disk loadings for a rotary wing hybrid. 
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Figure 22 
Equivalent Wing Loadings of Static Lift 
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Figure 23 
Equivalent Disk Loadings of a 
Spherical LTA Lifting Body 

In the first figure, the static lift equivalent wing loadings are shown in solid lines 
for several combinations of aspect ratio and thickness ratio.   Superimposed (in 
dotted lines) are the dynamic wing loadings corresponding to the lift coefficients and 
forward velocities indicated.   Note that as the static lift capability approaches a 
million pounds that the static "wing loadings" become equal to the dynamic wing 
loadings.   In other words, the LTA elements become as "compact" (planform wise) as 
the HTA elements. 

The same characteristic is illustrated in the second figure for a rotary wing hybrid. 
In the case of All American's "Aerocrane," the rotor system (the dynamic element) 
for a 50 ton payload model has a disk loading of only 0.6 lbs/ft2 but the center 
balloon has an equivalent disk loading of approximately 5.5 which is higher than 
most existing helicopters (the Army's heavy lift helicopter had a specific design 
limit of 10 lbs/ft2). 

The planform densities of both fixed wing and rotary wing versions of the hybrid in- 
crease with the 1/3 power of the Static Lift, Ls: 

Fixed Wing Static Loading =   f( t2/3 

V3) 

iA 
) (5) 

(6) Rotary Wing Static Disk Loading =   f (L 

The thickness ratio and aspect ratio obviously drop out of the rotary wing case, at 
least for configurations where the static lifting element is an essentially spherical 
balloon as in the "Aerocrane. " 

PROPULSION SYSTEMS 

The combination of LTA elements and large size has a devastating effect on the pro- 
pulsion problem. The problem can be appreciated by an examination of the equation 
for the torque requirement for a rotor (or propeller) per lb of thrust. 

Q/r   =     ")|T   £l 
VT VDL 

(7) 

Note that this equation is not non-dimensional but includes the thrust (i.e., size) 
to the 1/2 power.   Typical cases have been plotted on Figure 24. 
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Note that as the thrust requirements in- 
creases from, say, 3,000 lbs to 300,000 
lbs, the torque increases from approxi- 
mately 1 lb-ft/lb thrust to 10!_ Torque re- 
quirements can be reduced slightly by 
increasing the tip speed (Vt) or the disk 
loading (DL) but these are second order 
effects.   The basic size problem predomi- 
nates !   This torque problem has such 
severe effect on gear box weight that there 
is a real incentive to consider non mechan- 
ical drive systems particularly in the 
larger sizes.   Reaction drive systems 
(pressure jets, tip engines, etc.) have 
been studied for years for heavy lift 
helicopters, but the large sizes of LTAs 

and hybrids indicates a need to examine such drives for forward propulsion as well. 
In light of the characteristic speed spectrum, the forward thrust element most perti- 
nent to LTAs and hybrids is the basic, open propeller (or rotor, in the case of the 
helicopter types). 
For certain configurations, particularly fixed wing VTOL hybrids, ducted propellers 
or fans appear to offer many attractive features and must, of course, be considered. 
Ducting does lead to some size reduction, which improves compactness, particularly 
if the ducting represents an integral part of the airframe structure.   As with disk 
loading or tip speed, however, ducting has only a second order effect on torque 
requirements and ducted propulsion or lifting systems cannot be expected to provide 
any significant weight saving over unducted systems.   Their primary advantage is 
involved in the degree to which ducting contributes to the attainment of a practical 
integration of elements into a desirable overall configuration. 

The severe torque problem of driving very large rotors, propellers and fans places 
the propulsion system right at the forefront of required technological improvements. 
In the case of the "^rocrane" Heavy Lift System, tip mounted turboprops presently 
appear to solve the problem very effectively.   For "Fixed Wing" Hybrids, no such 
obvious solution is available.   Most LTA hybrid configurations merely suggest mul- 
tiples of a conventional power pod driving conventional propellers, or, perhaps in 
the case of VTOL hybrids, multiple ducted fans. 

Configurations which more fully integrate the propulsion and lift functions must be 
explored to determine if the problems of very large size are alleviated by such 
integration as opposed to maintaining separate functions. 

The simplest integration objective would be to employ the propulsion system on a 
basic dirigible to reduce the aerodynamic drag by its effect on the boundary layer. 
Figure 25a illustrates the simplest case of a single conventional (though large) 
propeller or rotor in the pusher mode so that it tends to prevent boundary layer 
separation over the aft portions of the vehicle. 

Figure 25b illustrates a configuration inversion in which the propeller is ducted and 
employs drastic diffusion to attain good propulsion efficiency from a small, light- 
weight propeller.   A judicious choice of inlet location allows effective boundary 
layer management and the lack of external diffusion on the afterbody is also favor- 
able toward maintaining a stable boundary layer.   This configuration should also 
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provide inherent directional and pitch s 
larger internal gas volume aft result in 
to conventional shapes.   This is good. 

c    s^- Gas Producer 
"~V^;3^^>~Hot 60s """' 

~"~"r   Heat Exchanger 

Figure 25 
Aero/Propulsion Integration 
Systems for Dirigibles 

tability without tail surfaces.   Also, the 
a rearward shift of the center of life compared 

Finally, of course, one can consider exotic 
...   cycles.   Figure 25c illustrates a system in 

which lightweight turbine gas generators 
produce the hot air which heats the lifting 
air or gas by a heat exchanger and then, 
after partial cooling, provides the propul- 
sion at a high propulsive efficiency with a 
warm cycle pressure-jet driven propeller. 

Alternately, steam cycles can be envisioned 
in which the steam first provides propul- 
sion via a turbine and then passes to the 
lifting "bag" (cell or shell) where it pro- 
duces lift and then condenses to return to 
the "boiler." 

Of course, one can even speculate on the 
possibility of envelope material's attaining 
a 1,000°+F temperature capability thus 
making hot air as economically attractive 
for commercial operations as it has been 
for sport ballooning. 

CONCLUSIONS 

The very nature of a hybrid aircraft defines them as "light" aircraft and regardless of 
their size or configuration they may be synthesized from rather simple state-of-the- 
art elements which are well enough defined as to allow accurate overall parametric 
and detailed performance estimates. 

The two primary problems involved in exploiting hybrid aircraft are:   to define other- 
wise impractical missions and operations which become economically viable on the 
basis of applying LTA technology and then to tailor optimum hybrid aircraft around 
such missions.   It is most important to fully appreciate the operational handicap 
associated with any vehicle which requires the use of ballast and how the elimina- 
tion of ballast narrows the choice of configuration to those very few which can attain 
a suitable loading and efficiency balance between aerodynamic, aerostatic and 
propulsive elements. 
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A SEMIBUOYANT VEHICLE FOR GENERAL TRANSPORTATION MISSIONS 

C. Dewey Havill* 
Michael Harper** 

ABSTRACT: The concept of small, semi buoyant, lifting-body airships is 
discussed. Estimates of important performance characteristics are 
made and compared with other flight vehicle systems. 

INTRODUCTION 

This DaDer discusses the concept of a small, semi buoyant, lifting-body airship with 
eUhe? S Sisjosab e of nondisposable buoyant fluid.    Estimations of fuel consumption, 
oavload capability, power requirements and productivity are made and compared to 
She? fliqht systems     Comparisons are made on the basis of equal cost vehicles. 
?he asl m9

p;?o Y s made that, to a first-order approximation, the costs of developing, 
procuring, and operating a commercial air transport vehic e are proport onaI  to 
vehicle empty weight.    It must be noted that no historical cost data exist for the 
1 ifting-Sdy airship and therefore these comparisons must be considered preliminary. 

VEHICLE CONFIGURATION 

The vehicle configuration that was studied is shown in Figure 1.    It is the NASA 
M2/F2 sjace reentry vehicle, which has been flight-tested in a gliding mode and 

*Aerospace Consultant, formerly with NASA-Ames Research Center, Moffett Field, CA. 
**Aerospace Engineer, NASA-Ames Research Center, Moffett Field, CA. 
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Figure 1 
M2/F2 Lifting Body 

extensively tested in wind tunnels. It was chosen because of the extensive amount 
of aerodynamic data available, but as an airship it may be inferior to a different 
configuration optimized for that purpose. 

VEHICLE SIZE 

The vehicle that has been studied most thoroughly has a length of 200 ft and a 
volume of 373,000 ft3. This is quite small relative to airships in general and 
would seem to contradict the widespread belief that airships become more efficient 
as their sizes increase. However, this belief is not borne out in Figure 2, which 
shows data for 75% of all commercial rigid and nonrigid airships ever built. These 
data indicate no change in structural efficiency with size for more than an order- 
of-magnitude size change with nonrigid airships, and almost an order-of-magnitude 
size change with rigid airships. The dashed lines in this figure indicate the 
three-halves scaling law. Therefore, the penalty associated with small vehicles 
does not appear to be real. This is important to the small vehicle concept because 
the smaller capital investment costs, compared to those of large dirigible concepts, 
allows a broad range of operational experience to be obtained without excessively 
high economic risk. 

BUOYANT FLUID 

The choice of a disposable or nondisposable buoyant fluid must be made on the basis 
of the vehicle operation at cruise. If a vehicle must fly around storms instead of 
over them, and around mountains instead of over them, then severe limits are placed 
on scheduling and mission flexibility, especially at shorter ranges. However, when 
using a costly nondisposable buoyant fluid such as helium, introducing altitude 
capability results in reduced payload since only a fraction of the vehicle volume 
can be filled with helium at takeoff. The variation of useful lift as a function of 
altitude capability is shown in Figure 3. The lower curve corresponds to inert 
weight fractions of dirigibles of the 1930s, while the upper curve represents possi- 
ble weight ratios that might be achieved with current or future technology. The 
severe payload reduction is apparent, as appreciable altitude capability is built 
into such airships. 
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Figure 2 
Empirical Weight Characteristics of Dirigibles 
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Figure 3 
Lift Variation with Design Maximum Altitude 

For a disposable fluid such as hot air, the unit lift at reasonable temperatures is 
less than helium, but regardless of altitude capability the vehicle is completely 
filled with fluid at takeoff.    Therefore, if air is heated to a temperature at which 
its unit lift is half that of helium, and if an altitude capability is desired that 
limits the helium volume at sea level  to one-half the vehicle volume, then takeoff 
lift for the two fluids is equal.    Data are presented in Figure 4 showing the 
required temperature for hot air at which it has equal  takeoff capability      It is 
obvious that if appreciable altitude capabilities are required, hot air at feasible 
temperatures can be equal or superior to helium in its lifting capacity.    Also shown 
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Figure 4 
Temperature of Buoyant Fluid for Equal Takeoff Lift 

in Figure 4 is the potential value of superheated steam as a buoyant fluid.    At 
600° F steam has greater lifting capacity than helium if altitude capabilities 
greater than 5000 ft are required. 

It should be noted that generally the maintenance of heat in the fluid following 
takeoff might not be desirable, thus causing a reduction in buoyant lift at cruise. 
Furthermore, even if fluid temperature is maintained there is an appreciable reduc- 
tion in buoyant lift at high cruise altitudes.    This requires that additional  lift 
be supplied aerodynamically during cruise, and since conventional airship configur- 
ations are very inefficient, aerodynamically, they are unsurted to the use of heated 
disposable fluids.    Lifting-body configurations are suitable to such use since their 
aerodynamic lift-drag ratios can be as much as two-thirds that of conventional air- 
craft.    The aerodynamic advantage of lifting-body ships may be somewhat offset by 
the structural weight penalty associated with their noncircular cross section. 

FUEL CONSERVATION 

Airships are considered desirable because of their good conservation and pollution- 
free characteristics.    The best measure of these characteristics is the quantity of 
fuel used to transport a given payload through a given distance.    In Figure 5, the 
proposed vehicle is compared to a number of other approximately equal cost air 
transport vehicles in terms of pounds of fuel  per ton-mile of payload transported 
The identification key for these vehicles is shown in Table I.    It is apparent that 
if sufficiently low flight speeds are used, conventional dirigib es are appreciably 
superior in this respect.    This is of questionable value since the speed range for 
such superiority is in the range where surface transportation systems can be used, 
and surface transportation systems should have lower fuel consumption.    For speeds 
hiqher than practical ground transportation limits, the proposed hybrids are far 
superior to all other vehicles.    Furthermore, while the hot-air vehicles are not 
quite as good as the helium vehicles, the difference might be easily outweighed by 
other performance characteristics. 
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Figure 5 
Fuel Consumption 

TABLE I 

Key for Figures 5 through 8 

Symbol Vehicle type 

HELICOPTER 

Boeing-Vertol Ml14 

Siskorsky S-64E 

TRANSPORT AIRCRAFT 

Fairchild-Hiller FH-227D 

G.D. Convair 600 

HYBRIDS 

DIRIGIBLE 

300° F Hot Air 

600° F Hot Air 
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Figure 6 
Payload Capability 

POWER REQUIREMENTS 

Since the hybrids being considered in these comparisons have a buoyant lift equa^I to 
only about 307, of thei? gross weight, 70% of the gross weight is lifted on takeoff 
by the propulsive system acting as a helicopter. One might conclude from thi that 
nnwpr reouirements for such vehicles are excessive. A comparison ot tne requirea 
horsepower peTton of payload (see Figure 7) shows that the power requirements for 
hybrids arePless than 5r about equal to those for Heavier Than Air vehicles. 

PRODUCTIVITY 

HTA SIh cles can perform. However, the proposed hybrids have about twice the pro- 
SnJtlSlv of anv Sthe? vehicle. Thus, their ratio of revenue to capital investment 
allows them to compete wfth H?A vehicles in conventional air transportation missions. 
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Power Requirements 
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Productivity 

In addition, their VTOL capability permits them to perform missions not possible for 
fixed-wing aircraft. 

SPECIAL CONSIDERATIONS 

Some other characteristics of LTA vehicles that are of significance in their evalu- 
ation are airfield requirements, unique missions, safety, and ride quality. Airship 
proponents claim that a dirigible, unlike commercial aircraft, only requires a level 
clearing with a mooring most at the center. One should first consider the area 
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required. With reasonable safety requirements, the land area required for a 1000-ft- 
lona dirigible is equal to the area of eight landing strips, 10,000 ft long, hur 
thSmoJe. the eight landing strips will handle about 100 aircraft per hour, while 
only one dirigible can occupy this area during its time on the ground. Secondly, a 
simple cleared area is not sufficient since it must have a base to support cargo and 
carSo handling vehicles and any required ballast. Finally, except for the landing 
strips comme?dal airport facilities are required for the handling of passengers 
and cargo! and there is no reason to suppose that such facilities would not also be 
required for passengers and cargo being transported by airs ip. However.reduced 
airDort facilities might easily be factual where sermbuoyant vehicles weighing three 
to four time as much as equal sized dirigibles are used. Such vehicles would not 
require mooing masts and would taxi from landing to loading area, leaving the former 
for use by other vehicles, as is the case with aircraft. 

DEVELOPMENT FOR SPECIAL PURPOSE 

Since conventional airships cannot compete economically with other commercial trans- 
portation systems, proposals have been made for their use in unique missions such as 
transporting power generators or transformers from factory to remotely located dam 
sites     While such proposals represent interesting solutions to some difficult trans- 
portation problems, it is difficult to support them if one examines capital  mvest- 
m^nTcos^an!i grating problems.    Furthermore, it is difficult to envision enough 
unique missions to support any appreciable airship industry. 

On the other hand, if conventional  or hybrid airships were developed for some commer- 
cial  purpose, they might have great utility in emergency situations as a rescue vehi- 
c e      In conditions generated by fire, flood, hurricane, or earthquake, one of the 
most severe problems is the loss of transportation routes     Frequent y, the only way 
to provide rescue services when they are most needed is to use a VT0L air trans 
Dorter with a hiqh payload capacity.    If airships are economically competitive and 
?an be developedfo? conventional missions, then their availability during emergen- 
cies would be an additional value. 

SAFETY 

Probably the most significant advantage of LTA vehicles over HTA vehicles is their 
superio? safety characteristics, and hybrid vehicles appear to be safer even than 
conventional airships. The hybrid, with its greater operational flexibility, can 
avoid the severe weather conditions that caused previous airchips to come to grief. 
Even with complete power failure, impact speeds would be low. Without any great 
expense, completely safe systems could be developed for such impact speeds. 

RIDE QUALITY 

Due to the square cube law, motion stability and ride comfort improve as size in- 
creases      It was reported that the Hindenburg, with 7-1/2x10* .ft3 volume, provided 
a more comfortable ride than any other transportation system in existence.    It 
starid not be concluded, though, that the proposed hybrids will  Jave undesirable 
characteristics because they are small.    The reason for increased ride comfort at 
laraer sizes Is the higher ratio of inertial mass to surface area.    Since hybrids 
hav! three to tour times the inertial mass of dirigibles, with the same surface area, 
such vehicles should have comparable ride quality with smaller sizes. 

CONCLUSIONS 

If the foregoing comparisons are valid, and hybrids will be economically competitive 
with HTA vehicles, then it is no longer necessary to invent unique or novel missions 
to justify their development. If the comparisons are correct then such vehicles 
will be immediately useful in the broad spectrum of missions shown in Table II. 
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These estimates of general aviation aircraft indicate the use of 149,755 fixed-winq 
aircraft and 2,550 helicopters in 1975. If hybrids are economically superior, then 
most of the missions shown would be more effectively performed by them. 

TABLE II 

Predicted General Aviation Aircraft in 1975 

Use 

Number of 
aircraft 

Comments 
Fixed 
wing 

Rotary 
wing 

Aerial 
application 

6,200 350 Crop dusting, seeding and 
fertilizing, restocking fish, 
cloud seeding, etc. 

Industrial/ 
special use 

1,900 400 Pipeline and highway patrol- 
ling, aerial surveying, emer- 
gency rescue, advertising, 
photography, helicopter hoist, 
firefighting, etc. 

Air-taxi 12,100 900 Scheduled air-taxi, 
nonscheduled air-taxi, 
charter services 

Business 31,250 900 Motives for justifying the 
acquisition of corporate 
aircraft are: 

Save valuable executive time 
Make own schedules 
Reliability, safety 
Reach off-airline cities 
Prestige 

Personal 88,450 

Instructional 6,855 

Other uses 3,855 

Totals 149,755 2,550 
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N76-15053 

THE DYNAIRSHIP 

William McElwee Miller, Jr.* 

ABSTRACT:  A brief history of Aereon Corporation and its 
research and development of hybrid aircraft, with prelim- 
inary projections of the advantages represented by a 
deltoid aerobody configuration, the "Dynairship". 

Aereon Corporation has invented an "aerobody" which is a blend of two 
concepts: 

A buoyant-lift airship, 
A dynamic-lift lifting-body. 

Historically, Dr. Solomon Andrews coined the name "aereon" (air age) . 
A New Jersey inventor, he built and flew America's first directionally 
maneuverable aircraft over 100 years ago.  It was a 3-hulled balloon, 
propelled first by gravity and then by buoyancy as he alternated the 
inclination of the hulls together with changes in the buoyancy.  He 
also flew a second one before the company failed in the 1860's. 

The present company—founded in 1959—took the name—Aereon—and built 
Aereon III during the early 1960's.  A 3-hulled rigid airship. 

* President, Aereon Corporation, Princeton, New Jersey 

PRECEDING PAGE BLANK NOT FILMED 
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85' long, this vehicle demonstrated simple ground-handling.  It was 
dismantled in 1967 after studies indicated a deltoid aerobody would 
be a superior configuration for a hybrid vehicle.  It is a "lifting- 
body-airship," which we call the Dynairship. 

Aereon has been innovating—with private funds, in an abandoned 
sector of aeronautical research for 14 years—that of airship 
development. 

THE CONCEPTUAL BASIS 

If the abandonment and subsequent neglect of airships was in part 
due to poor economics and operational problems, then innovation would 
be required, in technology, to overcome these.  A more efficient and 
competitive airship could be developed; specifically: 

1. There would need to be an advance in economics by: 
a) an increase in the productivity of the vehicle, 

in payload and in speed; 
b) a decrease in the man-machine interfaces, with a 

resulting lower labor cost. 

2. There would need to be advancement in the art of 
airship operations, in several areas: 
a) (Easy) Ground maneuvering and docking. 
b) (Internal) Loading of bulky cargo and container- 

freight. 
c) (Compatible) Flight operations within the existing 

airport and airways system and facilities. 
d) (Maneuverable) Flight activity under adverse 

weather conditions. 

Others previously had done work in areas suggestive, especially Dr. 
Solomon Andrews 100 years before; and N.A.S.A. had developed lifting- 
bodies for reentry from space, very compact fast vehicles. 

THE AEREON APPROACH 

Aereon III (Fig. 1), built 10 years ago, was a very ambitious attempt 
to combine many innovations at once.  No wind-tunnel tests were done. 
The goal was to demonstrate all the innovations in the belief that 
resulting publicity would bring desired support.  An accident to the 
aircraft cut short these hopes; but already Aereon III was superceded. 

Aereon 26 (Fig. 2-5), the first "aerobody," evolved by a different 
philosophy, one which sought to achieve modest and limited goals in 
a series of steps, so that the greatest risk was assumed at least 
cost.  Progressively larger costs were incurred as more became known 
about the aerobody.  This was the sequence: 

1. Parameters for an optimum hybrid aircraft were selected. 
2. An optimization computer-search was done, to define the 

"aerobody" geometry. 
3. Research and development then began with the plan to 
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proceed in 2 stages, consecutively: 
a) aerodynamics 
b) aerostatics. 

4. Aerodynamic research has centered on a series of ever- 
larger models of the "aerobody" leading to the smallest 
feasible manned experimental aircraft:  Aereon 26. 
a) A balsa and paper model with rubber-band (20 cm.) 

was flown in a hangar in January 1968?  A series of 
gas-engine powered 4'long radio controlled models 
were built and tested from spring 1968-1969;  7' 
model (R.C.) was tested in mid 1970. 

b) A series of Wind-Tunnel tests during 1968-late 1969; 
Analog-computer simulation of Aereon 26. 

c) AEREON 26 - heli-arc welded aluminum structure, air- 
craft cloth, aluminum sheet, strength-analysis 
(simple). 

d) In late 1970 and early 1971 we moved the experimental 
aerobody to National Aviation Facilities Experimental 
Center (NAFEC) in New Jersey.  Manned flight tests 
were conducted to obtain—not demonstration; but 
documentation as to stability and control, and per- 
formance . 

This Program we called Project Tiger (Test Implementation Group 
Evaluation Report).  It is the principal achievement of our company. 
It has been recorded accurately in "The Deltoid Pumpkin Seed"—a 
book which appeared first in New Yorker Magazine in 3 parts in 
February and which a large book club in the U.S. has recommended 
recently.  This was the first public announcement of our flight tests. 
The book was not done for, or by, Aereon, however. 

A 16mm. film of portions of these tests will be presented to this 
conference.  It is the first such presentation to a professional 
audience.  The exact data, however, is proprietary, and may not be 
released. 

Significant findings include the following: 

1. Performance was as had been predicted from previous 
analytical and experimental work.  Phototheodolite 
recordings (at the National Aviation Facilities 
Experimental Center (NAFEC) a facility of the F.A.A.) 
verified performance. 

2. Stability and control and handling qualities were good. 
A SFIM recorder on-board obtained precise data. 

3. The pilot found the "aerobody" a docile and acceptable 
aircraft, within the limited scope of the tests. 

4. In summary: —the "aerobody" is aerodynamically a feasible 
concept, and a basis exists for realistic studies of much 
larger such aircraft.  The next step (and major milestone) 
will be the development of the Dynairship aerobody, 
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operationally to prove the concept of adding aerostatic lift 
to this aerodynamically proven configuration. 

The final stage for translating the hybrid concept to reality will 
require the following general sequence, which Aereon is seeking to 
implement at this time. 

1. Seek mission-definition for a (preferably) small 
hybrid aerobody, as a first step in a long-term plan 
to scale-up gradually (i.e.—in size of vehicle, cost 
incurred, development time) so as to control risk, gain 
from learning-curve benefits, and to develop economically 
the technology base for larger vehicles, and gradually 
to develop a market for hybrid aircraft generally. 

2. Perform conceptual study of the suitability of the 
aircraft for performing a stipulated mission. 

3. Analytical study of the structure weight and other 
questions basic to operating economics. 

4. Design, build and test (evaluate) a prototype hybrid to 
determine operational suitability for the mission. 

THE MAIN FEATURES OF THE DYNAIRSHIP 

The Dynairship is half-way between the airplane and the airship 
(Fig. 6 - 10).  It has much more aerodynamic lift than a comparable 
airship while, in exchange for this, it could not hover (by buoyant 
lift), which means it would operate from existing airfields normally 
and would be compatible with all (but high-speed) airplane traffic. 
Of course exceptionally large Dynairships (400 - 1,000' long) would 
require larger facilities.  It would carry much more tonnage than 
the same-sized airship.  Dynairship would be more maneuverable in air 
traffic and general operations including encounters with adverse 
weather.  Dynairship would require smaller groundcrews and would land 
and taxi like an airplane.  There would be a large gain in produc- 
tivity over classical airship concepts for commerce of non-specialized 
loads.  It would be less sensitive to wind-conditions for schedule- 
reliability and loading and unloading. 

The Dynairship should be more energy-conservative than typical trans- 
port airplanes, with a lower ton-miles per hour productivity, but less 
thrust horse-power will be required and large cube-capacity for low- 
density cargoes or low-density fuels is available at no penalty to 
cargo space.  Operating cost as well as acquisition-cost benefits may 
be realized were diesel engines to be made available. 

in contrast to many airplanes, a hybrid aircraft offers a long-loiter 
capability at low fuel consumption while it could also have a top 
speed twice that of blimps.  This combination is useful for patrol 
tasks, whether over cities or ocean spaces. 
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Aereon, lacking any widely-recognized criterion for estimation of 
airship structure weights ( a basic element in cost estimates as well 
as operating economics), has assumed a structure-weight growth law 
following that of airplanes (Fig. 11).  However, increases in size 
cause acquisition-cost benefits (Fig. 12) due to the growth of 
buoyant lift as a percentage of total lift and, at design-speeds 
of 150-200 mph, diesel engines substantially lower acquisition costs 
(theoretically).  Such engines are not now in service. 

Does the Dynairship configuration represent a specially effective 
design for a hybrid aircraft? Aereon's invention is based on the 
fact that it does.  The significance is that the aerodynamic center 
occurs, in a highly-swept delta-body, near the 50% chord where the 
center of buoyancy also occurs, and where the "CG" is placed; and 
there is a minimum of trim control devices, therefore since there 
is a minimum disturbance to the stability of the deltoid Dynairship 
with speed changes, it is possible to carry a full range of tonnages 
at various speeds without major trim requirements.  Maximum control 
authority is maintained under all normal flight maneuvers.  Certain 
other planform shapes do not offer these inherent advantages but 
require energy-consuming, drag-creating means to provide trim.  In 
sum, features of the Dynairship which represent capabilities of value 
are: 

1. Improvement in performance over airships. 

2. Improvement in energy-conservation over airplanes. 

3. Potential benefits in acquisition cost. 

4. Improvement in operational-efficiency over other hybrid 
concepts. 

HYPOTHETICAL DYNAIRSHIPS (Fig. 13 - 14) 

A Small Patrol Aircraft 
Length: 50* 50 mph cruise; mission = 8 hour loiter with 
Gross (N): 4,000 lb.   crew of 3 men and a speed range of 40 - 120 
Power: 300 h.p.       mph for aerial observation at low noise level 

and low fuel consumption with high crew ef- 
ficicency and stable flight. 

A Medium-Size Cargo Aircraft* 
Length: 200' 150 mph cruise: mission = 90 tons of freight 
Gross (N): 270 T      for a 1000 mile range, using medium to small 

#200 = $3,000,000.     fields, at energy-conserving levels of oper- 
ation. 
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A Logistic Carrier* 
Length: 1,000' 
Gross:  4,200 T 

#200 = $65,000,000. 

150 mph cruise; mission = 3,300 tons of bulk 
cargoes, or natural resources, from (or to) 
remote areas, under various weather condi- 
tions, to special airfields, where both 
large volumes and tonnages are required, at 
lowest effective acquisition cost per vehicle, 

*Low confidence attached to preliminary estimates. 

SUMMARY 

With historical roots which are over 100 years old, Aereon Corporation, 
founded 14 years ago, has since then existed for the goal of develop- 
ing aircraft which most effectively combine aerodynamic lift with 
aerostatic lift.  Since 1967, the "aerobody" concept has been the 
means.  (This could be described as an L.B.A.—a "Lifting Body Air- 
ship"—since it has no wings yet would develop substantial aerody- 
namic lift over the body.) 

At first intuitively, then analytically and experimentally, the 
aerobody has been developed.  Having determined—through a series of 
model tests and manned flight test—that it is aerodynamically and 
technically a feasible concept, the next major technical milestone is 
to develop and evaluate the aerobody in a larger size, in which 
buoyant lift would be significant. 

Economic feasibility has not been established and must be investigated 
for a variety of missions, to which the capabilities of the conceptual 
aircraft-family may be suited.  The helium-filled, delta aerobody we 
call the Dynairship, (or dynamic-lift airship).  Its special features 
include: 

1. Flight operations compatible with airplanes. 

2. Economies in energy-consumption like airships. 

3. Maneuverability improvement over airships and long-loiter 
improvement over airplanes. 

Aereon's business is advanced airship-technology.  We have, with our 
private funds, demonstrated our commitment.  We have, alone in the 
world, flight-tested an optimized aerodynamic pre-prototype of the 
lifting-body-airship.  Next, the Dynairship. 

NOTE:  All photographs and drawings copyrighted by Aereon, Inc. 
and may not be reproduced without permission. 
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Figure 1. Aereon III,  Mercer Co. Airport,  Trenton, N. J. , 
C- A. Beck, J. R. Fitzpatrick, M. Drew, Jr.( l.-r.)« 1964 

Figure 2.  Aereon 26 Schematic 
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Figure 3.  Aereon 26 During Ground Tests, Red Lion, N. J. , 1969 

Figure 4. Aereon 26 Taxi Tests, NAFEC, Atlantic City, N.J., 1971 
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Figure 5. Aereon 26 in Flight, NAFEC, Atlantic City, N.J., 1971 

w s>vtv»>uR^Hn» 
A«»«*«» ««» 

Figure   6.   The Dynairship 
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THE APPROACH USED IN PREPARATION OF DISPLAYS 
WHICH FOLLOW 

I.  Assumptions made in range calculations of large Dynairships, 
i.e. 200 - 1,000 feet long. 

A. RANGE: 
1  A Breguet range of 1,000 miles is assumed.  This means 

that the quantity _1_   (Lß/D) remains constant throughout 
mission. SFC 

2. The Breguet range is optimized by setting the cruising speed 
equal to the speed for max (LD/D), i.e. 
Vcruise = V(L ^  max>  This assumption defines the cruise 

lift coefficient. 
3. Fuel reserves of 15% of required fuel are assumed. 

B. AERODYNAMIC CONFIGURATION: 
1. The basic aerobody shape is (optimally) cambered for maximum 

(L /D), the condition of optimality being that the basic lift 

(due to camber) is equal to the additional lift (due to angle 
of attack).  This implies different amounts of camber for 
different dynamic lift coefficients. 

2. All the effects of the camber variation on items such as 
volume, wetted area and structural weight have been neglected 
as a first approximation. 

3. The static lift, L , is assumed constant during the mission. 
S ~3  n3 

The static lift equation is 2.26x10 x %   . 
4. An operating (mid-range) altitude of 10,000' assumed. 

II.  Method used for calculation of Dynairship characteristics 

A. Cruising speed and overall size (Vcruise and I)   are independ- 
ently assigned. 

B. Static lift is calculated from the size (and volume). 
C. Dynamic lift is calculated from speed and size.  (CL  is 

determined from assumption I, A, 2 above) D 
D. The required cruise HP is then estimated for the aerobody 

optimum (L /D). 
E. The weight of the power plants (diesel and turbo-prop) is 

calculated given average PowerPlant Weight ratios. 
SHP Installed 

F. The required fuel is calculated from the S.F.C. of turbo-prop 
and diesel powerplants. 

G. Structural weight is evaluated from the Structural Weight 
Growth Law. 

H.  Payload is calculated using mid-range fuel (half fuel + 15% 
reserve). 

I.  powerplant and structural costs are estimated from average _$_ , 
and  §   ratios. HP 

lbs. of structure 
Structural costs are based on 200th aircraft. 

J.  Finally, Energy-Effectiveness and Acquisition-Cost Effectiveness 
are estimated for the Dynairship. 
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Figure 8. Dynairship Energy Effectiveness 
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Figure 9. Useful Lift and Drag for Conventional and 
Hybrid Airships 
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Figure 14 

A PATROL AEROBODY 

What is the 'aerobody' and how is it innovative? 

1. A hybrid a mix of aerostatic with aerodynamic lift, the 'aerobody' 
is a lifting-body of deltoid planform, elliptical cross-sections, 
and a fineness ratio of 4:5. Body geometry was derived from a 
computer-assisted optimization-search program. Several patents 

ww ^V^f8 °f thls lnventi°n have been issued to Aereon 
both in the United States and abroad. 

2. In operation, it is stable with acceptable handling qualities. 
Characterized by a low body-loading, it is capable of very low- 
speed flight and STOL. As a partially buoyant vehicle it is sure, 
nowever, to be much more maneuverable than a blimp.  (It would 
require powered-lift for hover, at lower loadings than for 
heavier-than-air craft.)  It would operate much like a STOL air- 
plane in lower speed flight, but with considerably less fuel 
consumption, being capable of protracted loiter at speeds of 30 - 
50 mph.  Dash speeds comparable to or faster than helicopters now 
in service (reciprocating), and certainly faster than blimps, are 
normal expectations for the 'aerobody.' This combination of 
features would permit shorter response-time from its loitering 
station to any urgent call to counter a threat due to a high state 
of readiness. A loiter-time of 8 hours is assumed. 

3.  Below are presented two representative STOL 'aerobody' configura- 
tions, not the result of experimental work but based on the 
projections made from analytical and experimental test data. The 

ifJZf      T ba^l  n0t ad°rned With "^-augmenting refinements. 
Therefore feasibility and preliminary design studies are in order, 
fully to apply the 'aerobody' concept to Police missions. 

SMALL     LARGE 

OVERALL LENGTH _ 50 ft. 

OVERALL WIDTH _ 40 ft. 

NORMAL GROSS WEIGHT1 - 3,990 lb. 

CARGO AND CREW _ 1,600 lb. 

LOITER SPEED . 50 mph 

MAX. LEVEL FLIGHT SPEED - 130 mph    75 

INSTALLED POWER « 290 HP 

TAKEOFF DISTANCE OVER 50' - 770 

100 

80 

7,610 

3,700 

30 

210 

300 

1_ 
Gross Wt. is defined as Gross Mass x g. 
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N76-15Ö54 
SOME ASPECTS OF 
HYBRID- ZEPPELINS 

Paul-Armin Mackrodt* 

ABSTRACT:     To increase an airship's maneuverability and payload 
capacity as well as to save bouyant gas it is proposed to outfit it with 
a slender delta-wing, which carries about one half of the total take-off 
weight of the vehicle. An optimization calculation based on the data 
of LZ 129 (the last airship, which saw passenger-service) leads to 
an Hybrid-Zeppelin with a wing of aspect-ratio 1. 5 and   105 m   span. 
The vehicle carries a payload of 40 7° of it's total take-off weight 
and consumes 0. 8 t fuel per ton payload over a distance of 10 000 km. 

INTRODUCTION 

For the economical transportation of large payloads aerostats must have huge di- 
mensions.  The last german Zeppelin used for transatlantic passenger service 
LZ 129 "Hindenburg" from 1936 for example, had a length of 247 m (820 ft) and 
41 m (135 ft) diameter and could carry 19 t of payload. Airships of such dimensions 
are in the air difficult to maneuvre and would therefore heavily impede the air 
traffic in the crowded air-space of industrial countries.  They require sophisticated 
and expensive take-off and landing procedures (ground crews ! ) and are on the ground 
difficult to handle because of their extreme wind sensitivity.  Most of these disad- 
vantages can be avoided if a wing is added to the airship , which compensates a 
considerable part of the unbalanced weight of the vehicle by aerodynamic lift.  So 

* Dr.  rer. nat. , Flugwissenschaftliche Fachgruppe Göttingen e. V. 
34 Göttingen, Germany 
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can not only be avoided the necessity of carrying a water ballast as maneuvring aid 
of more than twice the payload - 38. 5 t   in the case of LZ 129 - but also the let off 
of buoyant gas (usually helium) to compensate the loss of weight by consumption of 
fuel or in landing maneuvers. 

Because such a vehicle is thinkable only as a rigid airship,  I call it Hybrid-Zeppelin 
(abbreviated HZ in the following). 

GENERAL CONSIDERATIONS 

In order to keep the HZ easy to handle on the ground, the wing span should be small; 
for example 1/2 the length or less.  Furthermore the structural weight of the wing 
should be low,  in order to generate substantial more lift than it's own weight at the 
relatively low speed and therefore low wing loading of an airship.  These two condi- 
tions are easily to meet with a slender wing,  especially with a slender delta-wing. 
The poor lift to drag ratio of the delta-wing is slightly increased in the case of the 
HZ, because the thick body covers a large part of the whole wing area and only the 
relatively small exposed surfaces of the wings contribute to the frictional drag. 
The glide path angle   «   of the vehicle is given by: 

.     CP° + Cpi (1) 
CL     - 

(Here are   C        and   C       the coefficients of friction drag and induced drag,  respec- 
tively,    C    iP'me lift-coefficient). With the following three well known relations : 

La 

CDi ■ Ä (2) 

(A   is the aspect ratio of the wing) 

C       = C     • ^W (3) 
CDo     UF        S 

(C      is the friction coefficient,    S   the total wing area,    Sww   the wetted wing 
surface): 

_      (b-d)2 (4) sww   2 ^r^ K ' 
(b   is the span,    d   the main-spar diameter) and with the constant: 

K=_D (5) 

(L is the dynamic lift,    q  the dynamic pressure) one obtains : 
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(i-£K): 
J-J 

The second term in equation (6) decreases with decreasing  A , which is important 
especially at low   CL     . 

To calculate the performance of a possible HZ one has to start with the simple 
and well known conditions 

LD=CL.qS (7) 

V*   ,c2 

%TH-*+CF-R«B (8) 

(N     is the continuous power output of the engines   , V   the propeller efficiency, 
V C the cruising speed,    S   the total wing area and   Sw   the wetted surface of the 
w&ble vehicle).  Though the friction coefficient   CF  is well known (see e. g. Ref. 1) 

r     - 0-455 (9. 
F"   ,     „    ,2.58 W 

(logRe^ 

(Re.   is the Reynoldsnumber based on body-length   I ) we have still only two equa- 
tions and four unknowns. A third equation is obtained from the optimization condi- 
tion, which requires   C    to be a minimum with respect to the geometry of the 
vehicle. The connection with the geometric arrangement is given by Spreiter 
(Ref.  2): 

(a  is the angle of attack,    b   the wing span) 

The derivative of equation (4) with respect to  r-   leads to the minimum condition 

%-c^.-^ (U) 7T A F      S 

*'This relation is strictly valid only for a slender wing-body combination   with 
cylindrical tail.   The negative lift of the conical tail of the HZ is,  however,  com ■ 
pensated by the horizontal stabilizers. 
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Now we have the three conditions (7),  (8) and (11) for the four unknowns   C       S 
(or b), N    and   V„ , which means, that one of them can or must be chosen free. 

CALCULATION OF AN EXAMPLE 

The following calculation of a practical example is based on the data of LZ 129 
(Table!,  left column,  Ref.  3, 4). 

LZ -129 HZ 

length 

diameter 

247.2 m 

41.2  m 

247.2 m 

41.2 m 

span   105     m 

aspect ratio 

static lift 214 t 

1.5 

198 t 

dynamic lift   250 1 

cruise speed 

range 

125 km/h 

14000 km 

230 km/h 

10000 km 

cruise power 3600 PS 20 500 PS 

weights: 

body 

engines 

fuel 

86.5 t 

5.0 t 

65.0 t 

74 t 

18 t 

149 t 

ballast 

wing 

paylood 

38.5 t 

19.0 t 

27 t 

180 t 

take off I      214 0 t 448 t 

Table 1 

Technical data of LZ 129   and   HZ 

To carry out the optimization,  some of these figures are changed.  Cruising speed 
was chosen according to a time-table that provides two weekly roundtrips Frank- 
furt - New-York - Frankfurt   which yields   V     = 64 m/s = 230 km/h (= 124 kn) 
in 3000 m (= 10 000 ft) altitude. A range of  R = 10 000 km( = 5500 nm) is at this 
speed sufficient.  It was also assumed that by use of modern materials and techno - 
logies the weight of the body in spite of the higher loads due to the higher speed 
can be reduced by   15 # to 74 t.   The calculation of the weights of engines and fuel 
is based on the technical state at the end of World War II (Junkers »Jumo 205 D", 
Ref   5)    The weight per horsepower was assumed to be   0. 9 kp/PS   and the spe- 
cific fuel p-QTiBiimption 0. 168 kp/PSh.  (Use of 75 1" lighter gas-turbines is still 
prohibited because of their   35 - 40 #  higher specific fuel consumption). 
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,^e^e it -hcoU, bo regarded that *■-££* ^ f^J^tS^ 

tion of wingSweight,  it was *^*'J^^^?L   greater than 10 kp/m^ lightweight construction wmg.  the weight of which i«not_gr / 
(related to the exposed wing area). Finally should be regarded   mat i 
lation of friction krag the surface of the body was approximated by that of 
rotational ellipsoid. 

On the basis of these figures an optimizing computation was performed in the range 

0-5  LSt-LD"2LSt   • 

WP 

I • 
LZ129 

0.5 
WP 

w 
A=1.5 

A=1 

M    j 

35! 
iWp; 

A=1 

t^+Ä = 1.5t;LZ129 

J I L 

0.3 

0.2 

0.1 

100 200        300        400        500 LD[t] 

Fuel consumption per ton payload and payload- factor 
of HZ versus dynamic lift     

Figure 1 

The computed results <«,   » -£. ^^rXZ^JZ^ *he 

„eight of pay oad,   W   *V&^1M™,*1<» per ton payload W,/Wp 
maximum of 36 /• at  LD     iuu t   ami A - 1. 5  the optimum r 

has a flat minimum of 1   at about   225. t   ,y" »   Uft. For p        ^ 
vamea are even« favonrab e and «»U^ ^    rf dynamic m 

L"     22e5St   and L   ^2^« "he payload factor and the fuel consumption per ton 
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payload were calculated at   A = 1   and  A = 1. 5   in dependence of the cruising speed 
V      in the range   125 km/h - Vc ^ 350 km/h. 

WP 

100 200 

~TTT" WF 

WP 
I - LD = 2501 

i 

A= 1.5t^ 

Y>A=1 

Wp 

i I 
i 

0.5 
Wp 

w 

1 
0.3 

0.2 

01 

300 _^y'  [Km/h] 

Fuel consumption per ton payload and payload-factor 
of HZ versus cruise speed   

Figure 2 

1.5 

It can be seen clearly, that the heavier   HZ (Fig 2) meets the optimum values at 
slightly higher speeds than the lighter one (Fig.   3), and that the payload factor of 
the HZ with  A = 1   5   is at all speeds considerably higher (and the fuel consump- 
tion per ton payload lower) than the corresponding figures of the Ijp with A = 1 . 
The wing-loadings are  LD/S = 25 kp/m2   at   A = 1   and   35 kp/m     at   A = 1 
and, therefore,  confirm our expectations. 

The general arrangement of a possible HZ with LD = 250 t shows Fig 4. The 
dorsal fin (and rudder) is considerably enlarged compared with that of LZ -129 
to gain lateral stability even if the ventral fin is deleted to provide ground clea- 
rance during take-off at high angles of attack. Possibly it can become necessary 
to apply small canard wings (eventually retractable) to improve take-off perfor- 
mance The arrangement of propellers (engines will be hidden in the body) is not 
depicted, because the HZ is supposed to demonstrate only an aerodynamic con- 
cept and not a concrete project. 
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100 200 300__^vc[km/h] 

Fuel consumption per ton payload and payload- factor 
of HZ versus cruise speed  

Figure 3 

General arrangement of HZ (LD = 2501) 

Figure 4 
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The technical data of the HZ are given in Table 1   ,  right column. 

The figures show that a considerable progress in efficiency can be achieved com- 
pared to present aircraft.  The payload factor of the described   HZ   on 10 000 km 
distance is   40 1"  whereas     that of a modern jet-freighter on the same distance 
is about 11 1" . Similar relations apply for the fuel consumption: the HZ consumes 
about 0. 8 t   fuel per ton payload for the given distance ;  a jet-freighter at the same 
conditions nearly 4. 5 t !  Moreover, the fuel consumption of the HZ is rather an 
upper limit since it was not considered,that the weight of the HZ is continuously 
reduced while the fuel is being consumed.   Finally,  considering the acceptability 
with regard to the environment (less pollution and noise) and the high passenger- 
comfort, which the HZ offers,  it's rentability is likely to be very good.  Whether 
passengers and air-freight expeditors are willing to pay for these advantages with 
a four times longer travel time (33 h) must be investigated by marked analysis. 

REFERENCES: 

1. Schlichting, H. ,  Boundary layer theory ,  6.  Edition, Verlag G.  Braun, 
Karlsruhe, Mc Graw Hill,  New York,  (1968) 

2. Spreiter,  J. R.,  The aerodynamic forces on slender plane- and cruciform- 
wing and body combinations, NASA Rep.  962 (1950) 

3. Das Zeppelin-Luftschiff LZ - 129 "Hindenburg" ,  Deutsche Luftwacht - 
Luftwissen 3 (1936), S.  66 

4. Jane's All the World's Aircraft ,  (1936), S.   5 c, S 63 d 

5. Jane's All the World's Aircraft ,  (1945), S.  54 d 

6. Jane's All the World's Aircraft ,  (1973/74), S.  364/365 
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N76-15055 
n  |n,.,nr WP^TPAT   LIFT SYSTEM 
 ' "THE HEU-STATT 

Prank N.  Piasecki* 

ABSTRACT:    The Heii-Stat ^^IX^t^elT.^l 

s^r^Jss^^ -ftC ssrsu .TA .uiu 
so far. 

vertical lift and positioning capabilities of this ve 
^„: ?aT, oveeed anv other means available today, yet 
can be built lit* 7minimum of risk, development cost 
and time. 

INTRODUCTION 

attention being focused on energy J?™?™»""^°fthe areas of 

??^e Se^erertionf Jü?io?nrconS?ruftronrenagJransportatio„ of 
large oversize non-roadable equipment. 

raair^t^or^^LnirifaL^^o^^H^irtr^e1 

mentioned transport areas.  _  

«President, Piasecki Aircraft Corp., Philadelphia, Pa. U.S.A. 
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One of the design arrangements that shows promise of alleviating 
many of the shortcomings of conventional LTA's is the semi-buoyant 
hvbrid vehicle.  This type of LTA vehicle does not generate complete 
lift fVom buoyancy.  Vertically oriented thrust from powered rotors 
is employed %r total lift augmentation and for providing maneuver 
control forces.  Additionally, aerodynamic "™ ^«fESo!? ^rfaces 
forward flight due to the vehicle envelope shape and airfoil surfaces. 

The design referred to is called the "Heli-Stat" system and is a 
Sbrid LTA system which utilizes four large existing helicopters 
Z  combination with an LTA vehicle.  The ratio of displacement 
vehicle lift to helicopter lift is proportioned such that the 
"Seli-Stat" is deliberately flown "heavy".  Thus the thrust from 
the helicopter rotors is the dominant means of control and stabili- 
zation.  The ground handling requirements are greatly simplified, 
and true precision hovering over a point on the ground becomes 
practical! Such hybrid vehicles may have 10 or more times the 
payload capability of one of the helicopters used in the Heli-Stat. 

The employment of existing helicopters as integrated lift, propulsion, 
and control units offers low technical risk, cost, and development 
time.  The latter is especially significant in view of the immediate 
application requirements for heavy air-lift capability in nuclear 
powerplant and other public construction programs. 

DESCRIPTION OF THE HELI-STAT 

The aerostat dimensions are sized such that the static lift provided 
by the aerostat will support all weight-empty components, including 
the helicopters.  The helicopter rotor thrust is then available for 
useful load and maneuvering control forces, providing a hovering 
air-lift capability many times that of the largest crane helicopter 
of the predictable future.  The designs described following are 
based on characteristics from existing helicopter and aerostat 
designs? Fig. 1 shows a layout of four CH-53E helicopters attached 
Vo  an aerostlt of 5,700,000 cu.ft. displacement.  This is the size 
and shape of the "Macon" envelope, less one section and less the 
upper vertical fin.  A payload of 1U0 tons can be carried. 

Fig. 2 shows a version based on four existing CH-53D helicopters. 
This system has a payload of 75 tons, as shown in Fig. 3» 

SELECTING THE AEROSTAT CONFIGURATION 

Semi-rigid pressure envelopes or rigid envelopes can be adapted to 
the Heli-Stat concept.  The longitudinal and lateral support beam 
structure which serves to attach the helicopters and support the 
pavload can be tied structurally to the structural frames of the 
rigid envelope.  In the case of the semi-rigid, the helicopter 
attachment and load-support beams can be made integral with the 
fore-and-aft keel structure. 

466 



w 
in 

I 
a 
ü 

« 
8 

S3 o 

<     ■ 

w 
I   w 

H   « 

8 
H s 

o o 
I 

i 

FE?HODliCiöiLiTY OF THE 
ORIGINAL PAGE IS POOB 

467 



=*ttt-Ü ** 

o 
»A 
UN 

I 
X o 

o 
U- 

I 

UJ 
X 

B 
H 
CM 

o 
o 
c 
I 
x 
I 

en 

O 

468 



FjT1 ,.«,? , HEL1-STAT Wiiturnio mil/ tii 

WEIGHTS 

Heli-Stat 

UNITS 

Lb. 315,910 

Weight Empty Lb. mt5^o 

Helicopters (H) CH-53D's Lb. 86,560 

Aerostat Envelope and 
Structure and Inter- 
connecting structure 
(3,600,000 cu.ft.displ.) Lb. 90,980 

Useful Load Lb. 168,noo 

Crew (6) at 200 Lb. 1,200 

Fuel and Oil Lb. 16,800 

Payload Lb. 150,1*00 

PERFORMANCE. STANDARD ATMOSPHERE (59 DEGREES F. AT S.L.) 

UNITS 

Cruise Speed MPH 100 

Landing & Take-off Speed MPH 0 

Altitude FT. 10,000« 

Hover Celling FT. 6,000 

Climb, Vertical FPM 500 

Climb, Fwd. Fit. FPM 2,000 

Range (Non-Refueling) ST.MI 

)     ST.MI 

• 160»» 

2,000 

»FERRY 
••RANGE CAN BE EXTENDED BY TRADING PAYL0AD FOR FUEL. 
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No machinery or facilities are carried in the aerostat except those 
reauired by'the aerostat's own requirements, that is, multiple air- 
pressure pumps, servo systems for multiple valve operation, ballast 
tanks, plumbing, and ballast-shifting pumps, etc. 

Two crew stations are provided in the aerostat, for the winching 
and stowage of cargo„ 

The size of the aerostat is largely a function of the size and 
capability of the helicopters selected«  Prom the list of large 
helicopters in Pig, 4, it is apparent that military-qualified or 
Federal Aviation Agency certified helicopter units can be economically 
procured.  In a dedicated vehicle the helicopter units can be without 
many components such as the tail cone, drive, tail rotor, landing gear, 
cabin accommodations, etc., thus reducing the cost significantly 
yet providing the essential powerplant, transmission and control 
for the integrated lift, propulsion and control.,  Alternatively 
each of the helicopters In the Heli-Stat assembly can be a completely 
flyable unit, with detachable umbilical cords that interconnect the 
automatic flight control system and instrumentation between helicopters. 

All controls and instrumentation of the assembly of helicopters are 
integrated into one pilot control station»  Complete cockpit 
instrumentation and Comm/Nav equipment would be required in only 
one helicopter, except for intercommunication between crew members 
and stand-by emergency instruments for the alternate control stati on, 

FIG» 14 o  LARGE U, S. HELICOPTERS 

ITEM HELI/MODEL UNITS HLH CH-53E . CH-47C CH-54B CH-53D V-107 S-61 

Manufacturer B-V Sik. B-V Sik. Sik. B-V Sik. 

Gross Weight Tons 63 34 23 23o5 21 11.5 10.5 

Certification 
(Availability) 

1st 
Fit 
'76 

1st 
Fit 
«74 

ARMY 
ARMY 

& 
PAA 

NAVY 
NAVY 
& 

FAA 

NAVY 
& 

FAA 

Turbines 
Number 
Model 

3 
GM 
T701- 
AD-700 

3 
GcEo 
T64 
GE-415 

2 
Lye» 
T55- 
Lll 

2 
P&W 
JFTD- 
12-5A . 

2 
G.E. 
T64 
GE-413 

2 
G.Eo 
T-58 
GE-10 

2 
G.E. 
T-58 
GE-10 

Rating (Each) 
Max,(Emerg») 
T„0o(5 Min») 
Mil„ (30 Mln.) 
Continuous 

HP 
IIP 
HP 
HP 

8079 

7305 

4330 

3665 

3750 
3400 
3000 

4800 

4430 

3925 

3230 
1400 
1250 

1400 
1250 
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INTERCONNECTION OF HELICOPTERS TO  AEROSTAT 

Structural 
„♦•^  »f  t-hP extremity  of a lateral cantilever 

Each helicopter is  supported J^ future of the helicopter to 
beam which joins  the  inboard fuselage siru night  loads 
the bulkhead or keel st™ctureofthe aerostat helicopter,  including 
acting on this beam are  those  supplied by each ^J      P^    beams 
both aerodynamic and inertia loaas.     ine  xa 
are also designed to take  the  landing loads« 

ability  of minimizing the rotor Jown-^°"f^XiZing structural struts  or bracing tie-rods  are utilized for minimizing tubular 

weight  and to achieve the ^«"J^jJg^ithTpSJage-way pro- 
truss structure having an airfoil pairing, wi * can be 
vided between the  two spars    Jhe helicopter landing 9 of 

llT^rllel g0^^^^^^!?.^  at  four points, with 
all its wheels  steerable. 
The port and starboard cantilever beams are interoonn.c^^thro^gh the 

rrfsSirtu^iy^oon^nuIuffro: SSS&r to helicopter, but have 
disconnect Joints at the keel structure. 

The longitudinal keel structure Is  composed ^^»"^f^^Mne" 
beams   from which the payload U'H^ernaily    providing a centerline 
loce^hatohnfaccomÄtl '££ 'iSadlnfand unloadin! by hoist, 
for missions requiring internal storage. 

Control System 
The helicopters'   control system*>  ar<; int-connected sc> t^they  ^ 
respond to one  set of  controls  in the  aft,  p°™ jei      Ption ls  accomp- 
designated the master control Ration    This  ijterco ^^ 
lished through the use of the^exl^1"fT,^u.f the larEe helicopters 
EMUS MSZIL tnis"asK 1 % oS n Lg elect leal 

fo„trorof
feachnhelicopfenr6Se?vrcontr Is     t,£**£ rovide th 

aerostat  controls  and instrumentation. 
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A qualified pilot is   located in e act; cockpit  anc[^^Älnre^Tlny 
instrument-monitoring system with overrweinc stationed 
component.     In  addition to tf J^ ^  °t    LStor the  sensors  and 

crewslol^o any heScoPterSanf &  aüSKS'during flight. 

The primary  rigging  of the  assembly  for flight.must.be; ejlculatadjor 
the  fuel weight,  basic weight  °^^e  individual nep 

their  crew,   and ballast b^n6^^°   Volume  displacement   lift 
weight to be balanced by the ^rostat gas volume      0Pdlnarilyj 
at the  altitude  and temperature  of the °Pf ^ion ^ ^ ^hieved 

bf a^opriate^ S^iS^^S^Th. various  helicopter rotors. 

fr>00  ,._  „•     their cyclic pitch in all directions, The helicopters   are  free  to use  their cycu    v rotate 
approximately   11 degrees       In addition    they   can be ^ 
about  a transverse  axle in  ^"^inal pit en    u      e In the 

30  degrees  aft but  j;e «^    yt °    fr    0   '     lateral  cyclic  control 
of approfima^iy0nillndegdrref t^e'eScopter  can be made to tilt  out- 

board approximately   11 degrees. 

lB  ^t-rtSSSirK..!? h;orCyaweromean?sf fhf po^t^/stSboard 
reircoptersrcanUd?ffer:ntially  incline  their longitudinal  cyclic 

For  lateral roll  control,  differential rotor  collective pitch  on  one 
side,   versus   the  opposite  side,   is  utilized. 

Pitching attitude  of the  assembly  is via differential  collective 
pitch  of the forward rotors  versus  the  alt. 

Propulsion  is   achieved  from the  £™*^S ^Llynamic^fT 
Inclination  of   the helicopters   can be  utilized  as  the     y of 
of  the aerostat  develops with  forward speed adJusted by  the use 

ff'its'longiruSinartrim'eie^orL     Retardation is   accomplished by 

tilting the  rotors  aft. 

Instrumentation 
4.   *„ =   M-a  own  internal instrumentation,   communication Each helicopter  contains  its .^"^j^nai jn aerostat  are 

and navigation equipment.     Additional sensors structure  and 
distributed throughout  the gas   °^^'^r heUcopter and its backup 
controls with their readout  In the ^ster helicop^ ^ 
unit.     A  computer unit with memory  ""u" pr0vides  immediate  read-.v bo5ir?'w

,s.,2:s,rlI,ss:ossnäUonJis ss w „««„i .,.««. 
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Drive System 

With a single power failure in one helicopter ^Tts'rofor SSu/t 
tion, the diagonally opposite he^opter m     lateral trim. The 
to match, in order to maintain Jojgituaina        rotor rpn by de- 
two helicopters with the reduced P°^e£ <£n ™ t0 a compatible shaft 
creasing their rotor blade pitch and &W™    |COpters, which have been 
angle, The other two diagonally °PP°3J^UX mu?t now increase their 
operating with a reserve f .^Ine failed  helicopter and its mate. 
thrust to pick up the load from the ™^fa!;tomat?Cally adjust for The central control mixing computor wouia a    fcurbine ^  contlnu. 
these conditions since the power xevexs 
ous inputs into the Computer. 

in forward flight, the dynamic lift » *h. ao«-tat .n^p.^«^^ 
help balance the lift lost ^^^riol balance this loss in 
lift is zero at zero sP^^r

an
uf^ient change in fuel weight, 

hovering. There fore either JjJJJjJ«*, changes, etc. must occur 

or'the^eA^ mulfcar^a reserve hover lift. 

An alternative balancing «J^d ;.n b« JSSloa^oS^"» the 
interconnection of all helicopto« as   a        ^ lnvolves 
Multi-Helicopter Heavy "« Systom, Rjro.     Qf aU ^ he 
the interconnection of the rotor arivey and requires 
copters downstream» of the ^^i^

ee
sy^temo However, the power appropriate modification to the drive y^e ^     ^ 

of each engine is then ^^„„„^ite helicopter is not forced engine fails, the ^o^lly opposite heiicop^ helicopter 

">?*»!! E^^lfother therePe?rtÄowever, this feature will borrows« JSor from the other three 
increase the weight empty and cost» 

CRITICAL DESIGN CONDITIONS 

4-v.» u«n qfflt would be the partial loss of A design condition for ^e Heli-Stat wouxa     fftllure-of one of 
rotor thrust in oneu

hei^°P^0^hiness requirements for Category 
iS: redraft Su^i-en\£%  fl -eLr;fa« riaPorr- 

A power failure In one unit would no-ally be a l03s of P^J^ 
thrust of that helicopter unit plus the ^ to malte a 
about the center of total lilt. " £       „eight must be 
SSSiSSdrSS buofano/ollhralrStaf X the fandlns altitude 
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In the two unaffected helicopters. 

If a run-on type landing, can be ^f^.TZly  can^counted 
speed, then the dynamic lift of the aeros    ddition> ail four 
on to'augment the other purees of 11«^  thrust> for   ± 
helicopters can produce substantially    Hell_stat could then, 
peower,Pat 50 mph than at zero |Pe^ddl™onal payload compared 
with eauivalent safety, carry 'u*       . 
to the limitation of a hovering landing« 

_,  ,  4 4-v, an Pmereency situation in which 
The above discussions all deal wl™ ™ l^SSy half power.  It is 
two of the four helicopters werJ supplying only     ^ hellcopters 
clear then, that in the normal situation, wh^ ^ approxlmately 
are fully operational, each will oe op       Thug tQ allow for 

helium in the aerostat. 
It  is   for this  reason,   that,   ordinarily     the use  of ballas^wi 
11  necessary.  In a ^lly buoyant LTA, los» of   ^ ^ R  _stat, 
compensated only by dumping « J£f*"g

be achieved by changing 
however, a far more rapid response can      pter rotors using 
collective pitch on one or more of the hj££P™he gavlng ln ballast 
SEe power reserved for emf ^ncies„  Moreove ,   ^^ ^^ ioadlng5 

oS'S. S'lÄS.:1^ con^uentTavings in helium, fuel and 

maintenance, 
. ,  .   u 1, nroDOsed to use the PAA 

in flight, 

B. 
Anywhere else.  Continue in flight to an area 
where a safe landing can be made. 

(With no dumping of fuel or payload), 
„„ t-v^n those under which current ftrane- 

These criteria are more severe than those un      capable of hovering 
ijpe helicopters are operated.  The latter     ^ payload must 
at full gross weight with one engine out, a       u fea8ible with 

iL'^lä^an^osS/pa^-a^Ujd ror «g HeU-Stat, an. 
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of a civil aircraft may allow any object to be dropped from that 
iLrvlft  in flight that creates a hazard to persons or property. 
Sowever! this siction does not prohibit the dropping of any object 
I? reasonable precautions are taken to avoid injury or damage to 
persons or property". 

As mentioned above, failure of more ^ha" .f^^^'L^^or61,6" 
so remote that the FAA has no requirements on the subject ior 

some forward airspeed would be necessary. 

MOORING SYSTEM 

Present aerostats have been moored from a nose Jjjj* Jj * "JJ^ 
and thence attached to a car, truck or ««Jjjj* ""£.Jj? to 
are behind the center of buoyancy with sufficient weight to 
resist the vertical forces, yet free to rotate on the ground or 
on a track whilst the aerostat weather-cocks into the wind. 

It is important that the aerostat be allowed to Position itself 
into the wind. At large angles of yaw the total wind force 
can be thirty or more times the ^o-degree magnitude  On an 
airshiD the size of the Akron a wind of 60 m.p.h., striking 
broadside would exert a force of about 400 tons (800,000 lb.). 
o    y oudsuch a large force involve a substantial ground 
anchor system, but even more important, it would require a^ 
multitude of mooring lines in order to distribute the loads into 
?he baUoon wi?hou?6severe stress concentrations which could 

rupture it. 

On the other hand, allowing the aerostat to swing about the nose 
nreemots a sizeable amount of clear land for mooring purposes. 
?or ?neS7?-ton Sli-Stat this would be a l°°°-"iu£^^i

r£e' 
which is nearly 20 acres. This circle can ^ea

r^c^^n^r^v^s 
SO« or more by mooring the Heli-Stat in such a way that it pivots 
around a point aft of the nose, but ahead of the most forward 
position of the center of pressure. 

One method of accomplishing this is to actually attach,tnew
ae/,°^t 

a? a mooring fitting located at the desired pivot point  For many 
aDDlications, however, it would be advantageous for this area oi tne 
Heli-stat To  be accessible, as in loading cargo, for example, or 
boarding passengers. 

CONCLUSION 

From previous helicopter crane operational experience and regula- 
tory criteria, and performance characteristics of aerostats, and 
Scopters, a viable precision hovering air-lift system can be 
designed and constructed with the minimum of risk and development 
costs. 
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The resulting vehl cl..j «ill provi*j a unique service^o^heavy^ 
vertical lift and Positioning fcxrexceeaing      orderly 
any other means available today, and extenu 
development of his environment» 

3« 

5. 

MODEL OF HELI-STAT BASED ON SHORTENED MACON ENVELOPE 
FIGURE 5 
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N76-15056 

THE VARIABLE DENSITY AIRCRAFT CONCEPT 

A.C. Dave npor t* 

ABSTRACT;  In the variable density aircraft concept the 
aircraft's density is varied by varying its volume.  This 
is accomplished by combining a variable volume hull, 
which I call a dynapod, with intrinsic means for the 
controlled variation of a mass of working fluid or sub- 
stance within the aircraft.  The dynapod is a hinged 
structure and follows the volumetric variations of the 
working fluid.  The result is a variable density hull, 
which with the attachment of power plants, etc., becomes 
a variable density aircraft. 

THE AIRSHIP'S DILEMMA 

Its fixed mass concept is the airship's dilemma.  Part of the concept 
of airships is fixed geometry and weight maintenance through the use 
of ballast.  This fixed mass concept is illustrated by:  1) U.S. air- 
ships using the water recovered from engine exhaust gases to replace 
the weight of consumed fuel; and 2) German airships using gaseous 
fuel whose consumption had little effect on the weight of the airship 
as its own weight was very near that of the air by which it was re- 
placed.  These systems were developed in an effort to provide a means 
of maintaining a selected density altitude.  Let us review the oper- 
ational penalties of the fixed mass concept. 

* President, Dynapods, Inc., New Orleans, La., U.S.A. 
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Ofi^ationsi^Penal^^ 

Inerlia77^7greater   the mass  -«^n^^rtL^SrSion. 
required.     In  the  above  f f^f  e^^^ weight carried only 
positive  and  negative,   of *£ast-   J^^  of   this  penalty  is   in- 
fer  the  sake  of   its  own weight       f*.^^ 5,000 hp and 
dicated by  the  realization  that an  airship a           P    y       consume  72,000 

having a  specific ^/^^  ^plac ^nt'of^fweight of  this  con- 
lbs  of  fuel   m  24 hours.     Tne  r^px fch    airship,   in a 
sumed  fuel,   whether by air  or vat«'   n^s^a^f  36,000  lbs.     At 
24 hour   flight,   will  carry an average  ^ess  loa ^  ^ 
any reasonable  speed  this  translates   into  a  lot o aircraft/   bene- 
less  effort.     Fixed mass  airships  do  not,   as  do 
fit from reduced load operations. 

Dynamic  - Floating object, are  in buoyant equilibriu^    They float 
only when they are displacing that amount of  the B« g  ^_ 
exactly equal  to  their own weight      *™£fi*      D ^  sub_ 
atantially less  power  to P*°P^ *°"z™£äY

inthe production of 
buoyant objects because- energy  » «^ because of  the 
positive or  negative  ^ft.     Fixea ™ routinely  fly  "heavy" 

£fU3£ SLTJTÄ ™ tT£Ä> U« potion. 
«l-.trie - »e r:.nt of ene^ ^^^^^^^ 

objects require more energy to propel them     the
y
surrounding air 

inertia, but also because they displace more 
than do lighter floating objects. 

fnf airships is also affected by the geography of the 
The displacement of airships is a   aircraft be capable of rising 
earth which requires that long range aircraft be  P    ^ circum_ 

above mountain ranges  «»™ STr^rSLS means  that an airship 
navigating  the  rest       ^^^Lonable  altitudes.     If  an air- 
has  to be designed  to operate at r example,   the LTA gas 
ship's   "P—-e"   ^^^f.^iVui have'expanded  3 5% when  the air- 
which  it contained  at  sea  level "1J-X standard  temperature  and 
ship reaches   its  ^"^ä^- ^f^lS builS oversized  to 

ricIi/rrtinSyliTi  -"to £ =  -ume  tribute  to  the 
fixed mass  concept. 
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In the operational modes the fixed mass concept wastes energy as it 
requires the lifting, acceleration and steady state propulsion of 
hulls whose weights and displacements are excessive because they carry 
such large amounts of ballast.  The fixed mass concept is in diametric 
opposition to the purpose for which the airship was conceived. 

THE VARIABLE DENSITY AIRCRAFT'S SOLUTION 

The variable density aircraft solves the airship's dilemma by com- 
bining a dynapod with an intrinsic means for its expansion and con- 
traction. 

What is a Dynapod? 

A dynapod is an articulated, variable volume, variable geometry, zero 
differential pressure, constant surface area hull.  It is a hull of 
square cross section the sides of which are hinge-joined to allow the 
figure to vary its geometry and volume.  Special pyramidic variable 
volume/geometry end sections complete the hull. 

Since the dynapod can follow the volumetric variations of a working 
fluid the density of the assembly, that is the dynapod and the equip- 
ment attached thereto,' can be controlled by varying the volume of the 
contained working fluid.  By attaching the apparatus of propelled 
flight such a variable density hull becomes a variable density air- 
craft. 

Expansion and Contraction 

The volume of the contained working fluid is controlled by the addi- 
tion and subtraction of the "wasted energy", heat, of the exhaust 
gases of the power plants.  The expansion rate provided by this basic 
system can be augmented by auxiliary burners or other means when 
desirable.  The addition and subtraction of heat in the basic system 
is through a heat exchanger of conventional design. 

A single power plant, such as a UAC PT-6 developing 900 shp, has a 
mass air flow of 6.5 lbs/second.  This air becomes part of the com- 
bustion products when burned with the fuel.  These combustion products, 
as gases and vapors, are exhausted at a temperature of 613 degrees C. 
By transferring this heat into the working fluid via a heat exchange 
system it can be made to perform a useful service in the variable 
density aircraft by providing a substantial part of the energy needed 
to lift and carry loads. When heat extraction from the working fluid 
is desired the exhaust gases are diverted to the atmosphere and 
ambient air is channeled through the heat exchanger. 
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TH« inf-rinsic expansion of the working fluid 
intrinsic "*?*-£"- f^f'^"weight *£ the displaced air as useful 

lift  rather Francesco de Lena, in the 17th century, conceived the 

rdea-of'sfng evacuated „etal spheres M^-^«'«. 

surr^A AT.: ä - - — ™ 
aircraft concept. 

DESIGN CONSIDERATIONS 

Since the heat input reguired to -^^^ÄÄ" 

fro. ^.-^I^rtwo's^terTt i St to design the aircraft so that 
ferential of the two states, it is        mi„imum operational con- 

^ration "ÄTi„0^^ in^e^perature of the wor*in, fluid 
:r:*»t texture will then result in positrve buoyancy. 

Bffective control of the heat level of the ^* J^^™ 

transferieret anriightwelghtlLS^io^ the construction of 

the hull establishes this control. 

Major cost factors in the transportation °* *«**»££*  ^f^ 
fabrication and routine «i?*™*^«^ °f ^^^implicity 
factors are elevated by .äes^%«^1%;qi^ring, fabrication, and 
of the dynapod allows ^^Jg^^^älw  are required 

^^^fabrication  Seduction in meaningful quantities can be 
111   i^llv achieved  The zero differential pressure feature of the 
economically achieved.  in«    ö ■!„>,♦. m;,i-«rials without substructure 
dynapod allows the use of ^^f lZpanels  used in its con- 

~H2££SivSwärssÄs. 
A   SIMULATED  FLIGHT 

ngure 1 on page   , shows . cross section f^^f^^/^Xl 
panels  of which are  indicated by p.     The  jxex * 
Interior  of  the hull  separates  the  fuel     f     frou the  LTA g 3 
fuel  gas,   following  the German system of  «i^Blau P 

SfTis  conSSlS £"chann-ng^iSer  erases  from the 
^owe/plant?  P,   or  air  through the heat exchanger,   h. 
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ft 
P 

Figure 1 
Cycle of Operation 

A - "The vehicle is on the surface in neutral buoyancy. 
B - Heat energy has been added, via the heat exchanger, h, to the 
LTA gas, g, causing it to expand. As the dynapod expanded con- 
currently it displaced more air and the vehicle became LTA. 
C - As fuel is consumed in flight the extraction of the fuel from the 
interior of the dynapod causes it to contract thereby reducing its 
volume and frontal area.  As the fuel weight is equivalent to that 
of the air no change in density occurs.  A proportional change in 
total volume and mass occurs. 
D - Over destination heat energy is extracted from the LTA gas, g, by 
channeling ambient air through the heat exchanger, h.  This decrease 
in volume without a decrease in mass results in an increase in the 
density of the vehicle and it settles to the surface. 
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VERSATILITY 

•~v fart-nr in determining the cost of 
Vehicle vs Load Size - A m^°r ^f °£e carrier is matched to the load, 
transporting an object is how well ^e ca     exceptionally large or 
Dynapods are clusterable ^.f^^f ^exceptional load capability 
heavy loads without paying the penalty of    Pg ^ ^^ four 

SSpSTSr-S^S ^re ^More dynapods can be added to these. 

cluster 1 

Cluster 2 

Figure 2 
Clusterability 

tively low in P^£ll^^"LSer ground movement end handling 

^.ss:-*^»"^"' ^-^are collapsible providing ne 
perfect compact storage. 
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WRY A VARIABLE DENSITY AIRCRAFT? 

Pra^™^ iS!? S^mplified' energy conserving transportation system. 
Practically all of mankind lives within that narrow band of air 
between sea level and 10,000 feet.  The key factor in man's success 

within^a^Vr hiS abllity t0 tranS^°rt himself and his g^ds within that limited space.  Transportation is movement, movement 
requires energy, and man today, because of his dependence on depleta- 

S «TS* S°UrCeS' 1S sufferin* from ™  energy crisis.  Stagnation 
tion  S6 anrr- ," 1S n0t SVen an a-eptable intermediate solu- 
sTüni-n 7S    develop energy conserving transportation systems to 

use until science can introduce non-depletable energy sources. 

rLn/f °mattC  that thS m°re con,Plex the system the more energy 
required in its operation.  Complexity is introduced into surface 

bv tunnelf T-rtem! * ^ Si2e *»*  Weight restrictions imposed 
iLtZT    ;   SeS' transfer steps between terrain and water 
systems, etc.  The use of our air ocean removes all of these re- 
strictions provided that the same vehicle used to pick up a load at 
point of origin can also deliver it non-stop to its final destination 

T^LTttl  a Sh±Cie1
ä,at Can h°ld *»lt*»  °Ver ■ £S and^ick n- 

lld^o  take °ff and land vertically with a load and carry that 
and w^r dlSta?CeS/  ™e vehicle that can do these thing/economically 
and with minimal adverse ecological effect will serve man well  TS 
vehicle is the variable density aircraft. 
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ROLES FOR AIRSHIPS 

IN ECONOMIC DEVELOPMENT 

George J. Beier* 
Gerardo Cahn Hidalgo** 

ABSTRACT: This paper attempts to demonstrate that airships 
of known and tested technology could, in some cases, per- 
form routine transport missions more economically than con- 
ventional transport modes. If infrastructure for direct 
surface transport is already in place or if such infra- 
structure can be justified by the size of the market and 
there are no unusual impediments to constructing it, then 
the airships of tested technology cannot normally compete. 
If, however, the surface routes would be unusually expen- 
sive or circuitous, or if they involve several tranship- 
ments, or if the market size is too small to spread infra- 
structure costs of conventional transport, the airships of 
tested technology present a workable alternative.  The paper 
argues from a series of special cases. The cases, though 
unusual, are not unique; there are several similar possible 
applications which, in total, would provide a reasonably 
large market for airships. 

INTRODUCTION 

The World Bank has a substantial interest in transport development. 
Through fiscal year 1973 the Bank had lent over $6,788 million for 
Various transport projects. Although roads and railroads account for 
the bulk of this total the Bank also lends for pipelines, ports, and 
aviation.  Our transportation loans have financed investment in vir- 
tually all the developing countries of Africa, Asia and Latin America. 

The Bank, through its country oriented economic work, transport sector 
studies and project appraisal, including the analyses of possible 
alternative investments, attempts to expand the context of countries' 
plans for transport development. Within the general requirement that 
a project must have an acceptable payoff in development, the Bank has 
really unlimited freedom to finance a project using any technique. 

* Economist, International Bank for Reconstruction and Development, 
Washington, D.C., U.S.A. 

** Engineer, economist. 
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The "final product".of the Bank is simply a loan to^a developing 
country to make an ^vestment choose wisely among the alternatives 
aimed at helping the country to ?^°^m^ts with sound development . 
available and to complement the investme        airships is lo decuic 

. r  t-his paper are aimed at stim- 
The ideas that we present in the *J^ ° of possible applications of 

-iiir^näss^s-i-.* appÄiy - * «**• °e —ble 
development missions. 

in the section that follows we will present extended espies of 

possible uses °* ^^/^pt"« Sow that there is a prima facxe 

rasegfor-applyinghknown Lchnololy to a new task. 

CASE STUDIES 

T„„ cases of coDpletely different nature will b.= analyzed, <*-$£■ 

^Jent?in^ortafionrPSthefuOtIIisa0t0io„Oof «11 airships to haul »all 
cargoes for short distances. 

r.n»r  Character^M^ of the Airshipj, 

In order to proceed with a cost JSJSi-S.^Sü^ScS."? For 
conventional modes of transport ^«j^/f^^e specifically idanti- 
gld^tSr fo^oLs^^ufa^ew SrSxa? assumptions should be dxs- 
cussed before turning to the Table. 

(a)  Cost of Construction:. Wehave no recent^'«^^^var, 
capital cost for a large airship.  Researcn *      ln* to estimate 
are very minor cost elements;  we are sxmpiy     * g_  The 
how much the cost of c™8tr«£™£Lti£ £e well-known. Dr. Eckener, 
basic design and operating characJ^istxcs a ^    5 
in 1952, estimated the cost of a new H«d«b g   * We h   assumed a 
million, i.e. from $68 to $110 per kg emp y   B     for the large 
present construction ^Vn^- Eckener'f low estimate.  This seems airship-about three times Dr. Eckener sio ig52>  For the 
about an adequate allowance for ««eased co     a construction cost 
smaller airships (2 tons and 15 tons£ we average cos   tl_ 
of $300 per kg empty weight in a"oraanc        ^^    ß>  g 

Se^St«^ 
^.•S^^-ViS^tir^S. larser ship. 
(b)  interest and depreciation:  Throughout the papery assume^lO, 
interest rate for ?11 alternative transport in ^  the ^ 
20 year life for the large airship and a IU y oned for tb small 
airships, in recognition of the rougher j Q£ reasonable 
ship.  A 20 year life may be near the oute ^ successful 
assumptions for the large f« »ut^x| pelln, were anywhere near 
airships in this class, e.g., 
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the end of their useful life when they were scrapped for want of helium. 

(c)    Flirtit time: Vfc assume that the large airship could fly 6 000 
hours a year  By way of comparison, the Hindenburg flew 2 810 hours 
in its first nine months of service, an annual rate of 4,215 hours 
Se use we are considering is a regular, shuttle type operation and 
the 6 000 hours assumption should not be too optimistic in these cir- 
cumstances. For the smaller airship, in rougher terrain with iregular 
loadings, we assume a 3,000 hour per year performance--roughly, a day 
time only schedule, 

ftn The large airship would operate at nearly ideal altitudes and tern- 

shsrÄ £ si: ä^ ^£3=*«- 
most of their operations over territory of about that altitude. 

of 216,000 cubic meters, a static gross lift of 206,400 kg empty 
weight of 113,000 kg and useful lift of 93,000 kg.  S.L.T A. inc. nas 
S   series of estimates on the characteristics of a modernized 
Mndenburg^vhich'we shall call the «H2»)  ^f^^iE-?1 £^5 
to the Hindenburg, incorporates no radical technological ^ange ^ut 

SCerH2Stod JoHoO7.*? Ä °gross Uit tÄ^*?' Incorporating 
Sderi structural materials lighter engines and modern advance*, m 
eearine the H2 should be able to achieve a slightly better static 
efficiency? we have assumed a useful lift equal to empty weight, 
133,000 kg, using helium as the lifting gas. 

On these assumptions, the cost estimates of Table 1 were prepared. 
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TABLE I 

COST CHARACTERISTICS OF VARIOUS AIRSHIPS 

133 ton 15 ton   2 ton 
airship airship airship 

129     130     130 
Airspeed (km hr) ^     UQ     110 
Ground Speed (km hr) ^     22Q     22Q 

Stage length studied (km)- '   UA             2       2 
Flight duration (hours) 4 93?   1700   1,000 
Horsepower required '        68Q     4Q0 
Fuel required V (kg per trip) > ^ 7    ^ ^       ±  5Qc/ 

Payload (metric tons) '  x ^     lß5 
Productivity in ton km per hour .   ",       • g3      43 
Personnel and Maintenance cost (?/hr£              fi ,    2g 1 
Personnel and Maintenance cost (C/ton Km;     g^/  2 ?e/  121£/ 

Fuel cost (c/ton km) _1^93f / _14^/ —^4^/ 
Direct operating cost (C/ton Km;       * TT7-TFS2-T3T- 
?ea?lj capital Recovery charge (^illxonj-3". 12 5() 
Yearly pay load (million ton km) »^   18 3    62.0 
Capital charge (c/ton km) __   _ ___— 

5>71   27.7   100.2 
Total Cost (C/ton km) 

„ Average stage iength of the »ain comparison study included beiow. 
57 0.2 kg per hp per hour. 

If    &SrÄ°kl"S?i Ptiee POB »atadi. 

I', Sft 15-13 SiiSS: SSinsSS Sk 10 Us«1« *«»..:. 
Wee-  Based on data furnished by Studiengruppe Luftshiffbau und 

1, was derived to 

Anwendungs Bereiche. 

n.„ nf i-h« H2 in th» E»lre export /import trade. 

The cost calculation for the H2, shown £ Jg^^l of co^e^from 
approximate the cost per ton to of the shutt 1      ^ Q£ g 
the Katanga to an Atlantic port ^obito a     ^  M    e balanced 
cargo to Katanga, a stage lengtn OJ. *      route to insure a virtually bulk cargo traffic is generated on this route t     ^^ .mplied xn 
continuous full I?*?.operation,  "ence t* g  on this route are 

Sr^iaeiir^dS^i^Sre^S low land elevation. 

To compare the cost of the H2 against[^^^^^o^^^' 
we calculated the cost per ton via airship ^       per ton ^ times 
length from Katanga to Lobito.  :>/J.o P« 
1,290 km). 
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^e first set of costs  against which to evaluate the Prance of^the 

H2 are the short run costs of gSS^U SSS and river fleets); 
operating cost of Yf "^n

(^rana mainlenance of infrastructure 
Salary ^th^S"f"Si  infS^ructure;     the  depreciation and  inter- 

est cost of the vehicle fleet. 

bhSn^ra°?^'^d?ethe 'o^on'tÄo ^ with access to 

the Atlantic. 

ZAIRE OOPPER TRAFFIC - Conventional versus Airship Route 

PORT FRANCQUI 

BANANA KDL RAILROAD 

KATANGA 
COPPER 
AREA 

ATLANTIC 
OCEAN 

work published in iy/i oytne except to  take account of the 
£c?easf inrfue? ^ces^obcÄ blowing cost estimates: 
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TABLE  II 

~~ ~ USc/ton km      KM       $/ton 

.   ,     .,s 2.86^       1,430    40.89 
Katanga-Port Francqui   (rail) 595 
Port Francqui Trans-shipment ^ ^               g0Q      ?>36 

Port Francqui-Kinshasa   (river) •                                  5  g5 

Kinshasa Trans-shipment; l  75^           366       6.40 
Kinshasa-Matadi   (rail) 66.33 

Total Operating Costs —^ 

Inventory Cost of Goods   in Transit - __ 

Source:     BCEOM,   Etude de Transport de la Voie National,   October 1971 

a/    TO update the fuel price ^es    the fuel component in marginal^ 
-'     cost for the two railways was ^ltiplied by ^^    $n? metric 

^CIF^afadifanf^yf (ITtimateS at  $31.50 per metric  ton CIF 

West African ports). Matadi)   of  $1,624 per 
„/    An interest rate of 10%,   « «KShSS^argo)   oll'uO per ton,  were 

SSi SValcuiatf °t„e Sentory'S ^for ^2 day,   (the average 
triP time from Katanga to the port). 

TZ^ZTJ^Zo modes  shows   that thereJ. a^ery slight 
Sifferenoe between the =«="   (less  rntras ^^ c ( 
?ional modes of transport  ($71.6 per ten) r t<m) _    T the 

äsja.'rsrss.«-i^s - So„";ä1
«*^»«, 

lia-nlio-orfff°the SfcouluVehouiltPfor°about  *»'5 »U11°n ^"^ 
of the $26 6 million which we assumed. 

^ inclusion of a reasonable allowance ^infrastructure investment 

Ädata?  thfeos/pS    on    o    ^^«gS;^-,?;^ 
cost basis,  would be about  $20-25 P^a^ost

B
basis   for both modes,   the 

r^firS-about0^rcheapder   ($7? £  ton vs  $95  P«^^ 
The full  cost  comparison is not ^ precise;     the ^EOM^estimate 
™fers   to  full  cost of past  investment rather^ ^ alrshlp8    but  xt  « 
future investment which miSht be avoiae       estimate  is   less   than full 
not unreasonable to  assume that  the »^£JVestments required to handle 
Suture  cost.     The  list of  conventional  ^e^otalling

H
from $148 million 

sri^SiScS'SVi price,1!s,^p^ä.^^ff^sa." 
fnvertm^ri°ighrreTvoiIecS:r1o^rPonSed for many years by use of air- 

ships.   -' 
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Sf liShdi "ULI econ?eSL„al Jodes^«^^»^ S"«h. 
depends on the much longer surface route      This suggesc et. 
present state of the arts  the airship will ™Jf°' f*n"„e 7ls adequate 

Sect6 ^econd-higS    ÄÄ ffm S toSfairsnlp 

fuel is  in the neighborhood        35      f op rating co &s  oil 
petitive modes.     Our comparison J^1 ^f^J ^r;n prices.     Third, 
prices increase,   les%favora^j£v

&
af ^pensive as  copper,   do not 

iurou7trDe%e^iSor?anrrt?aSvf toTtnerVanspo?? cost items. 

We have made this  comparison only to^tS'fS^fS llTZnZl have no basis  for a comparison of port costs  tor «en rclal 
tional modes.     No airship has ever ^fertaken this  type o    c 
freight operation      ™ " iy^äg.*bi^ toVerate from a 
neSred^ter'base,  Alight^.^^yPje^purjo^ 

barge,   and pick up "turn cargo    without ever using the n P ^ 
facilities.     It seems quite clear fat this win a

becaus| conventional 
ship a decided advantage over other air transport Decau« 
airplanes with a landing site -ay fro, the P-^Xl ci?cum"ances, 
S££S£?T.hS? afrom°rtneSS2fSould probably be cheaper than 
transhipment from rail. 
Use of H2 for Exports of Horticulture Products  from Kenya 

SS billtror 0lncf.aIinr°tnHegetfle and fruit^J^S *£.«&. 

Ane'fransp^^^^.^SSff-STA^ 
over one thousand metric tons  "\"b*g5° traffic experienced shortages 

3%£o^ceÄu «rH n%fe-pandfd'^lurrlcfant" 
Äfalreadrexlst to emplo/anl^'ana'traiflc can be expected to 
expand. 
The cost per ton km at backhaul rates   (for comparison to Table I) 
SngeTfrom 7.080   (IATA rates)   *°5 ' * Vvi?tually Seal'conditions  is 
ssho

7rc' "^^^^tsVi^^^^^i^^for le*s • arable operating conditions  the H2 could still  deliver at rates  m 
tnTglner^neighborhood of the 1973 IATA backhaul rates. 
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The H2 presents a transport ;l"™g^rX^ Spanen ofSe than the backhaul »tesvhich^have fostered rgid^^     ogt„  f 

Kenya-London vegetable and fm. "ade      inni  of i973 were about 

Ä"of ^MÄ onto f <g^t-«^« 

At £"SÄ-.r. SSSSptSück that now ,^s  further 
Horticulture development in Kenya.2/ 

However, the H2 faces special problem..not ^^countere^by^backhaul 

traffic.  First, the b^^0?
e^grn  Second, the low speed would 

more demanding at the point or °^^n.  o    ,     •   ent at markets 
make the H2 less flexible in meeting the m  Lbarely competitive 
than is backhaul traffxc^ Finally the axrsnp        the.traffic 
with conventional airplanes on a cost oab tQ justlfy a 
once volumes are large ^ough (say 15 000 tons Py^ ^ ^ bagis 
cargo plane devoted to this use  Costs, cai       ^ fQr con 
as fhoSe for the.H2 ranged from 3?5C t^^ the cost increase has 
tional aircraft in 1972.  tor comP?*~ on account of fuel cost in- 
been about 60% since ^at time mainly ™s*f ^C

conventional aircraft 
creases which have more than doubled.  <*J«   k  at this point in 
would thus be in the 6 to 8 cent range, per t    ,   advantages of the 
1974, roughly competitive with the H2g ^und where the infrastructure 
H2 would probably be minimal in this sicud 
for planes is already highly developed.3/ 4/ 

,  T f  fnirr,^0 n^Plopment, a Burundi Case 
The H2 as an Alternative to Infrastructure u c  
"   " „ •  *. «11 *-Vio (often discussed) trans- 
Another possible use of ^rf ^^^^'L^tant^tential traffic 
port vacuum in the case   "Jf structure components for 
faces a lack of some of the re^uxre? -1-"  . .-, is between the three conventional transport.  The economic choice is betw^ ^        for 
options:  not developing the resource  ?;n     b airship.  The par- 
surface or cargo Pl-e transport;  and shipment by nickelPdeposits 

fSmlaan area In fuSndi^SfsSport of Dar es Salaam. 

A Urge and rich nickel deposit lies very shallow (j^^^Sf 
gap mining), near Rutava in Central Burundi.  ™* ^     of  tai 
?he mine is not Precisely known but JU,uuu     F      .n that fom) 

Bujumburo 
. Approximate location of deposit 

Direct Air Route to Mombasa_Port, 1072 km 

•JO* 
>Si$>tf •ftaj 

Tabora 
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The conventional transport alternatives can be briefly summarized: 

(a) A road can be built (or existing roads upgraded) between the 
Rutava region and Bujumbura, a distance of .ihouf 160 km.  Fi,>ra IHiivim 
bura (a lake port on Lake Tanganyika) the metal or concentrate could 
go by barge to Kigoma (about 320 km), and from there to Dar es Salaam 
aboard the East African Railroad (about 1,200 km). This long, in- 
direct route (1,680 km), with two trans-shipments, and inevitably long 
stage time (say, 20-25 days) would be similar in direct cost to the 
Zaire traffic discussed above, but it would require a new road link 
and improvement in infrastructure for the Lake traffic.  Our previous 
analysis in the case of Zaire would suggest that the H2 would roughly 
be competitive with this mode even without capital costs on the sur- 
face route.  The airship needs to fly only a little over 1,000 km to 
reach the port of Mombasa (Kenya) where sheltered water areas are 
available for loading to ships, compared to the 1,680 km journey by 
surface.  The capital cost of surface transport infrastructure by this 
route is comparatively modest--perhaps $45-50 million for the needed 
investment in roads, rolling stock, barges and tugs, and lake ports, 
but this cost difference would appear to be decisive. 

(b) A second alternative which has been discussed is to build a rail 
link directly to Tabora for a continuous rail journey from the mines, 
to Tabora, hence to Dar es Salaam aboard East African Railway.  Costs 
for the new link have been estimated as high as $300 million, since 
the railroad would have to traverse very difficult swampy areas.  Once 
in place, the railway would have reasonably low variable costs for the 
entire trip length--about 1,200 km in a route nearly as direct as an 
air route.  The relative costs of this alternative compared to the 
airship will depend, crucially, on the anticipated traffic volume. At 
relatively low volumes (such as 30,000 to 50,000 tons per year) the 
capital cost of the rail link would clearly be prohibitive, annual 
interest on the railroad investment being about three times the total 
annual cost of moving the traffic by airship. 

(c) The third alternative would be to build a large enough airport at 
the mining area to fly the metal to Dar es Salaam or Mombasa aboard 
efficient cargo planes.  On an operating cost basis, the H2 could com- 
pete almost equally with a large jet cargo plane, but the low traffic 
volumes would not employ even one medium sized cargo aircraft.  The 
infrastructure advantage of the H2, and the cheaper trans-shipment at 
the port, would also seem to make the H2 preferable even at traffic 
volumes large enough to employ a plane. 

Clearly the Burundi nickel export is a special case.  In some cases 
(perhaps in this one) the additional development impact of a conven- 
tional mode would offset the airships advantages.  But this and sim- 
ilar cases command attention for more detailed study. 

Using Small Airships in the Region East of the High Andes in Peru 

In the use of airships in the Andean region, the development program 
is considered in two basic steps:  the use of a small airship, with 
useful load capacity of about 2 tons;  the use of a 15-ton capacity 
dirigible to replace the small airship in a particular area once the 
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technical aspect, of the use f&±^d^%^l1'^^Vi^Tct  and 
proven,  experience has been ff^dwitn       the crew will generally 
crews have received adequate training.  £^au        maintenance and 
not have good ground support they will neea    difflcult terrain, 
unassisted landings, as well as f°* °PS*C£g * dirigible will be com- 
From the economic point of Y^' °£?n%eSXce with maximum safety, 
petitive, as shown below.  But to gain expe ^^^     The CQSt 
the smaller high-powered.easily handled ship  ^ Table    Th 
characteristics of both/^hips wer for use of these airships is east 
general zone that we are considering tor u     hes from the mountain 
of the Andes mountains in Peru  ™e ^region        valley.  A zone 
side called "ceja de montana in Peru to the ™ Ecuador and 
with similar geographic characteristics reaches      ^ altitude 
Colombia to the north and into Bolivia in trie .^ un_ 
varies from 1.500 m in the ;oun       700 « £ les t?rough 
charted country, forests, a£d ^^ualiy in    £ are sparsely 
which run the head waters of the Amazon  The    ^      Thes£ 
populated, and the.area is for th^°sJa^er'popuiation if better 
areas could potentially support a much l«|«dP *d if agriculture 
transportation and communications are suppi      er of food> over 
production is improved. _ Pe^^s

0?°Lving farge unutilized areas for 
^230 million per year, in spite of having large 
agriculture. 

T  .   -o+~»-ii^t- and hard to maintain, 
In these regions, roads are costly to construeand §J      deteri_ 
and may be impassable ^.™aintenfnce requirements .  The high freight 
orate rapidly and have high ™£n^n£f *oad the topography, and the 
rates reflect the condition and type otroa    back£auls.  Transport 
irregularity of loads, ve^ä-S the flw of agricultural products 
presents a particular problem in the tlow or g      x small vaiieys 
because the distribution of arable land is in       therefore remain 
separated by rough gorges and "vxnes  A va  y     near a road 
quite isolated, economically, even though it   4 extremely costly m 
The construction of access or P^rat^on roaa per km).  Although 
the regions under consideration (above $250,000 pe ^ ^     valleys 
distances are relatively short the ixt*«« f d until and unieSs a 

S£ l^SXSÄ^t iserrfachedn 

Air transport with conventional aircraft would rjqu^a^«^« 
of airstrips to provide ade^uate f^ess ana Cost of transportation 
could be constructed at a reasonable cost  Cost        Pg ^^ ^ 

with alternative airborne ™?" ^J^gJer $0.56 per ton km, the 
example, the 5 to 1 DeHavillandtw« otter ^^ PQ ^ ^ air_ 
Helicopter Sikorski, $1.49 P« ton K ,      F ^ transport mode is 

SvLiSnea SffSSiS' the°coSation needs. 5/ 

The transportation needs are; fo:: moving^\^f^^^l%. 

its flexibility and very ^^n£aS
sS

Ca little over twice the length 
landing strips.  AVp6n-  ii Jinrine tower in its middle, around of the vehicle, with a simple^ing.towerfin^_  ^   ^ 
wnicn\hfairÄ^ 
ratersmalI^o^unitfesPan0dUtSefew^ads which provide general access 

,   -• CCAP mao. page u; . 
lated small coiiauuiuLi-^. --- —- 
to the region (see map, page 13) 
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The airship will be designed to operate out of J^ase located 700 m 
above sea level. Typical base points would be Atalaya at the con 
fi,1Brirp 0f the Ucavali and Tumbo rivers in central Peru,  larapoco or 
TingTLrl  Primitive airport facilities exist at these locations. 

Transportation in the .one linked by.the road Huanuco-Tingo Maria- 
Acrnavt-ifl - Prpsentlv the road is semi-completed.  It is noc pavea <mu 
to Z  remain as a"five-meter wide earth path. From Huanuco westward, 
äe^oad ?Sks up to the coast highway. We are considering the air- 
ships as alternatives to road development east of Huanuco. 

The cost of completing the construction and^he improvement of the 
219 km road from Huanuco to Aguaytia was estimated at ^7,597,uuu 
$263,000 per km.  Depreciation over twenty years with ^tenance cost 
of $650 per km per year results in a total yearly cost of $31 526 per 
k* for this road.  Costs that have already been incurred to date, for 
the original road, have not been included in this estimate. 

Tn 1972 traffic over the 219 km road from Huanuco to Aguaytia varied 
f?om9350 vehicies°per day between Huanuco and Tinge, Maria tc»about 
200-250 vehicles per day beyond Tingo Maria.  At 300 vehicles per aay 
the annull cost of the road would be $0.282 per vehiclekm or $-115 
per SnS a? the average load of 2.5 tons. The operating cost of the 
medium trucks that ply this road has been estimated (m 1973) as ?.2i 
per ton km.6/ 

TABLE III 

SUMMARY OF TRANSPORTATION COST HUANUCO-AGUAYTIA 

I.  Road 219 km 

1. Capital Investment $000's ?J,,J' 
2. Annual Capital Charge plus maintenance per km $31,500 

3. Annual Capital Charge per ton/km $/ton-km -115 

4. Total operating cost for truck $/ton-km -.255 

5. Total cost road transport $/ton-km 

While the 2-ton airship at $1.00 per ton km is not competitive on a 
commercial basis, the 15-ton airship (at $0.296 per ton km)   is nigniy 
SniHMve  In addition, it has inherent advantages over roads.  It 
cTstimulate agricultural development in a much broader zone, in 
regions far" from this principal rSad where the developing stage would 
nn? iustifv the constructions of costly feeder roads for new agri- 
riturallLelo^meSfprolrams.  Reinvestment in an airship is minor, 
and its use is flexible, making it less risky than high, tixed roaa 
investment  The airship can aid the development of potentially rich 
agricultural zones such as those considered, almost immediately;  it 
wfuid De nlcessary to wait a long time before a road network is com- 

pleted. 

We conclude that in this case the airships are competitive with the 
conduction and periodic reconstruction of the main road servicing 
the area  In addition, the airship can connect regions that are not 
effectively serviced by the road.  Compared to feeder roads, which 
wouSalsohave very high costs but much lower traffic volumes, the 
airship is far less costly. 
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It has 

Transportation in an ^olated Region in the Peru^ia^rea^ ^Peru- 
VifSea   (see  circle on map    page 13)   -  a^ ^^   frQm Lima  to 

SÜ ^r^^!SttSnl?S.k-— ■*, of —-        w 
Lack of transportation facilities represents the^or obstacle^ 

agricultural development ^^^ifpllnes and small fringe areas 
littered landing strxps forJ;lg^ ?;„ is' almost inaccessible.  It 

Sfte of national resources . ^ 

Several zones in this area are under active co-deration^^ 

regions are apt for cattle, a^- Atalaya lie regions WJ-L 
generally within the radius of 150 km jr     ^ the presently 

dUCed' .      „f ifiS km from the west-east 
Atalaya is at a projected road distance jfJ^atlon to the coast, 
road head near San Ramon which P^^d^tain road («verage con- 
The nroiected road implies 31b Km ox u d ($/km 150.00U). 

required. principal linkage 
The yearly capital charge for infrastructue^h. ^   P 

rena;crrortZSdaSTe
ren20eS

yteimrat4d at%650 per km giving a total 

$28,350 per km. trucks and a 
With an average daily estimated «affxc^lOO^ ^ will be trans- 
return load factor of 30/», aoouc    ,      bg average $ 199 per con 
ported.  Thus the cost for road u-age ^   ^ ^ d road 1S 
L.  The truck ^-^^data provided by Sautx. 
estimated at ;?.o^ ^ao 

TABLE IV 

SUMMARY OF TRANSPORTATION COSTS SAN RAMON-ATALATA 

I.  Roads 365 km ^ $86,350 
1. Capital Investment $000's $28,350 

„  •- i rha-rtrP nlus maintenance ? per con s> 2. Annual Capital Charge plus ^ 
3'.  Annual Capital and Maintenance Charge ? p ^ 

4. Truck operation cost $/ton-km ^ 

5. Total cost per $/ton-km 
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This cost is less than the direct transportation cost on a 2-ton 
dirigible ($/ton-kre 1,00), but considerably more than on a 15-ton 
airship ($/ton-km 0.296) as estimated under present conditions. 

The present situation is that the produce of this zone does not leave 
the region due to lack of transport facility. The production remains 
limited as there are no accessible markets for trade. Thus we are 
faced with questions such as: 

(a) To develop or not to develop the zone. 

(b) To start the transport projects practically*immediately, or in 
several years hence «hen the surface communication network can become 
operational. 

(c) To risk heavy investment capital to develop surface transport 
access at this time (before the development of the region is proven) 
or to postpone the projects until such time when the production of the 
zone is flourishing. 

We would argue that in this case, where the road infrastructure is not 
yet in place, and the economic risk of road infrastructure is very 
large, that the investment in airships is far and away the most con- 
servative approach to linking this isolated area to the market. 

X)lmo 

SCHEME OF ROAD SYSTEM AND CONNECTIONS TO ATLANTIC HIGHWAY 

PERU REFERENCE AREA 
Yambrasbamba 

Dirt Road 

All Weather Road 

Paved Road 

Atalaya 

/ 

Lima 
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N76-15058 

THE APPLICATION OF THE AIRSHIP TO REGIONS 

LACKING IN TRANSPORT INFRASTRUCTURE 

Stephen Coughlin 

ABSTRACT:  This paper considers the requirements fcr tv:c 
areas of airship application. The first of these are those 
countries where there is a need to move consignments that 
are too large for the existing transport systems, and 
secondly those regions where ground characteristics have 
resulted in an area totally devoid of transport. The needs 
of the second group are considered in detail since they 
also require transport to provide social as well as 
economic growth.  With this problem in mind, a philosophy 
is put forward for using airships in conjunction with 
LASH vessels.  A specimen design is outlined and the 
initial costs estimated. 

Introduction 

In order to justify the future development of the airship, it is 
necessary to first identify those areas of application where it can 
provide transport facilities far superior to any other transport 
option.  In an attempt to identify these areas, a number of operational 
situations have been considered.  The most promising result of this 
study was the unique advantage displayed by the airship in its ability 
to provide transport facilities in those regions presently lacking in 
transport infrastructure, the results of which are summarised in this 
paper. 

* Research Officer, Cranfield Institute of Technology, Cranfield, 
England 
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demanding the  ability to £       ^  unable  to  cope. 
existing  transport   mtrastructui c   J. existing P totaUy devo.d o£  any 

and       2)     rorm
aon£ dinlCanretraSport. 

The first of these is a^P^^j^ ^^-^14-?^ 
systems, and its.implicjtions are cover The second area 

äSraxis^i;   rSP- —-p"^ftth 
SrA'A^"»"™^^".l»hlp design th. needs of both 
markets will be considered. 

Ihg_lsElicationL^f^ 

The reason for the total lack of ^J ^jrSe^«"^^ 
regions outlined above is easily identitiea       m -s a situation 
thlt exists within them  The legacy ott   P    and social health 
that has extensive ramifications upon transport infrastructure makes 

,. ^i__ -s^mc involved.  The lacK 01 nai ^ __  ^^ ^^ inrhistria. 

rhrperovisiaon0ofSthrfacilitieS themselves, 

This situation leaves jhose responsible for ^   regions i^a^ 
frustrated position; the ability to transpo  |   inyolved are 
requirement of any economy «£ many of the  g     ^ the world marke 
virh in natural resources, presently 1»  s 
an attribute they are eager to exploit. 

• „ tVlp nast has been hindered by 
The exploitation of these "^««^^spSrt facilities necessary 
the expense of actually providing the tra P       This situation 
to extract them from «^hin their adverse        £or      resources 
is however changing rapidly' ^e incre        justi£y the economic 
has led to a major price esca/at2;°n' jV  encouraged a radical 
development of the hinterland.  Th^  - - °ieS)\he  s„lts of which 
reappraisal of available «al}sP°^r_ f _ logging in Canada and 
havePincluded the use of he^°Pter^r Jogg g for carrying oil out 
proposals for many strange conventional a     lication serye as 
Sf Alaska.  These extremes of technoi g  existing transport 

Technology!^ co^Äi/and ground modes being unabl, 

meet tne
gfull demands of the market. 

Le to 
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Market Requirements 

The transport needs of the regions discussed appear to be ideally met 
by the airship.  It has been shown to provide a high capacity, low 
cost operation, totally independent of the surface conditions, although 
the topography of the region can give rise to economic constraints. 
Before it is proposed as the complete solution, however, the total 
implication of its application must be considered. 

The Transport Needs of these Regions 

The introduction of transport infrastructure is more than a simple 
ability to transfer goods. A developing country must not only 
consider the industry that is being served but also the industry 
generated by the operation and implementation of the system.  With a 
ground based system there is probably as much economic advantage from 
the employment of those actually building the road or laying the track, 
as there is from the growth introduced by the ability of existing 
industries to transport their goods over a wider area. 

With an airborne system this advantage is lost and it may be further 
aggravated where the country in question has to depend upon technical 
back-up from other countries due to the technological complexity of the 
vehicle.  A situation like this could lead to a balance of payments 
situation that stifles rather than stimulates economic growth. 

A developing country must therefore adopt a system that has a low 
foreign participation and foreign exchange component, thus dictating 
a system based upon conventional technology with very little need for 
specialist servicing or repair back-up.  As it also has to operate is 
soarsely populated areas well away from centralised technical 
facilities, its construction should be such that it can sustain minor 
damage and still operate, or be easily repairable by the flight crew. 
What is in fact required is a standard "work horse" which can be 
simply flown and operated. 

This is also likely to be the requirement for the first group outlined, 
(i.e. those requiring to transfer large unit loads), and the ideal 
"work horse" should cater for both of these markets. 

For different reasons, both "user" groups outlined require a system 
that is based upon a minimum investment in ground facilities.  ihis 
is consistent with a further requirement, that the system should be 
flexible in operation, and should not therefore depend upon specialised 
ground equipment, but use facilities readily available at present. 

All of these points help to reduce the investment risk and make it 
possible to transfer the operation if it becomes justifiable to 
introduce alternative systems once the market is developed. 

Design Philosophy 

In terms of size, the requirements of the unit load sector of the 
market is an airship with a payload capacity at least in excess of 
several hundred tons.  Those areas developing a transport   _ 
infrastructure, however, will require a range of airship designs, with 
payloads from 20 tons upto several hundred tons. 
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Bearing the required of both goups in ?ind an^.ttoting" 
produce a design that would interest bot       en design chosen has a 
payload airship has been ^s^ed'Th [  provides a unit Hit capacity 
useful lift capacity of 1000 ton*.  in*    transport across 
for superior t5.any other g^^^^ds market for the areas 
difficult terrain whilst  *" th^ fe^a  g   flow. The major 
discussed, it provides an acceptable com    y    £or the      x 

SÄ mari^ i^i^a/pS  ^carrying one of^l«..^ 

^^^^^^-^>   a £aCility thSt WlU 

be discussed later. 
^ ^u v,„ii i= a kev area in any airship 

Vehicle Design - The design of the hu        ^ ad     terrain 
project, but more so when considering °P       past studies have 
many miles from ^e .nearest technical bacK P    ^^ re 
normally P"PoseV^tS Uck-Sj aid extensive engineering facilities 
highly competent technical bacK up 

t0 avoid this Probl«, CrjnfljX* have bee» »tug»« 
IS 

in 
d and 

an be 
.  Both of these a»™e >^ Tittle specialist training.  A 

easily handled by Personnel with very l£Jecti£ the other systems 

nmelaIowhtechÄgy
aen^n:saar Control systems) . 

Cargo Handling - Because of the difficult terrain^th«Regions^exng 
considered, the loading of the cargo must nt .f the payloaa can 
possible.  For this reason it is far ™ hovering above the area, 
be loaded as a single unit with the air  P    ^ easily catered £or 

21Sth?dLignSstag^SaS KS^Ä all future operation. 

Although it has been suggested that.the\^^ ^ <^{^\he 
undertaken with a single unit, it is as fce matched to the 
be loaded with waller units, the size ot  ^ Q£ flexibility to the 
market requirements.  This prov^es a g    ^ h&  loaded  th 
operation, as it »eans that the ^rger that should prove 
anything from trucks to plastic Dagb, 
useful to this type of operation. 

^^„j.pr could be undertaken very 
The development of the primäry container couia     container 
simply, if necessary.  There « however, a bgen developed 
available that has a capacity of 850 tons   I       aboard ship.. 
by a shipping company as a barge tor us    int?oduced by using a 
(LASH) operations.  The £urthe^/lability       reducing the trip 
btrge adds an extra dimension J^^S^ed equipment required 
end facilities required  The reduced sp  mentioned) the container 
for filling the container has alreaay        ^ Qrigin>  At the 
being able to accept any form o pay J        placed in any piece 
outer end of the trip ^"ir c1u£t!o£ by tugs or a LASH vessel, 
of sheltered water and left tor 
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Terminal Facilities 

Facilities at Origin - As the origins are expected to be located in 
rugged terrain, and the airship is at its highest risk when operating 
close to the ground, the loading manouvre must be undertaken as 
quickly as possible.  For this reason the operation at the origin will 
be restricted to the loading of the payload and the discharge of any 
return load or ballast.  The loading of fuel and replacement parts for 
the airship being undertaken at the outer end of the trip, where the 
terrain will be more amenable to long stays. 

Because of its susceptibility to terrain it may be necessary to 
position the loading area away from the origin.  It is estimated that 
the loading area should be chosen such that within the area of 2 miles 
by 1 mile-a central area of a I  mile radius does not have any 
variations greater than 10' in the centre rising to 1,000' at the 
outer boundary, and for the area between the I  mile boundary and the 
outer limits the terrain should not vary much more than 2,000' in 
general, although odd peaks greater than this could be acceptable. 
The layout of the area will also depend upon the direction of the 
prevailing wind.  An assessment of the total implications of this 
can only be undertaken in a complete feasibility analysis, but a 
preliminary study has shown that this is possible, although not always 
adjacent to the true origin of the goods. 

The general philosophy will be to keep the equipment required at the 
inland end of the flight to a minimum, and hence reduce the "off 
vehicle" capital costs.  This can only be introduced to a certain 
extent as the problems are difficult, and although the use of 
hovering and single load units will simplify this, special equipment 
will be necessary.  The major problem is the quick loading of the 
containers and the removal of the returned unit.  Fine manoeuvering 
of the airship to place and pick up a container from a specific 
point is very unlikely.  This gives two options. 

a) Design the large container to be moved 
quickly to and from the airship 

b) Leave the container on the airship and 
unload and reload quickly 

Both of these are technically feasible and would rely most probably on 
using an air cushion under either the whole container orcargo pallets. 
This keeps the equipment down to a minimum and will require very little 
specialised handling equipment, the facility requiring no more than 
standard agricultural vehicles.  In addition to this a tank for 
holding standby ballast will also be required, with a capacity of 
approximately 250,000 gallons. 

Facilities at Destination - The use of a barge as the container means 
that the airship can unload in sheltered water.  This provides an 
ideal modal interchange; the payload either being taken ashore from the 
barge or being transferred directly to a ship for export.  In addition 
to the interchange advantages the use of a sea-based terminal has 
many further advantages, i.e. 

i)  Sea water ballast 

ii)  Level terrain 
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iii) Space to allow a certain amount of drift 

ivl Ample space for storage of barges close to 
3 shore, whilst waiting for shipping out 

v) No specialised equipment required 

vi) No investment for storage or terminal area. 

The ballasting will be discussed later i^^^^^g^st 
available ability of water mY 5<, ?£e SnSbS?rScied space and the 
attribute of the sea terminal " ^e unobstructea P        ^  ^^ 
flexibility of the location.  The unobstructed sp ^ 
time to be spent at the terminal ^repairs J      tJ only 

replacement, ^f^^f t"
Sboat together with the exchange barge. 

?SisPimplie:1eve:y1iowecaapti^lbinvestment, a facility that is only 

available with this type of system. 

Ballasting System 

For this type of operation the use of sea ««r b.ll..t »»Id »« 

JA ,ÄÄffl»Ä ".«"! "The' """ unless available in large quantitie  i.e. lakes, etc). ^ ^  ^ 

^ah?!isi„g
SSee:i?srirwhils°tr™oo^dStaUndysupplying the necessary 

ballast   for  flight. 
The  technique  consists  of suspending water carriers ™derjhe  airship. 
which  in a balanced situation would be half  immersea ioad  on 

deviation  from a balanced  situation V°*l  rSe wlter  or vice versa. 
the  airship by  lowering the  carrier  into  the water  or v balanced 
This means  that  the  force which caused the  ^ship to mo ^ 
by  the  automatic  removal   or  addition  of t. J  discharged 
i^l^hrrarri^rie^e fhSVatf/anrtn^Sshi^is   in equilibrium. 

{.  -Sdlo^lft^aSEip  du?inf loa^nfanÄaS!- """ 

Discussion of Cargo Handling System 

The cargo handling system that ^^-S^äi^^l^ype-f 
"off vehicle" capital ^vestment and a ^fs^^menting existing 
application.  This then makes it ideal tor  PP    QC    and also 
systems on an ad hoc basis  as special requi    oil£ields etc until 
as an exploratory vehicl  for ^rving new ^^ m5       Apart.from 
output justifies the1^

nvestm-_a„' °n cnecial equipment is required 
the specialised handling ^P^f^^r^mands no more than standard 
at the loading "te, and the destination de        ations on th 
port equipment.  A further ?»riDu« written off over a large 
project cash flow, as the wh°£j jy|*£Js^Js o£ the cargo handling 
network of operat ion-      h£J^aMe to many types of market 
fifing Jhe^iSh^rSSrinS carter value, an attribute not 
available from many transport modes. 
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Implication of Cargo Handling System on Airship Design 

The major penalty imposed by the cargo handling system outlined is 
the effect of the concentrated load applied to the structure.  To 
cope with this, it would require extra structure within the hull 
to distribute the forces.  The weight penalty would be small, but 
has been catered for in the design. 

To prevent further weight penalties the ballasting system will be 
distributed in small units along the structure, and therefore reduce 
further load concentration problems. 

Design of the Airship 

To produce the design, a computer technique was adopted.  This 
consisted of a parametric model, based on the latest design 
information, and a simple cash flow optimisation technique.  The 
results of the study is given in Table 1. 

LIFT AT 1001 INFLATION 

NORMAL LIFT 

PAYLOAD 

RANGE 

FLIGHT ALTITUDE 

VOLUME 

LENGTH 

L/D 

CRUISE SPEED 

MAXIMUM SPEED 

INSTALLED POWER 

PAYLOAD/NORMAL LIFT 

2,300 TONS 

1,920 TONS 

850 TONS +150 TON CONTAINER 

1,000 MILES 

6,000 FEET 

83,000,000 FT3 

1,700 FEET 

6 

109 KNOTS 

120 KNOTS 

75,000 HP 

461 

TABLE 1  TECHNICAL DETAILS 

Cost Analysis 

The estimated cost breakdown of the projects are given in Table 2, 
In producing these figures, the following assumptions were made: 

Write off period 

Interest on capital invested 

Return load 

10 years 

20°6 per annum 

75% possible payload 
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4%  of first cost/annum 
MaintenanCC U of first cost/annum 
Insurance 

£140,000 per annum 
Crew Costs 

The first cost can be further broken down into: 

15% R&D wages and salaries 

16%  production wages and salaries 

10% other wages and salaries 

24%   other overhead costs 
35*. purchased materials and components (inc. gas and 

engines) 

Tfc.se costs are structured » J«!-^^«'«^.!? ove^fcm " 
investment of £100 million, assumed to D        consortium agree- 

HITauHirfee u^ed ^/ÄC^RTU ^  ^ ^^ °' 
two test vehicles 

First Cost 

Annual Cost 

Fuel Cost/Year 

Total Cost/Year 
Cost/Ton.Mile Available 

Break even Cost/Ton.Mile 

£M 21 

£M 6.4 

£M 6.0 

£M 12.4 

£ .038* 

c .044** 

TABLE 2  COST DETAILS 

* Assumes 1001 return load 

** Assumes 75°* return load 

These costs represent a 1000 fle ran, airship^^ ?f Al*" 
of £.042/T0N MILEAVAILABLE is e*™e^ains? ground modes it is 
situation; in regions tha* ^e

a^ther option available.  A more 
likely to be far cheaper than any « operating cost with 
generalised cost curve showing the vari^^^   ^ that even on the 

Soft rangger?he
neco?omics-of the airship are attractive. 
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OPERATING 

COST 

£/TON MILE 
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RANGE MILES 

FIGURE 1  - VARIATION OF OPERATING COST WITH RANGE 

REFERENCES: 

1.  Shelbourne E.H 
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MILITARY APPLICATIONS 
rff RTttin AIRSHIPS 

Ben B. Levitt* 

ABSTRACT-  The objective of this paper is to examine military roles 
and missions for which the rigid airship appears to be suited, and to 
suggest specific applications that the airship could potentially per- 
form in an effective manner.   Principal missions examined are the 
movement of military cargo and the surveillance aspects of the sea 
control mission. 

MOVEMENT OF MILITARY CARGO 

Probably the most general application of large rigid airships in military employment 
lies in Its capabilities as a cargo carrier or troop transport.   The unique capabilities 
of a rigid airship to haul commercial cargo and passengers is presented m some 
detail in other sessions.   The use of an airship as a military transport requires only 
a few additional considerations.   These include the ability to operate from :relatively 
unprepared sites, the requirement for some structural alterations to the airship.hull 
to permit hauling of military cargo, and provision for some degree of self-defense 

capability. 

Director, Tactical Systems Division, Operations Research, Inc., Silver Spring, 

Maryland 
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Tho ability to deliver large quantities of cargo and troops into remote aroas w,th 
little or no ground support equipment is an extremely important military asset 
Such a capability would permit a rapid response to emergency military needs of 
a brush-fire nature.   It would also provide a new dimension in the flexibility 
with which military forces could be redeployed as the operational or political 
situation warranted.   In areas in which no ground support equipment was available, 
advantage would be taken of the airship's capability to hover at low altitude, per- 
hl™ 100 to 300 feet.   Cargo or troops would then be lowered to the ground on 
palletsorSpecially designed containers by winches contained in the airship's cargo 
holds.   No runway or prepared area would be required for this operation. 

If it appears likely that continued re-supply operations into the same area would be 
caiefon   it might be desirable to erect an expeditionary mast to which the airship 
couW be m'oored9for loading and unloading and for servicing.   Such a mooring^ast 
could be carried aboard the airship itself and lowered to the ground as part of the 
Zt al cargo.   It would be necessary that the site selected for the mast be cleared 
of obstructions in all directions to a distance at least equal to the length ofI toe> air- 
ship in order to permit the ship to weather-vane when moored to the mast     Tmis 
additional equipment might be required for site preparation and for mechanical handl- 
ing of the airship.   The U.S. Navy developed such an expeditionary mast for use 
with its blimp fleet.   It was air transportable and could be erected for use within 

8 hours. 

Another means of accomplishing moored logistic operations in forward areas would 
be to use a ship equipped with a suitable mooring mast. The U.S. Navy success- 
fully developed this technique for use with its large rigid airships. This type of 
operation would, of course, require an adequately protected anchorage area in the 
vicinity of the beach and lighterage or small craft to form the link between airship 

and beach. 

Another mode in which the rigid airship could be used in military logistics would be 
to employ V/STOL aircraft capable of launching from and being recovered by the air- 
ship.   This would permit the airship to maintain a stand-off distance from hotly 
contested battle areas.   In this case site preparation would be a function of the 
landing and take-off characteristics of the V/STOL aircraft being employed as the 

cargo hauler. 

VULNERABILITY CONSIDERATIONS 

The use of rigid airships in the proximity of battle areas brings up the question of 
vulnerability of these large vehicles.   This has always been a foremost argument 
against the military use of airships, both rigid and non-rigid.   It should be remem- 
bered, however, that the military rigid airship evolved during World War I as a 
bombing platform designed to operate against formidable opposition-and at that 
time the lifting gas used was highly flammable hydrogen!   The airship eventually 
lost the battle to become a first-line bomber or dreadnought of the skies, and has 
never since been considered seriously as a combat vehicle.   Current technology 
has not reversed this decision but has contributed to the improvement in expected 
survivability when the airship is used in military support roles such as cargo trans- 
port or in other possible missions to be suggested. 
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From a technical aspect the large rigid airship could probably sustain hits from a 
number of air-to-air missiles or surface-to-air missiles without serious conse- 
quences.   In this respect it is much more survivable than a C-5A, for example, 
where a single missile hit would normally be catastrophic.   Damage control is 
feasible in a rigid airship since all of the structure and the gas cells are accessible 
to repair parties during flight.   Even more important is the fact that the airship can 
be equipped with a very credible self-defense capability.   This could consist of 
early warning and fire control radar, anti-air and anti-missile missiles, ESM equip- 
ment and a variety of electronic countermeasures suitable to the threat.   In spite of 
this capability to sustain damage, to conduct in-flight repair and to provide for its 
own self-defense, prudent military operation would not permit the airship to be used 
in situations that were beyond its limited combat capabilities.   In short, the an- 
swer to achieving acceptable levels of survivability lies in employing the airship 
in missions for which it is particularly suited, and in tactical environments for 
which it has been designed.   In this regard the vulnerability aspects of a rigid air- 
ship are no different than a C-5A, a B-52 bomber, a CVA aircraft carrier or a large 
surface troop transport.   Each of these vehicles must be operated in a tactical en- 
vironment for which it has been designed if an acceptable level of survivability is 

to be attained. 

NAVAL APPLICATIONS 

Aside from its role as a cargo carrier and troop transport, the military applications 
of the large rigid airship seem most appropriate to the missions of the Navy     The 
over-water (and over-ice) environment has traditionally been most suitable for air- 
ship operations.   It should also be noted that the airship is basically a low altitude 
vehicle.   It can be operated most efficiently at altitudes below 10,000 feet.   These 
inherent characteristics cause the military roles of the rigid airship to gravitate 
toward the recognized Navy missions.   However, before examining potential specific 
military applications of the rigid airship, it is useful to note the change that is pre- 
sently occurring in the major missions of the U.S. Navy. 

Since World War II a primary mission of the Navy was perceived as the capability 
to project power ashore.   To accomplish this mission required the ability to conduct 
a number of sub-missions:   sortie and protect forces in transit to a forward objective 
area; establish air superiority and submarine defense in the forward area; provide air 
defense and strike support to amphibious forces as required; and conduct strikes 
against designated enemy sea and land targets.   The essential combatant in this 
power projection mission was the large attack aircraft carrier. 

In the last few years the Navy has gradually backed away from the power projection 
mission as its primary task.   This has been evidenced by a significant reduction in 
its inventory of active aircraft carriers; development of the CV concept, a new opera- 
tional technique that permits a single carrier to be equipped with a mixed comple- 
ment of both attack and anti-submarine aircraft; and evolution of the sea control 
ship, a small ship that would initially be outfitted with ASW helicopters and V/STOL 
attack aircraft of the Harrier-type, but would eventually provide the optimum merger 
of high speed advanced ship concepts with high performance V/STOL ASW and attack 
aircraft.   This evolving new mission has in fact been termed the sea control mission. 
It is perceived as the capability to gain control of the sea in any designated area of 
the world, including the surface, air and sub-surface domains, and to deny the use 
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Ihe sea control »ission would be   -erne^i- 
o, such an area to enemy forces.   Thf"aJ™J°\0„bu, residual capability would 

essentially unchanged 

The evolving emphasis on the mission of sea J^1™^^ ocean^This cap- 

Hn-ÄÄ^^^^ 
^effectiveness -^* ^St«* Of the surveillance domains. 
which the rigid airship might be employ 

SURFACE SURVEILLANCE MISSION 

Surface surveillance is a natively^^^^^^^^ ^ 
all sSace targets entering a »Pe^.^Vftortiveness of Soviet surface forces 
important, however, as the size and ""^y röec£ is ideally suited to 
Continues to grow at a geometric rate.   The large ng ^ immense 

conduct surface surveillance because of it»»e^e^d of unprecedented power 
Jdes of the airship, a phased array radarcouWb   desig ß surface sur_ 
Tnd Performance capability.   This^oul^™xtü» «JJ   ^ alsQ be        d    s a 

veillance over extremely large ocean areasi tional. radar as the 
SSonn for surtacesurveillance -™« ^^lude ^ ^ ^ and over. 
tactical situation might warrant. 

the-horizon radar. 

The effectiveness of the airship's ^^^ÄÄ^. 
Enhanced if suitable classification or intelligence o air_to-surface 
e

TMs would Permit the airship to assume an t*™™™^ airshiP might launch 
-T« «t targets identified as unfriendly.   Alternauv   y, aircraft might 

rtsSownSaScraafrtoSclassify and "^* 5ÄÄ- Z the use of the airship's 
also^e considered when the tactical situaten indi                  ^ ^ threat level> 

h gh powered surveillance radar would not b   P™e    electromagnetic emission con- 
In this case the airship would assume a condit on               surveillance of the as- 
rol   EMCON), and aircraft wauU^u^J s^?funCtion as an airborne corn- 

signed area.   In this situation the airship, wou                        ce information as it is 
S and control post to receive a noU   «.£«*-^ ^^ carrier operations is 
 itt^ frnm its aircraft.   Tne parane 
mana auu v^  
transmitted from its aircraft 
obvious. 

AIR SURVEILLANCE MISSION 

t   to surface surveillance.   Again 
The air surveillance task is similar in many ™^£ Mgh performance radar 
Itls the capability of the airship ^J^tT*» job.   AgainSt manned enemy 
find other sensors) that makes it so well suite weapon system in addi- 

^ÄStÄ^SS^Si - oonduot the Rill with their own 

air-to-air missiles. 
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If friendly surface forces are.op««in *. o«« •^^"^^SSS17 

important that the enemy be thwarted "^.^^Vn result in significant improve- 
in the area.   This denial of ^f ^^ ^ntelhgence^can result g    ^ ^ ^ 

ment in survival «^"^^^^^^issiles is degraded when 
that the effectiveness of stand-off surface to su ltlon Qf potential 
uncertainty exists about the »^' ^"^  ^Ä required of the 
targets.   This situation is emphasized aJ~ ^ the oper They would 

in this regard, the airship can provide a *^™^]^F<££** 
missile submarine threat    This threat is prob*J^ ™£J°      The airship offers 

our surface naval forces (as well as our »»^2^^^, and this is dis- 
a capability to accomplish underwater dection.*the subm , fe tQ the 

cussed further in regard to sub-surface ■'^^";n* X^.   Additionally, the 
denial of targeting intelligence to f^J.^^^s^o detect the cruise missile 
air surveillance capability of the ^Ir-hiP je«uttit*   ^ ^ ^ given to ^ 
after it has been launched.   This allows early warn _ y ^^^ 
threatened forces and alerting of their area and point ^e un ^^ 
might also take an active part » «^^ffiSSt to an intercept position, 
appropriate intercepting missiles, o ' ™*°™ ^ t the cruise miSsile from 
Electronic warfare measures could also be directed ag.ii 
the airship platform. 

The air survelilance capahilities rf *'Z£^^J%^£^ 
role.   In this mission the airship would P'°vld« ;a™ZfSrta were used for many 

SÄe r^'wC-iÄ ST-EÄ endurance and improved 

radar performance. 

The rigid airship would also provide a^eans^^^^IZ^Z^^e 
ballistic missiles fired from Obmannes.   This^threat has second_generation 
important as the Soviets continue to^^^^^^ with an estimated 
YANKEE class submarines.   The YANKEE has « trajectory provides very 
range of about 1500 nmi. 1 ™*^*£***g£ZF The air surveillance capability 
little early warning time to CONUdeie^c°^mJovement ln available early 
of the rigid airship would provide for a si9n"*c*™ ™* suitable sub-surface sur- 
warning time.   Further, if the **f ?'a"? *° Counter-wefpons against both the 
veillance, it provides a platform for l™™*^ °™^Ze     The ballistic missile 
firing f^^^J^'^^^^^ its speed is low, exo- 

^1" and a large IR signature is available to an 
intercepting weapon. 
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„ „eeld also be feasible to aeSlgn a ^c, airsh,P^« =—ejaab^ceptor 

ballistic tissues In their "'d^"™ "^^BMIS ship ceneept. now dormant. 

UNDERWATER SURVEILLANCE MISSION 

Underwater surveillance is ^th«^^^^ ^^-jJ«P -^ 
tribute to accomplishment of the sea contro  mission and monitor ^ 
could be employed in several ways c°^d b6

areas where it is desired to establish 
fields of moored sonar buoys in specific ocean a ^^ ^ ^.^ ^ the 

a high level of underwater ^i^ss^X In the developmental stage.   The 
Navy's Moored Surveillance Sy^mJMS« cunenty detections and vector 
airship would monitor the buoy fields. **ss£y ^^ submarines.   These 
ASW forces to accomplish localization and atta:     g ^ airship 

ASW support forces »^t teke tto to ^^a^aft OP surveiU buoyS 

itself.   The airship w?uld,be
f^

bl
t
e
hetr desTred position.   Maintenance facilities 

Z^^^^^^^^Q sbllance buoy field mig 
recovered and redeployed as the situation warranted. 

The rigid airship might be ope.ted entirely*s an ASW^^^p* 

to accomplish the ^^^^/^f^open ocean search.   The airship would 
employ their own »^ll^n~ se^e

m
fa°S?ties for maintenance and stores    and 

launch and recover the aircraft, proyide, faciix localization and attack 
function as the command and^control centofor th^^ ^^ ^ 
operations.   As previously noted, the dedicat compiement of ASW and 
placed in the Navy by the CV concept^ in whx^h^m«       ^ ^.^ CQuld ide 

attack aircraft must be carried.   The rigic^«rsmp ^ need for 

a means of returning to a single mis/;0"^s
C

h
a
m^n

e
t
r'groUpS.   It would again provide 

accompanying destroyers or underway ^mjhm«rt g     P ^ ^ open Qcean 

the Navy with a capability to cond     ^°f^associated with the CV concept.   This 
JÄ££ bo?^^^eVd%PoteTery effective in the attrition of German 

submarines during World War II. 
,    ■    »,-n ™,ild be employed for underwater surveillance 

Another mode in which the rigid ™^F°°^TpZt7 sonzr arrays.   Such arrays 
would be as a platform to ^^^J^^, essentially to the limits of the 
could be designed with an extlemely large apertur ^ ^ ^ ^ ,nter_ 
environment.   Improved performance«would re.ult The resulting per- 
fering radiated noise of the   owing J»up wooW    e e^ ^^ Qthe 

formance characteristics in terms °* f™f svstem.   The airship, once again, could 
type of available P^tf«f^ ,    ^ / S detections that are made, or it 

The use of towed array systems "f^^;^:^^^^ 
task of maintaining surveillance OT Swie* tal^ above ^ ^ dis. 

™^%^^£S££^ ™ittin a particularly effective 
employment of the rigid airship's attributes. 
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COMMAND AND CONTROL MISSION 

nnl^M       f       employment of rigid airships seems worthy of note     In all of th* 
possible roles mentioned above to support the sea control mi„i«"     ■    , 
always seems to emerge:   the necessity for an 1 mission, a smgle task 

able for a major fleet command     TL ^,-f' a"fu
Iysis and dlsplay equipment suit- 

REFERENCES: ~~ ~ ~ 
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PDTF.NTTAL ASW MISSIONS 
FORTIGHTER THAN A1K SHIPS 

Richard S. Stone» 
Bernard 0. Koopraan* 
Gordon Raisbeck» 

ABSTRACT- This paper deals with the LTA as a potential 
counter to the ballistic and cruise missile launching sub- 
marine  The LTA ship can deploy a wide variety of subma- 
rine detection equipments effectively.  Its long endur- 
lt~l    hiD-h dneed and large weapons inventory capability, 
SSieFStFtS'fSt. "hit it need not alert a poten a 
submarine target as to its presence, an* ^J "** JJBen 
tially immune to attack by submarines indicate that it 
would prove to be a highly effective ASW unit. 

I^lllilillllir 
nificant role. 

the SLBM remains as an uncountered threat. _  

«Arthur D. Little, Inc., Cambridge, Massachusetts 
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Tf it »-pre Dossible to bring into being even a modestly effective 
counte" to ?he SLBM, it would provide additional incentive for nego- 
tiation and, again if need be, additional °f ^.^ e-a^™ 
However at this time, it does not appear to be either technically 01 
economically Jelsible'to construct and deploy an effective counter- 
force to the SLBM. 

In order to understand the nature of the problem, it is instructive to 
review ?he process by which the SLBM threat might *>e countered  The 
nrocess consists of the following functional elements:  (1) Initial 
K?PP?inn classification and localization of the submarine as it 
transits from its patrol area; (2) Track and trail of the 
submarine on a "steady state" basis (a continuous stalking operation) 

" ?Sa? the large majority of deployed submarines are continu- 
ously under surveillance and the threat of attack; (3 Attack, if and 
when necessary.  The counterforce capability must be in position to 
deliveTan Stack with high lethality against the submarine under sur- 
veillance with minimal time delays. 

INITIAL DETECTION 

A number of technical alternatives have been employed to fulfill these 
functions in the past. 

Initial detection, classification, and tracking is accomplished by 
means of wide area acoustic surveillance systems.  However, if sub- 
marine radiaLd noise is reduced by quieting and the choice of opera- 
tiS Leas is expanded by increasing the range of submarine launched 
äSfiles the probability of detecting, localizing and tracking a 
llrle  fraction of the deployed submarines will decrease.  Present 
fixfd passive acoustic area surveillance systems allow one to detect 
submarines transiting at higher speeds in selected areas,  bince areas 
in which these systems are Effective are limited by S^o-oceanographic 
conations, systems of this type will be of lim"ed "sefulnes^ in the 
future  Initial detection, classification and localization can De 
provided by systems of this type, if augmented and deployed to cover 
the routes employed by submarines in transiting to their patrol areas, 
however! theymay not provide a method of tracking and trailing these 
submarines on a continuous basis. 

TRACK, TRAIL AND ATTACK 

in the future, following detection in transit  it will be necessary to 
provide one or more platforms or vehicles to carry out the  steady 
state» tracking and trailing missions, as well as the atta^ mi^ion, 
■<r  nnri whpn reauired  The functional specifications for a piatiorm 
tLrwill ?uSill these mission requirements is unique in the follow- 
ing resoects   (1) The platform must have sufficient endurance and/or 
be supplied in sufficient number to provide long-term track and trail 
of all detected targets; (2) It must have sufficient speed capability 
fo  allowerapiTdeploVmeAt to a given holding position and vectoring on 
tn a detected target.  It must also have speed sufficient to allow it 
to ou?-maneuver a last target attempting to escape continued tracking 
and attack  (3) It must be capable of utilizing a wide spectrum of 
sensors Including sonobuoys, the more advanced towed acoustic arrays 
Ind actlve/passiSe reliable acoustic path sonars and MAD equipment 
(!) It musVbe capable at all times of effective long-range eommunica- 
iion and integration into a fast reaction command and J^jol^ystem, 
(5) It should not be subject to pre-emptive attack by the submarine 
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that is under surveillance  ^S^t^uSSS«! (O^he'platfoL and trailing platform should not alert the submari^        ^ & 
must be capable of carry!ng * £f"f J^^if attack Is ordered; 
high probability of kill against *£e ^marine and malnte- 
(7) The costs associated w"h„^ °°"f ^ovide an effective counter to 

Se^ite/Ser^nÄ 
gÄS.*?«^ T^^TToi&r^  cost-to-benefit 
ratio. 

A series ef studies have been carries ™| .g^».?"^!!^1 °f " 
number of different a"*™"*" £"^^conventional displacement 
specifications including attack submarines, o and 

type ships; high speed ships such as the J^«Je«^pters and VSTOL 

these requirements follows. 

SUBMARINE DETECTION 

in spite of the highly complicated and individual nature of any anti- 
submarine operation as it actually occurs the effective ^ 

^S^V^^^^^^^ot^  and Pliform. 
v. ^„4-ö "5-  fhp number of square miles per 

One of these is the search rat?. J- the numjeJ1°an«
4
(if lt detects 

hour that an idealized searcher ;juJJea
8;je5wSjS. For less 

with certainty every target in the area it swe p ,       cted frac_ 
idealized searches, S is ^^^J/^f'J^ p^Iation of targets dis- 
tion of targets detected per hour ou o   P P la]nsor,s detection 
tributed uniformly and at random  No on  these   ^ ^ 

SofinTs^n^ Vltally t0 the 
search rate S. 

A second general parameter ^^^S^^ai^hS^i^r 
area A:  to understand its i™Df Jance we mu    distribution of its 
thFdetection of a target, only f * P™babill*y     bable positions, 
possible positions is known; this «arrows aown    y        r detec_ 
but in most cases leaves much »^tainty^ A^sumin8      tlon area 

rÄnÄ 
^\^.r^K.V^«u^2 i"2 >•"«the inforraation 
given by detection. 

» third parameter of effectiveness measures ^.gg»'^^^00' 
with which detection signals can be used to    autJBatlsed detection 
«false alarm rate» is used or  rtain typeso        ^ ciass of 

JM^Ä^ »SfS hi considered here in further 

detail 
T ♦*. Hftt of these factors, the very special contribution of the 
Sgher TnlnYir snlP can be eiplained as follows: 
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The possible ,»ethoa= of aeoustlc ^froh Include:  U) fixed listening 

SrSSiSc^iSS^S.t.ot  enBtbe
raSef o? Sproxlf ely 0 5 illes 

and bearing data to ranges of 20-25 miles. 

ing arrays provide bearings only data with 
a number of narrow near surface zones the 
zones typically occur at 30-mile intervals. 

o follow up a detection made with a listen- 
of detector on a moving platform.  Under- 
last three of the alternatives listed above 
in detail at these alternatives, one can 
;es and speeds listed in Table 1 for the 
s. 

Both fixed and t 
uncertainty as t 
submarine may be 
It is therefore 
ing array by a s 
these conditions 
are available 
consider the det 
three follow up 

owed listen 
o which of 
in.  These 

necessary t 
econd type 
, only the 
If we look 
ection rang 
alternative 

DEPLOYMENT 
METHOD 

DETECTION 
METHOD 

DETECTION 
RANGE     SPEED 
(MILES)   (KNOTS) 

SEARCH 
RATE 

SQ. MI./HR. 

Aircraft 

Ship 

LTA 

MAD 0•5 

Hull Mounted Sonar 30-35 

Reliable Acoustic 20-25 
Path Sonar (RAP) 

200 

15 

100 

200 

900-1050 

1250-2000 

Table 1 
Relative Area Search Rates for 

Alternative Submarine Detection Methods 

The way that the search rate is developed in these three cases ^ 
JVinSratpd in Figure 1.  The aircraft sweeps out a long, narrow strip 

a? SspSfd of 15 knots.  In doing so, it alerts the submarine as to 
?ts progress so that the submarine can maneuver to avoid detection. 

The echo rang 
likely be a s 
cable deploye 
gation condit 
the LTA ship 
listen. The 
it is under s 
can then be u 
target is not 

ing equipment to be 
onar that can be op 
d to deep depths to 
ions. In following 
can proceed down a 
submarine target at 
urveillance. If no 
sed in its active e 
attempting to hide 

deployed from an 
erated either pas 
provide reliable 
up a prior "bear 
line of bearing, 
this time has no 
listening contac 

cho ranging mode 
by being quiet. 

LTA ship will most 
sively or actively, 
acoustic path propa- 
ings only contact," 
deploy its sonar and 
way of knowing that 

t is made, the sonar 
to assure that the 

T rtwlor. tn m„strate the reasons for attempting to maximize search 
Ste  it is illustrative to consider searching an area as large as the 
Sorth Atlantic (-10? square miles) and ask how long one might have to 
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tional ship hours and -3500-6000 LTA ship hours aircraft 
obtain the indicated result. The first ™eJ *?£e™ber 0| aircraft 
even under the most optimistic assumption as to the number oi a 
that we could deploy is unreasonably high. ™e same is * 
ventional ships; however, one could a^f?nf| *

nf^iod of one to 
performance with 20 LTA ship units J^hing for a perloa 01 
two weeks.  Thus, it appears that, for the first time, o      search- 
reasonable wide area search capability with a limited nui 
ing units deployed. 

SUBMARINE DETECTION EQUIPMENT OPTIONS 

from any platform that is capable of making the slow speeub 
£? good listening. This rules ^t fixed wing aircraft, and it la 

perhaps not the ™;t™?£l "g°* ^^f^untS echo ranging equip- 
hydrofoils or surface effect ships,  HUXX mou      potentially it may 

S^ AUS ^'S^SSS^^SSS'SS.!'-^ 

ill b FSäSS-'S ss ^«tf^S.hss: 
high speed to obtain useful search rates due to limited range 
fore, only aircraft are considered as useful platte     s ^ deploy_ 

SntOrionsSäWä er^j»j* i^ns10""™* platform when compared with the other possible alternatives. 

TARGET  LOCALIZATION 

in addition to the concern over search rate S    there is the additional 

STS estlmaJe^o^o/the orde "c?   .   f ou i es       it  i . 

water within effective weapon range^    The/^e^f|*rboI,ne detectlon, 

S^Äb.LS&Ä2^^i2T-1Ä. 
f 4 Er ^Äor^S^-^SIiSÄ Senf 

ana sonobuoys can be used as well by LTA ships as they can be from 
other types of aircraft. 
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TARGET CLASSIFICATION 

If one considers the various data separately:  (1) propeller noises on 
a given bearing; (2) an echo at a given range and bearing; and (3) a 
magnetic anomaly of the type generated by a submarine, one can possi- 
bly classify a distant ship, a whale or a natural magnetic phenomenon 
as a submarine.  However, if these individual indicators coincide, 
then one can have high confidence in their correct classification of 
submarine and non-submarine targets. 

ATTACK 

All too often the analysis of ASW systems stop at detection, localiza- 
tion and classification of submarine targets.  In addition to these 
functions, it is necessary to have the capability of launching an 
effective attack on detected targets.  Largely because of weight limi- 
tations, air ASW weapons utilizing conventional explosives have a 
limited effectiveness against submarine targets.  Even in the case of 
nuclear ASW weapons, there are severe limitations on the number of 
weapons that can be carried aboard a single aircraft or helicopter. 
As a result, first attack capability for air units is limited and, 
because of inventory limitations, multiple attack capability is almost 
non-existent.  In general, it is necessary for air units to re-arm 
prior to mounting a second attack.  Similar attack restrictions apply 
to our present smaller, conventional ship ASW units and smaller poten- 
tial high speed ship ASW units. 

An LTA ship, particularly larger air ships, should be capable of carry- 
ing a significant weapons payload coupled with the on-station endur- 
ance to provide a highly effective multiple attack capability.  If 
this combination can be provided, one of the major limitations to the 
ASW effectiveness of single air or surface craft will have been over- 
come . 

An additional concern In the attack situation is the vulnerability of 
the attacking platform to attack by the submarine.  In the case of 
surface ships, this is extremely critical since it is almost impos- 
sible for our present or projected surface ASW units to close within 
weapons range of a submarine without alerting the submarine as to its 
presence and location.  Thus, against surface ships, the submarine has 
the option of attacking as soon as it feels threatened.  In the case 
of aircraft and LTA ship units, this first attack option is not avail- 
able to the submarine.  In fact, in the large majority of cases, the 
submarine will not know that it is under attack until after an ASW 
weapon has been launched. 

CONCLUSIONS 

In this paper, we have not analyzed the ASW capability of an LTA ship 
in detail.  In terms of on-station endurance, search rate, target 
localization, and classification capability, ASW detection equipment 
deployment flexibility, attack capability in terms of on-board weapons 
inventory and nonvulnerability to direct attack by the submarine, it 
appears that a LTA ship would provide a unique and highly effective 
ASW unit.  The ability to deploy a limited number of LTA ship units 
capable of long on-station endurance over wide ocean areas would pro- 
vide the possibility of a highly effective counter to both Ballistic 
Missile Launching and Attack Submarines. 
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This paper concludes that 
-The ASW airship appears to be a potentially cost 
effective alternative to those systems which are 
being designed to replace present ASW platforms, 
•The airship's greatest ASW potential lies in the 
convoy escort role, and 
•The airship will appear in Navy inventory only if 
the other armed reserves, government agencies, 
and industry are willing to share the costs of 
development. 
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THE   SURVEILLANCE  AIRSHIP 

L.   E.   Mellberg* 
R.T.   Kobayashi* 
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^^*   Ai"hirareV?heiraSngyendurancrand ability to 
HtlHI^mong which are their long Because many of 
operate at low altitudes     and low speea e  a    latform 
the evolving Naval  surveillance systems       J^^ consider- 
with these characteristics,   the  ai       /addition,   these 
ation  for  these ^lxt"Je

m^ihips viable  platforms  for 

SS^ySS1 Sino?he?rnr„^n?narrfinance „issions. 
=  „ai„able  anti-submarine 

The Navy employed airships  in » v*^?„q roie  for many 
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fixed wing aircraft and makes the rotary wing aircraft a 
doubtful candidate because of its short endurance.  Their 
use to monitor long endurance moored surveillance systems 
is also questionable.  However, the special ability of the 
airship to operate for long periods and at low altitudes 
and low ground  speeds makes it well suited as a towing or 
monitoring surveillance platform for surveillance systems. 

The study presented in this paper investigated the endur- 
ance of a variety of airships to evaluate their use for 
surveillance.  The airships considered were a three mil- 
lion cubic foot non-rigid, and three, four, and six mil- 
lion cubic foot rigids.  Airships of these sizes would in- 
volve minimal technical  risks for design, construction, 
equipping, and manning because of past experience and thus 
a realistic evaluation can be made of their mission capa- 
bilities. 

Winds have considerable effect on an airship's endurance 
even at low speeds due to the airship's large surfa«area. 
The wind conditions considered were a) no winds, b) 100% 
head winds, c) 50% head winds - 50% no winds, and d) 50% 
head winds - 50% tail winds.  In order to simplify these 
preliminary endurance calculations, it was assumed that 
when winds occurred, the airship was flying either direct- 
ly into or with the winds and the wind conditions for each 
case prevailed for the full duration of the patrol and the 
transits to and from the patrol areas. 

From a survey of the wind speeds existing in a plausible 
patrol area, wind speeds of 10, 20, 25, and 30 knots were 
used to cover the range of the more probable winds the 
airship would encounter.  Gusts of higher speeds would be 
encountered, but were not considered because they would be 
of relatively short duration. 

The results of the study indicate that non-rigid airships 
of three million cubic feet and larger, and rigid airships 
of four million cubic feet and larger will provide ade- . 
quate on-station endurance for possible low speed, low alt- 
titude surveillance missions. 
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N76-15059 
AIRSHIP LOGISTICS— 

THE LTA VEHICLE A TOTAL CARGO SYSTEM 

L- R. "Mike" Hackney, P. E. * 

ABSTRACT;  This paper deals with the design consider- 
?™nSu?°f lo9istics' as they pertain to the large rigid 
i/TA vehicle as either a commercial or military cargo 
carrier.  Pertinent factors discussed are:  (1) the basic 
mission; (2) types of payload; (3) the payload space in 
regards to configuration and sizing, its capacity, and 
its loadability.  A logistic capability comparison of 
selected cargo airships versus jumbo jets is also made. 

INTRODUCTION 

As a member of the "fixed-wing" aircraft fraternity for many years 
OHOOTÜ  

t0° many °f 2s in aviation—the airship has been considered 
obsolete—a vehicle of the past.  In brief, "elderly windbags" to 
th^Jn?? th! ^tl^T°

f a technical magazine article1 which summarized 
the results of the AIAA meeting on LTA in Washington last winter, as 
"a heavy dose of cold water." ' as 

The mere thought that the airship might be modernized to perform 
certain of today's commercial and military logistic missions more 
efficiently than a modern jet, helicopter, or VTOL vehicle, seemed 
inconceivable.  However, after being exposed to the in-depth work and 
logic of the LTA Technical Task Force of the Southed California 
Aviation Council, Inc. (SCACI) and then joining same-sufficient valid 

President, Hackney Associates, Sierra Madre, California, USA anrl 

ctfntllLTlnTChiiCal,  ™V?"e °f S°Uthern California "vision* council, Inc., Pasadena, California, U.S.A. 
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evidence has been seen, to become convinced that a "fresh and unbiased 
look" at airship transportation is warranted. 

The purpose, therefore, during this workshop session is to discussthe 
LTA vehicle as a total cargo system.  Using as the basis the famxly  of 
seven rigid airship preliminary designs (rangmg mi  fro m 7.4 
million cubic foot volume up to 55 million) developed by h LTA 
Technical Task Force of SCACI.2  To describe for consideration, an 
SSJfSsysUm which is unrestricted as to the size or weight of ship- 
ments or geographic destination. 

While today's wide-body jet aircraft represents the sixth or seventh 
generation of progressive product improvement cycles, since the 1920 
1930 time period—the same is far from the case for the lighter than 
air vehicle  These often maligned craft, for all ostensible Purposes, 
are ItUl in the state-of-the-art time-frames of the Fokker and Ford 
5?-motor transports.3  Granted there has been some LTA development 
in the ensuing period by Goodyear.  Unfortunately, however, lack of 
funds aS Government support for such vehicles precluded much in the 
way of modernization as compared to fixed wing aircraft. 

DESIGN CONSIDERATIONS FOR LOGISTICS 

Obviously in the time allocated, it is not possible to adequately 
cover the entire spectrum of LTA logistics, ."was elected  there 
fore, to concentrate on the airship, as an airfreight carrier.  A 
role for which it is uniquely suited—for airlifting both civil and 
military cargoes.  This is not to say that there are not a number of 
Sther missions for which the LTA vehicle, when appropriately modified, 
is not eaually well qualified to perform.  Fortunately, these are 
being 'covered by others on this workshop agenda who are more inti- 
mately qualified to discuss same. 

In the development of any future viable LTA configuration it is 
Imperative that "design considerations for logistics" be taken into 
account concurrently along with all other maDor design factors  This 
allows for timely analysis to determine the most effective tradeoffs 
before the fact rather than as a compromise after. 

Basic Mission 

As previously mentioned, for purposes of this discussion, the "basic 
mission" is examined only as: (1) a long range co™%cial cargo 
oarrier  for either transcontinental operation; and/or (2) a very long 
r^eeneavyriift logistic carrier for the Military Airlift Command 
(MAC), capable of operating non-stop from any U. S. aerial port o£ 
embarkation to any location overseas.  For either type mission the 
basic configuration of the airship could well be much the same. 

Types of Payload 

As to types of payload, the large rigid LTA vehicle provides a true 
intermodal cargo system capability.  It offers an airlift system which 
for all ostensible purposes is unrestricted as to a shipment's weight 
or size  As to the upper end of the spectrum, it is forseeable that 
single shipments of over 300 tons or more will be moving by air. 
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This is evidenced by th«? presence of Combustion Engineering, Inc., 
transportation experts on the LTA Workshop program.  C-E's Industrial 
Boiler Operations Division with its Schnabel car (maximum capacity 
600,000 lbs.) developed for boiler transport has been moving its 
220,000 lb. Type A units over the U.S. rail network for several years4. 
Manufacturers of large steam turbines and condensers, electric genera- 
tors, forging presses, nuclear powerplant components, etc., have 
similar heavy lift transportation requirements. 

A viable LTA vehicle offers the opportunity for greatly expanding the 
dimensional envelope restrictions now imposed by rail movement.  No 
longer would it be necessary for builders of massive industrial equip- 
ment, as their respective product line grows in weight and size—to 
consider relocation of their expensive facilities adjacent to inland 
waterways or seacoasts.  They can continue to factory assemble and 
pretest their huge units—thus avoiding the expensive process of 
assembly in the field.  Further they can put their units into service 
more quickly after delivery to the site. 

In addition to the massive or so-called extra heavy and outsize pay- 
loads just discussed, the large rigid airship should likewise be 
ideally suited for carrying all types and sizes of commercial and 
military vehicles.  These can range up to the biggest truck mounted 
industrial crane, or to the Army's largest mobile combat equipment. 

Regarding the more conventional types of commercial payloads present- 
ly moving by air on wide body cargo jets—the airship can readily 
accomodate these, including all types of ISO containers up to 40'. 
However, as to a very few types of commodities which might be carried 
therein (or separately)—there is question of the need for pressur- 
ization.  For instance, certain pharmaceutical shipments may require a 
pressurized cargo compartment or its own pressurized container.  Such 
specialized cargo traffic, however, is well below one percent of the 
total moving by air today. 

As to air traffic of fresh fruits and vegetables as well as fresh 
flowers and nursery stock, both groups of which move in sizeable 
volume—it was at one time believed these were sensitive to altitude. 
Regarding fruits and vegetables, controlled laboratory tests have 
shown no adverse effects of altitude up to 30,000 feet and rates of 
climb or descent up to 3,000 feet per minute5, while altitudes as high 
as 20,000 feet had no effect on the flowers tested. 

The Payload Space 

During the recent resurgence of interest in LTA transportation systems, 
considerable material has been written and attention given to the air- 
ship as a whole—its hull design, powerplants, performance, economics, 
etc.  Unfortunately however, little work or attention appears to have 
been given to the airship's payload space (or in the case of the 
military—useful load) requirements, and the design considerations 
relating thereto.  It is trusted that the contents of other workshop 
papers will indicate this is no longer the case.  In the event this 
is not so, it cannot be emphasized too strongly that this is an area 
which warrants much in-depth study by the LTA payloads design engineer. 
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j r<-„.;*-.~  i?-i T-ct-  a decision must be made as to the 
Spe^rnfsiLrof^^re^cIaraAd/ofmriitary cargoes, thepayload 
compartment (o? compartments) will be ^tTlLllrlT-0 T° 
mention a few, such questions which must be answered. 

1. Will outsize and heavy shipments be a^lifted  sucjvas 
boilers, turbines, generators, etc?  If so, will they be 
carried within the airship hull or suspended beneath? If 
carried internally, what are the cargo deck area require 
ments for spreading such concentrated bearing loads? 

2. Assuming that ISO type intermode containers are carried, 
what will the cell arrangement be for storing same-- 
single, double, or tiers? Will the containers be aligned 
fore and aft or thwartship in the payload compartment? 

3  What are the number, size, and location of all cargo 
compartment access hatches (doors)? Will these be side 
entrance or bottom entrance hatches, or both.-' 

Capacity-It is the practice of the U. S. Maritime Commission to use 
the 2u'YIS0 contained as the common denominator, when rating the 
capacity of containerships?.  As the LTA vehicle is for all Purposes 
a ship, rather than an aircraft-it seems logical to follow suit  at 
least as one means of measuring cargo capacity. 

Take for example the large rigid airship preliminary design MC-55 
(?5  million cu. ft. volume)-the largest of the seven classes de- 
veloped as part of SCACI's Technical Task Force Report .  This LTA 
vehicle was estimated to have a cargo payload of some 1,026 tons at 
6?00"0 statute miles.  Based on past experience however, it has been 
observed that sufficient weight is seldom allocated for today s 
sophisticated onboard cargo handling and restraint systems and the 
^nortina structure required for same.  Therefore, an additional 26 
?ons ^52?000 IbsTis arbitrarily transferred, thus reducing the pay- 
load to 1,000 tons. 

The common 20' ISO dry container's useful volume averages 1,100 cu. 
ft. per van.  Thus: 

20' Van Payload Cap. @ 15 lbs./cu/ft 
& 85% cube utilization = 14,025 lbs. 

20' Van Tare Weight @ 3,375 lbs. 

Total 17,400 lbs. or 8.7 tons 

1,000 tons _  ,   .. .,_ cc 
~T77—tons = 115  20" Container Capacity for the MC-55 

As to the cargo space requirements to accomodate 115 20' containers. 
Allowing (8?5- x So.5«) 175.25 sq. ft. per unit, plus allocating some 
(174 25 sq  ft. x 5) 871.25 sq. ft. for cargo entrance hatches.  The 
115 units if stowed as a single tier-would require a cargo compart- 
ment of 51' in width by 410' in length.  This is predicated on the 
containers  being aligned fore and aft six abreast, with four rows 
of 20 each, one of 18 and one of 17 units. 
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Loadability—Obviously there are a number of container storage 
patterns which are feasible—two or three tiers high, etc.9 All of 
these justify a so-called "loadability study" using a systems engi- 
neering approach, before final selection.  For loadability per se, 
involves the entire cargo loading and handling operations cycle— 
both into or out of the airship as well as the interfacing cargo 
procedures on the ground.  One example of loadability would be—should 
a roll-on, roll-off capability be provided for the large LTA vehicle? 
Ro/Ro ships are growing in popularity in the maritime trade, as it 
permits all types of wheel vehicles to be readily driven on and off 
the vessel under their own power. 

The On-Board Cargo Handling System 

This is an area which is wide open to new ideas and innovations.  It 
would be a most serious mistake for LTA payload designers to attempt 
to adopt or modify cargo jet aircraft loading systems for the airship 
without first taking into consideration all factors. 

While these systems are satisfactory for aircraft—commerce of the 
type which the airship will be transporting, make it a somewhat 
different ball game.  To name a few: 

1. The aircraft cargo handling is aircraft movement oriented— 
not surface movement oriented.  It is the outgrowth as well 
as the victim of the old 463 L Universal Cargo Pallet 
System which was initiated in the days of the Douglas C-124 
transport.  It started with the introduction of the 88"x 105" 
military cargo pallet—so sized that it could pass through 
this aircraft's bottom loading cargo hatch. 

2. This system from its inception has espoused handling all 
aircraft type pallets, unit load devices, and containers— 
up to and including ISO size, from the bottom, on various 
types of roller conveyor systems.  In consequence, most all 
intermodal ISO containers offered for air movement must 
first be placed on a special slave pallet before entering 
any wide body cargo jet. 

3. On the other hand surface cargo, and ISO size containers in 
particular, are designed for hoisting from above, using 
the standardized corner fittings incorporated therein. 
As world commerce, with few exceptions, moves in these sea- 
land type containers rather than SAE AS 832 air-land 
demountable containers—any LTA logistics should take this 
fact into account. 

4. The LTA cargo hoisting system will undoubtedly be patterned 
to a degree after the large quay side gantry crane systems 
used by containership terminals. 

LOGISTIC CAPABILITY COMPARISON 

If trade press coverage is any indication—it appears that 1974 will 
be known as "the year of the jumbo jet freighter."  For this year is 
seeing a number of U.S. and foreign carriers following Lufthansa's 
footsteps, by introducing their own 747 F equipment—and thus offer 
van size container service. 
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Cargo Compartment Access 

Recognition of shipper demand to extend the outsize cargo capability 
of Se 747 F.   is evidenced by the 10'xll' side cargo door being in- 
stalled aft of the wing by a number of operators.!*  This feature 
overcomes the 8' height limit on containers loaded through the 
standarTnose door, "in fact, Boeing is considering elevating the 747 
flight deck 38"—thus increasing the nose door from 8 2  to 11 4  in 
height and from 11'8" to 12'9" in width at the floor.^     one objective 
bexng to increase the aircraft's ability to load and carry outsize 
military equipment. 

The purpose of discussing the continuing efforts of the airframe _ 
constructor to provide improved access to the cargo c°mP^ttnent of 
its aircraft—is to draw a comparison with the ease of doing such work 
to a meS airship hull.  Further, it is possible to incorporate much 
larger access provisions, as well as a greater number, f°r far^ess 
cost and weight.  This is due to the relative simplicity of the LTA 
hull sJruSeand its ability to accommodate sizeable cut-outs, with 
only minor beef-up to the surrounding structure. 

Van Container Capacity 

It was interesting to note that one jumbo jet operator has recently 
elected to describe its new 15 slot 20' container capacity cargo 
aircraft as »containerships.»13 Yet this is a mere David "compari- 
son with Sea-Land's new Goliath SL-7 supercontainerships.  These 
946-; 51,000 ton vessels have a slot capacity for the equivalent of 
over 2,000 20' units. 

To give a picture of 20' container capacities for the existing or 
proposed family of U.S. jumbo cargo Dets-versus lighter than air 
containerships, the following figures are presented based on the 
listed assumptions. 

Assumptions: 

1.  For jumbo jet freighters:  201 van capacity @ 1,100 cu. ft x 
15 lbs  cu. ft. cargo density x 85(%) percent cube utilization - 
14,025 lbs. plus van tare weight (for SAE AS 832 Air-Land 
demountable cargo container) of 2,200 lbs.  A total weight of 
16,225 lbs. or 8.1 tons per container. 

2  For LTA freighters: tare weight of 20' container increased from 
'  2 200 lbs. to 3,375 lbs. to allow for heavier surface type units. 

Thus, 14,025 lbs. + 3,375 lbs. = 17,400 lbs. or 8.7 tons per 
container. 

3.  Payload of all MC-series LTA freighters arbitrarily reduced 
2.5 (%) percent to allow for onboard cargo loading and handling 
systems. 
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20* Intermode Container Capacity 

Jumbo Jet Freighters^               LTA Freighters 

Manufacturer Container SCACI Series Container 
and Model Capacity (Model No.) Capacity 

Douglas C-2 6 MC-7.4                   10 
Douglas DC-10 6 MC-15                   26 
Lockheed 1011 6 MC-22                   41 
Douglas C-4 12 MC-35                   67 
Lockheed L-500 (C-5A) 14 MC-42                   84 
Boeing 747F 15 MC-52                   98 
Douglas C-6 28 MC-55                   115 
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THE TRANSPORT OF 
NUCLEAR POWER PLANT COMPONENTS 

S. J. Keating, Jr.* 

ABSTRACT:  This paper deals with the problems of trans- 
porting nuclear power plant components to landlocked sites 
where the usual mode of transport by barge cannot be used. 
Existing methods of ground-based overland transport are 
discussed and their costs presented.  Components are de- 
scribed and traffic density projections made to the year 
2000. 

Plots of units transported versus distance transported are 
provided for units booked in 1973 and booked and proposed 
in 1974.  It is shown that, for these cases, overland 
transport requirements for the industry will be over 
5,000,000 ton-milffs/year while a projection based on in- 
creasing energy demands shows that this figure will in- 
crease significantly by the year 2000.  The payload size, 
distances, and costs of existing overland modes are sig- 
nificant enough to consider development of a lighter than 
air (LTA) mode for transporting NSSS components. 

INTRODUCTION 

To meet the ever increasing demand for electric power as economically 
as possible, the size and number of nuclear fueled units have been in- 
creasing over the years.  (At present, the AEC has set a maximum size 
limitation of approximately 1300 megawatts of electrical power per 
unit, though it is expected that the next step up to 1500 J^nT^L 
electric, which will correspond to a core thermal power of 5000 mega- 
watts, will occur around 1979 with plants of this size going into ser- 
vice around 1987.)  Many of the units being booked now will be located 
It  landlocked power plant sites.  The problems of overland shipment of 
the large components and subassemblies may place limits on the extent 
to which the economics of scale and the benefits of shop fabrication 
can be exploited in the future. 

The concern with the future transportation requirements is not unique 
*Project Engineer, Combustion Engineering, inc. Windsor, Connecticut, 
U.S.A. 
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to Combustion Engineering, Inc.; it is shared by others in the indus- 
try.  Though existing means can be used to deliver all units booked or 
proposed to date, a lighter than air (LTA) airborne mode may offer sig- 
nificant economic advantages for the future. 

PAYLOAD 

Specifically, the payload stimulating this consideration of a LTA mode 
of transport is the nuclear steam supply system (NSSS).  NSSS provide 
energy input to turbines that drive electric power generators.  This 
paper deals with NSSS using light water moderated reactor cores.  Ac- 
cording to a recent U.S. Atomic Energy Commission projection, light 
water reactors will continue to make up the bulk of NSSS sold in this 
country.  There are two types of NSSS that fit this category:  the 
pressurized water reactor (PWR) and the boiling water reactor (BWR). 
The PWR system uses a closed, reactor coolant loop containing water 
at a typical pressure and temperature of 2250 psia and 621 F to 
transfer core thermal power via large shell and tube type steam gen- 
erators to a secondary water loop where boiling occurs at a typical 
pressure of 1000 psia.  The steam generated goes to the turbine, is 
expanded, condensed, and then returned by the main feedwater pumps to 
the steam generator.  In contrast to the PWR system, the BWR system 
permits the boiling to occur in the reactor core within the reactor- 
vessel from which saturated steam at a typical pressure of 1000 psi is 
delivered to the turbine. 

Because of the high temperatures and pressures within the vessels, the 
energy flow they handle, and the very high emphasis on safety and re- 
liability, the vessels are large and heavy.  PWR systems may have re- 
actor vessels (Fig. 1) which weigh up to 540 tons, and are 22 feet in 
diameter and over 40 feet long.  The vessel shown in the foreground of 

Figure 1:  Pressurized water reactor vessel (foreground) and steam 
generator (background) 

Fig. 1 has walls over 8 inches thick.  The steam generators (Fig. 2) 
weigh up to 800 tons, and are up to 21 feet in diameter and up to 65 
feet long.  From two to four steam generators are used in each NSSS. 
BWR systems have reactor vessels (Fig. 3) that weigh up to 730 tons, 
and are up to 22 feet in diameter and up to 62 feet long.  Typical 
weights and sizes for this equipment and the rest of the components 
for current NSSS and for the next generation NSSS are summarized in 
Table I. 

Other utility equipment is in the same size and weight range.  For 
instance, a typical 1300-Mw generator stator may weigh up to 500 tons 
and be up to 40 feet long.  Heights and widths are presently in keep- 
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ing with the transport "window" imposed by present land-based modes 
though this situation may change as power level is increased. 

Figure 2:  Steam generator for pressurized water reactor 

Figure 3:  Boiling water 
reactor vessel assembly 

Another item of special interest is the moisture separator/reheater 
unit which processes steam going from the high pressure turbine to the 
low pressure turbines.  These pressure vessels may weigh up to 150 
tons, and are up to 100 feet long and 13 feet in diameter. Though the 
weight and diameter are within present ground-based transport mode 
capability, the length presents a serious problem when negotiating 
curves. 

The fabrication of these components requires careful welding and heat 
treating.  Following heat treating, the vessels are subjected to 
several independent nondestructive tests, including hydrostatic pres- 
sure, X-ray, ultrasonic, and magnetic particle tests.  Recently, there 
have been attempts to field fabricate BWR vessels.  Indications are, 
however, that it will be more economical to develop or adapt trans- 
portation modes so that full shop fabrication can be maintained rather 
than develop means for even partial field fabrication. 

Until recently, nuclear fueled plants were usually sited near 
navigable water, so equipment was transported from the manufacturing 
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site to the installatio 
most economical n.oJe of shipment 
Now, however, there is a 
trend in sitin6 plant:: away 
from navigable water, as can 
be seen in Fig. 5, where the 
operating, under construc- 
tion, and committed nuclear 
units are shown geographi- 
cally along with the contigu- 
ous navigable waterways of" 
the U.S. suitable for the 
passage of component barges. 
The components must be re- 
moved from the barge at the 
nearest practical landing and 
shipped overland to the power 
plant site by expensive, time- 
consuming methods that can re- 
quire extensive enroute pre- 
parations to accommodate size and weight, 

site by barge (Fig. 4).  This is, by far, the 
with costs of a few cents per ton-mile. 

Figure 4:  Barge shipment of nuclear 
components 

• OPE HAB IE 

• UNDER CONSTRUCTION 

• ONOHOER 

A     LETTEHOF INTENT OR OFTiON 

  »FT DEPTH OH GREATER 

— - LESS THAN9FT DEPTH 

Figure 5:  Central station nuclear power plants and navigable waterways 

Figure 6 illustrates one method of transporting these components 
either on highways or on suitably prepared surfaces.  The average 
speed is about one mile per hour.  Though varying widely depending on 
the specifics of the route, cost may range from around $5 to well over 
$20 per ton-mile.  Since the height of the load vehicle combination 
approaches 30 feet, much of the cost of transport by this or other 
highway modes can be due to the necessity of either moving overhead 
obstacles or bypassing them.  The width of these vehicles, which is 
about 20 to 24 ft, can also present problems. 

Figure 7 shows a proposed rail-borne method for transporting nuclear 
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power unit components called a Schnabel car 
er (operational speed may be as 
high as IS miles per hour) and 
less expensive than highway modes, 
this mode of transportation has 
some limitations. 

The Schnabel car makes use of the 
payload as the load carry-through 
structure and thus minimizes the 
overall height and center of grav- 
ity elevation by locating the base 
of the payload just above the rails 
This reduces overhead clearance 
and lateral stability problems. 
This type of vehicle is in use 
here and abroad for transporting 
other, smaller, lighter objects. 
The Schnabel car shown in Fig. 8, 
which is a 12-axle car as contrast- 
ed with the 32-axle car shown in 
Fig. 7, is used to transport rela- 
tively small, fossil-fueled, fully 

Though potentially fast 

Figure 6:  Steam generator on 
overland transporter 

Figure 7:  Nuclear component - Schnabel rail car of 800-ton capacity 

Figure 8:  Schnabel car with shop-assembled fossil-fuel boiler 

shop-assembled boilers to power plant and industrial sites.  The Type 

544 



A boiler shown in th?s figure typically weighs a quarter of a million 
pounds and is 54 feet long, 20 feet high, and 13 feet wide.  It can 
generate up to 300.000 lbs: of steam per hour as compared to the larger 
fossil-fueled boilers that can generate over 9 million lbs of steam 
per hour or compared to larger nuclear units that can deliver up to 
16 million lbs of steam per hour. 

The siting trend away from navigable water is due to several reasons, 
among which are the rapidly increasing cost of suitable water edge 
real estate, a number of safety regulations (such as exclusionary (low 
population) zone regulations), and environmentalist pressure to mini- 
mize plant thermal discharges to bodies of water previously considered 
suitable as cooling water sources.  Those bodies of water used to pro- 
vide cooling for the steam condensers are, in general, the locations 
where there might be large population centers.  Exclusionary (low pop- 
ulation) zone regulations, intended to limit the population density 
around nuclear power plants, are, in effect, forcing the plants away 
from the larger bodies of water suitable as waste heat sinks.  Since, 
as Fig. 5 shows, many of these bodies of water are also the navigable 
waterways of the U.S., the net effect is to force power plants to be 
located where transport of components overland becomes mandatory if 
fabrication and quality assurance testing at the site is to be mini- 
mized. 

One of the reasons siting away from large bodies of water is possible 
is the development of closed-cycle cooling techniques using cooling 
towers of various types, spray ponds, or cooling ponds.  In general, 
the water needs of these types of cooling systems are relatively small 
compared to open cycle cooling and are limited to water lost by evapor- 
ation and windage.  In effect, the heat sink becomes the atmosphere. 
This is done by transferring the waste heat from the steam condenser 
via a closed, water loop to the cooling tower or pond which, in turn, 
transfers it to the atmosphere.  In doing so, however, thermal inef- 
ficiencies are introduced that reduce power output for a given physi- 
cal size unit.  In order to maintain a given unit power output, unit 
physical size has to be increased, thus increasing capital costs. 
These same added inefficiencies also increase the use of fuel, thus 
increasing operating costs. 

Despite the increasing cost of nuclear power plants, which some have 
estimated will rise to over $1000 per kwe by 1990, the economic advan- 
tage of nuclear power is even more pronounced today, due, in large 
part, to the ever increasing cost of fossil fuels. 

Indications are that the trend to siting away from navigable water 
will continue.  Of the 36 domestic nuclear units booked industry wide 
in 1973, 14 require overland transport of large, heavy components for 
distances ranging from 50 to 400 miles.  Figure 9 indicates the dis- 
tribution of units committed as a function of distance from nearest 
navigable water to plant site.  Because of the frequent large dispar- 
ity in distances for a given plant site depending on the transport 
mode involved, Fig. 9 is based on straight-line distances from barge 
landings to plant sites.  If all light water reactor coolant system 
equipment that could benefit from a more economical overland transport 
mode is included, there will be a total transport requirement of near- 
ly 5,100,000 ton-miles/year in the early 1980s.  Not all units booked 
in 1973 are scheduled for start-up at the same time; at present, start- 
up ranges 8 to 10 years from the booking date.  Thus, the heavy equip- 
ment, which is generally shipped about three years before the start-up 

545 



spread will  occur. 
TKou8h  it  is  still   - early  to d  a.  £i„ai   conclusion^ro^the^nu- 

t
Cieart^letrenr?odr«otrsitinrishc:ngtinuing   and possibly  increase 

Figure   10  gives  the mileage 
distribution,  not  only  for 
plants  booked up  to  the  end 
of June   1974,   but   also bids 
presently being  evaluated  and 
future  unexercised options. 
Whereas   in  1973,   36%  of  the 
units  booked were   for  location 
at  sites more  than   20 miles 
from navigable water,   it  ap- 
pears   that   in  1974  up  to  40% 
will  be  remotely  sited. 
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Figure 9: Distance of landlocked nu- 
clear unit sites from navigable water 
for units booked in 1973 
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•  Distance of landlocked nuclear unit sites from navigable 
■Un?ts booked, under construction, or on option in 1974 

INDUSTRY GROWTH PROJECTIONS TO THE YEAR 2000 

to justify the development, testing  and certification of a 
to justiiy tne ^^'growth of the nuclear power plant 
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Energy Commission as discussed .in the WASH-1139 Report, "Nuclear Power 
Growth, 1974-2000," dated February 1974.  Based on the "Case D" projec- 
tion in this AEC report and assuming an increase in average unit size, 
it is expected that over 700 nuclear units will be built in the period 
from 1981 to 2000, representing nearly 1,000,000 Mw of installed elec- 
trical power and an investment by the utilities of about $700 billion. 
It is estimated that from 50 to 701 of these units will be located 
where the heavy components may have to be transported appreciable dis- 
tances overland.  As mentioned before, overland transport of these 
components by rail or highway will be difficult because of the size of 
the components.  Rail and highway route clearances are sometimes not 
adequate to accommodate these large loads, so very expensive modifica- 
tions to route-side and overhead structures and obstacles may have to 
be made, or else detours taken, in some cases, involving intermodal 
transfer.  Figure  11 provides a graphic picture of the estimated 
number of LWR nuclear units that will be remotely sited versus year 
of shipment of heavy components 
for these units.  Tables II and 
III provide a detailed breakdown 
of the number of components of 
each type estimated to be shipped 
per year to the year 2000. 

Note that the data given in Fig. 11 
and these tables do not include 
such reactor coolant system equip- 
ment as the pressurizer, reactor 
coolant circulating pumps and con- 
necting pipe, all of which might 
also be shipped by air if the 
economics were favorable.  Also, 
the information does not indicate 
the additional potential market 
for the transport of intermediate 
size components due to a potential 
shortage of ground-based transport 
equipment. 

20 

18 

16 

£l0 

<      6 
(JJ 

IM z 
2 
0 

1978 

 1 r 1—    r 

PWR 

-1 T- t         < —j—i' 

^ 

•     >^\\\^ 

\  \   > 

■ 

Ö5SSS BWR 

S^ 

■    i i     i      i     i '       ' 
0   82   84    86   88   90   92   94   %   98 2000 

YEAR OF SHIPMENT OF COMPONENTS 

Figure 11:  Nuclear units remote 
from navigable water 

To provide some perspective on the dollars involved in transporting 
equipment by land-based means, cost data estimates from several 
sources have been plotted in Fig. 12.  In evaluating the data, it must 
be recognized that each project is a special case.  The problems and 
costs encountered in one case can be very different from those encoun- 
tered in another.  This accounts in part for the large scatter in the 
data. 

SUMMARY 

Of alternate modes investigated t 
and costs of ground-based overlan 
a good solution by relaxing load 
airborne mode based on the use of 
or all of the load could be carri 
strictions on load size and shape 
enough to preclude the necessity 
not require extensive and expensi 
Payload weight would still presen 
would have to be done to develop 
capability.  The development of a 

o obtain relief from the restrictions 
d modes, the most likely to provide 
dimensional limitations may be an 
lighter than air technology.  Part 

ed externally, greatly relieving re- 
. (Vehicle speed could be kept low 
of streamlining.)  This mode would 
ve landing facilities in remote areas 
t a formidable problem and much work 
vehicles of adequate weight-lifting 
irborne means to deliver the heaviest 
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NSSS components could begin with considerably lighter, but still large 
industrial products. 
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Figure 12:  Cost of overland transportation of nuclear components 

Table II 

PRESSURIZED WATER REACTOR ITEMS SHIPPED OVERLAND/YEAR (4) 

CEDM TOTAL 
COOLING 2 LOOP 4 LOOP GEN. PWR 

RV CSB UGS RVH SHROUD S.G.(3) S.G.(2) STATOR ITEMS 

1978 7-10 710 7-10 710 7-10 810 12-20 7-10 62-90       (1) 
1979 8-11 8-11 8 11 8 11 8-11 8-12 16-20 8-11 72-98       (1) 
1980 8-11 811 8 11 8 11 8-11 8-12 16-20 8-11 72-98       (1) 
1981 8-12 8-12 812 8-12 8-12 8 12 16-24 8-12 72-108     (1) 
1982 9-12 9-12 912 9-12 9 12 1012 20-24 9 12 84-108     (1) 
1983 1014 10-14 10-14 10-14 10-14 10-14 20-28 10-14 90-126     (1) 
1984 10-14 10-14 1014 10-14 10-14 812 2432 10-14 92-128     (1) 
1985 11-15 11-15 11-15 11-15 11-15 6-10 20-40 11 15 92-140     (1) 
1986 1216 12-16 12-16 1216 12-16 46 32-52 12-16 108-154 
1987 1216 12-16 12 16 12-16 1216 46 32-52 12-16 108154 
1988 12-16 12-16 1216 12-16 1216 46 32-52 12-16 108 154 
1989 12-17 12-17 12-17 12-17 1217 4-6 32-56 1217 108-164 
1990 13-18 13-18 1318 1318 1318 6-8 2856 13-18 112 172 
1991 1318 1318 1318 13-18 13-18 6-8 28-56 13-18 112-172 
1992 1318 13-18 1318 1318 1318 68 28-56 1318 112-172 
1993 1318 1318 1318 13-18 13-18 6-8 2856 13-18 112-172 
1994 13-18 1318 1318 13-18 1318 6-8 28-56 1318 112-172 
1995 13-18 13-18 1318 13-18 13-18 68 28-56 13-18 122-172 
1996 13-18 13-18 13-18 13-18 13-18 6-8 2856 13-18 112-172 
1997 13-18 13-18 1318 13-18 1318 68 28-56 13-18 112 172 
1998 13-18 1318 1318 13-18 13-18 6^8 28-56 13-18 112-172 
1999 1318 13-18 1318 1318 13-18 6-8 28-56 13-18 112-172 
2000 13-18 1318 13-18 13-18 13-18 6-8 28-56 13-18 112-172 

SIMPLIFYING ASSUMPTIONS: 

(1) ALL ITEMS SHIPPED THESE YEARS ARE FOR 3800 MWt SYSTEMS 
(2) 4 LOOP STEAM GENERATORS ARE SAME SIZE REGARDLESS OF POWER LEVEL 
(3) 2 LOOP SYSTEMS ARE ALWAYS 3800 MWt 
(4) BEYOND 1985, ALL 4 LOOP SYSTEMS ARE FOR 5000 MWt 
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Table   III 

BOILING WATER REACTOR ITEMS SHIPPED OVERLAND/YEAR 

RV RV TOTAL RV GEN. SHROUD STEAM BWR RV CORE SHROUD RVH STATOR HEAD DRYER ITEMS 

1978 3-5 35 3-5 3-5 3-5 3-5 18-30 1979 3S 3-5 3-5 35 3-5 3-5 18-30 1980 3-5 3-5 35 3-5 3-5 3-5 18-30 1981 4-6 4-6 4-6 4-6 4-6 4-6 24-36 1982 46 4-S 46 4-6 4-6 4-6 24-36 1983 4-6 4-6 4-6 46 4-6 4-6 24-36 1984 4-6 46 46 4-6 4-6 4-6 24-36 1985 5-6 5-6 5^ 56 56 5-6 30-36 1986 5-6 5-6 5-6 5-6 56 5-6 30-36 1987 5-7 57 5-7 5-7 57 5-7 30-42 1988 5-7 57 5-7 57 57 5-7 30-42 1989 5-7 57 5-7 5-7 5-7 5-7 30-42 1990 5-7 57 5-7 5-7 57 5-7 30-42 1991 5-7 57 57 5-7 5-7 57 30-42 1992 5-7 5-7 5-7 5-7 57 5-7 30-42 1993 5-8 58 5-8 5-8 5-8 5-8 30-48 1994 5-8 5-8 5-8 58 5-8 5-8 30-48 1995 5-8 5-8 5-8 5-8 5-8 5-8 30-48 1996 6-8 &8 6-8 6-8 6-8 6-8 36-48 1997 6-8 fr8 6-8 6-8 6-8 6-8 36-48 1998 6-8 6-8 6-8 6-8 6-8 6-8 36-48 1999 6-8 68 6-8 6-8 6-8 6-8 36-48 2000 6-8 6-8 6-8 6-8 &8 6-8 36-48 

SIMPLIFYING ASSUMPTIONS : 

1 ALL SYSTEMS DELIVERED TO 1985 ARE 3800 MWt 
2 ALL SYSTEMS DELIVERED AFTER 1985 ARE 5000 MWt 
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N76-15061 

AIRSHIPS FOR TRANSPORTING HIGHLY VOLATILE COMMODITIES 

Miles Sonstegaard* 

ABSTRACT:   Large airships may prove feasible as carriers of com- 
modities that move as gases or cryogenic liquids; buoyant gaseous 
cargo could be ballasted with liquid cargo.    Airships are compact 
in shape,   operate in a rarified medium,  and hence can be fast and 
perhaps economic carriers of costly cryogenic tanks.    The high- 
pressure gas pipeline has excessive surface area when carrying 
hydrogen and excessive fluid density when carrying natural gas, 
while the cryogenic ocean tanker runs in a dense medium and makes 
gravity waves.    But the airship,  despite its fluid dynamic advan- 
tages,   faces problems of safety,  weather,   and altitude control. 

A promising mission for airships is the long-distance,  high-traffic-volume trans- 
portation of highly volatile commodities.    Methane is presently the most important 
of the low-boiling-point commodities,   but hydrogen,   oxygen,   and light hydrocarbons 
other than methane may achieve considerable volume in the future.    (Consult [1] 
on thermochemical cycles for H2-O2 production,   [2] on fusion energy and hydrogen, 
[3,4] on handling of hydrogen,   and [5] on cryogenic ocean transportation of 
methane. )   It is conceivable that even nonfuel elements such as sulphur,   phosphcrus, 
and tin might be transported as gaseous hydrides blended with hydrogen to form 
slightly buoyant cargoes.    In many cases the buoyancy of a gaseous cargo might 
conveniently be balanced by a quantity of the same commodity carried as a 
cryogenic liquid.    Liquids having very low boiling points might be carried in 
spherical tanks,   which are efficient for pressurization and in the utilization of 

^Associate Professor of Economics,   University of Arkansas,   Fayetteville, 
Arkansas,  U.S.A. 
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thermal insulation.     Two or three such tanks might be suspended low in the nonngid 
enveTope of a very large airship,   their content balancing the buoyancy of the gaseous 
cargo,   above which would be positioned a body of permanent lifting gas capable of 

floating the unladen aircraft. 

COMPETING MODES 

Gas pipelines and cryogenic tankers appear to be the major competitors of high- 
vo"tUe!cargo airships      Other possible competitors are cryogenic hquid P»pel™-. 
Inland barges,   and integral trains,   but these latter modes are not likely candidates 
or rong!dfstance,   high^volume routes.     Liquid pipelines suffer from extended 

surface" and internal Friction.    Insulated area and influx of ambient h.a   a».xc«   - 
sive if diameter is large,   while heat from flow friction is excessive if di^mete-s 
small; hence much heat must be refrigerated out even when diameter is «P*™/ 
T^elow speeds,   circuitous routes,   and seasonally of inland barge service. leac.to 
poor utilization of costly cryogenic tanks and allow significant boiloff.    And tanks 
tall enough to allow full-draft loading with liquid hydrogen would exceed many 
bridge clearances.    Railroad tank cars suffer from restrictive horizontal and 
vertical clearances,  which result in a somewhat extended surface and severely 

limit payload for the lighter cryogenic liquids. 

AIRSHIPS VERSUS GAS PIPELINES 

Because a pipeline is a container that extends from origin to destination    it need 
not shuttle back and forth.    Yet for a given volume,   great container length implies 
small diameter; hence this mode lacks the substantial scale economies associated 
with the batch handling of gas in vessels of compact shape.    For example,   a pipe- 
line  1000 miles long and of uniform diameter has 59 times the surface area of a 
1000-foot-diameter sphere of like volume.    The relatively small surface of the 
batch vessel tends to give it a higher economic speed    which in turn implies a 
larger required volume for the pipeline.    Of course the surface advantage of the 
batch process is partially offset by the need for container streamlining,  multi- 
vehicle fleets,   shuttling,   and terminal transfer and storage      Yet on long hauls and 
assuming equal speed and throughput for the airship fleet and the pipeline    the sur- 
face area of a pipeline would still exceed that of an optimum airship fleet by an 

order of magnitude. 

The gas pipeline suffers not only from an extended surface area resulting from its 
uncompact shape,  but also from surface-protection problems      For practical 
purposes the line must be buried; hence it faces electro-chemical attack and con- 
centrations of external pressure to a far greater extent than does the envelope of an 
airship.    Therefore the optimized pipeline operates at many atmospheres of abso- 
lute pressure,   but the resulting reduction in surface area is gained on y by accept- 
ance of severe requirements for propulsion power and tensile material. 

The reason that required propulsion power increases with a scaling down of pipe- 
line diameter and a corresponding increase in pressure is as follows.     Surface 
area s in a pipeline of given length varies as the square root of volume V (i.e., 
8  <* V1/2    while the specific gravity g_ of a given tonnage of contained gas varies 
inversely with volume (i.e.,   g  <*V-1).    Now,   the force F required to move the 
gas through the pipeline at a given velocity is approximately proportional to gj^ 
which is inversely proportional to the square root of volume (i.e.,   F c* gs=V ). 
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in a Suppose,  for example,   that a perfect gas at one atmosphere absolute pressure ii 
pipeline eight yards in diameter were compressed to 64 atmospheres by reducing 
the pipeline diameter to one yard.    Specific gravity £ would increase by a factor of 
64,   surface £ would decrease by a factor of 8,   and g_s--and propulsion power-- 
would rise by a factor of eight.    (Pipeline pressures of 64 atmospheres are roughly 
in line with natural gas pipeline practice. )   Thus in terms of required propulsion 
power,   the pipeline wouM appear to be worse off than the airship fleet--by two 
orders of magnitude.    The assumption here is that average airship speed and 
average gas speed in the pipeline are equal and that at standard conditions the gas 
has the same density as air.    In practice,   gas would move faster via airship than 
via pipeline,   so that the airship fleet would have a propulsion power advantage of 
one order of magnitude,  along with a modest surface area advantage. 

In the pipeline the absolute pressure of the gas is contained almost entirely by 
tensile material,  while in the airship the absolute pressure of the gaseous cargo is 
contained almost entirely by the atmosphere.    The quantity of tensile material 
required is proportional to the product of volume and gauge pressure,  assuming a 
safety factor of unity.    (Tensile material can be measured in pound-feet,   the 
measure of a filament of such material being the product of its length and its 
maximum working strength.    As shown in [6],   three pound-feet are required to 
contain one cubic foot of gas at a gauge pressure of one pound per square foot. ) 
The ratio R of required tensile material to a standard volume of contained gas is 
given by the equation: 

R^1-^0). (i) 

where:   Po is the pressure of the atmosphere surrounding the container; Pi is the 
absolute pressure of the gas within the container; Pi£   Po ; and the contained gas 
obeys Boyle's law.    In an airship,  Pi is only slightly greater than Po.    In a pipe- 
line,   Pi is ordinarily many times as large as Po.    Hence,   R is much greater for 
the pipeline.    Suppose,   for example,   that pQ is one atmosphere,   Pi is 64 atmos- 
pheres for a pipeline,  and an airship operates on a maximum gauge pressure of 
20.4 inches water column,   i.e.,  has a Pi of 1.05 atmospheres.    The ratio of 
required tensile material is then 20.67 in favor of the airship,  where airship and 
pipeline each contain the same mass of gaseous cargo. 

Thus an airship fleet would require less container-surface area,   less propulsion 
power,   and less tensile material than a competing long-distance,  high-pressure 
gas pipeline.    And in the last two of these three basic indicators of cost    the air- 
ship fleet leads by an order of magnitude.    (See [7] for quantitative air snip-pipeline 
comparisons in the context of natural gas and under rather specific assumptions   ) 
Other considerations in the comparison are:   (1) the possibility of applying laminar 
boundary layer control to airships; (2) air/gas density ratio and the resulting ratio 
of liquid to gaseous cargo; (3) the compressibility coefficient of the gas- (4) pro- 
pulston efficiency; (5) air/gas viscosity ratio; (6) parasitic volume; (7) wind and 
weather; and (8) the geographic versatility of the airship fleet.    Either of the last 
two considerations could turn out to be important,   but the degree of importance 
would vary from one situation to another; hence in the present preliminary analysis 
these considerations are in the nature of imponderables.    Of the six remaining 
factors,   only the first two-they will be discussed in the succeeding paragraph- 
could affect the airship-pipeline comparison by a factor much exceeding 1   5 
Compressibility coefficients (which measure deviations from Boyle's law)'show a 
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volume reduction of some  15 percent for the high-pressure pipeline when methane 
is the cargo.    Propulsion efficiency might be somewhat better for a centrifugal 
pipeline compressor than for airship propulsion,   especially in view of the drag of 
airship control surfaces,   but it is most unlikely that the propulsion power compari- 
son would be affected by as much as a factor of 1.5.    Hydrogen has an absolute 
viscosity about half that of air,   but at best a doubling of the Reynolds number would 
cause a friction-factor reduction only of the order of 10 percent.    Parasitic volume, 
which would be devoted largely to permanent lifting gas,   inert shield gas,  and 
cryogenic tanks,  might run some 10 to 25 percent of total displacement,   depending 
on aircraft type and size and on materials of construction. 

The successful application of laminar boundary layer control to airships could be a 
highly significant advantage for this mode,   the theoretical power saving at high 
Reynolds numbers ranging up to some 85 percent [8],  which would be equivalent to 
reducing propulsion power by a factor of some 6 2/3.    The practical application of 
laminar boundary layer control to a pipeline would appear to be much more diffi- 
cult if not entirely out of the question.    Finally,   a low gas /air density ratio could 
favor the pipeline in the propulsion power comparison,   although it would simul- 
taneously favor the airship in the surface area and tensile material comparisons. 
The difference in densities would be most pronounced if the highly volatile cargo 
were hydrogen,   and the air would then be some  14 1/2 times as dense as the gas. 
If the volume of the airship were reduced by a factor of 14 1/2 (as compared with 
the original assumption that airship and pipeline volumes were equal),   its surface 
area would fall by a factor of (14 1/2)2/3,   that is by a factor of about 6.    The 
specific gravity of the air would,  however,   be  14 1/2 times that of the gas in the 
pipeline.    The adjustment in the original airship-pipeline comparison would then 
call for a 14 1/2-fold increase of the airship's specific gravity £ and a sixfold 
decrease in its surface area s_,  with the result that gs,   and airship propulsion 
power,   would rise by a factor of 2.4.    The airship's relative economic gain by 
reason of the reduction of surface area would tend to be offset by the necessity of 
liquifying a large portion of the cargo. 

The implicit assumption so far has been that airships operate at substantially the 
same altitude as pipelines.    This may,   at least for laden airships,   be a reasonable 
working assumption in a comparison where concern is chiefly with order-of-mag- 
nitude differences.     Yet an unladen airship might utilize the entire envelope 
volume — exclusive of that devoted to tanks and inert shield gas--to contain the 
permanent lifting gas at low absolute pressure and at a correspondingly high 
altitude.    The empty return trip could then be made at higher speed--59 percent 
faster,   on the assumptions that propulsion power is proportional to the cube of air- 
speed,   normal power level is maintained at high altitude,   and £ is reduced by a 
factor of four. 

AIRSHIPS VERSUS OCEAN TANKERS 

The deep sea cryogenic tanker is a surface vessel,   the airship a vessel submerged 
in a medium about 1/1000 as dense as sea water,   assuming a standard atmosphere 
at an altitude of about 7000 feet.    The airship largely avoids wave drag and 
encounters a viscous drag smaller by an order of magnitude than that encountered by 
the ship.    The lower viscous drag stems from the nonproportional behavior of 
specific gravity £ and surface area sasa vessel of fixed shape and weight displace- 
ment is scaled up in volume while the density of the flotation medium is reduced 
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correspondingly.    Although £ falls in inverse proportion to volume displacement, £ 
rises only as the two-thirds power of volume.    Thus in the shift from sea water to 
air at 7000 feet,  g_ falls by a factor of 1000 while £ rises by a factor of 100,   with a 
resulting 10-fold reduction in g_s and almost that large a reduction in viscous drag. 

Other factors in the airship-ocean tanker comparison include:   (1) viscosity and 
fluid dynamic smoothness; (2) the volume-surface advantage of the surface vessel; 
(3) wave drag; (4) the possibility of high-altitude empty return flight for airships; 
(5) the portion of the cargo transported in gaseous form; and (6) wind and weather. 
Note that for airships and ocean vessels of like speed and tonnage displacement, 
Reynolds number does not differ greatly unless high altitudes or warm waters 
are involved; for 15° C and low airship altitudes the kinematic viscosity of air is 
some 12 to 15 times as great as that of water,  but this difference is largely offset 
by the fact that the airship is about 10 times as long.    Apparently the airship 
could be maintained in a relatively smoother condition,  as it does not grow 
barnacles and has a thicker boundary layer within which to hide its roughness.    A 
single-hull surface vessel has a volume-to-surface advantage over a submerged 
vessel,  the reduction in wetted surface for a body symmetrical about a horizontal 
median plane which is also the water line being 20.63 percent, according to the 
"half-of-two-to-the-two-thirds law."   Of course this saving may not be fully 
realized in practice,  particularly if the surface vessel is to operate at sizable 
Froude numbers (> /-0.20) and will therefore need relatively small volumetric and 
prismatic coefficients in order to avoid excessive wave drag.    Indeed,   an ocean- 
going hydrogen tanker would have little if any volume-surface advantage by reason 
of operating at the interface; the low density of its cargo (1/15 that of sea water, 
1/6 that of liquid methane) would dictate the use of a catamaran or of a rather 
broad,   barge-like vessel. 

Resistance arising from the generation of gravity waves would be experienced by 
ocean tankers but not ordinarily to any appreciable degree by airships,   except 
perhaps while operating partly submerged in a stable layer of cold air.    A 
cryogenic tanker,  by reason of costly tanks,  insulation,  and boiloff,  has a higher 
economic speed than does a conventional tanker of like displacement.    A liquid 
hydrogen tanker,   in particular,  would be under economic pressure to move along; 
its cargo would be relatively valuable and its insulation task relatively difficult, 
the ratio of volume to heat of vaporization being some seven times as large for 
liquid hydrogen as for liquid methane.    Wave drag,  which rises roughly as the 
third power of speed in the 0. 3-0. 4 Froude-number range [9],  would impose a 
stronger barrier to really high speeds than would viscous drag,  which rises 
roughly as the second power of speed.    If the cryogenic ocean tankers were ex- 
tremely large,  however,   they might perhaps reach economic speed without en- 
countering high Froude numbers and the associated high wave making resistance. 

The possibility of making empty return voyages at high altitudes and relatively high 
speeds is a significant potential advantage of the airship,   as is the ability to reduce 
liquifaction cost by transporting in gaseous form a portion of the cargo--3/5 for 
natural gas,   1/15 for hydrogen,   2/3 of the hydrogen for a stoichiometric oxygen- 
hydrogen carrier.    Another advantage of the airship is freedom from the effects of 
waves,   spray,  and relative wind-water velocities; the airship,   including its 
cryogenic tanks,   can be more delicately constructed,   since it is not subjected to 
high accelerations.    But it does face the problems of operating in a relatively mobile 
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medium (winds being far more swift than ocean currents) and of maintaining a 
desired altitude. 

THE VOLATILE-CARGO AIRSHIP 

The airship designed for transporting highly volatile commodities on long hauls 
would be very large.    A displacement of tens of thousands or even hundreds of 
thousands of tons would probably be typical,  once the technique was developed. 
Great size would appear to call for a nonrigid airship with a framework of steel or 
fiberglass cables,  fitted perhaps with a rigid,   semibuoyant stern section that 
would provide propulsion and control.     The nonrigid portion might be assembled 
out of doors,   lifted by launch aerostats,   and inflated in nonturbulent air at 
altitude.    The rigid pusher section might be constructed indoors,   lifted by an 
aerostat,   and joined to the nonrigid section in midair. 

In very large freight airships the forces of buoyancy and inertia would dominate. 
Wind gusts would be of little significance in ground handling.    (Rosendahl [10] 
stated that even the 50-percent size increase from the Los Angeles to the Graf 
Zeppelin noticably reduced the effect of gusts. )   Propulsion power requirements 
would be low in relation to airspeed.    And pitch might be controlled less by 
aerodynamic forces than by buoyant trim.    Although positive and negative 
aerodynamic lift would provide valuable short-term altitude control,   altitude would 
be controlled primarily via the control of buoyancy,   probably by means of super- 
pressure and/or superheating.    A one-percent decrease in heaviness could be had 
by decreasing the gauge pressure by about four inches water column or by increas- 
ing the gas temperature about five degree Fahrenheit. 

Conceptually,   there are two distinct types of volatile-cargo airships,   the light-gas 
tanker and the heavy-gas "bagger-"   The light-gas tanker transports commercial 
hydrogen as a buoyant cargo gas whose lift supports a volatile liquid cargo, 
refrigerated and/or pressurized.    The heavy-gas bagger carries a gas of unitary 
specific gravity,   e. g. ,   a blend of methane and propane or of hydrogen and vinylidene 
chloride, and therefore needs no nongaseous ballast.    In between these extremes are 
various gradations — airships transporting commercial gases denser than hydrogen 
but not as dense as air and carrying some liquid ballast. 

The light-gas tanker tends to have high optimum speed,   large fineness ratio, 
relatively small optimum size,   and high construction cost per ton of capacity.    The 
heavy-gas bagger tends to have lower optimum speed,   smaller fineness ratio, 
relatively large optimum size,   and low construction cost [11].    Although there are 
a number of commodities that could be blended with hydrogen or methane to form 
mixtures of unitary specific gravity [12],   with most commodities it might be 
desirable to maintain some buoyancy in the cargo gas,   either via composition or 
superheating,   to reduce the probability of accidentally spilling dangerous gases on 
the ground. 

Perhaps the most serious problem of the volatile-gas airship is that of safety. 
Flammable or noxious gases should perhaps be surrounded by a pressurized 
blanket of inert gas and the blanket sectionalized and metered.     Routing,   scheduling, 
and weather prediction should be precise or ample safety margins provided.    The 
cargo airships might be remotely controlled and on-board repair men provided with 
escape devices.     In an emergency,   cryogenic tanks could be exploded and cargo and 
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lifting gas fired while a derelict airship was still in a relatively safe location.    It is 
to be presumed that aerial cryogenic tankers would not be routed near cities, 
although heavy-gas baggers,,   slightly buoyant and ballasted with water,  would be 
relatively safe.    In any case,  thf; pilot of a disabled volatile-cargo airship would 
have more time and a wider choice of ditching procedures than an airplane pilot 
has,   and he would never have unprotected personnel aboard.    Related problems are 
storm avoidance,  wind regime utilization,  and ground handling. 

SUMMARY AND CONCLUSIONS 

For operation at equal speeds,  propulsion power is greater by two orders of 
magnitude for the high-pressure gas pipeline and by one order of magnitude for the 
cryogenic ocean tanker than it is for the airship.    When speeds are optimized mode 
by mode,  the airship is faster,   and an airship fleet would use roughly the same 
power as a comparable ocean tanker fleet and about one-tenth as much as a pipe- 
line of comparable throughput capacity.    The airship fleet has almost as much 
surface area and about one-tenth the tensile material of the gas pipeline.    Being 
faster and more adaptable to direct routing,  an airship might make three or four 
times as many round trips per year as an ocean tanker,  utilizing well the substan- 
tial investment in cryogenic tanks and reliquefaction equipment. 

In the three-way comparison between airship,   ocean tanker,  and gas pipeline,   the 
first two benefit from the compact shape of the batch container.    In principle,   the 
airship and the gas pipeline both enjoy the propulsion power advantage associated 
with a low density flow medium,  but in the conventional,  high-pressure version 
the pipeline sacrifices this advantage to gain a much needed reduction in surface 
area and volume.    The airship and tanker can be deployed far from the construction 
site and redeployed as desired.    Compared with the ocean tanker,  the airship can 
travel more directly and reach more destinations,  and it can take to high altitudes 
on empty return voyages.    Nevertheless,  the airship faces problems of safety, 
altitude control,   storm avoidance,  and wind regime utilization.    Of the three modes, 
the airship is the only one that has never been tried out in practical,  multikiloton 
sizes. 
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USING LIGHTER THAN AIR VEHICLES 
(DIRIGIBLES) IN HOUSING CONSTRUCTION 

E. E. Shamis* 
V. B. Moorychev** 

ABSTRACT: This paper reports on the potential use of Light- 
er Than Air vehicles for the transport and erection of mod- 
ular housing units. Comparisons are made between traditional 
methods of construction and the use of an airship. Data on 
LTA cost is based on an airship design study and the oper- 
ation of a 12 meter model. 

Lighter Than Air vehicles are capable of extended station-keeping with 
loads suspended from a cargo winch. This makes it possible to use diri- 
gibles not only for the transport of housing modules but also for their 
erection at construction sites. This application has been investigated 
at the S. Lazo Politechnical Institute in Kishinev. 

A transport-mounting dirigible, the TS.M-100, was designed by the K. E. 
Tsiolkovsky Dirigible Design Office in Leningrad for this purpose. The 
TS.M-100 is an unballasted dirigible 245 meters (789 ft.) long, with a 
fineness ratio of 6.67 (maximum diameter is 37 meters). Gross payload 
is 130 metric tons (143 short tons) and the useful load is 100 metric 
tons (110 short tons). The gondola is 60 x 5 x 5 meters (197 x 16.5 x 
16.5 ft.). Cruising speed is 170 km/hr (106 mph). The vehicle is metal- 
clad and uses engine exhaust heat for aerostatic gas control. Tentative 

* S. Lazo Politechnical Institute, Kishinev, U.S.S.R. 
**Tsiolkovsky Public Dirigible Design Office, Leningrad, U.S.S.R. 
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cost per ton-kilometer is 2.2 kopecks (4.3* per short ton-mile), which 
is considerably below the cost of normal air transportation. 

A twelve meter model was tested and has shown good maneuverability. It 
easily moved up, down and sideways, and turned around while holding po- 
sition.  The design study and test results allow the projection of per- 
formance for a full size Lighter Than Air vehicle of similar design. 

The TS M-100 would be used for both transportation and mounting of 
housing modules-  Five or six standard three dimensional modules can 
be assembled in one to one-and-one-half hours using the TS.M-100 as a 
transport/crane. The TS.M-100 could also carry 30 to 50 wall panels 
but vehicle utilization would be low because it would take an eight 
hour shift to assemble the load. 

Modular construction is the most progressive technology in housing to- 
day  A five story apartment house with 60 dwelling units uses 1.300 to 
1,400 components if constructed from large wall panels that can be 
trucked to the site. A similar building can be made from 206 to 240 one 
room modules or 100 to 120 two room modules by a team of half a dozen 

workers in ten days. 

Despite its potential, modular housing construction has.been limited by 
two factors: (1) the difficulty of transporting and positioning large 
modules, and (2) the slow curing rate of normal concretes, leading to 
low output from the complex machines used to produce three dimensional 
structures.  The latter problem has been solved at the Politechmcal 
Institute in Kishinev by developing techniques that use quick setting 
concretes.  Special equipment has been designed and tested that yields 
six to eight times the productivity of the older methods. 

As a result the bottleneck is now transportation and installation of 
the modules.  Modern construction management coordinates manufacture, 
transportation and installation into a single production cycle. The use 
of dirigibles to transport and position building modules could smooth 
production flow by eliminating delays caused by poor roads or great 
distances between the module factory and the construction site. 

The cost of dirigibles and traditional methods of transport and con- 
struction were compared for three different building configurations. 
One story, 10.8 x 3.8 meter (35.4 x 12.5 ft.) modules were used in each 
building, loaded into the TS.M-100 gondola or suspended from its cargo 
winch at the factory. The building configurations studied are outlined 

in Table 1. 

For each building configuration, three transportation/construction 
techniques were investigated. The first used tracked, caterpillar-type 
cranes for construction. The second used other types of cranes. The 
road transport equipment was the same in both cases. Table 2 lists the 
equipment used in these cases.  The third technique used the TS.M-100 
for transport and construction. 
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Type of 
Unit 

Number of 
Apartments 

Floor Space 
Meters  (ft ) 

Modules 
per Unit 

Total Weight 
Metric Tons 
(Short Tons) 

2 Story 20 656  (7,050) 20 440   (485) 

5 Story 50 3,280 (35,300) 100 2,200 (2,420) 

9 Story 108 8,850 (95,200) 270 5,900 (6,500) 

Table 1 
Building Configuration Parameters 

Type of 
Unit 

TransDortation Construction 
Truck Truck Case 1 Case 2 

Tractors Trailers Tracked Cranes Other Cranes 

2 Story 1 2 1 (SKG-50) 1 Wheeled Crane 

5 Story 2 4 1 (SKG-63) 1 Coach-Box Crane 

9 Story 3 6 1 (SKG-100) 1 Tower Crane 

Table 2 
Conventional Transport and Construction 

Equipment Requirements 

Tables 3,4 and 5 present the results of the economic analysis for each 
building type and construction/transport method.  Assembly and capital 
investment costs are included as are the labor costs for the transport, 
assembly and operation of the construction equipment.  All cost data 
is per square meter of floor space.  Consistent assumptions were used 
in all cases. 

The data shows that the dirigible method of construction is most effi- 
cient economically over distances of 50 kilometers or more. It is less 
labor intensive at all distances.  This would indicate that modular 
housing construction is a very promising potential market for Lighter 
Than Air. 
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Transport  1 
Distance 
km. (miles) 

Case 1 Case 2 Case 3 

■1 Cost 
,  2 Labor ,1 Cost 

.  2 Labor Cost 
2. 

Labor 

10  (6.2) 1.22 (0.15) 0.22 1.79 (0.22) 0.29 3.50 (0.44) 0.15 

20 (12.4) 1.98 (0.25) 0.37 3.14 (0.39) 0.60 4.36 (0.54) 0.17 

50 (31.1) 4.42 (0.55) 0.81 6.21 (0.78) 1.19 4.40 (0.55) 0.18 

100 (62.1) 7.61 (0.95) 1.39 11.73 (1-47) 2.30 6.26 (0.78) 0.26 

Table 3 
Two Story Housing 

Transport 
Distance 

km. (miles) 

Case 1 Case 2 Case 3 

1 
Cost 

.  2 
Labor 

1 
Cost 

.  2 Labor 
1 

Cost 
. 2 Labor 

10  (6.2) 2.40 (0.30) 0.33 3.75 (0.47) 0.47 3.48 (0.44) 0.15 

20 (12.4) 4.23 (0.53) 0.59 5.83 (0.73) 0.72 4.35 (0.54) 0.18 

50 (31.1) 9.00 (1.13) 1.25 11.95 (1.49) 1.76 4.56 (0.57) 0.20 

100 (62.1) L5.50 (i.94) 2.14 21.68 (2.71) 
L 4.15 6.09 (0.76) 0.26 

Table 4 
Five Story Housing 

Transport 
Distance 

ras« 1           Case 2 Case 3 

Cost 
.  2 Labor Cost 

.  2 rost _ 
. 2 Jiflhnr . 

10  (6.2) 4.13 (0.51) 0.49 2.58 (0.32) 0.32 3.58 (0.44) 0.15 

20 (12.4) 6.64 (0.83) 0.81 4.70 (0.59) 0.58 4.44 (0.55) 0.19 

50 (31.1) 12.01 (1.50) 1.54 7.93 (0.99) 0.97 4.74 (0.59) 0.22 

100 (62.1) 20.89 (2.62) 2.75 
  

15.39 (1.93) 1.90 6.20 (0.78) 1 0.27 

Table 5 
Nine Story Housing 

1. Rubles per square meter (Dollars per square foot based on a conver- 
sion rate of $1.345 per ruble) 

2. Man hours per square meter 

562 



N76-15062 

ENVIRONIC IMPLICATIONS OF 
LIGHTER THAN AIR TRANSPORTATION 

Patrick Horsbrugh* 

ABSTRACT: The advent of any new system of transportation must now 
be reviewed in the physical context and texture of the landscape. 
Henceforward, all transportation systems will be considered in 
respect of their effects upon the environment to ensure that they 
afford an environic asset as well as provide an economic benefit. 
This paper emphasizes the obligations which now confront the 
buoyancy engineers so that they may respond to these ethical and 
environic urgencies simultaneously with routine technical 
development. 

The prospect of a system of global transportation by means of Lighter Than Air 
vehicles requires to be explored within the context of both the history of the 
economics of movement, and of the environic consequences arising from vehicular 
demands and impositions. There prevails a growing conviction that the right of 
movement supersedes any other social requisite, and the illusion is growing that 
transportation requirements cannot be resisted. Speed is the symbol of progress, 
and progress is of course irresistable. The capabilities of Lighter Than Air 
transportation are conditioned by particular factors which make the concept of 
such a system unique, while the seeming freedom from surface characteristics, which 
so inhibit all previous systems of incidental and scheduled mass-movement, hold 
vital environic promise for the improvement of the degraded human habitat. It is 
inevitable that inventive aeronautical genius will concentrate upon instruments 
that operate in the only element that is consistent in all regions of the earth, 

«President, Environic Foundation International, Notre Dame, Indiana, U.S.A. 
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and redress the curious technical amonily between the dramatic prowess achieved in 
aerodynamics and the tragedy strewn progress in aerostatics, by means of which the 
history of aviation began. 

The potentialities of aerial lift of unprecedented size and weight permits the 
modified use of equipment of proven effectiveness tested in nuclear submarine, 
mammoth tanker and supersonic aircraft operations. Such exceptional advantages will 
ensure that the next generation of lighter than air vessels will develop compara- 
tively rapidly. They will emerge in a sophisticated form for so wide a range oi 
purposes that it is imperative that they should be assessed, for both their initial 
impact upon the environment and for the consequences of their presence. 

It is now becoming mandatory planning policy to review existing, modified and pro- 
posed transport systems to determine their intended benefits and their inevitable 
obsolescence, under the competative economic pressures of yet another system. 

As the horse cart and the sailing ship have passed into the realms of kinetic 
romance, so will pass the wheel, and even the wing, but these present means of 
movement produce a legacy of environic degradation that no society can further 

afford. 

It is essential, therefore, that any new or revised concept of transportation be 
fostered by those concerned with the quality of environic conditions, in their 
indivisible entirety. 

For these pressing reasons that the Environic Foundation International sponsored 
the intended Symposium on Airship Development, in London, earlier this year, it 
is believed that the prospects for Lighter Than Air transportation should be con- 
veyed, cultivated and confirmed within the context of envirormental seemliness as 
a social benefit. By such a strategy it is hoped that emotional antagonisms, 
economic frictions, legal conflicts and environmental affront can be avoided. Such 
sponsorship can encourage the realization that, for the first time since the 
invention of the sail, a system of movement can be achieved, on an unprecedented 
scale, without damage to the quality of life. 

It is difficult to imagine any form of mechanized transportation without the vision 
of the scene despoiled. The railyards and stations, the docks and harbors, the 
roads and superhighways and even the newest airports, with their inseparable 
deserts of automobile parking, are all areas of spiritual and aesthetic desolation. 
Since the harnessing of steam, the wheel in its varying rotations, has become an 
environmental tyranny. 

Lighter Than Air vehicles present, it would seem, a very different prospect. They 
may become an instrument of salvation, redeeming the effects of automotive despolia- 
tion, without imposing further demands upon the overstrained urban energies and 
spacial resources. It is now a planning imperative that this positive possibility 
be understood at this moment of the technical reassessment of a once discarded 
concept of transportation. It is axiomatic that those concerned with the physical 
conditions of good order become involved in the lighter than air research and 
investment from the beginning, in this exceptional instance, the re-beginning. 

The justification for the inclusion of the subject of Environic Implications of 
Lighter Than Air Transportation in this, the first Workshop devoted to the tech- 
nicalities of a revised concept of bulk transportation, lies in the urgency of 
obvious planning disarray, environmental degradation wrought by previous transport 
systems, and upon the potential reach (territorial and aquatic) which this system 
portends. 
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mOPSSSlGMAL COMBINATION, STRATEGIC AND TACTICAL 

Recent social, history has shown that the physical consequences of new systems of 
transportation have consistently increased environmental stress upon ecological 
and human well-being alike. No matter how convenient each new conveyance might 
have been, environic degradations increased as the demands of each particular 
system expanded. 

Under the momentum of competition, new systems have momentarily superseded their 
predecessors in performance, but seldom have the new systems reoccupied areas or 
routes previously used., In consequence, the landscape, urban and rural alike, has 
become dominated by both the demands and the effects of successive systems of trans- 
portation. 

For the first time, it is possible to consider a revised/new system of movement 
that is not hindered by the dispositions of land and water, or by the structural 
investment thereon. While this freedom of vehicular maneuver and of direct place 
to place contact may soon become fact; the stimulating effects of this facility 
upon land-use speculations require immediate acknowledgement. The aero-tatics of 
land and water planning must be propounded coincidentally with the designing and 
the testing of lighter-than-air craft, in all their likely hybridizations. 

The planning professions, environologists, architects, engineers, urbanologists 
and landscape designers must appreciate the third dimension and the third, all- 
pervading element, air, as being their responsibility, indivisible from the sur- 
faces of their design commissions. 

The prospects of receipt and dispatch of materials and personnel from 'above', by 
suspension, in unprecedented quantity, without investment in costly intermediary 
equipment, structures, etc., are impelling and will exert an effect upon planning 
concepts that may be termed 'involutionary'. The consequent effects of such a 
transportation system on land values, will stimulate real-estate speculations, 
everywhere, and will impose new demands upon unencumbered territories that will 
range from industrial to recreational uses in locations that are presently 
inaccessible. 

Such concepts of elemental planning coordination necessitate the creation of a 
particular transportation planning research office that is independent of govern- 
ment departments and of industrial/professional influences, so that the essential 
imagination required for the promotion of this unique vessel, the 'airship' is 
not hindered by conventional procedures and investments. 

Reference to the post World War II position of maritime conmerce is here relevant, 
in that the design of ships, ports and port facilities were less than co-incidental 
and necessitated the founding of the International Cargo-Handling Coordination 
Association.  The extension of this organization to meet the same requirements to 
facilitate air to ground/water and air to other vehicle trans-handling would seem 
to be justified to ensure both equipment standardization and the effective re-use 
or 'supra-use' of those surfaces already in service. 

It is essential, moreover, that the viability of such vessels are not exaggerated 
thereby causing operational disappointments, stimulate real-estate speculations, 
and premature investments combining to produce a loss of public confidence of the 
kind experienced by successive railway investment booms of the nineteenth century. 
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made In favor of any new system. 

anf political antagonism arising from misapP^^^^^J^Ser^ 
-Z^     T4- wrMiiri h*> <?t-r;»+-e£d.callv disasterous if lighter tnan air piuneei J.11& 

„^to'be'LSS^Vi^usfrS^r trades union interests, opposed to any 
challenge to their traditional means of livelihood. 

ENVIRONIC FACT AND SPECULATION 

ThP scale of transport planning is now so vast and so complicated that no new 
ZtTinC3Ä StaSS«! operations without; dire spac> al   social^ 

iterial and particular- «dxcnfe.<™»^U^JX s edal^ts^d 
?uSy°Ä developn.nts of lighter 
t!S Sr trSsSSation aHhis^ment of technological review and revival. 

Tne laudible injunction requiring those united to contribut «Workshop Papers to 

circumstances can be pleaded. 

Speculation, however, continues apace, and speculation ^««gjf ^g8^ 

KflSiSr^SSSS'k.fSS"is con«™* by environmental conditions. 

EDUCATIONAL COMMITMENT 

As the oressures of transportation Inadequacy increase, the search for economic 

mS     IHÄ T^SPSwpr1vallfan Educational conmitment to specialization fiJ will be 
SSÄTSally, economically and ecologically^ unless it^s ^red^by a 
consistant attention to envlronic consequences ^^nfSaUeS^S S^ter 

SlirieSf ^S^SrrancefLcS^a! aS eleSronic technology 
SS S SS direcTmeaS of movement, offers the most positive prospects for 
environic quality redemption ever to arise. 

I wish   therefore, to emphasize the opportunities for synfciosis between the U&ter 
j. wisn, wereiuiC) ^     v ..    , -, niariners for the achievement of environic 
thf S^inf neSe Shter tSSr?raSpSalion potentialities are of trans- 
3ä5ta&J2. aS'consSufe an unprecedented Incident in the history of 
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Inventionj ani ir> tsie ecw>xnics of mechanical movement. Special educational pro- 
grams are required to comprehend the rebirth of such vessels, since their emer- 
gence will impose significant intellectual challenges in social behavior and in 
geo-political relationships. 

The subject of 'airships5 is already familiar, and of proven validity in that 
craft using the 'first principal of flight' are, indeed, a practical proposition. 
After ho years of oblivion, and of almost no advancement In popular uses (with the 
exception of the unique experiences of the Goodyear Aerospace Corporation), the 
coordination of several technological achievements will facilitate the production 
of a vessel of such varied use and potentiality that a particular educational pro- 
gram will be justified in advance of the event. 

Transportation economics will undergo profound changes if any system can be devised 
which will reduce the necessity of vast structural investments, as exist in the 
form of harbors, railroad marshalling yards, airports and their supporting facili- 
ties. The economic appeal of any system which disposes with the construction and 
maintenance of previously indispensible interconnecting routes, and between 
remote terminals is not to be denied. 

Vertical lift and float movement of loads of quantity, weight and bulk appear to 
offer such exceptional economic advantages that every aspect of territorial 
planning and disposition, urban, suburban, industrial, agricultural, recreational 
and constructional will be affected — immediately, as a matter of desperate real 
estate speculation. In consequence, the educational corrmitment to transport 
planning strategies, spacial reuses and territorial re-formations becomes a prime 
urgency and must be met simultaneously with the technological development of 
aerostatic vessels. 

ENVIRONIC CONTEXT 

For almost two centuries the landscape has suffered the surgery of successive 
systems of transportation. Nowhere is this more obvious than in the superbly 
varied landscapes of these United States, and nowhere has the price of social 
amenity been paid at such a high cost in the loss of personal and aesthetic 
amenities. Nowhere is there greater need for the redemption of these lost 
qualities of scene and serenity. 

It is in this context of the wheel-riven landscape that I quote from Abraham 
Lincoln's healing address to the 62nd Congress, following the distractions of 
the Civil War, in which he expressed our present technical and professional 
planning perplexities so succinctly. 

"The dogmas of the quite past are inadequate to the stormy present. The occasion 
is piled high with difficulty, and we must rise with the occasion. As our case 
is new so we must think anew and act anew. We must disenthrall ourselves, and 
then we shall save (the condition of) our country." 

Nowhere are the difficulties piled higher than In the competitive patterns of 
successive systems of transportation. Nowhere is it more necessary to disen- 
thrall ourselves than with the concepts of the conventional systems. Nowhere is 
the landscape so lacerated with the scars or so vibrant from the sounds of move- 
ment than In our country. 

The transportation planners now have the exceptional advantage of reliable, con- 
sistent, repetative, information upon the condition of the earth, in degrees of 
thermal and meteorological detail that confirm the primacy of environic discipline 
in all planning design and operation. This comprehension of context, continuity, 
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and consequence is now readable in the evidence from remote sensing satelites and 
SSt bfrS^nized as the critical factor in any systematic change^ eastingm 
rrSnsDortation bv the addition of new systems. The consequences that follow from 
SSgS inSvaUons are never anticipated and the «*2^™^™££?y 

" ^llv has to bear are never estimated in advance, notwithstanding the lessons 
llaS f^railroaTaS shipping enterprises which are, even now plagueing the 
aerT^Sief ^^rfrom ?he initial advantages, the effects of wheeled move- 
S So2 a tyran^which society is swift to tolerate but slow to condemn. 

Hitherto, concept has always preceded the technology.    Now   ^."^SSdlS of 
'airship' revival, technology is in search of concept.    The potential rapidity 01 
development^phenond.nal. the size of vessel unprecedented, the pay load and 
mlneuvSilityPunsurpat,sed, while the range and reach is a^ost without limit 
In consequence appraisals; made in the interests of the carriers and investors must 
be broadened to include the effects upon the environic context. 

The re-emerKence of the lighter than air vessel represents a momentary opportunity 
^4£Si2S2 seemingly irreconcilable demands of improved mobility with 

and encouraged.   Never again must the convenience of those in motion be gained m 
cost of the comfort of those in place. 

APPROPRIATE APPLICATIONS 

ZZTtTT^l^^^es of using lighter than air vessels^ver those 
regions where existing services are few or non-existent.    Northern Canada is tne 
rost obViouTand challenging location for testing, where the development of the 
Sh depeSs^on the provision and maintenance of the most costly construction 
whether it be in the form of railways, highways, or runways.^ 

With the advent of the lighter than air vessel, to stimulate the competitive com- 

S nar^icular^he formidable dangers presented by weather conditions are much 
5duS as fresult ofconsistent and continuous satellite recordings of the 
S?e?rologicarpatterns.    This reduction in risk, and resulting insurance economies, 
S1SSS for the delays in rescheduling and rerouting necessitated^ avoid- 
ing approaching storms by means of the vessels own speed of escape, whether the 
threat arises while the vessel is tethered or in passage. 

Three questions may serve to identify the categories of task to ^£W™££" 
air vessels   and their specialized hybrids, can be applied.    1)What can De aone 
bette? by iigEertnan air vessels than by any present system of transportation? 
S? Si- Ln be done bv lighter than air vessels that cannot be done by any present 
2) What can be aone Dy -^sn^r1  ^     SUDDOrting services and facilities can lighter 
SeairVesSÄeSe ^h^LSC^vfdinTmaintenance and other economics 
SchwilleSure lower costs for routine operations, and reduce the varied impedi- 
mSS SprelenSng thJ conventional transport infrastructure that is so demanding 
of space, so imposing upon the scene? 

m^ 4.    4 _-»w ,«*,*- infiiipnpp of lighter than air vessels will be felt by those 
SnceSed'wfä'uSan,* dSXsfaSffinS planning where f*?^? °^* 
?aeS™ane' hybridizations will permit the removal of site debris and the deliver- 
iS^? instruction materials without imposition upon the conventional transport 
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services. The prospect of working platforms lowered from above are especially 
appealing to contractors vhose operations are entirely dependent upon the nature 
of the routing to the site. The 'aerocrane' recalls the concept of Dr. Buckminster 
Puller, first illustrated in 1927» where substantial building components are 
lowered complete at remote sites or within the crowded urban and industrial 
locations. 

Such concepts, however, remain speculation since practical experience in aerocrane 
operations is limited, and largely concentrated in the pioneering constructional 
commissions undertaken by the Okanagan Helicopter Group.5 The most relevant evi- 
dence of economic/invention shifts may be found, also, in the profitable achieve- 
ments of the containerization systems of cargo-handling pioneered by the British 
shipping company, Manchester Liners Limited, and in the simplification of trans- 
handling operations upon a world-round scale." 

Lighter than air vessel operations are of immediate relevance to geological and 
mineral exploration; forestry management and logging; agricultural services; crop 
fertilization spraying and even selective irrigation; stock supervision; pollution 
observation and assessment; mariculture and fisheries; off-shore oil-rig servicing; 
scheduled bulk transportation of routine cargos, of fragile perishables, and live- 
stock; unscheduled, incidental deliveries and pipeline inspections. Hybrid 'aero- 
cranes'      are urgently required for the trans-shipment of cargos at trans- 
portation infrastructures and depositories, and may be especially effective for 
use in the routine collection, delivery and sorting of industrial/municipal 'waste' 
materials and garbage for recycling and return for further processing. Such vessels 
have obvious uses in the inventorying materials and conditions recorded by the 
Earth Resources Technology Satellite services and for harbor/canal/polder/causeway/ 
island/dam constructions; dredging and excavation; mass-produced factory-assembled 
house moving and siting. Humanitarian uses of lighter than air vessels would include 
all forms of disaster; forest and oil refinery fire-fighting, oil-rig crew removal 
prior to tempest, aircraft and highway accidents, policing and general public 
safety. Special hospital facilities and operating equipment could be assembled 
aloft, as in any field hospital, and emergency food distribution, human and live- 
stock, are obvious benefits, while educational travel and exploration, and tourism 
(for the revelation of territorial and natural wonders and wildlife sanctuaries to 
which public should not have access) are among the more pleasurable operations 
required of lighter than air vessels. 

LEGAL ISSUES 

The seeming economic and amenity advantages suggested by these likely activities 
for lighter than air vessels must be considered within the license of international 
law, for each operation is bound by legal obligations and hazards. 

It is imperative, therefore, that an organization is created to arouse the interest 
of imaginative lawyers in this particular aspect of transportation, and to assess 
the few legal actions involving aerostatic craft that are on record. It is essen- 
tial, also, to organize a body of informed opinion through whom to anticipate the 
various of legal issues that such flight is certain to create, ranging from injunc- 
tions based upon the charge of invasion of privacy, to implied danger to life and 
property, to insurance risks and policies. Even actions based upon the infringe- 
ment of aesthetic and amenity rights caused by proximity and by shadows cast by 
such aerial leviathans must be expected. 

PROFESSIONAL ASSOCIATION 

The economic urgencies that now prevail Justify the speedy formation of an inde- 
pendent organization devoted to the promotion of the lighter than air vessel, on 
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an international scale, and in a professional manner. The value of such associa- 
tions for informing the public, for political lobbying, for strategies of policy, 
for encouraging concurrent educational programs, for fostering technical develop- 
ments and for stimulating the necessary investments are obvious. The effective- 
ness of forming subsections devoted to the promotion of particular uses and the 
development of the hybrid vessels required is also manifest. 

The initiative shown by the convocation of this assembly should be commemorated 
by the inauguration of such an organization: THE INTERNATIONAL ASSOCIATION OF 
LIGHTER THAN AIR TRANSPORTATION, to ensure that governments, environic interests, 
industries, the press and the populace become acquainted with both the economic 
and environmental consequences of such a system of transport in the most effective 
way compatible with the emerging evidence. Such an association should draw members 
of all professional disciplines who share an enthusiasm for the purpose, and 
possess experience relevant to the promotion of this, the most promising trans- 
portation system yet devised. 

PROMOTION 

The advent of the lighter than air vessel represents a relatively new kinetic 
experience with aesthetic no less than commercial value. It is, essentially, a 
positive instrument of construction, offering advantages beyond the reach and 
realm of anything previously available. Recent centuries may be distinguished 
by particular transportational achievements, which have altered previous life- 
styles and created the characteristic cultural momentum. The horsedrawn wagon 
had been the common carrier until the domination of the eighteenth century by the 
influence of the sailing ship; the nineteenth century was enthralled by the steam 
engine, while this twentieth century is atremble with the roar of the internal 
combustion engine in all its forms. The promise of aerial tranquility that is 
offered by the silence of the Lighter Than Air vessel confirms that this means of 
movement is, indeed, the most significant technological advancement, that will 
exert a greater influence over more varied territories with less imposition upon 
environic qualities than any instrument in the history of transportation. 

Such a vessel deserves, I believe, a distinctive name and accompanying terminology 
wherewith to promote its re-emergence without the historic overtones associated 
with the appalation 'airship'. 
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AEROCRANE 

A HYBRID LTA AIRCRAFT FOR AERIAL CRANEAPPLICATIONS 

Rüssel G. Perkins, Jr.* 
Donald B. Doolittle** 

ABSTRACT: The Aerocrane, a hybrid aircraft, combines rotor lift with buoyant lift to 
offer VTOL load uapability greatly in excess of helicopter technology while eliminating 
the airship problem of ballast transfer. In addition, the Aerocrane concept sharply 
reduces the mooring problem of airships and provides 360° vectorable thrust to supply a 
relatively large force component for control of gust loads. Designed for use in short range, 
ultra heavy lift missions, the Aerocrane operates in a performance envelope unsuitable for 
either helicopters or airships. This paper addresses basic design considerations and 
potential problem areas of the concept. 

INTRODUCTION 

The most serious deficiency in U.S. aircraft performance is the lack of a capability to pick-up, carry and 
implace large, bulky cargos. Present and projected VTOL aircraft offer very limited useful load capacities 
compared to fixed wing aircraft. Figure 1 illustrates this deficiency plotting aircraft useful load and speed 
envelope for conventional and VTOL aircraft. Conventional aircraft capabilities are bounded by C-5A 
performance - a useful load capacity of over 200 tons. Present VTOL capabilities are bounded by the 
CH-53E - a useful load capacity of only 18 tons. The Army's advanced Heavy Lift Helicopter (HLH) 
development program will double the present VTOL capability. This is a significant advance when 
compared to VTOL aircraft, but is insignificant when compared to present fixed wing aircraft. 

FIGURE 1.      Aircraft Performance Spectrum 

•Aircraft Concepts Manager, Naval Air Systems Command, Washington, D.C., U.S.A. 
**Past President, All American Engineering Co., Wilmington, Delaware, U.S.A. 
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fo™arspeed is Kmited by a fundamental aerodynamic problem, retreatrng blade stall. 

?orcLZonal helicopters does not appear to be technically feasible ,n the foreseeable future. 

u i, A i ;„htDr Than Air (I TA) aircraft composed of balloon and helicopter elements 

the remaining 50% of the sling load. 

150 FOOT DIAMETER 

WING WIDTH, 20.5 F 

STABILIZED CONTROL CAB 

6000 INSTALLED SHP 
10.98 RPM, TIP SPEED 2017SEC 
40 KNOTS MAX. SPEED 
50 TON SLING LOAD 

Figure 2. Aerocrane 
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AEROCRANE 

The Aerocrana concept is characterized by wings attached to a large rotating central spheroid containing 
helium (Figure 2). Vectoring the aerodynamic thrust by collective and cyclic variation of wing angles of 
attack provides all propulsive and maneuvering forces in a manner directly analagous to a helicopter rotor 
system. 

Since the Aerocrana wir.gs are very lightly loaded (about 6.6 lbs/sq. ft. of wing area) and operate a low tip 
speeds (about 200 ft./sec), centrifugal forces are not a significant factor in the structural support of the 
wings. These low forces allow tip propulsion eliminating the main transmission of a conventional helicopter. 
Because of the low tip speed a braced wing structure may be used without a large power penalty, and the 
large centerbody provides spac« for a deep cabane section without an additional aerodynamic penalty. The 
internal cabane structure and wire bracing are arranged to support the wings in the vertical, axial and 
equatorial directions. This bracing system alleviates wing root in-plane and vertical bending moments. The 
central structure is principally composed of pin-ended compression and tension members. In addition to 
transferring loads between wings and sling load, the center structure provides focal points for transferring 
aerostatic lift. 

Wing construction is anticipated to follow fixed wing rather than helicopter rotor design practice. Engines 
and propellers are mounted conventionally on the wing spar with additional structural support to resist 
centrifugal and gyroscopic forces. Fuel supply lines, hydraulic and electrical lines, control and 
instrumentation signals must pass from the wing into the center section thru a flexible joint. 

The control cab and sling load are attached at the bottom of the centerbody and are isolated from rotation 
by low friction bearings and a retrograde drive system, either mechanical or aerodynamic. 

Construction of the helium containing envelope follows the practice used by Goodyear for their blimps. A 
single gas containment envelope is used without partitions. A ballonet system to provide internal pressure 
adjustments for ambient changes is located in the lower portion of the centerbody. An emergency helium 
valve is also provided to assure against critical over-pressure and allow free balloon control, if necessary. 

The control system governs collective and cyclic wing angle of attack variation and is the most sophisticated 
component of the Aerocrane. Hydraulic actuation of wing root, pitch horns is contemplated for setting 
collective pitch. Cyclic pitch will be controlled by aerodynamic flap adjustments near the wing tip. This 
dual wing angle of attack control system also allows for a torsionally flexible wing (if feasible) introducing 
an ideal wing twist distribution. An electronic or electromechanical equivalent of a helicopter swash plate 
system will be located in the control cab feeding control signals to the hydraulic actuators. Some form of 
automatic gust sensing and load relief may be required. Standard aircraft practice for control reliability will 
be used in the control system design. 

Lift Distribution 

The required distribution between aerodynamic and aerostatic lift is governed by two design conditions 
resulting from the Aerocrane's concept of flight. During loaded flight the wings generate positive thrust to 
supplement the aerostatic lift thus supporting the total aircraft weight. In the unloaded condition the wings 
provide a downward aerodynamic thrust to compensate for an excess of aerostatic lift. Dual modes of flight 
are possible because of the geometric symmetry inherent in the Aerocrane design. Assuming equivalent 
aerodynamic thrust requirements for loaded and unloaded flight, the following relationships apply. 

Loaded Condition: WF + Wp + WE = l-B + M/V <1> 

Unloaded Conditions: WF + WE = Lß - Lw (2) 

where 
WF = Fuel weight 
WE = Aircraft operating weight empty 
Wp = Payload weight 
Lß = Aerostatic Lift 
Lw = Net aerodynamic lift 
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Solving these expressions, we find that: 

Lw = Wp/2 and (3) 

LB = WF + WE + Wp/2 (4) 

The net aerodynamic lift equals 50% of the design sling load weight. In addition, aerodynamic thrust must 
L provided for translation and control power demands. The aerostatic lift supports the entire aircraft 
opeSTight fuel and 50% of the design sling load. Estimates of aircraft structural weight fo 
hyooSical Aerocrane designs indicate operating aircraft empty weight fractions between .31 and .34 For 
the« value the aerostatic lift supports approximately 67% of aircraft takeoff gross weigh and 

e odynaml I ft 33% It s worthwhile* note that this hybrid aircraft allows a modulation m total lifting 
capacity of around 66% of design takeoff gross weight. This very substantial capability is ach.eved w.thout 
requiring a large installed power or ballast transfer. 

Wing or Rotor Characteristics 

The aerodynamic performance of the Aerocrane follows directly from the selection of rotor parameters. 
These characteristics are projected for a hypothetical 55-ton useful load Aerocrane (50-ton sl.ng load and 5 

tons of fuel). 

Disk loading, DL = .688 

SoUdity,a = .149 

Maximum design tip speed, VT =200 ft./sec. 

Blade loading, BL = 6.59 

Balloon radius ratio, Xi = -43 

The first and most significant parameter is disk loading. By examining disk loading of any actuator disk 
such a a rotor one can immediately determine its ideal lifting efficiency - i.e. pounds of thrust per unit of 
power required. From classical momentum theory, the following expression relates lift efficiency to disk 

loading for a free rotor. 

.550 (5) 
RHYF 

where 

T      =  Rotor thrust 
RHP =  Rotor power required 
p      = Ambient air density 
DL   = Disk loading, thrust per unit disk area 

Comparing an Aerocrane with a disk loading of .7 to a large helicopter with a disk loading of 10 we see 
that the Aerocrane can ideally produce 45.3 lbs. of thrust per rotor horsepower compared to 12 Ibs/rhp for 
the helicopter Large helicopter rotors are designed to less efficient, higher disk loadings because of several 
desiqn considerations and constraints not applicable to Aerocranes. As helicopter disk loading decreases for 
a constant tip speed, transmission weight, rotor blade weight and rotor profile drag all increase 
substantially Practical design considerations such as sufficient rotor kinetic energy for entry into 
autorotation coning angle constraints and further transmission weight growth place a lower limit on 
helicopter tip speeds. The Aerocrane, on the other hand, with no main transmission and externally braced 
wings achieves good rotor performance at its low disk loadings only because of a concurrent reduction ,n 
rotor tip speeds. Thus, a high blade mean lift coefficient is maintained, and profile drag is only a small 

fraction of the induced drag. 

The interplay among Aerocrane rotor design variables is best examined by developing an expression for the 
Aerocrane rotor figure of merit, M, analogous to a conventional rotor figure of merit. This is easily 
accomplished following the conventional rotor analysis contained in reference (1). Using conventions, blade 
element theory and assuming an ideally twisted rotor, a uniform induced rotor velocity, v, hover flight, a 
constant blade profile drag coefficient and no blade taper; an expression for rotor blade element thrust may 
be derived. Integrating that expression over each blade from balloon surface to blade tip results in the 
following equation for rotor thrust. 
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T - lipiV R3at0T - &) bcR{1 - X.2) (6) 

Sin 

47 = Rotor rotational velocity 
R =■• Total rotor radius 
a = Rotor blade lift curve slope 

0T = Blade tip angle of attack 
v = Induced inflow velocity across a blade element 
b = Number of blades 
c = Blade chord 

X! = Balloon radius rß divided by R 
p = Ambient air density 

Defining the rotor thrust coefficient, CT, in the conventional fashion based upon an annulus of a disk, 

CT = 1  (7) 
'    p»rRM1-Xi2>fi2R2 

and defining rotor solidity, a, as the projected blade area (including balloon cutout) divided by the total 
disk area (including balloon cutout), 

G    irR2 

the classic expression for the thrust coefficient of a conventional rotor results. 

CT=-fa[0T-X] (9) 

where 
X = _y_ = rotor inflow ratio 

ftR 
others as defined previously 

Similarly, an expression for rotor torque coefficient, CQ, may be derived composed of induced power and 

profile power terms. 

CQ = PiR
2(fiR)2R<1-x.2) (10> 

=-£CDO<I+X.2> + XCT 
o 

where 

CQ0 = Mean blade profile drag coefficient 

others as defined previously 

Now, assuming that momentum theory is valid for the Aerocrane rotor annulus, 

T = 2PTTRM1-X1
2>V2 <11> 

combining equations (7), (11) and the definition of rotor inflow ratio, X leads to: 

Thus, 

CQ=|CD0(1+Xl
2)+^- (13) 
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To these conventional terms an allowance for the sphere's effects on rotor thrust and torque required must 
be added The sphere may cause an increase in rotor power required to produce a given rotor thrust because 
of energy lost to frictional drag of the sphere acting on the airstream inflow veloc.ty. On the other hand, 
the presence of the centerbody which eliminates conventional rotor recirculation at the center may exhibit 
a favorable pressure gradient across its surface adding to the rotor thrust. As the induced veloc.ty is quite 
low for Aerocrane disk loadings and the centerbody radius unusually large compared to the rotor radius, it 
will be assumed that these two effects cancel. A second source of wasted power is the sphere frictional drag 
acting on the tangential velocity component at the sphere's surface in the plane of rotation. As the sphere 
skin speeds near its equator are considerably higher than the inflow velocities, this term may not be 
negligible The torque required for this frictional drag may be derived by computing the elemental torque 
for an infinitesimal area on the surface of the sphere and integrating over the sphere s surface. This leads to: 

Q=1.178p(firB)2Ts7rrB
3 (14) 

where 
TS = local sphere skin friction drag coefficient 
rg = Centerbody radius 

Combining equation (14) with the definition for Aerocrane torque coefficient leads to an expression for the 

torque coefficient due to sphere drag. 

CQsf= 1.178 -Xil^ Ts (15) 

The Aerocrane's hover figure of merit, M. may be defined conventionally by dividing the induced rotor 
power required by the total power required, or in torque coefficient form, 

Cll 
IT 

M 
Cfl   +^o(1+x,')+1.178-^-T)rs 

(16) 

(Reference (2) presents an alternate development for the Aerocrane figure of merit based upon different 
assumptions about the centerbody's influence on the rotor.) 

To examine the influence of tip speed selection, it «necessary to derive an expression for CT in terms of a 
and a blade mean lift coefficient, CL. By definition, CL is defined from: 

p 
T = CL(    bc%p(«r)adr (17) 

Solving and substituting in equation (7) gives: 

_.     cL   (i+xi +x,2) (18) 
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CL = .7 
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FIGURE 3. 
M vs Balloon Rotor Radius Ratio 

FIGURE 4.      Mvs Solidity and CL 

Figure 3 plots M against balloon/rotor radius ratio for several values of rotor solidity for a constant C[_. 
Rotor performance falls off drastically for values of Xi greater than .5. 

Figure 4 is a carpet plot of M against rotor blade mean lift coefficient and solidity. Here we see the 
expected result that minimizing profile drag maximizes rotor efficiency. For a constant thrust, x,, and disk 
loading, higher lift coefficients combined with higher solidities produce higher figures of merit. This 
amounts to nothing more than maximizing rotor thrust coefficient by reducing tip speeds to maintain a 
constant thrust. Note that the Aerocrane may operate in hover over a substantial range of values for CL by 
reducing rotor tip speed below the forward flight condition. 

On each figure, the design point for a 55-ton useful loadAerocrane is indicated. Initially, the selection of 
Aerocrane solidity may seem unduly high compared to a helicopter rotor. Modern helicopter rotors will 
have solidities between .06 and .09. If the Aerocrane solidity is corrected for the inclusion of the balloon 
cutout, then: 

a = 
d+Xi) 

(19) 

For a defined solidity of .149, an actual blade solidity (by conventional rotor definition) of .104 results. 
This value is still high for a rotor which operates at an advance ratio, p, less than .35. A partial explanation 
is the impact of the relatively large balloon drag and substantial aerostatic lift on the relationship between 
forward thrust and vertical thrust requirements; and, thus, different solidity requirements for a given 
advance ratio. 
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FIGURE 6.        Cycles of Rotor Motion 
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A second major difference btnween helicopters and Aerocranes is in the magnitude and variation of the 
blade aerodynamic pressures S3cn by the respective blades. The tangential velocity component, Vy, seen by 
a blade section along the rotor is given by: 

Vj   = Vf cosasin^ + fir 

where 
Vf   = Forward flight speed 
a     = Angle of rotor plane inclination with respect 

to free stream velocity 
ty     = Blade azimuth angle 

Neglecting the effect of rotor tih ungle, the dynamic pressure, q, is given by: 

q = p/2(Vf sin^ + Sir)2 

and integrating over the appropriate rotor span and dividing by the blade length gives: 

Helicopter 
q"= p/2Vf2 sin2 ^ + p/2Vfsin^nR + p/6(OR)2 

Aerocrane 
q = p/2Vf2 sin2 ^+p/2Vfsin^OR(1+x,) + 

p/ÖinRPd+x.+x,2) 

(20) 

(21) 

(22) 

(23) 

400 

LBS. /FT2 

90 180 270 

BLADE AZIMUTH ANGLE (i//) 

360 

FIGURE 7.        Blade Mean Dynamic Pressures 

Figure 7 shows that a helicopter blade is exposed to dynamic pressures an order of magnitude greater than 
those experienced by an Aerocrane wing. 

A third major difference between Aerocrane and helicopter blade environments is the magnitude of 
centripetal forces. The expression for this force, Fc, at a blade station r is: 

Fc = mgrfi2 

Fc/m = rJ22 g 
or (24) 

where 
g = Force of gravity 
m = Mass of rotor blade element 
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At the helicopter blade tip, an acceleration equal to 272 g's is experienced. At the blade tip of the 
Aerocrane, a force equal only to 7.1 g's is experienced. 

Other differences which have a first order impact on the blade design problem are blade aspect ratio and 
blade root bendinrrelief. In contrast with a helicopter rotor blade, an Aerocrane w.ng (or blade) has; a 
much lower aspect ratio, and tends to exhibit greater torsional stability. Root bending moments are relieved 
KK Column stability of the wing will be an important design consideration. In many respects 
the Aerocrane wing design problem is more comparable to standard, light aircraft fixed w.ng des.gn than to 

helicopter blade design. 

wE 

O USEFUL LOADS 

600 

AIRCRAFT DESIGN GROSS WEIGHT (10JLBS) 

FIGURE 8.        Aircraft Empty Weight Fraction 

Size and Weight Comparisons Between Helicopters and Aerocranes 

Although still in the first stages of preliminary design, it is worthwhile to attempt comparisons between 
oroiected Aerocranes and projections of helicopter technology. Figure 8 plots a.rcraft empty weight 
fSn as a Son of design gross weight for very heavy lift helicopters and Aerocranes It shows the 
Aerocrane to have a significant advantage compared to an equivalent capacity helicopter, and this advantage 
mcrea es with aircraft size The Aerocrane's very low projected empty weight fraction may seem more 
e Enable when one'considers that 66% of the Aerocrane lift , producedI by the: ba oon element.and 

Pxistina heavy lift balloon designs exhibit empty weight fractions equal to .15 for this size. Figure y 
comnaL installed shaft horsepower of the point designs examined. The large mstalled shaft horsepowe 
advantage shown by the Aerocrane is a direct result of its lower gross weight for a given payload, partia 
baSn Mft anTlower rotor disk loading. The Aerocrane is a substantially larger, more cumbersome a.rcraft 
than the helicopter but as payload capability increases, the Aerocrane grows at a slower ate The 
Aeroc fane's^entebody is actually a dimensionally efficient lifting surface in large s.zes. If its d.sk loading .s 
defined as the buoyant lifting force divided by cross-sectional area, then the 55 ton useful load Aerocrane 
ha   a ba loon diskloading of 5.94 Ibs./sq. ft. This disk loading increases in proport.on to centerbody rad.us. 
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FIGURE 9. Aircraft Power Requirements 

The Aerocrane weight trends were developed based upon preliminary design work completed to date. 
Estimates were made for a MIL STD 1371 weight breakdown format suitably modified to account for 
special features of Aerocranes. A design ultimate load factor of 5.25 was used. The Aerocrane's main 
structure is a truss with column and tension members. Column weights were estimated using the allowable 
compression stress for primary stability using 24 ST aluminum, and the tension members were assumed to 
be 1 x 19 steel aircraft cable. Weights of the wing "fairing, controls and control cab were estimated by 
analyzing the design point Aerocrane in comparison to similar aircraft structure. Power plants and 
installation weights were estimated using engine manufacturer's data and fixed wing installation experience. 
Auxiliary equipment weights were derived from published heavy lift helicopter data. Parametric weight 
trends supplied by Raven Industries were used to estimate weights for the aerostatic envelope and gas 
management system. Installed shaft horsepower was calculated by determining rotor horsepower 
requirements for the forward flight design condition and assuming a propeller efficiency equalto .75. 

Weight of the 110-ton useful load Aerocrane was established by applying growth factors to the 55-ton 
design point which was divided into three categories: (1) load bearing structure, (2) non-load bearing 
structure, and (3) special equipment. Load bearing structure was assumed to increase in proportion to the 
four/third power, non-load bearing structure increased directly and special equipment was held constant. 
The 110-ton projection produced an aircraft empty weight equal to 110,700 lbs. Adding 20,000 lbs. fuel, 
600 lbs. crew, 120 lbs. of fluid residues and 200,000 lbs. of sling load, an aircraft gross weight equal to 
231,420 lbs. and an empty weight/gross weight ratio equal to .334 results. 

Helicopter empty weight trends were those discussed in reference (3). In that paper projections of future 
heavy lift helicopter empty weight fractions were developed based upon recent U.S. and Soviet helicopter 
design trends. A reasonably good check was applied to this trend by comparing the results of an advanced 
helicopter design study and data from the Army's HLH program. As might be anticipated, the hardware 
technology program came in high and the design study low. Using this trend hypothetical helicopter design 
points were selected. Installed shaft horsepowers were calculated for the design points examined by 
assuming a design disk loading of 10 lbs./sq. ft., a tandem rotor configuration and a rotor figure of merit 
equal to .74. A transmission mechanical efficiency equal to .975 and a 4% hover download were used, and 
no losses were deducted for cooling and auxiliary power requirements. 

Although it may be argued that the helicopter weight trend represents a far more established trend than the 
Aerocrane projections based upon the limited studies completed to date, it may also be argued that a more 
detailed understanding of the Aerocrane design will allow better definition of design loading conditions, 
more optimal selection of aircraft configuration parameters and a subsequent reduction in aircraft weight. 
In this paper, it is assumed that these considerations mutually cancel. 
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The significance of Figures 8 and 9 is that (1) the Aerocrane concept allows much larger capacity aircraft to 
be built than our present and foreseeable helicopter technology base, and (2) for equal capacity, the 
significantly lower structural weight fraction and installed shaft horsepower of the Aerocrane should imply 
a considerable savings in investment costs compared to an ultra heavy lift helicopter. These potential savings 
are discussed in reference (2). 

NAVY AND MARINE CORPS APPLICATIONS 

The Navy and Marine Corps anticipate growing future requirements for crane services (or vertical, lift) in 
fleet support and amphibious assault operations. While many operational requirements for aerial lift have 
been established such as VERTREP snd general amphibious assault support, many times the need exists to 
lift or transfer loads so far in excess of present aircraft capabilities that no real recognition of many 
situations as aerial problems has been made. If cost effective aerial cranes were available in the 100-ton 
range, military effectiveness would improve in many areas including transportation of special combat 
equipment, harbor preparation, construction of elevated causeways, combat road construction, ship repair 
and salvage, and submarine rescue operations. A principal application of the Aerocrane concept may be to 
support amphibious assaults and subsequent operations ashore. Aerocranes would be complementary to 
medium and heavy lift helicopter forces providing the very heavy lift capacity to complete a vertical 
envelopment in transporting heavy equipment critical during the different phases of operation. 

In addition to the primary amphibious assault functions, the Aerocrane potentially offers effective 
operations in a wide variety of peacetime support missions. This includes recovery of damaged equipment, 
support of military construction projects, transportation of DSRV's for submarine rescue operations and 
mobile crane services for ship repairs. 

REVIEW OF SELECTED PROBLEM AREAS 

As with any new concept a particular advantage or new performance capability is easily projected. What is 
not as clear are the extent of technical unknowns and problems to resolve before a successful aircraft may 
be developed. The Aerocrane is not an exception. In this section, a number of potential problem areas are 
highlighted and peculiar design conditions discussed. 

Presently, the most serious technical unknown is the increase in basic drag and lift of the Aerocrane 
centerbody due to Magnus forces. Magnus lift and drag are the result of the rotation of a body of revolution 
about its principal axis perpendicular to the free stream velocity. Its most serious effect on the Aerocrane 
concept is not the growth in thrust requirement as Magnus forces increase, but the increase in angular tilt of 
the Aerocrane required to produce compensating forces and the subsequent effects on rotor control 
moments, blade stall and other design considerations. The relationships for equilibrium flight are easily 
derived after construction of a free body diagram. Figure 10 is a free body diagram for an Aerocrane in 
equilibrium loaded flight. Summing the forces about each axis and algebraic manipulation leads to the 
following equations. 

FIGURE 10. Free Body Diagram 
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where 
7 = Angle of Aerocrane inclination required 

to compensate for Magnus lift and total 
Centerbody Drag 

Lß = Aerostatic lift 
l_M = Magnus lift 

D = Total Centerbody Drag 
W = Total aircraft weight 

(25) 
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FIGURE 11.  Aerocrane Skew Angle 

Figure 11 plots total angular tilt as a function of assumed centerbody lift, C|_   , and drag coefficients for a 

40 knot design cruise speed. Practical aircraft designs must demoiibtrate lift and drag coefficients permitting 
reasonable skew angles for the forward flight design conditions. 

A literature survey has not produced experimental data appropriate to the Aerocrane problem. The closest 
experiments involved small, rotating spheres in a high speed flow. Here, sphere lift and drag coefficients as 

high as Ci      = 

velocity ratios. 

.4 and CD = .6 were measured for some values of sphere equatorial surface and free stream 

However, the applicability of this data to the Aerocrane problem is highly questionable for several reasons. 
First, the experiments were run at sub-critical Reynold's numbers, below that Reynold's number where a 
sharp drop in non rotating sphere drag coefficient occurs. Second, the effects of inclination of the 
rotational axis into the free stream were not examined. All recorded data is for the perpendicular condition. 
Finally, the effect of the rotor on the airflow around the sphere is unknown. 

A second technical unknown is the influence of the centerbody turbulent wake during forward flight on the 
rotating wings as they pass behind the sphere. This wake may represent only another structural loading to 
be considered in the design of the wing or it might produce a complex interaction effecting wing angle of 
attack variation, and hence, control system design and aircraft flying qualities. 

A third area requiring extensive investigation to establish concept feasibility are the dynamics of aircraft 
motion. In the case where the control cab is attached to the centerbody surface, the rotor is separated a 
substantial distance from the control cab. Thus, unusual cab motions arising from rotor tilt to compensate 
for gusts or similar disturbances may confuse the pilot. In the unloaded condition rotor compensation for a 
gust disturbance causes the cab to translate against the direction of the disturbance - a stabilizing effect. 
However,  in  the  loaded condition,  tilting the rotor for gust compensation  initially causes the cab to 
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translate in the direction of the disturbance - an undesirable, destabilizing effect. When maneuver.., a load 
tefcre releasP the pilot will be queing on the motion of the load and an analysis of the total 
aTrc n-payload system including the effects of payload pendular motion is necessary If a sign,f.cant 
probtem^ta suspending the load and cab nearer to the sphere's center may be a v.ab.e alternat.ve. 

In addition to the previously mentioned major technical concerns, there are a number of peculiar design 
conditions not known to be previously encountered in aircraft design. Some of these are: 

1. Exposure of  the engines and propellers to continuous centripetal and gyroscopic 

forces 
2. The propellers located near the wing tips will have an unsteady flow field as a design 

condition. 
3 A dual mode fiight control system is required for loaded and unloaded flight. 
4. Aerostatic forces must be integrated into a central rigid structure which supports 

aerodynamic and payload forces. 

Operational Considerations 

The Aerocrane exhibits to a lesser extent all of the size and inertia disadvantages of airships Large 
Jerodyn am forces will be generated by changes in ambient wind conditions. With arunstc.led*j«*arab. 
thrust at least equal to 34% of aircraft weight, substantial maneuvering forces in any direction may be 
aenerated to compensate for wind gusts and to accelerate and decelerate the Aerocrane. Accelerations will 
be fasterthaan airship, vectorable but slower than a helicopter. Mooring may be accomphshed anywhere 
rfSattachment point to the ground is available. This simple mooring arrangement is ,n sharp contrast to 

the elaborate needs of the normal airship. 

The Aerocrane's peculiar design will require many unusual maintenance features. Most impoi^nt Isaccess 
to the engine and wing flight controls. This will require special access routes within the wing and balloon 
Sucture Electric winches must be integral to the wing design to allow an engine change without requiring 

a ground crane. 

CONCLUSIONS 

The Aerocrane concept offers a potential for order of rragnitude improvements in maximum VTOL lift 
Lpacity and reduced acquisition costs compared to an equivalent lift helicopter. The mechanism which 
aUowTthts is the partial substitution of low cost, heavy lift balloon technology for h.gh cost rotor 
technology The penalties are the reduced forward speed envelope and the reduction of the exce lent flying 
aualitS of the heucopter. Operating weight empty fractions between .31 and 35 are estimated for 
Aerocranes compared to between .57 and .72 for very heavy lift helicopters. The Aerocrane s design 
s^mplic ty tinS flight environment and potential for rugged construction because of a relaxed emphasis 
on minimizing structural weight fraction may result in a substantial improvement ,n a.rcraft operational 
avai^b" UVPLC pal areas of uncertainty to be addressed in a development program are a.rcraft stability 
and control characteristics, adequacy of forward speed capability and modes of operation considering its 
airship-size bulk and gust sensitivity. 

These considerations clearly limit the normal missions of the Aerocrane to short range high load/unload 
cvcleVequ ements where loads are in excess of helicopter capabilities. In rare cases of heavy equipment 
wanspor? whTre high surface transportation costs are coupled with a need for controlled delivery to a 
constructioTsite the Aerocrane might find an area for service. Thus, the Aerocrane does not compete 
dSy with Sher helicopters or future airships as the Aerocrane concept does not scale down_to 
helicopter load size nor can the Aerocrane offer efficient long range serv.ee comparable to the airship. 
However within the operational spectrum of the Aerocrane lies a significant area of use where 
liqhter-than-air technology may be of service. 

REFERENCES: 
1. Gessow, A. and Myers, G.C.. Aerodynamics of the Helicopter, Frederick Ungar Publishing Company, 

26W    Nichols, J'B. and Doolittle, D.B.,  Hybrid Aircraft  For Heavy  Lift, American Helicopter Society, 
New York (1974). Preprint No. 814, 30th Annual National Forum. 
3. Carson,  B.H.,  An Economic Comparison of Three Heavy  Lift Airborne Systems, Proceedings of 
Lighter Than Air Workshop,Monterey, California (September 1974). 

584 



N76-15064 
UNMANNED POWERED BALLOONS 

Arthur 0. Korn* 

ABSTRACT:  In the late 1960's several governmental agencies sponsored 
efforts to develop unmanned, powered balloon systems for scientific 
experimentation and military operations.  Some of the programs resulted 
in hardware and limited flight tests; others, to date, have not pro- 
gressed beyond the paper study stage. This paper briefly describes the 
balloon system designs, materials, propulsion units and capabilities, 
and points out critical problem areas that require further study in 
order to achieve operational powered balloon systems capable of long 
duration flight at high altitudes. 

HISTORY 

The early balloons would only go up and down or float in the direction 
of the prevailing winds.  In order to make the balloon more useful it 
was soon concluded that it should be "dirigible" or directable. 
Throughout the nineteenth century ingenious men such as Meusnier, 
Giffard, Tissandier, Renard and Krebs worked on this problem.  They 
built manned airships shaped as spindles, torpedos, cigars, stringbeans 
and even whales.  Their biggest problem was the lack of a lightweight, 
efficient power plant.  The steam engine, while dependable, was very 
heavy.  In 1852, Giffard built a small engine using steam, but it 
weighed 100 lb per HP.  (Today's automobile engines weigh as little as 
2 lb per HP, and airplane engines, less than 1 lb per HP.)  Those 
early inventors experimented with feather-bladed oars and screw pro- 
pellers turned by hand using a crew of eight men!  Engines were built 

»Aerospace Engineer, APCRL, Hanscom APB, Bedford, Massachusetts, USA 
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that used coal gas or hydrogen lifting gas from the airship.  In 1881, 
Renard bull? an efectric motor powered from a storage battery  Real 
Trogrtss in powered balloons had to wait for the jnvejt^ the^ 

In l|oi, Sanyos Dumont won the 100,000 franc prize for flying across 
Paris to circle the Eiffel Tower and return to his starting point . 
In the early 1900«s Count Zeppelin started to develop big ships in 
Germany   The airship Clement Bayard II flew the English Channel m 
19™ and made a" 242-Sile trip to London in 6 hours.  Great progress 
continued throughout World War I into the 1930's.  The blimp Proved 
its usefulness during World Wars I and II.  All of these airships flew 
at very low altitudes. 

I will not dwell on blimps and zeppelins, since they are well recalled, 
but will now skip to the late 1960's when several U.S. Government 
agencies sponsored efforts with private industry to develop unmanned 
powered balloon systems for scientific experimentation and military 
operations.  Some of the programs resulted in hardware and lilted 
flight tests; others generated system designs and concepts that, to 
date, have not progressed beyond the paperwork stage.  This paper 
gives an overview of these various programs. 

BACKGROUND 

For many years balloon flight managers have been minimizing the hori- 
zontal displacement of free balloons^ by preselecting the float altitude 
where the winds are known to be near minimum, monitoring the trajec- 
tory and correcting the drift by ballasting or valving to nearby 
altitudes where the wind will drive the balloon in the proper direc- 
tion  This technique is based upon the seasonal atmospheric pheno- 
menon illustrated in Figure 1.  The westerly winds above easterly 
winds result in a transition level where the winds are essentially 
zSo?  Just above and below this level are bands of altitude where 
the winds are less than 10 knots.  It was reasoned that if some small 
amount of propulsion could be added to a free balloon, the station- 
keeping capability and flight duration in the minimum wind fields could 
be greatly enhanced.  With some margin in available thrust, such a 
powered balloon is not limited to stationkeeping, of course, but can 
travel in any direction. 

HIGH ALTITUDE FLIGHTS 

High Platform I (HPI) was one of the earliest attempts at powering a 
balloon at high altitude.  It was developed and flown by Goodyear Aero- 
space Corp. and Winzen Research, Inc.  In Figure 2 the system is shown 
being launched.  The program objectives were (1) to demonstrate that 
it is feasible to maintain a free balloon on station at high altitude 
using an electrically driven propeller; (2) to -examine the accuracy 
and output of a simple, single-axis-oriented.silicon solar array for 
application as the eventual primary power source.  The program was 
limited in scope in that off-the-shelf hardware was required for all 
systems  This requirement necessitated using a natural-shaped 
balloon, which has an undesirably high coefficient of drag.  Because 
of the high drag force the flight test was planned during a period of 
minimum upper atmosphere winds.  The design goals were: (1) float   _ 
altitude  70 000 ft; (2) maximum airspeed, 10 knots; (3) maximum devia- 
tion from station +50 miles.  Flight duration was dependent on battery 
life   The balloon had a volume of 106,000 cu ft and was 63 ft in 
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diameter.  A 2.75 HP motor drove a l4-ft diameter propeller with 
power from 112 lbs of silver zinc batteries.  The goal was to control 
balloon orientation and heading at an airspeed of 10 knots by remote 
control of a styrofoam rudder in the propeller slipstream.  The 
wooden propeller was designed to provide 25 lb thrust at 1000 RPM. 
Total system weight was 555 lb of which 106 lb was balloon.  HPI was 
launched in the early morning and ascended at nearly 1000 ft/mln.  On 
its first power cycle the motor was run for 31 minutes.  Directional 
response to rudder commands was good with no evidence of instability, 
but time delay between command and rudder actuation, the rate of 
rudder movement, and the time required to calculate and verify the 
actual heading resulted in a rather erratic flight path.  During the 
second power cycle the rudder control was erratic.  Rudder response 
then disappeared and recovery procedures were initiated.  The direct 
current motor, when recovered, was severely charred and showed evidence 
of brush arcing.  During the first 30 minute power cycle the system 
did demonstrate the capability to fly into the wind at an airspeed in 
excess of 10 knots, and to change the direction of the flight path. 
The sun sensor consistently tracked the sun accurately enough to 
estimate the maximum output of the solar array.  The results show that 
an electrically driven propeller is a feasible method of station- 
keeping a high altitude balloon. 

The High Platform II program (HPII) began in early 1969.  This effort 
was conducted by Raven Industries.  The statement of work called for 
the development of a unique airship having a capability of operating 
for very extended durations at an altitude of 70,000 ft.  The flight 
system is shown in Figure 3.  A completely sealed superpressure balloon 
was required to provide a duration capability of greater than 6 months . 
Desired speed capability was 20 knots.  The motor-propeller assembly 
was powered by solar cells.  A 3/1 fineness ratio, Class C hull config- 
uration was used on HPII because of its greatly reduced coefficient of 
drag compared with HPI.  The envelope was constructed of a bi-laminate 
of 1.0 mil and 0.35 mil Mylar S and was 81 ft in length.  Control 
surfaces on the hull included one vertical, stationary fin, one rudder, 
two horizontal stabilizers and two elevators.  Rudder and elevators 
were servo motor controlled.  The lightened molded foam propeller, 10 
ft in diameter,was designed to operate at 360 RPM with an efficiency of 
78%.  Propulsion motor characteristics were: 0.25 brake HP at 8200 RPM 
with an input of 24 VDC; predicted efficiency, 72%.  A belt speed 
reducer dropped the motor speed to the desired 260 RPM of the propeller. 
The power supply was a 30C watt CdS solar array of 13 panels.  CdS 
cells were chosen over silicon because of their greater flexibility 
and lighter weight.  The gondola supported the mechanical components 
of the propulsion system and an anemometer was suspended beneath the 
gondola.  The airship gross weight was 136 lb. 

In May, 1970, the airship was test flown.  The tow balloon launch 
technique was used to better control the very fragile system.  When the 
motor was turned on, the airship immediately.swung into the selected 
heading.  The system rose in altitude, indicative of a positive angle 
of attack and forward speed which provided the airship with some aero- 
dynamic lift.  After 76 minutes the motor was turned off.  Reflected 
light falling on the solar cell array prevented further acquisition of 
accurate heading data.  The experimenters concluded that the airspeed 
was 10 knots rather than 17 knots, and that the reduction in speed 
was due to too low a design value for drag coefficient (Cd -  0.11 
rather than the design value, Cd = 0.045, which was based upon wind 
tunnel data) , and mismatch between the solar cell array and propulsion 
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system.  They further concluded that a high altitude airship having a 
superpressure envelope to obtain extremely long duration .light  and 
?hin film solar cells for power can be designed, constructed, success- 
fully launched and remotely controlled. 

POBAL (Powered Balloon) was an unclassified program started in 1969 by 
AFCRL with Goodyear Aerospace Corp. under contract to study feasibility 
of stationkeeping by remote control of a powered balloon at high alti- 
tudes  Both strLmlined and natural shaped balloon configurations were 
considered; with reciprocating engines, turbines and electric jnotors 
as candidates for propulsion, and fuel cells, solar cells and batteries 
for electric power sources.  As a result of this study an inexpensive 
system was designed for flight demonstration.  The system built and 
flown by AFCRL, Figure 4, was larger, heavier and more powerful than 
High Platform I.  For reasons of economy, the balloon, parachute 
svstem rigging hardware and control system were off-the-shelf items 
currently ufed for conventional ballooning.  A 711,000 cu «double 
walTpolyethylene balloon was used on POBAL to carry nearly 4000 pounds 
to 60,000 ft altitude.  An 8 HP DC electric motor drove a 35-ft diame- 
ter FH-1100 helicopter rotor (through a gear reducer) at 200 RPM. 
Based on CH-0.19, design speed capability was 15 knots, and duration, 
8 hours - the life available from the residual, F-105 fighter starter 
batteries.  (Nearly 2000 pounds of the payload were comprised of these 
batteries).  Thrust direction was controlled by a rudder in the slip 
stream of the propeller.  After the mission the balloon was expended 
and the gondola recovered by parachute. 

The first flight was in September, 1972.  All systems functioned for 
the first 43 minutes of power.  The propulsion motor was then allowed 
to cool for 11 minutes and then another powered cycle was initiated. 
Various headings were commanded into the autopilot system during these 
powered cycles.  The system also was flown via manual control of right 
and left rudder.  After four power "on" cycles (3 hours of flight time) 
control of azimuth heading was no longer possible.  It was then con- 
firmed that the rudder had broken free of the payload.  Subsequent 
examination of the failed rudder support tube indicated improper heat_ 
treatment after welding.  The system did, however, attain air speeds in 
excess of 11 knots and demonstrated that the concept is feasible.  It 
is felt that the design speed of 15 knots was not attained because of 
one or a combination of both of the following:  (1) too low a design 
value for drag coefficient for the round balloon or (2) the propeller 
was not producing the calculated thrust. 

LOW ALTITUDE FLIGHTS 

Silent Joe I is shown in Figure 5.  The balloon was a 5500 cu ft. Class 
C hull with a 3/1 fineness ratio developed by the Sheldahl Co.  Design 
speed was 12 to 15 knots.  The first version used two 3 HP McCulloch 
chain saw engines for propulsion.  Steering was accomplished by varying 
the speed of either outboard-mounted engine.  Problems were encountered 
in synchronization of the motor throttles and the gasoline engines were 
replaced with electric motors.  This second version of Silent Joe I 
used two 2.5 HP electric motors powered by NiCd batteries for a planned 
flight duration of two hours.  Silent Joe I was successfully flown on 
several occasions in Southeast Asia.  It had well controlled perfor- 
mance at flight speeds of 10 to 12 knots. 

Silent Joe II followed Joe I.  Its configuration is shown in Figure 6. 
This program was conducted by Goodyear Aerospace Corp. and used the 
150,000 cu ft Goodyear Mayflower blimp as the hull.  The hull was 
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modified to add a propulsion unit in the stern.  The propeller was 
driven by a hydraulic motor, pressure for which was generated from a 
unit in the forward end of the hull.  The propulsion unit had a servo- 
controlled pitch and yaw girabal system for vectoring the propeller 
thrust in order to achieve flight-path control.  Nine flights of Silent 
Joe II were conducted in 1968 and 1969- 

Micro Blimp was a low altitude airship program accomplished by Raven 
Industries.  The hull was Class C shape with a 3/1 fineness ratio. 
The system is shown prior to launch in Figure 7-  Hull volume was 2750 
cu ft, and length, 37 ft.  Propulsive power was provided by a stern- 
mounted, 4 HP Wankel engine driving an 8-ft diameter,molded polyure- 
thane, three-bladed propeller.  Directional control was obtained by 
gimbaling the engine-propeller assembly.  Heading and pitch stability 
were maintained by an autopilot. Maximum cruise altitude was 5000 feet 
MSL and cruise speed, 30 knots. Maximum radio-controlled range was 5 
miles with a control accuracy of 1500 ft.  Endurance was 10 hours with 
a full load of fuel.  Payload capacity was 20 to 50 pounds depending 
upon the amount of fuel carried.  Many successful flights were made 
with the Micro Blimp. Its major problem was propeller breakage, but 
this was solved with propeller stiffeners. 

STUDIES 

Several programs generated system designs and concepts that, to date, 
have not progressed beyond the paperwork stage. 

High Platform III, by Raven Industries, required the design of a solar- 
powered aerostat and the definition of a development program for a 
prototype system.  The airship designed under the program has a volume 
of 600,000 cu ft. Envelope length is 309 feet and diameter, 62 feet. 
The airship is designed to be a constant altitude system and as such 
is superpressured.  Nylon film is used for the hull-.  Pins are; pressur- 
ized by a small air-compressor.  Propulsion and control are accomplish- 
ed by rear-mounted, gimbaled propeller powered by an electric motor. 
The power supply is a solar array.  The system is designed to be 
capable of maintaining airspeed of 15 knots continuously for 4 months. 
Plight altitude is 85,000 feet.  Payload capacity is 10 pounds. 

Several assumptions were made throughout the design study: 

(a) A high strength nylon film will be sufficiently developed for 
superpressure balloons. 

(b) The coefficient of drag of the airship is 0.048. 

(c) Pulse charging techniques can be developed to increase the 
life of the battery. 

(d) Cd S thin film solar cells of characteristics equal to or 
better than the cells used on High Platform II will be available. 

If these assumptions cannot be met, changes in system size or capabil- 
ities will result.  The proposed High Platform III airship is shown 
in Figure 8. 

The HASKV (High Altitude Station Keeping Vehicle) program reviewed all 
past efforts in high altitude powered balloon stationkeeping.  A com- 
prehensive analysis of various system concepts was undertaken and a 
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preliminary design for a systej was completed  Pri-ry ^hasis was 

placed o» ^PerPre»?Ua?t?iSSsP?aSging ?rom 65*000 ft to 85,000 ft to several months at altitudes ranging       ^  ^^ ^  ^^ t 
with speeds up to 30 knots.  ine major system components 
parametric analysis and trade-off studies of the ma y  y   ^ 

at an altitude of 70,000 leet ior *  1U during the day and 10 
solar powered, to operate at 30-knot airspeeu uuu B J 
knots during the night.  This program was completed in 1973- 

The APCRL POBAL-S design effort with Raven Industries resulted in an 
airship very similar to the HASKV vehicle  The major d£  er 
in the system used to power the e^ctric propulsion _mor     obtains 
recall that the HASKV airship is solar ^11 powered, PO   ^^ 

^i^i^r^i^^^ Sä A3of 
16 knots continuously for a 7-day ^ration,  ine i      P  ^ 
drawings for the fabrication of a POBAL-S airsnip 
completed in the fall of 197*». 

The U. S. Navy (NRL, NOL) HASPA (High Altitude Superpressure Powered 
lirship) is tL largest active program in high f^f intact 
ballooning.     HASPA  is   listed  as  a     study     only  beca wrlting. 
award  for  its   development  was   ^ill  being negotiate ^ 

rrafioL'Lc^ed^ormonS.^SsfA °is  tThave  a  continuous   speed 
fa  abili?yeoCfei5  K^ots     with -ximum     shorter Jurat  on  cap^bil ity  of 
25  knots.     Four  flight  tests  are  Panned     u;   an       p       superpressured 
evaluate  the   launch  technique  and the  integrity  of 
hull;   (2)   a battery  powered  flight   to  evaluate  the  prop r&£. 

L^a^cell-päe/ed^fght"  '£? l^fJl Intake  p     ce  over the  next 
thrS  years       The  HASPA vehicle  is   shown  in  Figure  10. 

SUMMARY 

T  ^HO r^t- oit vears much useful work has been accomplished without 

nrorramfshSulf spend morePeffort to obtain accurate drag coefficient 
Tafur^ments a, the low Reynolds numbers encountered in the minimum 
wind fields.  Another important area of uncertainty is the propeller 
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design.  More basic work is required to predic 
ler performance in zh?.   60,000 to 85,000 ft alt 
have not normally been used at those altitudes 
for scaling fron, ground level data are not ade 
use of the modern analytical tools for accurat 
dynamic stresses in the structure and their di 
ship surface.  If the pressurized hull volume 
heavy payload is to be kept within manageable 
ing structural reliability, then the allowable 
elastic properties of the materials are critic 
It is hoped that future high altitude powered 
benefit from the expedience reported herein. 

t accurately the propel- 
itude levels.  Propellers 
; conventional procedures 
quate .  We also must make 
ely determining the 
stribution over the air- 
to support a usefully 
limits without sacrific- 
weight, strength and 

al design parameters, 
balloon programs will 
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FIGURES: 

Fiqure 1 - Minimum Wind Field Phenomenon 
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N76-15065 

SPECIAL PROBLEMS AND CAPABILITIES OF HIGH 

ALTITUDE LIGHTER THAN AIR VEHICLES 

P. R. Wessel* 
F. J. Petrone** 

ABSTRACT:  Powered LTA vehicles have historically been 
limited to operations at low altitudes.  Conditions exist 
which may enable a remotely piloted unit to be operated at 
an altitude near 70,000 feet.  Such systems will be 
launched like high altitude balloons, operate like non- 
rigid airships, and have mission capabilities comparable 
to a low altitude stationary satellite.  The limited lift 
available and the stratospheric environment impose special 
requirements on power systems, hull materials and payloads. 
Potential nonmilitary uses of the vehicle include communi- 
cations relay, environmental monitoring and ship traffic 
control. 

INTRODUCTION 

The High Altitude Super pressured Powered Aerostat (HASPA) Program in 
which we are now engaged, will design, build, and test fly an LTA 
vehicle.  While looking much like a conventional airship in shape and 
size this vehicle, designed for an operational altitude of 70,000 feet, 
must be unlike its low altitude counterpart in many ways.  In this 
paper we are not as interested in describing the HASPA program as we 
are in initiating a discussion of the related technology with the LTA 
community.  As a remotely piloted vehicle (RPV) embodying aspects of 
airships, balloons and space platforms, the HASPA development must 
ultimately include many diverse elements of technology. 

TWork supported by the Naval Electronic Systems Command 
♦Research Physicist, Naval Ordnance Laboratory, 
Silver Spring, Maryland 
**Assistant Project Manager for HASPA, Naval Ordnance Laboratory, 
Silver Spring, Maryland 
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OPERATING ALTITUDE 

= T4--i*-,^.- -^ 70 000 feet is not purely a matter of choice. 

minimum wind velocity neai that altitude.  A typ A«. 
minimum is shown in Figure 1. 

120 
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■XL 

REF: AFCRLS6-706 
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40- 

40 80 
WIND VELOCITY |KTS) 

160 

FIG. 1 TYPICAL WIND VELOCITY PROFILE 

Clearly no other altitude offers a better design alternative  If, as 

increases as the cube or velocity, u. operations.  Thus we 

considerable penalty in weight and complexity. 

It is purely fortuitous that the magnitude of the wind velocity remains 
It. is pureiy J.UJ.I.U b  overcome by realistic 

winter and the equatorial regions in the summer. 

c- ^ *h* altitude of the minimum wind field varies as a function of 

Irr S^Ä-^vSSSr be obtained through altitude control can only be estimated from a 

nigTalSuae^ 
verj limited? Is vital to the success of the entire concept. 
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Bv virtue of its influence on the operational altitude the wind 
pattern also affects other system characteristics, particularly volume 
and mode of operation.  At 70,000 feet altitude the lift capability of 
either helium or hydrogen gas is approximately 4 lb/Mcf (pounds per 
thousand cubic feet).  The weight of the power system needed to over- 
come the winds, plus the weight of controls and payload, and the 
vehicle weight itself combine to establish a minimum vehicle volume 
of approximately 1 MMcf (million cubic feet).  Optimum system design 
requires hull materials with very high ratios of strength to specific 
gravity, power systems with high energy densities, and control systems 
and payloads using the lowest weight design approaches.  It is evident 
that such systems must be unmanned, being unable to carry the weight of 
life support systems.  Control systems cay profitably make use of RPV 
technology as previously indicated. 

HULL DESIGN 

The hull shape will be much like that of conventional airships, enabling 
designers to take advantage of well established formulas for weight 
distribution, balance, pattern configurations, and so forth.  The 
required hull strength and the selection of a hull fabric will be 
determined by many factors. 

Fabric Selection 

Fabric selection will be determined by environmental conditions as 
well as by weight, strength, and other basic parameters of the 
material.  The usual LTA problems of fluctuations in gas temperature 
and deterioration of fabrics as a result of exposure to sunlight are 
magnified at high altitudes where thermal coupling to the atmosphere 
is reduced and ultraviolet radiation is increased.  The hull must 
retain its shape and volume over appreciable changes in temperature - 
and pressure to maintain its controllability and altitude, and of 
course it must not leak.  Thus the ideal hull fabric should be very 
strong, extremely light, insensitive to extremes of temperature, 
impervious to ultraviolet radiation, ozone and bombardment with charged 
particles, have limited elasticity and no creep, and be impenetrable to 
helium or hydrogen.  For ease of manufacture the material should be 
easy to cut, seam, and seal, and be readily available and cheap.  In 
addition it should be insensitive to folding and creasing, and have a 
storage life of several years under the poorest of conditions.  How 
much of each of these properties is absolutely necessary (or 
available) remains to be determined. 

Material Strength 

Fabric strength requirements are determined by two parameters, 
supertemperature and hull diameter.  The first of these is a complex 
function of the absorptivity and emissivity of the hull surfaces and 
the radiations emanating from the earth and the sun.  Rough estimates 
of the temperature variation experienced by the fill gas indicate that 
it may be of the order of 80°F, resulting in a pressure variation (P) 
that is 20% of ambient or approximately 0.15 psi.  From this figure 
and the anticipated hull diameter (D) of 60 to 70 feet, the required 
strength (S) of the fabric is 

S = PD/2 = 54 to 63 lb/in (1) 

597 



„ln ,.p, f,vr „n»aual "tress loading, fabric imperfections and Aliov,'ing for jn.qiai .L.I.,..    rM'  ,hle safety factor increases 
deterioration with time, and * ""onable sarery     of other loads 

reductions in hull strength and weight. 

If v,e arbitrarily assume that 40« Jj.th.t0t.l5y.t- «itf*^ ^ 

ssss £££. "kS"or ssiibSs: ^a«- as tau »ateri,i5 have 
densities (P) near 0.05 lb/in3 and the total hull area (A) will be 

•  *. 1 nn   cnn   .=,»pt2  Usinq these numbers we can estimate the 
Xnsiirstrengtn' «> reguired"^"^ hnll fabrio.  This is obtarned 

from: 

T = SAp/W = 47,250 psi <2) 

fabrics of this strength  and greater  ^^„«^«.SJÄr 
possess the other properties needed by the bull«^ ^ properties 

oHany^abri'cs and materrals.  A „ylar/Kevlar combination appears 

particularly interesting. 

Fabric Integrity and Durability 

With mission durations expected to be of ^e order of -nths th^hull 
fabric must retain its properties over a long period o 
stresses will be cyclic, but some will remain at  1   ^        have 
fabric must be able to withstand repeated stress J°f^     ai   high_ 
a high dead load strength.  Res"tence to creep aerostat to 
inelastic elongation of even a few percent ™£ This 

-uirr-uit°in1rss^f1ha rand «„^^^^^^0^-. 

iS-^^sÄ Sa^^ssM ESS-. 
^relist^^^ 

i^Hä"rS 2s San^ua?/tr-- The  permeability  of  materials   iiKe     y likely  to  be  a 

eiobl-er  Srative.y^ow-reSage'rftercan  become   serious  „hen  extended 
over   several months  of  time. 

POWER REQUIREMENTS 

Power retirements can ^conveniently divided j^f-/telemetry, 
categories propulsion P^^J^^ ;eBult from propulsion 

requirements  ?o estimate the^ower needed we will assume baseline 
system parameters as follows:  Volume - 1 MMcf; Shape - Class  C 
airship; Altitude - 70,000 feet; Speed 30 knots. 

Propulsion Power 

An appropriate expression for the drag, D, (of thrust, T) of a 
typical airship is, 
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T = D = ipCDv
2V2/3 (3) 

3 
where  p is the atmospheric density (slugs/ft ) 

Cn is the drag coefficient 

v is the flight velocity (ft/sec), and 
3 

V is the volume of the vehicle (ft ). 

Substituting the nominal system parameters Equation (3) leads to an 
estimated thrust requirement of 

T = 0.1 v2 lbs (4) 

where v is expressed in knots, and a value of 0.05 is assigned to the 
drag coefficient.  For a nominal speed of 30 knots the thrust require- 
ment is only 90 pounds.  This is an extremely small number when com- 
pared to the thrust requirements of the usual LTA vehicles.  In the 
high altitude region thrust can be most efficiently provided by a 
larger low speed propeller, which may in turn be driven by an electric 
motor. 

To produce this thrust level the power input to the propeller, P±, 
reduced by the propeller efficiency (E = 0.75) must equal the 

product of thrust and forward velocity.  Thus 

0.167 v3  lb.ft (5) 

i     E      sec 
P ■■■■'■■.,.■,--< 

Additional efficiency factors must be included for the mechanical 
drive system (E, = 0.9) and for the electric motor conversion of 

electrical power to mechanical power (Ec =  0.8).  Introducing these 

and converting P. to watts leads to the final expression for propulsive 

power: 

pi = F4V^- watts- (6) 1
  EpEdEc 

For the particular case under discussion this leads to a power 

requirement of 11 kW.  The factor v has been retained to emphasize 
its driving influence on the power requirement. 

The primary uncertainties in the calculation of power requirements 
occur in the choice of the drag coefficient and the operating speed. 
A considerable body of data on drag was accumulated for airships at 
lower altitudes but the extrapolation to higher altitudes is uncertain 
because the Reynolds number moves into the transition region.  Various 
estimates of the drag coefficient have ranged from 0.03 to 0.11.  The 
uncertainty over the speed is due to the limited data on wind 
conditions. 
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Other Power Needs 

wl^in the" Ixmits.of the few f^-^.^^^^^a^^lowef ^ 
baseline system might carry  £t xsunlxkely that p J    ^ basis> 
requirements will exceed the kilowatt level on ^    _ 

This would represent a ^JJj^S%ShiS?icated control and tele- 
bility required.  Very efticientana - F altitude 
metry units have be-/%f^d *nd pitted vehicles9 The power 
balloon operatxons and for remotexy y fraction of a kilowatt, 
consumption of such systems is typically a faction 
This would also represent a small addxtxon to tne propu 
requirements. 

It «evident that power J^-ents ,iU he -^^fS * 

Scions a„f ^^Jote b. conji-jr- as a centos reourre-^ 

propuKon/Se fS 3Ä ^Sroafaha controi factions 1. of 

lesser concern. 

POWER SOURCES 

Primary Power Sources 

.. •   „„^ um-n +r>  ripnnte anv system which uses a The term "primary" xs used here to denote any sy     systems wiu be 

SSS?S thf s^lHÄ    uÄ       n    eiCft-e/a,oft.AsWecan 

Batteries -  See of the »~™ ^j^progrj^rl-^r^.tt.ri^jroducea 

-äfv;P£irh    ~SS=&2äJ£- 

inadequate mission durations to justify the system. 

T,  • ^e.  Tinniri fueled, air-breathing engines may be 
Fuel Consumxng Engines - .Ll^u^ ^f^' a^titudes, but we will ignore difficult to operate efficiently at hxgh altitudes^  & ^^ & 

that point xn our consideration.,-i has an energy content of about 
diesel or a turbine the basic fuel has an energy     effici     this 

wou°idWbf rkuced^o^Oofwn/ib ^^1200 pounds of . fuel would be 
Shausted in 2? days.  For some applications thxs perxod may be 
adequate, if it can be provxded. 

Regenerative Power Sources 

regeneratxve  system utilizing  powe provide power  at 
TIT SSa?t;rnätiveSapp"ach?S^üirihg substantially less „eight, 
is  a  regenerative  fuel  cell. 
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The regenerative fuel cell system is composed of four basic components, 
as shown in Figure 2, and associated controls and plumbing.  The system 
operates around a hydrogen/oxygen fuel cell which derives electrical 
energy from the conversion of those gaseous reactants into water.  The 
water produced by the fuel cell reaction is pumped into an electrolysis 
chamber where the passage of an electrical current reconverts it to 
the gaseous state.  Product gases are then held in high pressure 
storage until needed by the fuel cell.  Electrical energy for opera- 
tion of the electrolysis cell is obtained from a solar array 
distributed on the upper surface of the aerostat.  Each of these 
major components has been developed and is available in some form 
today, though not optimized for the aerostat power application.  We 
have attempted to determine the capabilities of existing hardware and 
project the results of anticipated modifications and improvements to 
estimate the performance of future systems. 

TOWER 

FUEL 
CELL 

It 
CONTROL 

UNIT 
TOWER 

SOLAR 
ARRAY 

WATER 

REACTANT 
ST0RA8E 

ELECTROLYIS 
UNIT 

FIG. 2 REGENERATIVE FUEL CELL 
SYSTEM BLOCK DIAGRAM 

Fuel Cell - The basic element of the power system is a hydrogen/oxygen 
fuel cell of the type used in space programs, which can meet very 
stringent requirements.  The characteristics of a particular unit in 
which we are interested are as follows: 

Average Power Output per Module 
Maximum Power Output per Module 
Specific Reactant Consumption 
Specific Weight at ave. output 
Anticipated Cell Life 

5 kW 
10 kW 

0.8 - 0.9 lb/kWh 
25-30 lb/kW 

> 10,000 hrs. 

Systems designed expressly for aerostat use should achieve a 10 kW 
output with a specific weight of about 15 lb/kW and a specific fuel 
consumption of 0.8 lb/kWh in the not too distant future.  Significant 
advances beyond this point will be difficult since operating efficiency 
will be approaching realistic limits and weight reductions would 
result in more fragile and more costly components. 

2 
Solar Array - The FRUSA or Flexible Rolled-Up Solar Array development 
indicated that it was possible to place solar cells on a flexible 
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DlasHc sheet with imbedded interconnections and achieve excellent 
So?ability with very lightweight panels.  It ^s capable of provxdxng 
a power level of 52 W/lb, and advanced array systems utilizing 
liahtweiqht cells were expected to produce 70 W/lb.  Utilizing the 
FRSSA design without the protective glass cover slide, which may be 
unnecessary for terrestrial applications, would result in a power 
density of nearly 80 W/lb. 

Recent announcements of advances in solar array performance, through 
increased light conversion efficiency, indicate that the present 
10 to 11 percent efficiency may be raised to 14 to 16 percent levels, 
indeed there  r  Some suggestions that the influx of new efforts and 
support in energy research may raise the efficiency to 20 percent over 
the next  ew years.  In any event it is not unreasonable to expect that 
tne specific weights of 12Yto 15 Ib/kW available with existing tech- 
nology will be reduced to 7 to 8 Ib/kW in the future. 

While the specific weight of the solar array may be low it must be 
remembered that it will be the ultimate source of all power.  Since 
power can be generated only during the daylight hours the size of the 
arrav will have to be approximately doubled to account for the power 
needed during night hourl  The exact factor will depend on geographic 
location and time of year.  Since all parts of the array cannot be 
oriented directly toward the sun at all times another factor of two 
must be included to account for the average sun angle.  A minimal 
roll control system on the aerostat would provide this level of capa- 
bility in sun alignment.  Finally, the fuel cell/electrolysis cycle, 
water/H2-02/water, is no more than 60 percent efficient.  Thus, an 

additional expansion of the solar array must be made to account for 
Sis power loss.  To generate power adequate for a 10 kW continuous 
level of consumption will require a total generating capacity of 
53.4 kW.  This level can be reduced somewhat by improving the fuel 
cell efficiency. 

Electrolysis Unit - An electrolysis unit, with an efficiency of better 
than 90 percent, has been developed for use in space.  It is expected 
that Jne^pecific weight may be brought as low as 3 Ib/kW.  Operation 
is inherently stable, is unaffected by pressure, produces pure 
reactants, a£d requires only modest controls.  Reliability and life 
expectancy are high. 

Reactant Storage - To supply the fuel cell with reactant to produce 
10 kW for 12 hours at a specific fuel consumption of 0.8 lb/kWh will 
require nearly 100 pounds of reactant, or roughly 11 pounds of H2 and 

8 8 pounds of 02.  At atmospheric pressure this would represent 

2000 cubic feet of H2 and 1000 cubic feet of 0,,.  The volume can be 

reduced by increasing the storage pressure.  Some recent developments 
in the fabrication of filament wound pressure vessels have greatly 
reduced the weight required for gas storage.  Test results^indicate 

a storage specific weight requirement of about 0.025 lb/ft  atmosphere, 
or a specific weight of 7.5 lbs/kW.  Making full use of the available 
strength of these new materials would reduce the specific weight for 
reactant storage to about 5 lbs/kW. 
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System Summary - Combining the specific weights just discussed and 
including reasonable allowances for power conditioning, cabling, and 
ether cc-iiporsents, leads to an estimate of 88 lbs/kW for a complete 
regenerative power sysfcesn.  The life of each major component is of 
the order of 10,000 hours, offering the possibility for mission 
durations in excess of a year.  Within the 1500 pounds of power system 
weight a capacity of 17 kW could be provided.  This would increase the 
nominal speed capability to 35 knots, and enhance the utility of the 
vehicle. 

APPLICATIONS 

In addition to such obvious military applications as surveillance and 
communications relay, such a vehicle may find many uses in the com- 
mercial and governmental spheres.  By being able to maintain an essen- 
tially fixed position for periods of the order of months it may 
usefully serve as a monitoring platform with line of sight coverage 
to more than 400,000 square miles of surface area.  Thus it could 
provide environmental monitoring over entire drainage basins, serve 
as an educational TV outlet for large areas, as a system for monitoring 
or directing waterborne traffic in large harbor complexes, or provide 
continuous monitoring of offshore oil fields.  In addition to these 
tasks the platform would be well suited for high altitude meteorologi- 
cal research.  Its ability to carry out observations on a continuous 
basis at a fixed point would provide a dimension not readily available 
at the present time. 

SUMMARY 

This slightly unconventional airship is still a concept, as are many 
of the other ideas we have discussed.  Translating those concepts into 
a high altitude instrument platform is the real challenge. 

The ability of such a platform to perform useful missions, practically 
and economically, will depend on technological advances expected in 
the near future.  These are primarily in the areas of solar array 
weights and costs, improvements in materials, and weight reductions 
in sensors and electronic assemblies.  With such improvements the high 
altitude aerostat may become a valuable part of many programs in the 
1980's. 
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A PRACTICAL CONCEPT FOR POWERED OR 
TETHERED WEIGHT-LIFTING LTA VEHICLES 

M. Alain Balleyguier* 

ABSTRACT:    This paper will deal with a concept for a multi-bull weight- 
lifting airship, based upon the author's experience in the design and handling 
of gas-filled balloons for commercial purposes.   The concept was first 
tested in April, 1972.   In the flight test, two barrage balloons were joined 
side-by-side, with an intermediate frame, and launched in captive flight. 
The success of this flight test led to plans for a development program calling 
for a powered, piloted prototype, a follow-on 40-ton model, and a 400-ton 
transport model.   All of these airships utilize a tetrehedric three-line 
tethering method for loading and unloading phases of flight, which bypasses 
many of the difficulties inherent in the handling of a conventional airship near 
the ground.   Both initial and operating costs per ton of lift capability are 
significantly less for the subject design than for either helicopters or airships 
of conventional mono-hull design. 

The French company LA GRUE VOLANTE (hereinafter referred to as LGV) was founded to 
exploit the potential of a design configuration for a weight-lifting LTA vehicle offering 
greater economy and ease of handling than airships of the Zeppelin type. 

PART I:   PRESENTATION OF THE LGV CONCEPT RESEARCH PRINCIPLES 

Because the static lift of a Lighter Than Air gas such as helium has a maximum figure of 
1.1 ounces per cubic foot at sea level, and a portion of this lift must be converted into useful 
load, an airship has necessarily a very light structure.   This fact limits its resistance to 
weather factors, particularly the force and turbulence of wind, and imposes limitations on 
the control surfaces, increasing the difficulty of piloting large volumes in buoyant 
equilibrium while accommodating different variables such as the pressure and temperature 
of both ambient air and internal gas (on which sunlight or the absence thereof, clouds, rain, 

* President, La Grue Volante (The Flying Crane), 17, rue des Petits Bois, 
92370 Chaville,  France. 
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and snow can play a role) and the aerodynamic strength and shape of the balloon.   All of 
these factors can vary simultaneously or at different times; some are very difficult to fore- 
cast accurately.   The effect of slight differences on such a system is often magnified, and 
the net result is that the system is always in precarious equilibrium. 

The pilotage of a conventional airship in approach and landing phases is difficult under any 
but the most ideal conditions.   Conventional mooring at a mast does not facilitate loading 
and unloading, as the craft must be allowed to continuously weather-cock; and a relatively 
large surface area is required with the mast at center.   Landing and mooring facilities must 
be duplicated at every location where it is desired to load or unload heavy undivisible 
industrial loads. 

In the LGV concept, the airship is "moored" like a captive balloon, with three tether lines in 
a tetrehedric system.   By utilizing this technique, the approach is simplified, requires less 
precision because it is farther away from the ground and other obstacles.   As soon as the 
mooring system is attached, and tension is applied by a positive vertical lift, the summit of 
the tetrehedron is relatively fixed in space, and an undivisible load can be loaded or unloaded 
with nearly as much precision as with a crane.   The LGV objective was to design such a 
vehicle with enough stability and resistance to weather variations to permit mooring in this 
manner — without requiring hangar or landing facilities — under all conditions of weather. 

Above the summit of the tetrehedric mooring system, the vehicle can move freely in a 
horizontal plane, like a weather-cock.   The three lines are continuously stretched if the 
system's L/D ratio is high enough to maintain the general resultant of forces within the 
volume of the tetrehedron.  Observation and tests indicate that there are serious defects and 
limitations in the usual methods of obtaining an adequate L/D ratio for a captive balloon. 
Usually, in windy conditions, a streamlined balloon receives an aerodynamic lift dependent 
upon its general air foil shape, at a given incidence.   For this reason, it is called a "kite 
balloon."  But this kind of balloon presents two performance-limiting disadvantages.   First, 
the aerodynamic lift of the balloon comes from the fact that its body is used as a wing, one 
with a very low span-to-chord ratio.   The tip end vortex, or induced vortex, is relatively 
high, giving poor aerodynamic performance due to the low L/D ratio, resulting in significant 
instability.   In a non-rigid balloon, the envelope material is required to provide large aero- 
dynamic strengths.   Also, the tail surfaces must themselves provide high aerodynamic 
strength to compensate for the above-noted instability and to compensate for the aerodynamic 
pitch couple due to the fact that aerodynamic lift is situated between 30% and 40% of the chord 
instead of at 40% to 50% for the static lift, requiring a positive incidence on the horizontal 
tail surfaces, and the resultant forces being transmitted by the envelope material. 

In formulating the LGV concept, it was desired to avoid, as much as possible, any aero- 
dynamic lift from the balloon when at zero incidence.   But it was necessary to provide for 
aerodynamic lift in windy conditions.   A solution was to provide the balloon with a wing 
offering a good L/D ratio, coming from a sizable span-to-chord ratio.   This would be diffi- 
cult for a single balloon; the heart of the LGV concept was to mount the wing between two 
balloons.   The wing, with the balloons at either end, presents an increased L/D ratio, the 
balloons acting like huge wing-tip tanks.   The tail surfaces are ideally placed outside the 
passage between the two hulls, and being only stabilators, are used at zero incidence, 
minimizing the aerodynamic forces to be transmitted by the fabric of the envelopes, as well 
as minimizing the requirement for aerodynamic strength of the balloons themselves.   The 
patent for the concept is pending, covering captive balloons and airships moored like captive 
balloons. 
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Another improvement mcroasirg the performance of such a balloon, in particular its 
re" s^rS^nd and weather effects, in from the use of new cables and envelope materxas, 
specially two to three times better than conventional ones such as polyester or fibergass 
SrLw French products, named CEF (Chord Europe France), are made of duPon Kevlar 49 
fibers, for the first time satisfactorily configured to produce a tensile strength in the range 
of 240 000 psi for a density of only 1.05, with a weak elongation of only 2%, good resilience, 
excellent resistance to UV rays, full compatibility with all usual resins or WP™**™ 
treatments, and a cost (slightly below that of carbon fibers) actually between $270 and $360 
a pound, depending upon the quality and performance required.   The French company 
LA CELLOPHANE is already studying the use of the CEF products for new envelope fabrics 
and laminated materials, at the request of the Balloon Division of the CNES ;^also at the 
request of LGV.   Such products will allow the manufacture of non-rigid balloons with higher 
Treasures than usual, with lighter than usual envelopes and inflated tail surfaces- and even 
in the LGV concept, the median wing.    When the cost has been brought sufficiently low, non- 
rigid airships will probably be less expensive and provide better structural performance than 

rigid designs, even for the largest sizes. 

The LGV concept encompasses two slightly different designs, depending upon the two main 

applications: 

a     Tethered or Captive Balloons.   The balloons and tail surfaces have symmetrical profiles 
'    and zero angle of attack.   The wing is fixed between the two hulls with a positive angle of 

attack, and its profile can be asymmetrical.   There are no moving parts.   The actual 
calculated L/D ratio of such captive balloons is about 6 to 1, higher than a conventional 
captive balloon, and LGV anticipates increasing the figure significantly after wind tunnel 
research    This is necessary to analyze aerodynamic interferences between different 
elements of the design, where calculations are insufficient for accurate prediction of 
performance, and to study different scales of wing span and thickness with relation to 
size of the hulls and to determine appropriate tail surface area required for a given 

stability. 

b      Powered Balloons or Airships.   Here the design is dependent mainly upon the require- 
'    ments of mooring and loading operations.   During powered flight, the overall system is 

supposed to have zero aerodynamic lift.   Thus the wing has no incidence, nor tos the 
hull axis or the horizontal tail surfaces; a symmetrical profile is presented    To operate 
as a captive balloon, the pilot lowers wing flaps, with the help of conventional gear 
During the transition from one type of flight to the other, the pilot must hover about the 
destination point, and has a relatively wide margin of space precision.   To facilitate 
this   vertical axis power units are scheduled on all the powered craft designed; these 
help the pilot stretch the tether lines, once anchored to the ground, before actuating the 
wing flap, and help him to remove tension from and detach the tether lines prior to 

undertaking normal flight. 

PART H: TETHERED BALLOONS 

Subsequent to the wind tunnel research, the LGV program begins with flight tests for two 
different captive balloons, to study the structure in various weather conditions.   These will 
have volume, respectively, of 1,400 and 10,000 cubic feet. 

Subsequently, the company wiU make captive balloons of varying sizes for various applica- 
tions    The high level of performance scheduled will open the market to new applications, in 
addition to the traditional scientific ones.   For load-moving applications, LGV will develop a 
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system to vary the tether cable length to move the loading and unloading point within a given 
perimeter, and to make an on-board winch unnecessary.   For conveyors, such balloons can 
be used like aerial poles.   They can be used in off-shore operations, moored to anchored 
buoys    Such systems can obviate the need of a harbor for ship loading and unloading 
operations.   In the same way, they can be used like "airborne buoys, " to support the tether 
lines for a larger powered balloon of the same configuration, in locations where frequent 
loading and unloading operations can benefit from shortening the time interval required for 
mooring. 

The efficiency of the tethered balloon concept is not affected by the size of the balloon.   On 
the three types of forces applied (bursting, aerodynamic, and catenary), only the catenary 
forces increase more rapidly that the volume to limit the size of the balloon.   The planned 
construction methods, which are proprietary, will void the need for hangars, permitting 
relatively low length to diameter ratios and permit large volumes with all-weather resistance 
and high useful load/total weight ratios.   Unitary load capacities of up to 500 and even 1,000 
tons are possible. 

PART HI:   POWERED BALLOONS 

Actually, the primary requirement for LTA devices in France is to lift and transport heavy, 
bulky undivisible loads, particularly such as nuclear vessels.   At the same time, there is a 
potential world-wide demand for large airships to transport freight at speeds and rates less 
than those now required by commercial air transport.   The load-carrying efficiency of an 
airship varies approximately linearly with her size, and therefore the larger the airship, the 
lower the ton/mile cost.   But the risks involved in building airships of extreme size are such 
that no company (and for the moment, no government) would be well advised to start on too 
large a scale, even in spite of the numerous applicable improvements available since the 
time of the Zeppelins. Therefore, LGV recommends the development of new LTA systems 
systematically, with specific applications at each step, to attain the large sizes with optimum 
speed and safety. 

After wind tunnel research and tests of the first two research captive balloons, the LGV 
program will divide into three main steps: 

a.    A Powered, Piloted Model.   This will be a four-seater configuration.   The two balloons 
(hulls) will have a total volume of 81,000 cubic feet and a length of 115 feet.   A special 
feature of this model will be that the complete gondola, weighing about 2, 900 pounds, 
including engines, will be separable from the balloon section and can be lowered to the 
ground to simulate load transfer and facilitate engine maintenance.   Therefore, it will 
be necessary to control the moving parts of the balloon with the system operable both 
from the air and from the ground.   The wing flap and tail surface tabs will be operated 
by electric means; the pressure fans and control unit of the balloons will also be 
electrical and provided with a battery for redundancy. 

To conserve time and money, the gondola will be the rebuilt fuselage of the prototype of 
an abandoned four-seat French push-pull aircraft, the "Jupiter" Matra-Moynet, fitted 
with two 200 horsepower Lycoming engines.  The rear propeller will incorporate 
reversible pitch.   Two lateral pods will support the vertical axis power units, fitted with 
a pair of two-stroke Hirth engines of 55 or 70 horsepower, similar to that used on the 
BD 5 sport aircraft. The vertical thrust will be reversible, up or down.   Calculated top 
speed wül be 60 miles per hour, and cruise speed with 50% power, 50 miles per hour. 
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The first, flieht is scheduled one year subsequent to completion of the wind tunnel 
researeK   Special authorization of flight will be delivered, under appropriate restric- 
tions, by French authorities; they are presently preparing new rules for future airship 
certification, and wish to be involved with the specific problems of such prototype 

models as our own. 

As soon as test flights of this model produce satisfactory results, the limitations of use 
determined with good levels of safety and viability, the original gondola will be replaced 
by a more elaborate one, involving type certification and acceptability for on-line 

production. 

LGV has already received requests from potential users for production models of this 
size, for schedule prices between $400, 000 and $600, 000, depending upon user specifi- 
cations.   Aerial surveying and advertising are among the more frequent requests.   One 
request, from a utility company, is to use such airships both for advertising and to 
provide illumination for night public events (in captive configuration) in locations where 
the erection of poles is forbidden or too costly. 

The cost for the first powered model is scheduled for $300,000, including preliminary 
research; its development in the next configuration will cost about the same and require 

one more year. 

b.    A 40-Ton Useful Load Model.   This model was inspired by potential user requests from 
oil companies for drilling needs in difficult locations, some now served by helicopter. 
But such airships should be far less expensive to operate, with higher levels of safety 
and viability, because a load under sling disequilibrates a helicopter but not an LTA 
system.   Heavier transported loads wiU also decrease drilling costs, by the use of 
standard systems, because the use of custom helicopters necessitates special and costly 
drilling systems, divisible in transportable elements of usually two and one half tons 
maximum.   Mounting and dismounting of such elements would be reduced, and the 
transport logistics of a drilling operation would be greatly enhanced by the extension of 
the airborne phase, avoiding intermediate costs and delays such as river barge 
operations in some situations and the use of cargo planes in others. 

Foresters also are interested in such weight-lifting airships for logging operations in 
difficult locations throughout the world.   LGV is also in close contact with a world 
charity organization, the Order of Malta, to provide such airships for health and rescue. 
In the event of natural disasters, such as earthquakes, particularly where ground 
transport activities are disorganized or non existent, these airships would be invaluable 
for such use as food transport and airborne hospitals. 

Economic studies indicate that, after the first few units, serial production of such 
airships could be effected at costs low enough to make ton/mile costs competitive with 
surface transport in underdeveloped countries.   At relatively low speeds, for example 
between 60 and 85 miles per hour, they are very economical of fuel, significantly more 
so than with conventional airships. 

LGV is already in touch with an African government for the development of short-haul 
transports in their country, requiring initially ten 40-ton model units, only a part of 
the potential market envisioned. 
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Specifications of the 40-ton prototype include the following:  Total volume of the two hulls 
will displace 3,150,000 cubic feet; length is 365 feet; maximum diameter 97 feet for 
each hull; overall width will be 550 feet; overall height 180 feet; installed power 2, 300 
horsepower, providing a top speed of 80 miles per hour and a cruise speed of 65 miles 
per hour at 50% power.   Scheduled cost of the prototype, developed and built in France, 
is $2,520,000 (at a rate of exchange of five French francs per U. S. dollar), and serial 
production models are scheduled to sell between $1.6 million and $1.8 million, or less, 
depending upon the number to be produced.   For comparison purposes, the cost of a 
helicopter like the S-64 "Skycrane," able to lift and transport only 12 tons under sling, 
costs more than $2 million, and involves higher operating costs. 

LGV estimates that the first 40-ton production model could probably be operational and 
available three years after the start of the initial program. 

One very interesting advantage of the concept will be that it requires only very short 
delays for mooring, unloading, reloading, and unmooring operations.   The total 
sequence will take only two minutes during no-wind conditions, if mooring is not 
necessary, and five minutes if conventional mooring is necessary. 

In mooring, the three tether cables are first properly anchored; and as with any airship, 
the mooring is never unfastened until the airship is reloaded with an equivalent weight 
of the one unloaded.   The vertical axis power units are available to correct possible 
inaccuracies in the weight equilibrium, within a range of ±5-10% of the total weight. 
Thus for the hovering and transition flight sequences, the pilot can equilibrate within 
this margin during normal cruise flight, with the help of the tail surface control tabs. 

The tether line anchorages are located at a distance from the center equivalent to about 
half of the mooring altitude, where loads have to be manipulated.   As often as possible, 
the loads will be containerized or placed in nets, to shorten loading operation delays. 
When return freight is not available, even for a part of the total load, ballast is 
necessary, as often as possible with water in tanks or bags (or other ballast like sand, 
gravel, dust, suitably containerized by a ground crew), the total load for a powered 
flight always being the same, including fuel reserves. 

c.    A 400-Ton Useful Load Model.   Specifications — Total volume of the two hulls: 
23,000, 000 cubic feet.   Length:   750 feet.   Maximum diameter of each hull:  200 feet. 
Overall width at horizontal fin tips:   1,000 feet.   Overall height at vertical fin tips: 
370 feet.   Performance:  top speed 80 miles per hour at full power (with 40,000 horse- 
power).   Cruise speed:  65 miles per hour at 50% power.   Normal range:  400 to 600 
miles.   Ceiling:   5,000 feet. 

The range can be increased with a reduction of payload, at the rate of about five tons 
per 100 miles. 

For special transport systems of industrial loads from and to industrial yards, such as 
nuclear power stations, a special system to accurately place the loads will be developed 
— to stabilize the position of the load in space by an action at the summit of the 
tetrehedric tether, the ground terminus of the tether lines will be fitted with hydraulic 
jacks actuated by an automatic control system taking references from the space position 
of the load itself.   In this way, all the possible (including cyclic) slight movements of 
the load due to the action of the wind on the balloon and tether lines can be compensated 
for.   The natural precision of location   is about 1% of the altitude of the balloon, and 
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With the control Bynt.m could be reduced to 1/1000th and even to 1/10,000th with very 

accurate references,   • 

For general freight use, the 400-ton model will present a ton/mile cost betoeenj^ 
and 15* per mile, for 4, 000 hours of flight per year and an average use of 80% of total 
capacity   - depending upon the cost of production of such models.   It will provide 
excellent short and medium distance transport, for which the ease of mooring and 
loadmg ^rations offered by the LGV concept is more important than incremental ton/ 
mUe cost?.   However, it will not likely be as desirable for long distance transport   for 
which single hulled airships will present a lower drag and probably a lower ton/mile 
Lst, evet anowing for more difficult landing and loading operations rearing extensive 

ground facilities. 

PART IV: FURTHER DEVELOPMENT OF THE CONCEPT 

LCV has already studied such development in two directions:   (1) Another configuration 
cohered by the same patents, providing possible improvements.   (2) Development of fabrica- 
t2 technology, based primarily on an automatic machine for making the envelopes of the 
bSoons   basfd on a completely new principle, more advanced than techniques already used 
L ban"'n manufacture (for example, the machines developed by the Balloon Division of the 
CNES in France and used by the Zodiac-Espace Company).   The method of assembly of the 
deferent element, will also be completely new, and highly original.   The main advantage will 
be to bypass the need of a costly hangar for the assemblage operation. 
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A REVOLUTIONARY AND OPERATIONAL TETHERED AEROSTAT 
SYSTEM ILLUSTRATING NEW LTA TECHNOLOGY 

James A. Menke* 

ABSTRACT:  A tethered aerostat system, which demonstrates 
utility of LTA systems, has been in operation for about 
one year.  It was made possible by development of a reli- 
able tethered aerostat that is used to support broadcast 
equipment at an altitude of 10,000 feet.  Two elements of 
the TCOM system, the aerostat and mooring station, both 
designed and manufactured by Sheldahl, are particularly 
relevant to the LTA Workshop.  They demonstrate the 
feasibility of using LTA vehicles in real, operational, 
all-weather applications and, in addition, illustrate an 
advance in the overall technology base of LTA.  This 
paper presents a description of the aerostat and the 
mooring station including their technical design features 
and demonstrated performance characteristics. 

INTRODUCTION 

A revolutionary new telecommunications concept has been developed that 
utilizes a Lighter Than Air vehicle to elevate broadcasting equipment 
as shown in Figure 1.  It is very likely the only operational LTA 
system in service anywhere in the world today. 

Developmental work by Sheldahl over the past five years has produced 
certain technological breakthroughs which enable tethered buoyant 
vehicles or aerostats to be employed in practical around the clock 
operations.  Heretofore, such vehicles have been limited to short 
duration scientific experimental use. 

* Manager, Tethered Aerostat Systems, Sheldahl, Inc., Northfield, 
Minnesota, U.S.A. 
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The advent of a practical aer 
country to very economically 
broadcasting tower, or mini-s 
broadcasting arid relay equipm 
from a single aerostat flying 
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loping countries around the world cannot 
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acquire effectively a two-mile high 
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Figure 1 
Tethered Communications System 

can provide direct line of sight communications to an area covering 
45,000 square miles.  Multiple aerostat installations can extend tni 
coverage indefinitely.  Thus, a single aerostat installation can tak 
the place of about 15 conventional microwave towers and yet offer 
much broader communications capability at 20 to 50 percent the cost 
of conventional equipment. 

The TCOM Corporation, a subsidiary of the Westinghouse Electric 
Company, has been established to integrate and market this revolu- 
tionary telecommunications system, called the TCOM (for Tethered 
COMmunications) system, on a worldwide basis.  At the present time, 
iTomplete demonstration system is in operation at TCOM s Grand 
Bahama Island facility and operational systems are being installed 
in the Republic of South Korea and Iran. 

s 
ke 
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This paper will deal with the two major elements of the TCOM system 
that are particularly relevant to the LTA Workshop, that is, the 
aerostat and its mooring system.  They demonstrate the feasibility of 
using LTA technology in real, operational, all-weather applications 
and, in addition, illustrate an advance in the overall technology 
base of LTA, particularly in the areas of structural design, flexible 
materials, and manufacturing operations. 

DESCRIPTION 

The aerostat and mooring station as shown in Figure 2 constitute a 
single system.  During all phases of operation, including launch and 
retrieval, the aerostat and mooring station are joined and function 
as an inseparable system.  The aerostat is flown directly from the 
mooring station.  Both the aerostat and mooring station automatically 
rotate so that they are aligned with respect to the wind. 

Figure 2 
Moored Aerostat 

Two features of the system that make the TCOM telecommunications 
concept economically feasible are the small crew size needed and its 
all-weather operating capability.  Since this concept requires that 
the aerostat remain aloft for weeks or months at a time, a large full- 
time ground crew is cost prohibitive.  The system, both mooring 
station and aerostat, also had to be designed to withstand worldwide 
environments, primarily winds and temperature, without hangar 
facilities. 

Aerostat 

The aerostat described herein and illustrated in Figure 3 is the 
Sheldahl Model CBV-250A.  Specifications are presented in Figure 4. 
It is capable of supporting sizeable payloads at altitudes up to 
15,000 feet above mean sea level.  Nominal operating altitude is 
10,000 feet. 
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MODEL NUMBER 

WEIGHT 

CBV-250A 

5,100 lbs 

CBV-350A 

5,500 lbs 

DIMENSIONS 

Hull Volume 

Overall Length 

Hull Length 

Hull Diameter 

Fin Span 

Payload Enclosure Width 

Payload Enclosure Height 

OPERATIONAL PERFORMANCE 

Wind Speed @ MSL 

Wind Speed @ 10,000 ft 

Ceiling Altitude above MSL 

267,000 cu ft 

175 ft 

148 ft 

56.8 ft 

81.5 ft 

25 ft 

15 ft 

90 knots 

100 knots 

15,000 ft 

LOAD CAPACITY (PAYLOAD, POWER PLANT, FUEL) 

@  5,000 ft 7,000 lbs 

e 10,000 ft 4,000 lbs 

@ 15,000 ft 1,000 lbs 

380,000 cu ft 

215 ft 

188 ft 

56.8 ft 

81.5 ft 

25 ft 

15 ft 

90 knots 

100 knots 

15,000 ft 

12,000 lbs 

8,000 lbs 

4,000 lbs 

Figure 4 
Aerostat Specifications 
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led o, "flc-w.r  from the ground control station. 

-d c.t\:\   >.:.,;- IT.a i nt a ! 
the immediate vicinity 

t". nao'js flight durations approximating one 

;i;skit.."? »?"en;ncfcru;;;;vvi;i ;^,;r^e;r»uMn.k f.. ^ 
u; ;n(- Launen sre -^ ,    ' v'!: ^^T fo ;/^c r,ie , , ng ( helium replenishment 

piished within a few hours 

and the mission resumed.  The aerostat is a highly reliable, rugged 
chicle constructed to withstand very severe weather conditjons   It 

is designed and constructed to operate sate y in 85 knot winds and 
carry a 4,000 pound load at an altitude ol 1.0,000 feet. 

11,11 nrcssuvc is maintained by a conventional ballonet design   Fans 
v      ma„tom,.i;ally cycled to force air into or out of  he 

n-allonet thereby con< ,sIi ing pressure to within prescribed limits. 

Ti.c hull nose structure is made from a high strength aluminum alloy 
and is provided for docking the vehicle to the mooring station. 

The main payload attachment point on the aerostat hull within the 
pylod' enclosure is capable of supporting a package we ighing up to 

500 nounds   The volume available for the payload inside the enclo 
Ü e is t a 'of a 25 foot diameter hemisphere.  In addition to the 

m- n Paylöacl support structure, the underside of the aerostat has 
provislon^r attaching other hardware such as the airborne power 

a or, fuel and fuel tanks.  This load attachment provision 
extends 113 feet fore and aft on the underside of the aerostat. 

Mo or i ng__S t at_i on 

The mooring station is a permanent installation with primary functions 
to a) serve as the ground anchor for the aerostat when it is on 
station, and b) serve as a maintenance station for the aerostat 
between missions.  The mooring system is shown in Figure b. 

A reasonably level area approximately 500 feet in diameter is needed 
to provide adequate ground clearance for the moored aerostat.  A 
concrete pedestal is located at the center of this area to support 
he ma n wincVand enclosure as well as the mast.  Concrete footings 

are also provided for the monorail.  These footings can either be a 
ice of concrete or smaller footings at each rail anchor point. 

The mooring area need not be paved.  However, gravel or some other 
stable surface is necessary to carry erection and maintenance 

equipment. 

The mooring station consists of a central machinery enclosure and 
mast mounted on a large central bearine. a horizontal boom compression 
member and a circular monorail which 
flying sheave and close-haul winches   ~-~  liy  *-        ...       .  electrical release is provided at the 

that are mounted on rollers.  A 
mechanical lock with a remote electrical release is provided at the 
ton    the mast.  Work surfaces are provided on the top deck of the 
hi   enclosure, on the boom and at the location of the aerostat machinery enclosure, on the boom and at tne rocaiion UL   ^^   a^^?. 

h   it is .cored.  A diesel powered main winch and an auxil 
iary Sower unit located within the machinery enclosure furnish the 
Power required to launch and retrieve the aerostat and to moor it m 
?he close laTled mode.  The mam winch is used to control and store 
the tether cable during flight operations.  Three smaller winches, 
one at the base of the mast and two on the circular rail, provide 

res raints and control during early stages of launch and during t h e 
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rT|;.i j^covc.v.  ,', ;. ;i;'letciy ciicio:,uu operator's cab is located on 
-;.,,_. r^rwaic side oi >ae machinery enclosure, providing visibility to 
;,i" opera, :'oi>al area;..  The specifications for this system are pre- 
sented in Figure 6. 

The principle feature of this design is its ability to be rotation- 
ally driven, either bv the forces generated by the aerostat or exter- 
nally, to align, in azimuth, with the aerostat or its tether cable. 
This allows a'single operator to maintain the balloon in flight and 
only a four member crew to launch and recover the aerostat.  During 
servicing and maintenance when moored, the crew rides with the 
.system as it rotates :n;o the wind thereby providing improved acces- 
sibility and greater safely and again reducing the crew size require- 
ment . 

SYSTEM PERFORMANCE 

When moored the aerostat is mechanically locked to the mooring mast 
at the nose and secured bv its suspension lines to the service plat- 
form under the aerostat payload.  In this configuration, any changes 
in wind direction will cause a rotation of the complete system and 
maintain the balloon heading into the wind.  It also allows the 
field crew to "ride" the mooring system and work without concern 
for shifting winds and gusts.  In relatively calm weather (winds less 
than 15 knots), the brakes can be engaged so that heavy loads, such 
as the aerostat payload, can be transferred from truck to work 
pi at form. 

The entire system is designed to sustain 90 knot wind loads with the 
aerostat in its moored mode.  Thus a critical component, design was 
that of the nose structure of the aerostat since it provides the 
mechanical attachment of the flexible aerostat to the rigid mooring 
tower.  Maximum loads anticipated in 90 knot winds including dynamic 
loads are 26,000 pounds axial and 15,000 pound side load.  The 
structure has been successfully tested to these values. 

When the aerostat is moored, a 3 to 5 knot wind 10 degrees off the 
aerostat heading will cause the mooring station to realign itself 
into the new wind direction. 

The maximum operating altitude for the aerostat is a function of 
aerodynamic forces oil the aerostat and tether cable, helium volume 
at altitude, total weight aloft, and environmental factors, such as 
temperature and barometric pressure.  The CBV-250A vehicle can attain 
an altitude of 15,000 feet; however, payload capability at this 
altitude is extremely limited.  Typically, the CBV-2 50A is flown at 
10,000 feet with a 4,000 pound load.  Ascent and descent rates are 
approximately 200 feet per minute. 

The aerostat is designed to operate in wind speeds up to 90 knots at 
sea level and higher speeds corresponding to a dynamic pressure of 
27 pounds per square feet at higher altitudes. 

Electrical power for vehicle and payload operation is supplied by 
either on-board rotary engines coupled to brushless generators or 
by using the tether cable as a conductor to transmit power from a 
ground source. 

620 



MODEL NUMBER 

APPLICATION 

WEIGHT 

18500 

CBV-2 50A Aerostat 

95,600 lbs 

18600 

CBV-350A Aerostat 

99,600 lbs 

DIMENSIONS 

Rail Diameter 

Tower Height 

Payload Service 
Platform 

Machinery 
Enclosure 

173 ft 

47 ft 

16 ft x 22 ft 

203 ft 

47 ft 

16 ft x 22 ft 

12' W x 9' H x 31' L   12' W x 9' H x 31' L 

STRUCTURAL CAPABILITY 

Wind Speed (With 
Aerostat Moored) 

Wind Speed (Without 
Aerostat) 

Operating Temperature 

Design Criteria 

90 knots 

120 knots 

-30°F to +120°F 

AISC Standards, 
7th Edition 

90 knots 

120 knots 

-30°F to +120°F 

AISC Standards, 
7th Edition 

HYDRAULICS (Supplied by OECO) 

Main Winch 

Tether Cable 
Capacity 20,000 ft 

Maximum Pull 30,000 lbs 

Maximum Line Speed 200 fpm 

Close Haul Winches (3) 

Maximum Pull 12,000 lbs 

Maximum Line 
Speed 140 fpm 

20,000 ft 

30,000 lbs 
200 fpm 

12,000 lbs 

140 fpm 

Figure 6 
Specification Summary, Sheldahl 

Aerostat Mooring System 

621 



:FT:R 

built and three additional 
One of i 

o r t he p. 
for the outer island: 

A ;,■,-.•.■! 01 si\ aerosi.il systems have been . . 
sv  em    e'presentlv under construction.  One of these systems ha 
been  n operation on'orand Baha.ua Island for the pas, N month 
providing television coverage 

Pur int- this initial 1-1 month operating period many performance 
ea  res of  he system have been demonstrated.  For example, the 
,ere tat has flown in   85 knot winds, in electrical storms, and in 
ie'vv rain   The  erostit has remained on station aloft continuously 
for five days   Hii-hc-r recorded superheat has been 25 degrees 
fahrenheit.' Supe.coMing at night has been as low as 10 degrees 

■i Seil,  rests of material samples removed from the hull after 12 
,«-.ths indicate no *i ,/n'if icant degradation.  The aerostat has been 
inched In ground winds gustmg to 35 knots.  Ease of servicing both 
he -lerostat and payload in variable direction grouno , ,-ids has 

v rifled the functional ism of the automatically rotating mooring 
"vctci   Launch and recovery operations have been conducted with only 

a four man crew. 

FUTURE PLANS 

At the present time a complete system is being installed in Korea 
It will'be fully operational this year.  Shortly thereafter, a system 
will be installed in Iran. 

A "stretched" version of the aerostat has been designed and is cur- 
rent y under construction.  Its configuration will be identical to 
icnuy miu_ ,     4o foQt cylindricai section will be 

early in 1975. 

SUMMARY 

What is the significance of this new telecommunication system 
development as it relates to airships?  Materials and technology, of 
course  are common to both.  Further, based on experience with 
tethered aerostats  it is the opinion of this author that airsnips 
en  constructed'to operate as reliably as conventional 

iircraft   However, one of the more pertinent quest ions that must be 
:S'is   "Ji.i the airship solve a problem or provide| a service 

more economically than other transportation systems?   There are 
of course  many other issues and influences that must be considered, 
such as energy consumption, government subsidies, etc., but the key 
ssueashoulo>be one of economics.  The telecommunication system is 

vi-iblp mainly because the service it provides is done at a traction 
of wnat t  wouId cost if provided by other more convent10nan.eans 
hi like manner  if objective studies show that airships could solve 
a proMe  or provide a service at lower costs when compared to other 
solutions, thin and only then would there be any merit m their 

development. 
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K76-15068 

TECHNOLOGY UPDATE - TETHERED AEROSTAT 
STRUCTURAL DESIGN AND MATER IAL InlVELOPMENTS 

Robe tt (i. Willie row* 

ABSTRACT:  Requirements exist for an extremely stable, 
High performance, all-weather tethered aerostat system. 
This requirement has been satisfied by a 250,000 cubic 
foot captive buoyant vehicle as demonstrated by over a 
year of successful field operations.  This achievement 
required significant advancements in several technology 
areas including composite materials design, aerostatics 
and aerodynamics, structural design, electro-mechanical 
design, vehicle fabrication and mooring operations.  This 
paper specifically addresses the materials and structural 
design aspects of pressurized buoyant vehicles as related 
to the general class of Lighter Than Air vehicles--the 
subject of this Workshop. 

INTRODUCTION 

In the late 60's, Sheldahl, under sponsorship of ARPA (Advanced Research 
Projects Agency), undertook a project to design, develop and fabricate 
three 200,000 cubic foot tethered aerostats under the direction of the 
Air Force Range Measurement Laboratory (RML).  Starting with the 
limited balloon and non-rigid airship technology that existed at the 
time, considerable effort was devoted to extend the applicable ad- 
vanced design and analytical techniques already used by aerospace 
engineers to the design of aerodynamically shaped, buoyant, pressur- 
ized vehicles.  Despite the fact that the 250,000 cubic foot Captive 
Buoyant Vehicle, which eventually evolved and is employed commerically 
today by TCOM (Tethered COMmunicat ions, a division of Westinghouse 
Electric Company), is to some extent a marvel of art, it represents a 
significant technological improvement over previous LTA vehicles in 
terms of performance, reliability and ruggedness.  The structures and 
materials technology advancements played a dominant role in the suc- 
cess of the aerostats being deployed worldwide today for communica- 
tions, monitoring, and surveillance applications. 

* Manager, Structures and Materials Engineering, Sheldahl, Inc., 
Northfield, Minnesota, U.S.A. 
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MAJOR AEROSTAT SUBSYSTEMS 

ENVIRONMENTAL REQUIREMENTS 
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clock operational capability. 

PRIMARY SUBSYSTEMS 

The maior subsystems of the CBV-250 aerostat are depicted in Figure 
C.  Note the overall dimensions and general performance data.  Ine 
payload is accessibly housed in the windscreen. 

AEROSTAT MATERIALS 

The fabrics of construction are pictorially described in Figure D. 
Most of the materials are composite adhesive bonded laminates of 
TEDLAR PVF film, for weathering and UV stability, MYLAR polyester 
film for helium impermeability and shear strength 
ester plain weave cloth for the strength member 
are used where excessive material 
screen and ballonet. 

flexing occurs 

and Dacron poly- 
Urethane coatings 
such as the wind- 

PRESSURE CONTROL SYSTEM 

Pressure sensors, compartmental valves, and blowers comprise the 
pressure control system maintaining each main compartment at some 
level above frecstream dynamic pressure, q, as shown in Figure E. 
The power is supplied by two on-board 18 hp Sachs-Wankel rotary 
combustion engines coupled to a static brushless generator with a 
static voltage regulator. 
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Figure   F 

AEROSTAT EMPENNAGE 

EMPENNAGE 

The aerostat Empennage* as illustrated in Figure F is the product of 
a long-term development effort.  The entire pressurized assembly is 
quite' large and well aft on the hull --dictated by aerodynamic stability 
considerations.  Fin ribs run spauwi.se for maximum flexural and shear 
stiffness and are quite unique--borrowing from the concept of a uni- 
form load distributing parabolic shape, and are laced with Dacron 
cord.  The aft. hull is pressurized slightly above the empennage to 
allow for natural curvature.  The fins are guyed one to another to 
prevent large rigid body rotations. 

NOSE STRUCTURE 

The nose structure illustrated in Figure 
fer structure for the moored aerostat 
weiglit tubular aluminum nose 
are laced to the hull, react 
surface winds based on 
transfer the load into 

G is the primary load trans - 
A high strength, light 

cone, and 16 aluminum nose beams, which 
mooring loads equivalent to 90 knot 

a mooring dynamic analysis.  The nose beams 
the hull'fabric as a shear load. 

The gimbaled payload 
structure laced to t 
higher pressure than 
wrinkling and going 

PAYLOAD ATTACHMENT 

is suspended from 
ic underside of 
the windscreen 
flat . 

a welded aluminum truss 
the hull.  The hull is at a 
to prevent the interface from 

SUSPENSION LOAD PATCH 

The primary load carrying suspension patches also utilize the para- 
bolic scallop design approach to uniformly distribute the 2,500 
pound maximum suspension line load into the hull fabric.  The suspen- 
sion lines are sized based on stiffness in addition to strength to 
optimize distribution of the main tether load. 

* Patent, pending. 
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Figure G 

LOAD ATTACHMENT HARDWARE 

MATERIALS FABRICATION 

The Dacron cloth is supplied by speciality weavers and is "set" by 
running the woven cloth through an adhesive bath.  This permits the 
woven cloth rolls to be shipped to Sheldahl, wherein they are combined 
with the TEDLAR x MYLAR x MYLAR tri-laminate using special purpose 
polyester adhesives.  All laminating variables are precisely controlled 
resulting in a consistent product.  Figures H and I show a laminator, 
the flying thread loom (used to manufacture structural tape), and 
the weaving loom. 

AEROSTAT FABRICATION 

The flexible material sheet goods are then accurately cut into 
various shaped panels using full scale patterns.  The panels are then 
bonded together using specially designed thermal impulse sealing 
equipment.  The panel-to-panel bonds are constructed as butt joints 
using a two tape system--a structural tape on the inside and a 
weather protection TEDLAR cover tape on the outside. 

629 



L- 

£S4" WPS (LAMIrtftTOR 
FLVIW6 7UR£At> LOOM 

Figure   H 

MATERIAL   FABRICATION   -   SHELDAHL 
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AEROSTAT FABRTCATION 
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STRUCTURAL DESIGN CRITERIA 

The aerostat is designed to operate in winds to 70 knots MSL and at a 
constant q of 3.2 in. H20 aloft.  At 70 knots, there is a minimum 
factor of safety of two on fabric stresses (both direct and shear) and 
a factor of 1.5 on hull or fin buckling.  Based on wind tunnel tests 
the angle of attach,«*, was predicted to be-6 degrees and this has 
been verified in flight tests.  Additionally, the aerostat is designed 
to sustain 90 knot MSL winds with no structural safety factor; however, 
this requirement is less critical than the former.  A dynamic mooring 
loads analysis established the nose structure load criteria of 25,000 
pounds axial and 13,00.1 pounds side loads.  A minimum factor of 1.5 
is required on all metallic members.  Tear propagation data for this 
particular material has been experimentally derived and is summarized 
in Figure J.  During the checkout phase, each aerostat is thoroughly 
inspected for defects in the cloth such as burn marks; and, all such 
defects effecting more than 2-3 yarns are reinforced.  Each aerostat 
is then proof pressure tested to equivalent 90 knot levels to insure 
that no design or fabrication defects remain.  In-flight loads at 70 
knots are predicted to be less critical than proof pressure loads-- 
hence a successful proof pressure test is evidence of a reliable 
vehicle. 

 HULL PRESSURE TEST - AP ■ <--t m. ^0 
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Figure  J 

CRITICAL   DEFECT   LENGTH   FOR  TEAR  PROPAGATION 
OF   SHELDAHL   CBV-350A AEROSTAT 
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'[ H'hNOLOGY M'VANCBlf.NT 

l-i^ure M s u iii?;i A r i / c s {},-.;  more significant technological advances 
relating to the   design and fabrication of pressurized buoyant 
vehicles as developed during this program. 

Figure M 

SUKMAM'   OF   TECHNOLOGY   AIA'ANCLS   IN   STRUCT 11HfcS   AND  MATERIALS 

IMPROVEMENT' 

BASIL   MATER1AI   ' 

. >*:
:
ATMFKI' L" LAYER       HYPAION TEDLAR MAINTENANCE FREE 20 YEAR 

LIFE AS OPPOSED TO ANNUAL 
MAINTENANCE 

. CAS IMPERMEABLE I AVER    U\..THANE OR      MYLAR FROM ' . 0 I 0 U .'. I/M"/24 HR 
NLOPREN! REDUCTION HI PERMEABILITY 
COATING 

. STRUCTURAL CLOITI       HIGH COUNT      LOW COUNT      GREATER TEAR STRENGTH, 
NYLON OR D5CRON   DACRON BETTER DIMENSIONAL 

STABILITY 

.    BIAS S'IRENGIH/ I'EISED NYION/ MYLAR WEICHT REDUCTION OF 1-3 

STIFFNESS LAYER 1UCR0N CCOTH 02/YD*
1 

MATJiRME_CQMr.OJJlTj; 

.  COMPOSITE WEIGHT I : . <! 02/YI)2 7.6 0:/)'I»' 4 04 DECREASE 

COMPOSITE STRENGTH 195 LBS/IN 225 LBS/IN 30", INCREASE 

.  ADHESIVE IMPROVEMENTS      PRIMARILY FILM/FILM, GREATER PEEL, INTERPLY 
COATINGS CI.OTH/FIIM SHEAR STRENGTH 

STRESS-STRAIN UNIAXIA1. BIAXIAL DETERMINE SIX CONSTITUTIVE 
CHARACTERISATION INSTRON CYLINDER COEFFICIENTS OF COMPOSITE 

.  MATERIALS CONDEI I ON ING/    BASICALLY MANY SPECIAL       RELATIVE COMPARISON OF 
QUALIFICATION ASTM TESTS PURPOSE TESTS      MATERIAL CHARACTERISTICS 

VE;|II_CLI^ DESIGN 

MII.-STD-21ÜB       ENVIRONMENTAL REQUIREMENTS 
NASA TMX-64SS9     FOR WORLDWIDE OPERATIONS 

THRU ALTITUDES OF INTEREST 

LD3DX COMPUTER     ALLOWS GROSS AND FINE 
PROGRAM FLEMEN'l MODELING USING 

ORTHOIROPIC MATERIALS AND 
ARBITRARY LOADS. 

LARGE. SHAPED, Elliii.i RIGID ALRODYNAM1CA LEY    INI [ATE» FIN SIMULATES A 
STRUCTURALLY SOUND PAN! IS OR SHAPED FINS        N/'.CA FIN PROFILE WITH 
EMPLNNAGI ..IGjFl WIND CHOR US' I SE AND SPANWISE 

I NF! AIAHI.L TAPER 
111 MG.,S 

VEHICLE DYNAMICS El Ml IF.il COMI'UILIf PRO       PREDICTIONS fir INFLIGHT 
\NAIYI11AI. GRAMS PRL1I1CI      STABILITY, AND INFLIGHT 

VEIIICI.l    LNVIEONMi.NIAI LIMITED 
REQUIREMENT'S SI ANii.AKIES 

COMPUTERIZED I IN; IT. NONE 
ELEMENT   STRUCTURAL AY U [.ABLE. 
ANALYSIS 

iLOHNIolu.S DYNAMIC RESPONSE AND MOORED DYNAMIC LOADS 

VEHICLE FABRICATION 

SEALING METHOD': HAND Klin MAi'HlNE IMPULSE, RF, AND TRAVELING 
5ill.IT) CONTROEl ED WHEEL HEAT SEALERS 

SEAL1NG 

QUALITY CONTROL IIMIIED 10 01 Q.l. IN PROOF PRIESSURE TESTS 
CHECKS ON ERECTION AND VERIFY RELIABILITY OF 
SIMS PEISSURl TIST EVERY VEHICLE 

LOAD ATTACHMENTS UNRillAil.I ALL LOAD ATTACH- VIRTUAI.l.Y ALL LOAD ATTACII- 
IM.RI uRMANCi MINI'S REDESIGNED MENT METHODS ARE DESIGNED 
01 EXISTING AND PROOF TESTED TO SPREAD LOADS UNIFORMLY 
AITACHMINTS INTO HULL 

xyi OF '^ll 
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-   I'■-.■?   i'Ü.UHEL i-.iATLRIALS RESEARCH 

.     .; -l.e material composites for aerostats and for 
in-".-ovFir;-.fri'1.gfc,'fc*',1V seye^al areas require further research to 
Jj; :°

/t; P'--io-^'^e and provide a more reliable product.  Included 

* °Hf^-ati0? °f con?P°site desiSn ^ terms of strength and 
weigh??"5"    r   t0 S Particular application at minimum 

"  a^JXrir?^ Kf LJR 3S a.P°tential replacement for Dacron as the primary load carrying member. 

• Develop fra- ture mechanics techniques applicable to 
pressurized fabric structures, and evaluate weight tradeoffs 
versus increased tear propagation strength,       "adeotls 

'IJiwuimpr?VementS in Picture resistance, sand abrasion  flexing 
"il tveroafK™*™1™™  ^ beneficial for greater po?ential "^ utility ot Lhese vehicles. 

SUMMARY 

While it is quite evident that much of the technology described 
herein is applicable to the design and development of airthios  it is 
not quite so obvious as to what form the initial vehicle shoSlt take 

are suggn"t:d-
1Sk aPPr°aCh " ContemPla^> the following c?Seria 

'  anrTn'mSr hy?ri? alrShip USing helic°Pters for lift-off and in-tlight control-- interconnected by a rigid truss 

pressir!zedUhSired *  R°n'Tisid  ^dynamically shaped 

• Attached to the hull for stability would be inflatable fins- 
designed to buckle under extreme gust loads prior to     ' 
structural failure of the hull. 

• T:tliZt  lht  material composites and sealing techniques 
described herein.  Employ tear stop features. 

• Usea ballonet/s--which has been proven, and results in 
minimum hull pressure stresses. 

'  Drees'? * Pressure control system to regulate compartmental pressures 

Plan to proof pressure test every vehicle. 

Moor at bow--allowing the vehicle to weather vane 
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TWO LIGHTER THAN AIR SYSTEMS IN OPPOSING FLIGHT REGIMES - AN 
UNMANNED SHORT HAUL, HEAVY LOAD TRANSPORT BALLOON ÄfflTÄ  

MANNED, LIGHT PAYLOAD AIRSHIP ~  

R. A. Pohl* 

ABSTRACT:  Lighter Than Air Vehicles are generally defined 
or categorized by the shape of the balloon, payload capac- 
ity and operational flight regime.  This paper describes 
two balloon systems that are classed as being in opposite 
h^?g°KleS' n°n! iS a Cable 9uided' helium filled, short 
haul, heavy load transport Lighter Than Air system with a 
natural shaped envelope.  The other is a manned, aerody- 
namic shaped airship which utilizes hot air as the buoyancy 
medium and is m the light payload class.  While the air- 
«ShV? iVhS desi9n/fa*>rication phase with flight tests 
scheduled for the latter part of 1974, the transport bal- 
loon system has been operational for some eight years. 

INTRODUCTION 

sh   h,   h!   r 5e!n devel°Ped and are currently being used for 
f°;^h^ulI heav^ lo*d transport operations.  These balloons are de- 
r

g  n  transport high tonnage log payloads over difficult or rough 
terrain.  Such a transport technique has the obvious advantage of mov- 
ing heavy loads in an airborne transfer mode without regard to terrain 
conditions.  The balloon provides the lift or "skyhook^and a closed 
loop cable, powered by a double drum winch is the "power source" ?or 
lateral movement.  Many years of full scale, commercial balloon loqqina 

both relIah^h,1S/ighter-Thfn Air meth°d °f short haul trankt tl'S* Dotn reliable and economical. 

Both government and commercial sources lead to the analysis of the lon- 
ging balloon approach to ship-to-shore unloading and conduction u -' 

e?ed nTurll  AZT/l  ft*" ^ haVe d—Crated that a cable pow- ered, natural shaped balloon can be used to unload cargo ships at beach 

*ViGe resident, Raven Industries, Inc., Sioux Falls, South Dakota, USA 

PRECEDING PAGE BLANK NOT FILMED 
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Sites or unimproved harbors   Major --^^^^riorpSelin; 
,Hna this method of materials movement for dam construction, y  t> 
Instillation! nuclear reactor locating and tower erection. 

medium of hot air instead or uexiui    .;-,.*.   plirrht tests are sched- 

lTfor1hr?Kl
Uofl974: -SSfvSlU1^; 2.5:ffine„ess ratio and 

i llassed^fnonrigia airship. An aircooled power plant drrves a 
propeller while a heat generator plus a powered fan is used 
the hull shape. 

These two balloon systems, while being diametrically °PP°??dJ" Sjsign 
and use functions, have one thing in common - they are both useful 
Lighter Than Air vehicles. 

BACKGROUND 

Natural shaped, spherical and aerodynamic configured balloons for sci-_ 
entific applications are usually thought of «being able t    various 

thi^n1\rse0hiah1ltirudrs;sten,rarr=:LrcTai1heavyUiirt-balLons 

Low  altitude,   heavy  lift balloons  are  characterized by payloads   xn  the 
range  of  many  tons,   altitudes  usually below  1000   ft   ,   and  "early  c 

en^lope,1ground1s„pporhteeqSp»ent1ana operating technics have  been 
developed  for  this  class  of balloons. 

upon detailed analysis of the  transport objectives    the »J-rjl^h.^ 
balloon  desrgn was   selected       Thrs   shape w aerodynamio   lift,   ana   can 

j     -  rLi.   -FT-iaht   snectrum is  the  aerodynamic  shaped, 

ffiSSSK £      "oh^rn-rtw^eLra^^^ 
Airships  are  usually  ty Goodyear  advertising blimps, 
rigid,   classic   Hindenoerg  typeb  u -> vehicle  with  a  two 

bile  or   fixed. 

638 



The following sections describe the heavy lift, unmanned natural shaped 
transport balloons and the manned light payload hot air airship - two 
vehicles with dissimilar shapes, characteristics and usage, yet both 
are in the class of Lighter Than Air flight vehicles. 

NATURAL SHAPED, HEAVY LIFT, SHORT HAUL TRANSPORT BALLOONS 

Balloon Design 

The highest static lift efficiency of any balloon shape is a sphere, 
and the natural shaped balloon approximates that shape (Figure 1). The 
natural shape does not have any region of excess envelope material or 
extreme stress concentration.  In this shape, the payload force is 
transmitted primarily into the balloon meridionally, and the circumfer- 
ential stress is practically zero. 

Shape - A natural shape is variable within bounds.  A complex shape fac- 
tor, called E, basically describes the relationship between the infla- 
ted height and diameter.  The E value varies from 0 to 0.4, where at 
E=0, the balloon weight is small compared to the gross lift, and at 
E=0.4, the payload is light compared to the balloon weight.  A high E 
value results in a fatter shape (i.e., diameter over height is larger). 
Heavy lift balloons are designed at low E values, since the balloon 
weight is relatively smaller than the gross lift. 

An important feature of a natural shaped balloon is the ability of the 
design to carry heavy loads with relatively uniform load distribution 
into the envelope.  This uniform distribution also enables the design 
to take shock loads with minimal introduction of stress concentrations 
and bending moments as is typical in our aerodynamic shape balloons. 
This basic balloon design property is of paramount importance to trans- 
port operations.  A natural shaped balloon is also conducive to the ad- 
dition of meridional direction, load carrying members to the gores, 
thereby permitting heavy payload designs. 

Aerodynamic Considerations - The aerodynamic force coefficient proper- 
ties of natural shapes are shown in Figure 2.  Since a natural shaped 
balloon is a symmetrical body of revolution about the vertical axis, 
the force coefficients are independent of wind direction.  This proper- 
ty is of prime importance in transport functions because the balloon 
must operate at or near full lift capacity regardless of wind direction. 
As shown in Figure 2, aerodynamic lift cannot be relied upon under nor- 
mal wind conditions.  In fact, the system will normally operate in the 
negative aerodynamic lift region.  Since system design is predicated on 
static lift only, this coefficient is not considered in determining 
maximum usable lift.  However, in designing a system for a specific 
payload, allowance is made, in the form of excess static lift, for pre- 
dicted negative aerodynamic lift.  This added lift is relatively small, 
since the negative lift coefficient is encountered only at lower wind 
speeds. 

The drag coefficient for natural shapes generally falls between 0.2 and 
0.3 for the Raynold's number range considered applicable in transport 
systems.  While the drag coefficient range is considerably higher than 
that of aerodynamic shaped balloons, for the applications described 
herein, the advantages of volumetric efficiency, independence of aero- 
dynamic force generation, (i.e., ability to operate at full lift capac- 
ity regardless of wind direction), high mass moment of inertia, gust 
stability, and uniform envelope loading far outweigh the advantage of a 
lower drag coefficient. 
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The natural shaped hull is very stable at low altitude operations due 
to its uniform cross section and the static lift.  Gusty wind condi- 
tions effects o.o an inverted tear drop shape are minute in comparison 
to an aerodynamic shape, and oscillations are typically slow and quite 
limited in normal operating configurations. 

Envelope stresses in a natural shape are due to the envelope internal 
pressure generated by the dynamic pressure and the distribution of the 
payload forces into the envelope.  In a 530,000 cu. ft. balloon, the 
envelope stress, due to a 60 knot wind is 32.1 lb/in. (includes an over- 
pressurization factor).  The maximum load input to a natural shape is 
at the skirt/balloon interface.  Under a 60 knot flight condition, the 
load input at this interface is approximately 46,34 0 lbs.  Assuming 
uniform loading, the skin stress is then 43.1 lb/in., and the gross 
load input in a 60 knot wind is 75.2 lb/in.  The basic fabric strength 
is approximately 300 lb/in., thus the safety factor in the "material 
only" case is approximately 4. in the actual design, the applied loads 
are carried by the load webbings which are located on the balloon gores 
and the envelope material.  A 530,000 cu. ft. balloon has 78 load web- 
bings rated at 2,500 lbs. tensile.  Considering the point of load input 
to the envelope, the safety factor relative to these applied loads will 
be in excess of 11. 

Materials - The envelope material utilized in this class and shape of 
balloon is a 10.75 oz/yd2 coated dacron fabric.  This material has a 
tensile strength of approximately 300 lb/in., is UV resistant, and has 
a low permeability in the range of 0.3 liters/mV24 hours.  The elasto- 
meric coatings are also highly resistant to abrasion and wear. 

A continuous loop of steel cable is used as the top end fitting for the 
load webbing terminations.  Steel cables form the interface couplings 
between the load webbings and the bottom end fitting.  Lightning pro- 
tection is provided by a top mounted tower and multiple braided cables 
extending down the load webbings to the bottom end fitting.  This fit- 
ting incorporates a multiple swivel, and is coupled to double tether 
lines. 

These balloons are normally inflated to 90% of their full volume to al- 
low for temperature and pressure altitude changes.  At this inflation 
level, the lower portion of the balloon is slack.  An ambient wind 
pressurization skirt is used to protect the lower slack portion of the 
balloon.  The skirt also serves as a load transfer coupling between the 
balloon and the bottom end fitting. 

Advanced Developments - Based on some nine years of design, test, and 
operational usage, the envelope design and materials are presently be- 
ing modified to increase the operational limits of these balloons.  The 
new envelope material has been developed with better physical charac- 
teristics. The natural shape has been modified to a "round top" config- 
uration and the skirt is being eliminated.  A ballonet is being in- 
stalled to enable higher operational conditions.  These basic features 
are being incorporated into a logging balloon currently under construc- 
tion. 

Typical Balloon Sizes 

Heavy lift balloon sizes that have been or are currently in operation 
have volumes of approximately 240,000, 530,000, 700,000 and 815,000 cu. 
ft.  In volumetric comparison to high altitude balloons, these sizes 
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are small.  However, since these units are used at very low altitudes, 
the payload capacities are large when compared to other types of bal- 
loons.  The payload range for the above mentioned systems is 11,000 to 
40,000 lbs. 

The specifications for the balloon sizes that have been used operation- 
ally are shown below: 

Models 

Balloon Specifications 

250K      530K 700K* 815K 

Volume (cu. ft., max) 250,000 530,000 700,000 815,000 
Diameter (ft.) 81 105 109 123 
Height (ft.) 87 113 131 121 
Approximate Balloon 

Weight (lbs.) 3,000 6,200 8,000 9,000 
Net Usable Lift (lb.) 

Sea Level 11,000 25,000 33,000 40,500 
5,000 Ft. 9,500 20,700 27,700 33,790 

Approximate Wind Drag 
@ 45 mph, S.L. 2,400 4,100 3,100 5,600 

Lift-to-Drag Ratio 4.6 6.1 11 7.0 
Lean-Over Angle @ 25 mph 12° go 6° 8° 
Estimated Lift Loss (lb./day) 25 40 45 50 

*700K design based on advanced round top, no skirt configuration. 

A 530,000 cu. ft. balloon, as shown in Figure 3, is normally flown in 
winds up to 4 0 mph.  This 105 ft. diameter balloon is shown in the bed- 
ded down condition in Figure 4.  In this condition, winds of approxi- 
mately 100 mph have not had any detrimental effect on the balloon. 

CABLE POWERED SHORT HAUL TRANSPORT 

Natural shaped, heavy lift balloons were primarily developed for the log- 
ging industry.  Large volumes of timber located in mountainous terrain 
cannot be harvested using ground skidding or cable systems due_to their 
physical limitations, extensive road construction, and deleterious im- 
pact on the terrain.  Other timber located in rough mountainous terrain 
is expensive to harvest with conventional equipment, and in many cases, 
cannot be transported from the cutting site to a road landing for haul- 
ing by truck to processing mills.  Mountain road construction costs 
range from $20,000 to $75,000 per mile, and their usage is being re- 
stricted because of the damage to forest regions. 

During the mid-1960's Raven Industries, Inc. and Bohemia Lumber Company 
initiated the development of an airborne log transport system using a 
natural shaped balloon.  The balloon design was selected upon thorough 
analysis of the operating requirements and flight regime involved in 
carrying a payload of logs from the cutting site to the landing site 
(this phase of moving logs from the forest to a road site is called 
yarding). 

Yarding logs with a balloon involves the use of the balloon to supply 
the lift and a winch powered cable arrangement for lateral direction 
movement.  A typical layout is shown in Figure 5.  The technique can be 
used practically anywhere a line can be strung - across steep slopes, 
valleys, swamps, high timber, rivers, and other obstructions.  The winch 
or yarder (Figure 6), as it is commonly called, has two power driven 
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drums that can either be run in an interlock or independent manner. One 
drum contains the main line which extends to the balloon and powers the 
balloon on an inbound trajectory.  The other drum is used to hold and 
power the haulback line for the outbound trajectory.  With the mainline 
and haulback drums powered in interlock, both lines can be either taken 
in or let out, thus controlling the balloon altitude over a fixed point 
(i.e., the mainline and haulback act as a two-point tether line).  The 
balloon is moved horizontally by letting out on either the haulback or 
mainline and pulling in the other line.  Obviously, these two modes of 
coupling and uncoupling the haulback and mainline drums in either dir- 
ection enable the balloon to be flown in a trajectory along the cable 
layout path.  Maximum line speed is about 2,000 ft./minute. 

Both lines from the drums go through fairleaders located on a tower on 
the front of the yarder.  The haulback line is passed through a number 
of stump anchored tailblocks located on the upper end of the timber 
area being harvested.  The free end is attached to the butt rigging, 
which is the main tether point of the balloon.  The mainline extends 
from the yarder to the butt rigging, thereby forming a closed loop 
cable system. 

The balloon is normally flown 250 to 300 ft. above the butt rigging, 
while the tag line, which extends down from the butt rigging, varies in 
length up to 500 ft.  Chokers, which are short cables with quick coup- 
lers, are wrapped around the logs, and are connected to the tag line by 
a ring and toggle connection. 

The "cable track" is initially set up with a lightweight straw line 
that enables the one in. steel cable to be strung through the tailblock 
layout under power from the yarder.  Relocation of the cable layout in 
a given logging area is done by progressive movement of the tailblocks 
on the upper end of the area being harvested. 

Yarding distances are presently limited to approximately 3600 ft. This 
distance is primarily determined by the mainline and the haulback drum 
size.  Future systems, now in the planning stage, will extend this dis- 
tance beyond a mile, and possibly, many miles. 

A 530,000 cu. ft. balloon with 90% inflation level has a net lift of 
25,000 lbs. at sea level.  The nominal log payload range is 20,000 to 
22,000 lbs., when allowances are made for the suspended cable and rig- 
ging. 

The average transported load is lower than this, since the log selec- 
tion process is done by gross scale estimates rather than a weigh-off. 
A turn of complete cycle time will vary from 5 to 8 minutes, depending 
on the yarding distance, log felling conditions, and timber density. 
In general, it can be said that the balloon logging system has a trans- 
port rate of 10 to 11 tons over distances up to 3500 ft. every 5 to 8 
minutes.  Actual tonnage rates vary from 50 to 100 tons per hour. 

Balloon logging operations are conducted in winds up to 4 0 mph.  Bal- 
loons have survived in partially sheltered bedding areas when winds in 
the vicinity have been recorded in excess of 100 mph.  Two shift opera- 
tions have been utilized with the use of portable illumination devices. 
During recent years some 150,000 hours of full inflation time have been 
recorded on natural shaped logging balloons.  The only mishaps which 
occurred during this period were cases in which the balloon was flown 
in conditions outside the rated flight regime or because of malfunction 

643 



of the ground support equipment.  The cases were (1) balloon on tether 
.hi winds of ICC rnph, (2) icing conditions, (3) balloon struck by light- 
I.O:KJ prior to installation of a lightning protection device, and (4) 
breakage of pull down cable due to overtensioning by operator. 

Relocation of balloon logging equipment is relatively simple.  The yard- 
er is track mounted and can be moved short distances under its own pow- 
er.  Larger hauls are made by loading the yarder on a low-boy trailer. 
The balloon is moved in a tethered state 200 to 300 ft. above a trans- 
fer vehicle, which is shown in Figure 7.  Both rubber tired and crawl- 
er type transfer vehicles are used.  The transfer vehicle is loaded on 
a lowboy trailer for long moves.  The equipment and balloon have been 
moved over distances up to 80 miles in one night. 

Other balloon transport applications being evaluated include ship-to- 
shore unloading, construction operations (i.e., a pipeline installation, 
swamp logging, and mining).  A typical ship-to-shore setup is shown in 
Figure 8.  Construction projects are close to being tried in a number 
of different areas. 

These balloons have been used by major logging companies since May of 
1967 when a Model 250K was made operational in timber country near 
Reedsport, Oregon.  The first Model 530K was put into logging service 
in April of 1969.  Today there are four Model 530K balloons at various 
locations in Oregon, Washington, and Alaska.  These logging balloons 
have demonstrated that the transport of logs over rough terrain by a 
cable controlled balloon is both reliable and economical.  In general, 
the costs of transporting timber from the cutting site to the landing 
site range from $20 to $25/1000 bd. ft.  Doing this same transport 
function with a helicopter will cost in the neighborhood of $100/1000 
bd. ft.  Direct comparison of these costs is not always justified since 
the total logging operation must be evaluated - both balloons and heli- 
copters have their places in timber operations which require "free and 
clear of the ground" timber transport. 

A turnkey balloon logging system which includes the balloon, yarder, 
running lines, cables, blocks, transport, helium, helium trailer, costs 
some $500,000 to $750,000 depending on the balloon size and ground sup- 
port equipment.  The continued use and expected expansion of this mar- 
ket proves that such capital equipment expenditures do yield a good re- 
turn on investment.  Both the federal and state governments are now 
specifying on numerous timber sales that logs must be yarded "clear and 
free of the ground" - in other words, they cannot use conventional log- 
ging systems for the most part on these particular logging sites. 

The maintenance of a logging balloon is generally rather minimal.  Upon 
initial inflation the balloon is thoroughly checked over the the light- 
ning mast installed on top of the balloon.  For the most part, the loss 
of helium through the heavy coated fabric envelope is minimal.  A heli- 
um top-off (addition of helium after initial fill) is usually not re- 
quired for the first 5 to 6 months.  As the envelope material "wears in" 
top off operations are made on an as needed basis - usually 3 to 6 month 
intervals.  Such helium additions are in the range of hundreds of pounds 
of lift. 

Early in the program, the balloons were painted with elastomeric paints 
about every year.  In recent years, new fabric coatings have minimized 
this - for example, the 530,000 cu. ft. balloon being used by Bohemia, 
Inc. has been in service two and one-half years and has not been painted 
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«=i,-  i-H,a nut -;w:-o ^rvice.  Upon recent inspection of this balloon 
ii ^"c—hat the coated fabric is still in a near new condition after 
some'13,000 hours of being at full inflation. 

ä^tJr^-S^^n^-p.SSc1^^1^!* reduce these Min- 
tenance costs to a minimum. 

Natural   shaped  balloons  with  high  P»Y ^^ Hsfa^tra^r-t^ehicles? 
flight capabilities have been f^loped  for uS| .s  tran.p-  t ve^     ^^^ 

Saf this^i^of'alrostatsis b/ SL a-.J™^- »J -- 

pacities,   extend  the  transport distance  and  overall   system efficiency. 

HOT  AIR  AIRSHIP 

Introduction 

äs,--»--? ^äKI^SS 
JSSTvIä t„rirnranaa„avrpracticalSenoUarr eti  „ ontrol other 

^I/i^S  IS^r^'o?   !Ä°So£  b^sport-ba^oLfsts. 

K aitit^f—.^^^^^^tS^ST' 
thermal buoyancy m a balloon is th tit can se  | .  le onboard 
or de-sired bv the combustion of liquid tueis in ieiauxvc x l^^-h   ru,*. 
burners  This basic facthas made hot air ballooning a popular sport that 
is quite commonplace throughout the United States. 

The obvious next generation of hot air ballooning is a thermal airship 

^rol^^Lcti^ 
liiere  d^ri^ierein?"  tt.^J?^^£'£  called 
STAR. 

Hull  Design 
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located in the fin root/hull interface.  Interweb sections maintain the 
fin thickness and determine taper angles.  A movable rudder section is 
located on the upper vertical fin while both horizontal fins have ele- 
vator control surfaces. 

The hull is constructed of a urethane coated polyester ripstop fabric 
(3 oz/yd2) with MD/TD strengths of 100 and 70 lb/in.  Longitudinal gores 
constructed of panel sections are utilized to maximize the fabric prop- 
erties.  The hull is a single compartment .cell with catenary suspensions 
located near the top of the hull as shown in Figure 10.  These load 
suspensions are used to transfer the gondola loads into the hull at max- 
imum lift locations and distribute the center of buoyancy/gravity inter- 
section planes.  Temperature distribution in the hull is anticipated to 
yield a somewhat uniform center of buoyancy area; however, one of the 
twin burners used to supply heat to the ship is gimbaled to permit burn- 
er plane variations along the longitudinal axis. 

Heat Generators and Hull Pressurization 

Twin burners with a combined output of 4.5 million BTU/hr. are used to 
heat the air in the hull.  The burners are located on the top of the 
gondola and within the hull and are combined with a pressurization fan 
to maintain the hull at 0.5 in. of H-O.  Liquid propane is used as a 
fuel and is contained in stainless steel tanks located in the gondola. 
Both the burners and pressurization fan are standard hot air sport bal- 
loon components.  The pressure fan is powered by a small gasoline en- 
gine.  A redundant feature of the fan power source is an engageable 
power takeoff from the main power plant. 

Gondola and Power Plant 

A fabric covered, aluminum frame gondola is located under the hull at a 
location which will yield a 6° negative angle of pitch with zero power 
application.  This ten foot long gondola is configured for a side-by- 
side pilot/copilot in the forward section with the main power plant, 
fuel tanks, and blower/burner in the aft section (Figure 11).  A pusher 
propeller located on the gondola aft section is driven by a 65 horse- 
power Revmaster Volkswagen aircraft engine with single ignition starter, 
and a 12 volt generator.  Aviation 100 octane gasoline is the fuel 
source.  An annular ring duct around the prop is used to maximize prop 
efficiency and thrust direction. 

Controls and Instrumentation 

Controls include rudder, elevators, propane flow to burners, main power 
plant throttle, burner override, propane pressure to burners, blower 
speed and aft burner gimbal.  These basic controls are used for flight 
direction and internal hull temperature variations for gross lift mod- 
ification.  As is commonplace in manned hot air sport balloons, the 
large inertia mass of the ship will yield a somewhat slow response to 
the heat and/or rudder-elevator control inputs. 

The panel in the forward section of the gondola will have the standard 
engine condition monitoring instrumentation.  Also included on the panel 
are an airspeed indicator, altimeter, rate-of-climb, balloon internal 
temperature, hull pressure, fuel quantity and pressure gauges. 

Operations 

The STAR airship with its 65 horsepower engine is intended to have a 
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service, ceiling of 4,000 ft. at a gross load of 2,030 lbs. which includes 
78 oal.Ums oil   eropane and a 100 lb. payload.  The anticipated flight dur- 
;'\un   ■; j 'hrec'hours.  Under these conditions and at the maximum avail- 
able thrust of approximately 350 lbs. STAR is predicted to have a top 
airspeed of 25-30 mph. 

As has been noted, airship response to control surface deflection will 
net be rapid.  For example, analysis indicated that at low airspeeds 
(up to 10 fps), large elevator deflections will have little impact on 
the pitch of the airship.  This analysis predicts elevator deflections 
in excess of 40° (upwards) to achieve trim at airspeeds m this range. 
On the other hand, at maximum speed, response in pitch to elevator de- 
flection is predicted to be quite sensitive, to the extent that pilot 
experience will be a major factor in achieving level flight.  Neverthe 
less, since altitude jontrol of STAR is for all practical purposes a 
function of thermal rather than aerodynamic considerations, these re- 
sponse characteristics will not affect system usability and the flyin9 
attitude accepted by the pilot will be largely a function of the flight 
conditions and his comfort. 

Figure 12 indicates the elevator deflections required to achieve_an an- 
gle of attach of 0°. The system weights for which this information has 
been derived are as follows: 

2187 lb. - Full load, Pilot and Copilot, 100% fuel. 
2007 lb. - Full load, Pilot only, 100% fuel. 
1827 lb. - Full load, Pilot and copilot, 20% fuel. 
1647 lb. - Full load, Pilot only, 20% fuel. 

In this figure, the lack of low speed response is evident.  Also it is 
here seen that the low speed "reversal" of control surface deflection 
at low speeds common in airships is predicted for STAR.  However, since 
the medium static pitch angle is only approximately 6° at the maximum 
gross weight (approximately -1.5° at the minimum listed system weight), 
it will probably be found that no elevator deflections will be necessary 
at these speeds to give acceptable performance.  This region of the 
flight envelope in which reversal occurs will be a factor only under 
higher gross weight conditions. 

The size of all control surfaces was selected on the basis of those sur- 
faces which have provided controllability in previous manned and unmanned 
airships.  This predicted controllability in yaw has been verified by 
comparison to wind tunnel data available in general circulation for a 
specific airship model (not STAR).  However, response to rudder deflec- 
tion is expected to be quite slow, to the extent that it may be necessary 
under certain conditions to accelerate to the upper range of airspeed in 
order to achieve the required response characteristics.  Control surface 
deflection will be achieved through a cable and hand crank system which 
will provide some mechanical advantage in deflecting the surfaces.  Ap- 
plication of this force will be near the trailing edge of the control 
surfaces. 

Normal flight operations are to be VFR in light to moderate wind condi- 
tions.  Both takeoff and landings are the same as normal airship opera- 
tions.  VTOL operations will also be possible in light wind conditions. 
Since the hull is nonrigid and the buoyancy medium is generated onboard, 
the vehicle will be inflated at the takeoff site and deflated upon land- 
ing.  The deflated hull, along with the gondola, can be transported with 
a medium sized truck. 

648 



fr- c 
o  c 

0   £ 

-Q   S 5 IS S 
Ml  M    0"    U 

s i 

E 
0) 

i/t < 

JC 

DC < 
to 

o 

o 

Ü 
!Z 

O W 
Hw 
CJ » Hg 

o 
EH 

-o 

►4 
m 

-u 
<u 
i_ 

3 
cr 
<U a: c o c — 
O +J 

o c 
<D o 

•— o 
0) E 
Q — 

l_ 
I- (- o 
+J c 
(D — 
> <D 
a; 4-> 

— c 

CM O 

cwoDas aad iaaa NI aaaasaiv 

y H' 

id 

in 

(0 
E 

en < 

CTi 

a) 
3 
CD 

649 
*^ÄßE IS POOR 



Handling lines art;.'located around the hull to aid in operations.  A de- 
£!> at ion"pane 2. located''on the hull topside will be pulled out by the pi- 
lot upon landing,  The type of "pull out panel" is the same basic con- 
figuration as that used in hot air sport balloons.  Once the hull is 
de f lazed,   zhe   cariel   is   "-.aivjaily   i'i'j^.uw.. 

The STAR vehicle is intended for the low and slow flight regime with 
directional control.  It is designed for ease of maintenance, low oper- 
ational costs and relatively simple logistics. 
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N76-15070* 
BALLOON LOGGING WITH 
THE INVERTED SKYLINE 

C. Frank Mosher* 

ABSTRACT:  There is a gap in aerial logging techniques 
that has to be filled.  The need for a simple, safe, size- 
able system has to be developed before aerial logging will 
become effective and accepted in the logging industry. 
This paper presents such a system designed expressly on 
the K.I.S.S. (Keep It Simple Stupid) principle, and with 
realistic cost and ecological benefits. 

INTRODUCTION AND OBJECTIVE 

Today, in my mind, we have the best potential mountain-logging system 
only with balloon transportation techniques.  This is particularly 
true as we are having to face the most difficult and inaccessible 
areas in this coming generation of logging.  With the constant in- 
crease in timber value, the requirement of recovering every last fiber 
of wood is becoming an absolute business and forestry necessity. 
Mountain-logging is creating serious problems at present, but surely 
we have the technology and brains to accomplish what has to be done 
for the future, within a reasonable cost, and within the constantly- 
increasing ecological requirements. 

♦President, Mosher Balloon Systems, Inc., Eugene, Oregon 
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I am pleased to have been involved in the old steam-donkey logging 
operations of the Pacific coast, as well as many other operations in 
the past 25 years, but to me, balloon logging has now evolved as an 
essential development for future logging operations.  The necessary 
objective isbrutally simple:  to lift the full "tree package" off the 
stump, out of the woods, and down to the landing. 

Thinking deeply of the future, it is not logically possible for us to 
continue to send high-priced cutters or fallers into the mountains to 
unavoidably shatter 10% to 20%, or more, of the total timber volume on 
rock bluffs, canyons, stumps and steep sidehills.  It is also not pos- 
sible that we can continue to yard, or drag, the remainder of that 
volume over similar bluffs, canyons, etc. for another 10% or 20% loss. 
This waste is far too valuable to be destroyed by slash fires or left 
to rot.  Surely we can do better, and I believe the balloon system can 
provide us with the means. 

Since 1960, when I first started thinking of balloon potential, I have 
been involved in most of the balloon logging developments, to try per- 
sonally, as much as physically possible, to insure their relative suc- 
cess.  As a result, I have probably accumulated more direct hours of 
daily balloon logging operation and supervision than anyone I know of. 
Balloon operations are now working in several areas of the Pacific 
Northwest, Alaska and Canada.  The present system is driven by yarding 
machines which pull the balloons back and forth with lines known as 
the mainline and haulback.  In rather short yarding distances, this 
system has worked, and along with the other two main aerial logging 
systems (skyline and helicopter), it is being utilized to the best of 
its capability. 

Skylines and helicopters are excellent systems for logging in certain 
areas and under certain conditions, but they now have, and always will 
have, inherent problems that limit their usefulness.  Balloon logging, 
however, is the only technologically-free system of transportation 
available to us to meet the necessary objective of "standing-tree 
logging."  That is to say, properly developed, it has no inherent re- 
strictions as to topography, deflection, lift, yarding distance, 
weather, future development, and most important, cost per thousand 
board feet (MBF). 

The purpose of this report is to familiarize you with the systems- 
improvement proposal by my company to help make balloons and balloon 
transportation a hard reality in the hard world of competitive logging. 

INHERENT PROBLEMS WITH PRESENT AERIAL SYSTEMS 

Skyline System 

Skyline logging is one of the oldest cable methods in the Pacific 
Northwest.  For years we have utilized the system to log the concave 
or "good-deflection" valleys with ever-increasing efficiency.  However, 
as a result, we have now reached a point where this process has caught 
up with us and we have fewer and fewer areas where adequate deflection 
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is satisfactory.  This problem, combined with the requirements of 
longer yarding distances over rougher terrain, and the need for doing 
a better job of lifting, has caused the skyline system to become less 
useful over the years. 

Helicopter System 

Helicopter logging is the newest system in the West.  In the past few 
years there has been much emphasis on the merits of this method because 
of its speed and versatility.  However, the problems of its disaster- 
factor, limited lifting capacity, weather limitations and ever-increas- 
ing costs have dampened enthusiasm quite markedly.  Yarding costs in 
the $140-$160/MBF range have been quoted, and with future Sikorsky 
Flying Cranes costing as much as 3.3 million dollars, who can predict 
where the costs will end? Certain areas of high value or scattered 
wood that cannot be logged by any other methods should be removed by 
helicopter.  However, indiscriminate layouts for helicopters on normal 
timbered slopes, merely because it's easy, create a serious concern, as 
stumpage loss has to be accepted in order to keep these vehicles in 
business. 

Present Balloon System 

The present high-lead balloon system has developed gradually since 
1964 into a workable method.  Chronic yarder problems are being im- 
proved and with maximized daytime, good-weather production, annual 
yarding costs in the $40-$60/MBF range are possible. 

However, in my mind, the critical problems with the system are snow on 
the natural-shaped balloon and a high drag co-efficient in relative 
wind conditions over 20 knots.  The snow situation creates a disaster- 
factor that, similar to the helicopter operation, is far too high. 
During a heavy snowstorm, men have to climb on top of the balloon and 
remove the snow with brooms and shovels.  Needless to say, this is an 
unnerving and hazardous job. 

Similarly, wind problems, on many occasions, have given us serious 
periods of concern trying to get the balloons to safety before damage 
occurred. 

What happens is that the front of the balloon flattens, as the wind 
builds up, and the co-efficient of drag jumps from approximately 0.5 
to 1.1 or higher (similar to a circular disc).  Then, suddenly, you 
have a serious increase in drag (approximately twice as much), which is 
difficult to handle for normal logging operations and hazardous for 
transportation to the bedding area. 

As a result of the problems and limitations of the present balloon sys- 
tem, I believe it is essential to offer an improved balloon configura- 
tion and system that will lend itself to safe and easy handling in 
these critical situations and reduce the disaster factor to an absolute 
minimum. 
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IMPROVEMENTS POSSIBLE IN BALLOON SYSTEMS 

Balloon Design 

Several years ago I was gratified to discover the work being done in 
balloon design and development at the Range Measurements Laboratory 
Patrick Air Force Base, Florida.  Through their Family II Program and 
contractors, they were attempting to develop a balloon that would sur- 
vive 90 knot winds.  The significance of the effort impressed me a 
great deal.  If these men could perfect that sort of vehicle, it had 
to be a breakthrough in balloon engineering and a significant break- 
through in potential industrial applications.  (See attached drawing. 

Exhibit "A".) 

Since then I have been steadily encouraged to find that they have per- 
sisted to the point where six or eight units have been built and flown, 
and 85 knot winds have been successfully survived.  Not only that but 
the configuration of the cigar-shape or blimp-shape with the round top 
and possible adaptation of an inverted "Y" empennage would provide us 
with an excellent start in our efforts to improve on the snow problems 
described above.  Simple rolling of the vehicle, both in the air and 
on the ground, is a good initial action that we could readily adapt to 
our rigging techniques.  Other actions also come to mind that could be 
easily and safely utilized with this vehicle to minimize the chronic 
snow problems. 

Wind problems have already been significantly reduced when we consider 
that the balloon is safe aloft to at least 70 knots.  Any winds exceed- 
ing that would be in the Columbus Day storm bracket that developed in 
the Pacific Northwest in 1962, and would be preceded by ample warning 
to move the balloon to a protected bedding area. 

The key design factors that allow this balloon to meet these conditions 
are the pressurized blimp-shape and a very low co-efficient of drag 
(approximately 0.11 at 0° angle of attack).  (See attached picture. 

Exhibit "B".) 

The cost of the balloon, for the size needed to do the job, would be 
high - in the $800,000 to $1,000,000 bracket.  However, for 50,000 
pounds net lift to the turns, and the other advantages mentioned and 
to be described, it provides a much cheaper lifting vehicle than the 
S-64 Flying Crane at only 20,000 pounds approximate lift and a 3.3 
million dollar price tag.  If other balloon designs or improvements 
come along that will do the job better or cheaper, we will be looking 
at them immediately. 

Equipment Design 

The first major change planned in the logging equipment is to go to a 
powerful carriage mounted on an inverted skyline.  The carriage will be 
operated by a person inside and will be held aloft by the balloon to 
travel back and forth on the inverted skyline by a traction drive 
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system. The carriage will contain a power propeller, or "power-prop", 
to aid in sideways movement while hooking onto the turns. The skyline 
will be stored on a line horse at the landing end and will be attached 
to a ridge or sidehill at the other end by a "mountain-grabber" system 
of equally distributed load straps. There will be a powered winch in 
the carriage to reach directly down to the trees. (See attached draw- 
ing. Exhibit "C".) 

The engineering and design of the carriage is progressing favorably. 
Every effort is being made to keep the design and construction as sim- 
ple as possible.  Weight, of course, is being watched closely, and 
readily accessible component parts will be used almost exclusively. 
Tentatively, the carriage will have approximately 1,500 h.p. and weigh 
in the neighborhood of 10,000 pounds.  Serious consideration is being 
given to multiple engines of the rotary or "Wankel" design for simpli- 
city, continuity of operation (if one should fail), ease of replacement, 
and satisfactory power-to-weigh ratio.  (See attached drawings, Exhi- 
bits "D" and "E,!.) 

The traction system will be the multiple wheel and tire drive system 
with its own disc brakes.  These will hold to the skyline while picking 
up a turn or in case of an emergency.  This system, I feel, is a 
breakthrough for us because it allows the further use of already en- 
gineered components in a simple traction system.  The skyline, which 
can be "regular lay" or "lang's lay", is rougher than a cob, so to 
speak, and can be utilized by standard tires for ready traction.  We 
plan approximately 16 drive wheels squeezing on the skyline, which is 
twice as many as are used on the largest trucks for traction, and much 
more surface area than any locomotive ever had. 

METHOD OF OPERATION 

The secret of the whole operation lies in the large (1-3/4") inverted 
skyline which hangs up there doing most of the heavy work.  If the 
mathematics of the operation are reviewed, it is readily apparent from 
the force diagrams, that the skyline is always keeping the complete 
system in stable equilibrium while supplying more than adequate safety 
factor. 

In my mind, this big, strong, inert skyline replaces and does a better 
job than the complicated, mechanical, hydraulic, interlock, yarder 
systems that have yet been developed.  It also reaches out any desired 
distance, with no running lines and no running blocks.  The simplicity 
has to make sense, and it is simple. 

Eventually, it may be possible to use a grapple to hook the trees and 
even uproot them, as indicated by Exhibit "C".  However, for initial 
operation, plans are to climb the trees, choke them high, then snap the 
stump-cut as the balloon takes the load and creates a lead and leverage 
toward the landing.  At the landing, the branches will be burned, dump- 
ed or utilized, depending on the situation, but the trees can be 
custom-bucked to quality grade for maximum utilization.  The object of 
using chokers is to allow for more than one tree to be yarded at a 
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time, if so desired.  Oversize trees will have to be felled and a por- 
tion' bucked off before they can go to the landing. 

Conservative production estimates are approximately 17.5/MBF (^oss) 
per prime (or yarding) hour, with annual production of between 25MM 
and 100MM, depending on how the operation is run.  Cost figures of 
approximately $26/M have resulted from an eight hour day, 200 days a 
year and $15/M from a 20 hour day, 350 days a year.  The detailed cost 

analysis follows. 

COST ANALYSIS 

Balloon 

3 
Balloon - 1.5 MM ft. ; 65,000# 

net lift at hard point 
- Weight of balloon 
- Survivability in. air 
- Survivability on ground 
- Snow survivability (in- 
verted "Y"3tail) 

Helium - @  $.05/ft. 
Rigging - Balloon & bedding area 

Subtotal Balloon 

Carriage 

Multiple engines (Wankle type) up 
to 2,000 h.p. 

- Approximate weight 

Line-Horse 

Line-horse - combination transfer 
vehicle 

Line - 10,000 ft., 1-3/4" diam.; 
300,000# b.s.; 5.5#/ft. 

Rigging - blocks, chokers, straps, 
etc. 

Subtotal Line-Horse 

Subtotal Package 

Company Markup 

Development, consulting, training, 
start-up, patent licensing 

Information Cost 

3 
1.5MM|)$.50/ft. $750,000 
20,000# 
70 knots 

90 knots plus 

Excellent 
1.4MM (05) 
Blocks, lines, 

etc. 

70,000 

10.000 
$830,000 

$200,000 
10,000# 

$150,000 

10,000 ft. 
<§> $4/ft. 40,000 

10,000 

$200,000 

$1,230,000 

20% $240,000 
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Total Price of Package 

Depreciation 

Write-off in five years (average) 

Production Hours Available 

Normal lost time - maintenance 
& repair   5% 

- weather    5% 
- moving 

& misc.    5% 
- total 15% 

/.Availability is 85% 

/.Actual yarding or prime hours/ 
day is 

/.Actual prime hours/year is 

Production Per Prime Hour 

Lift available = 65,000# less 
10,000# (carriage) & 5,000# (line) 
Average turn weight = 70% (50,000#) 
Average turn size (§> 10#/bd.ft. = 
35,000/10 = 
Average turns per prime hour (0 to 
5000') 

.'.Production/prime hour = 5 (3.5) = 

/.Production/day 

/.Production/year 

1— 

Information Cost 

$1,470,000/ 
5 years 

$1.470,000 

$294,000/yr 

8 hours/day 
200 days/year 

2 0 hours/day 
350 days/year 

.85(8)=6.8 
hrs/day . 

6.8(200)= 
1360 hrs/yr 

50,000# 
35,000# 

3.5 M gross 

5 turns/hour 

17.5 M/hour 

17.5(6.8) = 
120 M/day 

17.5(1360) = 
24 MM/ yr 

.85(20)-17 
hrs/day 

17(350)= 
5950 hrs/yr 

50,000# 
35,000# 

3.5 M gross 

5 turns/hour 

17.5 M/hour 

17.5(17) = 
300  M/day 

17.5(5950) = 
104 MM/year 
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Cost/M Gross 

Depreciation 

Operating labor - 10 men @ $10/hr 

Operating supplies - previous 
figures 
Maintenance & repairs - previous 
figures 

Total yarding/M gross 

8 hours/day 
200 days/year 

$294,000/24 
= $12.30/M 

100/17.5 = 
5.50/M 

4.00/M 

4.00/M 

$25.80/M 

2 0 hours/day 
350 days/year 

$294,000/104 
= $2.80/M 

5.50/M 

3.00/M 

3.00/M 

$14.30/M 

ADVANTAGES AND DISADVANTAGES 

Advantages 

I would like to list the obvious and not-so-obvious advantages I feel 
this system encompasses: 

Standing tree logging is possible for the first time in logging his- 
tory, and is recommended.  The necessary objective of maximum log- 
ging utilization is finally attainable. 

Safety in operation, wind, and snow is excellent.  The disaster 
factor has quite factually been reduced to a minimum. 

Cost per/M is realistic. 

No expensive falling and bucking is required on the sidehills. 

The high capital cost and fire risk of felled and bucked inventories 
is eliminated. 

- Maximum tree utilization is possible by bucking the trees to quality 
grades at the landing. 

Safety for the crew is improved with no dangerous felled and bucked 
logs hanging above them while they are logging. 

Night time logging is possible, and advisable, to take advantage of 
calmer weather usually prevailing. 

- Maximum year-round logging is possible as standing trees are not 
buried by the snow; whereas, felled and bucked timber can be buried 
for many months. 

- The production capability of the operation represents the equivalent 
of numerous normal high-lead sides if maximum annual hours are util- 
ized. 
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- There are no running lines, running blocks and complicated layouts 
to be concerned with.  Much rigging time and cost can be eliminated 

- and the fire hazard can be reduced substantially. 

- Yarding distances of up to 10,000 feet or more are possible if de- 
sired  Think what could be done with 10,000 foot corners instead 
of 1 000 foot corners in setting layout.  Present road systems could 
probably be reactivated and road construction minimized or elimi- 
nated for many years, depending on planning flexibility within an 

operation. 

- One combination landing and bedding area could replace many expen- 
sive landings on the sidehill or ridge tops. 

- Future road construction could also be minimized.  Two-thirds to 
three-quarters of the very expensive sidehill and ridge top roads 
could eventually be eliminated.  Alternate drainage development 

could be followed. 

- Savings in hauling costs can be realized due to less sidehill truck 

hauling. 

- Uphill as well as downhill logging is possible, although downhill 
logging is recommended for reasons which will be discussed in the 
section. Future Potential. 

- Minimum slash will be left on the sidehill. 

- Slash burning will be minimized or eliminated, thereby reducing air 
pollution and the hazard of fire escapes. 

- valuable understory of saplings and seedlings will be preserved. 
Reforestation by fill-in with larger seedling stock could well be 

possible. 

Soil erosion is minimized. 

- Clean creeks are a natural consequence of the system.  Trees are not 
toppled and broken into the stream beds, causing muddy waters and 

fish-kill. 

Disadvantages 

- The main disadvantage of this system is the high capital cost.  How- 
ever, these are the prices that I have necessarily had to work with 
because of quotes from the various manufacturers.  There may be 
savings in some areas and increases in others, but we're certainly 
in the ball park if we estimate logging costs at $30/M gross, and 
lower, depending on how the operation is run.  When the time comes 
for getting down to more detail in setting up this system, I will 
obtain more exact quotes from each of the balloon manufacturers and 
other manufacturers involved. 
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-  The second disadvantage of the system, that bothers some people  is 
the man in the carriage.  However, he is necessary to monitor all of 
the functions taking place up there and can do something if a tire 
blows, or engine quits, etc.  The safety of this man is excellent 
because we have allowed high safety factors in all areas.  The main 
concern would be the lines breaking between the carriage and balloon. 
This has never happened to us in ten years of balloon logging, using 
two lines in there at all times.  This carriage is being designed 
for four 1-1/8" lines for the 250' between the balloon and carriage 
and each is strong enough to hold the balloon within the working 
stress of the individual lines. 

If the inverted skyline itself should break, it will most likely 
happen in the back section (where most use and wear takes place), 
and in this event, the carriage will be clamped to the line and be 
brought in by the line horse or crawl down the line itself in low 
gear  If by the remotest possibility the balloon and carriage 
should get away from the skyline, they will at least go up instead 
of down and the operator can jump with a parachute.  In ten years 
of balloon logging we have never had any of our balloons go up and 
get away from us.  I would feel much safer and be much safer in 
that carriage than driving to the job each day and back.  I will be 
the first operator on this rig, and train the other men as required. 
I have never asked any of my men to do anything I wouldn't do my- 
self as long as I have been in the woods, and will continue to 
follow this practice in the development of this system. 

FUTURE POTENTIAL 

Energy on the sidehills 

For a number of years now, I have been concerned with how to ultimately 
utilize the natural energy clearly visible in the woods in the form of 
trees covering the mountains.  Each of these trees is a certain weight 
and a certain distance above the landing.  By taking these two basic 
facts we can quite accurately calculate the natural energy per tree 
as so many foot-pounds energy (P.E.). available to us, if we can put 
it to work.  A 3,300 board foot tree weighing 33,000 pounds (at 10 
pounds per board foot) and standing 1000■ vertically above the landing, 
has a P E of 33,000 (1000) or 33 million foot pounds.  When we allow 
that tree to move through the 1000 feet, in one minute, we change the 
P.E. to kenetic energy (K.E.) and can actually calculate the work, m 
horsepower, that is available.  In this example, 33,000,000 ft. lb. per 
min divided by 33,000 ft. lb. per min. per h.p. equals 1,000 h.p. gen- 
erated in a single minute.  That's a lot of power, and we have to learn 

to use it. 

Energy Utilization 

With the inverted skyline, carriage, and a fast balloon (with very mini- 
mum drag), we can finally put this natural asset to work.  As the empty 
balloon goes back with 50,000 pounds lift, "energy of retardation has 
to be dissipated through engine retardation (like going downhill m 
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first gear), or through brake retardation (by brake application and 
heat loss).  Now, rather than let this energy get away, there has 
recently been developed a super-flywheel, of very high performance, 
that could readily be adapted to the carriage for downhill logging. 
On the trip back to the woods, the flywheel could be "wound-up" by the 
retardation energy and have more than ample energy to bring in a normal 
turn.  This is possible because the weight and movement of the turn 
downhill offsets most of the balloon lift and energy requirements, as 
previously described.  In fact, my basic calculations indicate that 
under normal logging conditions, there is enough retardation energy on 
one run out to bring in two normal turns, or more, depending on the 
conditions.  In other words, we have enough P.E. in those sidehill 
trees to run the entire operation continuously, and we've been looking 
at them and cursing them for years. 

I would judge that within a very short period, after getting the first 
inverted skyline and carriage operational, we will have this flywheel 
carriage developed and available.  It has to make sense, particularly 
with the growing need for energy conservation that we have been hear- 
ing about for some time now. 

Future Potential Beyond the Flywheel 

One of the continuing advantages of this balloon concept is that there 
is more that we can do in the future.  Eventually, we will be looking 
at the retardation energy for electrical generation of hydrogen and 
oxygen through the electrolysis of water in the carriage.  This will 
supply us with our operational fuels (hydrogen with oxygen in the air) 
and balloon lifting gas (hydrogen).  There are a number of companies 
now developing hydrogen engines because of maximum efficiency, clean- 
liness, and a ready supply of fuel.  Also, balloon lift by hydrogen is 
the maximum efficient gas, and free, by this system.  However, there 
is a fear of its use to overcome and problems to work out.  But the 
excess retardation energy and resultant excess gas can then be com- 
pressed and stored for some level or uphill logging operations and 
some extra balloon gas.  This system could be very simple and very 
neat, if we don't run into unforeseen obstacles. 

SUMMARY 

Throughout this paper, I have talked in terms of mountain logging 
operations exclusively.  However, it should be mentioned that the ad- 
vantages for other aerial transportation requirements are directly 
applicable; e.g., swamp logging, ship-to-shore transportation, etc.  The 
simplicity and safety possible, along with good potential production 
and reasonable cost per production unit, would indicate that the method 
is worth pursuing. 
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EXHIBIT "A" 
(Small Family II balloon.  Larger ones now 
being built.) 
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EXHIBIT "B" 
"A picture is worth a thousand words."  This picture is 
included just to give some idea of airflow (left to right), 
around (a) cylinder; (b) flat plate (similar to circular 
disc); (c) cylinder (similar to sphere) and streamlined 
body.  This is from "Fluid Mechanics" by R. C. Binder, Ph.D. 
His comment was "the examples show that the phenomena giving 
rise to resistance are markedly affected by the rear of the 
body as well as by the front of the body." 
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BALLOON CARRIAGE FOR INVERTED SKYLINE 
(side view) 
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EXHIBIT "D" 
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N76-15071 
''LOTS" OF LTA APPLICATIONS 

Jay S. Brown* 

ABSTRACT;  This paper will briefly describe current prob- 
lems facing the logistical planner in utilizing the new 
ships of the modern, intermodal sea transportation systems 
in a logistics-over-the-shore (undeveloped) environment. 
Then the employment of two potential LTA vehicle systems 
are described and discussed as significant parts of possi- 
ble solutions to this range of logistical problems. Vul- 
nerability aspects of these LTA vehicles are also briefly 
addressed because of their possible employment near combat 
areas. 

INTRODUCTION 

Definition of LOTS. 

The acronymn LOTS refers to "logistics-over-the-shore" operations, 
where armed forces operating in the field on a foreign shore are being 
resupplied over an undeveloped beach (i.e. no port facilities are 
available to assist in cargo discharge). Also implied in this defini- 
tion is that no hostile activities are being conducted against the 
resupply operation. 

Because of the non-hostile environment and the vast amount of supplies 

♦Director, Program Development Division; Plans, Programs, and 
Naval Control of Shipping Office; Military Sealift Command, 
Washington, D.C.  20390 
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being delivered to the shore in a LOTS operation, commercial cargo 
ships are, normally used to carry the bulk of cargoes required.  This 
was fine in the days of the boom-and-hatch, or breakbulk, freighter, 
because these ships could carry virtually any military cargo, go any- 
where military forces could go, and unload themselves when they got 
there (self-sustaining cargo capability).  Nowadays, new, commercial 
maritime innovations such as the container ships, barge carriers like 
LASH and Sea Barge, and Roll-on/Roll-off (RO/RO) ships are highly 
specialized vessels, operating as intermodal sea transportation sys- 
tems, over particular route systems.  These ships are not self-sustain- 
ing and cannot be unloaded except in sophisticated ports with certain 
facilities»  Container ships are unloaded with specialized, shore-side 
cranes.  Barge carriers can discharge barges, but cranes and other 
materials handling equipment (MHE) are required at the pier; addition- 
ally, barge marshalling and tug facilities are required.  Some designs 
of RO/RO ships are self-sustaining with on-board ramps, but strong 
piers and adjacent parking and warehousing facilities are also useful. 
Other RO/RO's operate only in ports where ramps are available to them 
to allow for vehicular traffic on and off the ship.  Some work has 
been done in resolving these problems, but usually the discharge 
methods are slow and heavy lift capacities are severely constrained. 
Thus, until now, logistical planners faced with handling cargoes from 
these ships in a LOTS environment had almost insurmountable problems 
in rapidly discharging sufficient quantities of military cargoes over 
a beach because the unit load weights are so large and MHE capabili- 
ties to work effectively at the surf zone are limited.  Typical cargo 
discharge problems faced are: 8' x 8' x 20' container gross weight 
is 22 1/2 tons; LASH barges can gross to 450 long tons; Sea Barge 
barges to 1000 long tons; and 50 short tons is a typical weight for 
unit deliveries of tanks and other tracked vehicles.  Therefore, while 
the new ship systems can transport a great deal, some imagination is 
needed in managing their discharge from ships in a LOTS operation. 

LTA Role in LOTS. 

What is it that LTA technology can offer to the LOTS operation? Rela- 
tively high speed transportation of heavy equipments or bulk supplies 

from ship to/over shore. 

Originally under consideration was a family of applications which 
would have included blimps, the hybrid LTA vehicle, Aerocrane, and 
tethered balloon cargo lift systems.  The inability to resolve the 
exchange of payload for ballast at the cargo destination forces elim- 
ination of consideration of the blimp as a cargo transport vehicle. 
The remaining two LTA vehicles offer complimentary capabilities for 
employment by the logistics planner. 

LTA Vehicle Candidates for LOTS. 

The Aerocrane Concept- The Aerocrane is a hybrid LTA vehicle using 
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aerostatic lift and aerodynamic lift and translation to perform its 
function.  The helium contained in the aerostat supports the weight of 
the entire aircraft, its fuel, crew and 40% of its payload.  The aero- 
dynamic lift provides the balance of the payload lift and horizontal 

translation capability. 

FOUR TURBOPROP ENGINES 
TOTAL INSTALLED POWER. 7800 TOTAL HP 

180 FOOT DIAMETER 

WING WIDTH, 21 FEET 

8.6 RPM, TIP SPEED 2147SEC 
47MPH 

90 TON SLING LOAD 

90 Ton Aerocrane 

The 90 long ton sling load version would be powered by four, 2000 HP 
turboprop engines operating at one-fourth rated capacity (design pay- 
load ranges of from 50 to 500 long tons are considered feasible). 
Thus even with the failure of 3 engines the craft could perform to its 
rated capacity (eccentric power application by one engine would not be 
a problem because of the highly rigid connection of all the 
wings into the Aerocrane structure).  The control cab would be power- 
ed and geared to rotate at the same speed, and in the opposite rota- 
tion to, the aircraft structure to maintain a "still" position rela- 
tive to the aircraft. A 20° tilt of its axis would be necessary to 
obtain forward translation.  When a load is delivered, the cyclic and 
collective controls determining the wings' angle of attack would be 
reversed and the rotating wings would then generate downward thrust 
to cancel the aerostatic lift.  Fuller details on the aerocrane's 
design concepts, operational characteristics, and other factors are 

available in References 1 through 6. 

Variation of Aerocrane- Another variant of the Aerocrane concept is 
shown below.  The major differences include:  the minor diameter 
equals the major radius; the vehicle would not be tilted to achieve a 
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translation vector; the engines on the wings would only rotate the air- 
craft to control the vertical motion vector; and cycloidal propulsion 
(.similar in principle to the vertical screws employed by some tug 
boats) would provide the horizontal translation vector. 

Aerocrane Variant 

Parametric differences from the original concept are:  for equivalent 
volume aerostats, the oblate spheroid only has 15% more surface area 
which requires an insignificant increase in volume to compensate foi 
the very slight increase in aircraft weight and maintain a constant 
payload capacity; the theoretical drag coefficient is reduced by 50% 
from 0.2 to 0.1; and the speed is increased from 36 knots to 60-80 
knots for the feasible payload ranges contemplated (horizontal trans- 
lation speed increases with the size of the aircraft).  This variation 
of the Aerocrane is much more complex in construction and control re- 
quirements and should only be considered if the higher speed capabil- 
ity is absolutely necessary.  This concept variation is very recent 
and further information concerning it can be obtained from Reference 7 
and Mr. Arthur Crimmins, Ail-American Engineering Co., Wilmington, 

Delaware. 

Tethered Lighter Than Air Systems (TELTA)- A TELTA system could be one 
of several possible variants, but the idea stems from logging opera- 
tions that have been conducted for the past ten years in Oregon.  The 
concept was tested for possible military logistics applications at the 
Oregon logging sites in 1972 and 197 3 by the Range Measurements 
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Laboratory (RML) Patrick AFB, Florida and the Naval Facilities Engi- 
neering Command (NAVFAC). 

SHIP-10-SH0RE SITE LAYOUT 

DOUBLE DRUM WINCH 

FLYING DUTCHMAN LINE- 

FLYING DUTCHMAN WINCH 

\ 

••xio'tj.s' _-/  * 
^^v SIMULATED HOPPER . 

\5O^r,,x70'!1'  GENERAL LANDING AREA 
\^*> ••XJO'JIO' 

^^— SIMULATED LIGHTER 
« -"^      ^r 20' X '•0* 

VSIMULATED SHIP'S CELL 
(TOP LOCATED AT GROUND LEVEL) 

Oregon Test Array 

References 8, 9, 10, and 11 provide complete reports on the test de- 
tails, findings, and recommendations. 

NAVFAC's concept of the system would be based on one or more aerodynam- 
ically shaped balloons similar to ILC's Family II design, but with 
total internal capacity sufficient to lift a 22 1/2 short tone payload. 

Included in the system would be two yarders, one ashore and one to sea- 
ward aboard a ship, plus a flying dutchman for lateral positioning 
control perpendicular to the established line of travel. 

This system would be employed to pick-up unit loads from shipboard for 
transfer ashore. Load sizes would range from multiple pallet sizes to 
8' x 8' x 20' containers in transfers not to exceed a nautical mile in 
distance.  Load cycle times would be approximately 6 minutes. 

In other sessions of the workshop, more detailed information will also 
be presented on the characteristics of the Aerocrane and TELTA balloon 
systems. 

671 

ORIGIN P'^B l3 r 



Family II Balloon 

aw/H/uma/sx'/QOT 
M /son 
H£ltHT /40ff 
murr 49.0*01$$ 

MM/HWMf 

Ship-to-Shore TELTA Cargo Transfer System 
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LTA VEHICLE EMPLOYMENTS IN LOTS 

Characteristics of Aerocrane Employment. 

The basic characteristics of the mission profile of the Aerocrane in 
a LOTS operation would feature lifts of single-unit, heavy and/or high 
volume cargoes or bulk deliveries of other lesser commodities.  Dis- 
tances covered would be 15-75 nautical miles, enabling significant 
standoff distances to seaward and/or inland penetration.  The time con- 
straint of one hour and various speed capabilities (dependent upon 
size and model variant of Aerocrane) define the range limitations above. 
Generally, deliveries would be made directly to warehousing or distri- 
bution centers from shipboard, avoiding the congestion of deliveries 
over and through a narrow beach corridor.  Such deliveries also avoid 
the surf zone which is always a critical and dangerous factor in any 
ship-to-shore movement evolution. Deployment of the Aerocrane can be 
accomplished by dedicating its payload capacity to a fuel load and let 
it fly to the desired transoceanic destination; or it could be towed 
by a ship as well. 

Types of Aerocrane Operations. 

Offshore Cargo-Handling Facilities for Ships- The Aerocrane and TELTA 
cargo delivery systems could not be expected to handle all the cargo 
deliveries of a LOTS operation.  But the Aerocrane could assist in the 
positioning of equipment and hardware needed for typical dry cargo dis- 
charge operations.  Placement of pontoon causeway sections for trans- 
shipment platforms and/or "roadways over water" (shorefast causeways) 
to the beach is possible.  Delivery of crawler cranes, truck tractors 
and trailers, and other MHE to offshore transshipment points and beach 
sites could also be accomplished.  This would give the on-site com- 
mander great flexibility in realigning his cargo discharge points 
based on the mobility and lifting capacity of the Aerocrane.  Ramps to 
serve RO/RO ships could also be positioned at the transshipment points 
or at the seaward ends of shorefast causeways.  Thus the Aerocrane 
would facilitate the installation of the hardware and MHE to discharge 
container, barge, and RO/RO ships which require certain sophisticated 
port capabilities, as well as directly off-loading priority cargo 
items from these ships onto beach sites. 

The Aerocrane could also assist in the positioning of the heavy hard- 
ware items needed to establish the TELTA balloon cargo discharge sys- 
tem, such as the yarders, flying dutchman, mooring points, and cable 
runs.  Additionally, Aerocrane could rapidly position floodable cais- 
sons for use as breakwaters in open roadsteads. 

LSA Development Ashore- Logistics Support Areas (LSA's) could be built 
up ashore in similar fashion by first, putting in heavy ground clear- 
ing and road-building equipment; next pre-fabricated warehouses and 

673 



MHE would be introduced; and finally delivery of supplies and consum- 
ables to the new warehouse facilities would complete the operation 
with periodic resupply missions flown to keep stocks up to needed 
levels.  The operation could be simplified to:  providing tents and 
MHE, dumping supplies in a clearing, and providing tractors and trail- 
ers for deliveries.  This would enable a rapid build-up of supplies in 
selected areas, well inland from the beach-oriented operations. 

Forward Resupply- The Aerocrane could also provide inland resupply of 
critical items of major equipment, ammunition, food, and medical sup- 
plies at depots just to the rear of forward combat zones.  This capa- 
bility woulr- drastically increase the effectiveness of the major LSA's 
and enable forward troops to be well supplied and mobile. Also, rapid 
removal of major equipments damaged in combat would facilitate their 
repair for reuse in the combat zone, decreasing the drain upon the 

stock levels of these items. 

The Aerocrane's chief advantage in all these evolutions is its ability 
to pick up major, heavy equipments or bulk quantities of critical, 
consumable supplies (ammo, food, medical supplies, etc.) directly from 
shipboard or an LSA and deliver it directly to the "retail" depot with- 
out transshipment at a beachline or other point. 

Characteristics of TELTA Balloon Employments. 

The TELTA balloon cargo systems would be addressed to short-leg lifts 
of up to a mile and would lift cargoes over the surf zone and just be- 
yond the beach area.  Loads would be limited to the gross capacity of 
an 8' x 8' x 20« container, i.e., 22 1/2 short tons.  Conceivably cy- 
cle times would be about 6 minutes per lift.  The TELTA balloon cargo 
carrying system would become one of the several, near-shore, cargo 
discharge capabilities.  The TELTA balloon(s) could be inflated prior 
to deployment and towed to a destination by a ship, or be inflated on- 

site. 

Types of TELTA Balloon Operations. 

The TELTA Balloon system as now envisioned by the Army and Navy, could 
become the primary means for discharge of non-selfsustaining contain- 
erships in the near-shore, sea area.  Additionally, the system could 
be employed for deliveries of:  unitized pallet loads of cargoes from 
breakbulk ships, or barges from LASH or Sea Barge ships, and off-load- 
ing small or light vehicles from RO/RO ships. 

Hopefully, the TELTA balloon system's main feature will be a rapid 
cyclic rate over the designed one mile distance.  This would be a 
significant improvement over current capabilities wherein 8-10 minutes 
cycles are required to off-load containers or other cargoes into light- 
erage for transfer to the shore; and then they must be further trans- 
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shipped at the beach to overland transportation for movement to a 
marshalling area.  The TELTA balloon lifts the cargo from the ship, 
over the surf zone, and directly into the cargo marshalling area. 
Reference 5 provides more conceptual and detailed data concerning this 
and other military logistics applications of the TELTA balloon system. 

LOTS SCENARIO 

The offshore picture then becomes one where lighterage, barges, and 
fc       ships are being discharged of cargo, containers, and cargo-laden 

vehicles at causeways, jacked-up piers, or floating platforms close-in 
to the shore. A little more seaward, TELTA balloon systems are off- 
loading container and/or RO/RO ships with loads up to 20 long tons 

*       directly to the shore.  And further seaward, other ships are having 
bulk priority cargoes and heavy lift items being lifted directly 
ashore (beyond the beaches) by Aerocranes before the ships go along- 
side the TELTA or other cargo discharge stations. Additionally, some 
Aerocranes are helping to maintain or reposition some cargo discharge 
facilities or are retrograding damaged vehicles and equipment, such 
as tanks, other armor, trucks, helicopters, etc. Also included in 
the task force of ships would be a Liquified Natural Gas carrier fill- 
ed with helium for support of the LTA systems employed in the LOTS 
operation. 

VULNERABILITY CONSIDERATIONS 

Common Problems with Both Systems. 

The first consideration in any military operation is to be where the 
enemy isn't, or be there in strength against weakness.  Proper place- 
ment of forces would then eliminate much of the threat against these 
deceptively tough vehicles.  The point here is, that many people are 
unfamiliar with the low over-pressures characteristic of the proposed 
Aerocrane and TELTA balloon systems.  They expect the helium envelope 
to "pop" when punctured and do not appreciate what the low escape 
velocity of helium means.  For example, if the hybrid vehicle Aero- 
crane (in the 90 ton payload configuration) has a hole one square foot 
in area at the exact top of the lifting sphere, it would take eight 
hours for it to lose enough of its positive buoyancy to become neu- 
trally buoyant.  This gives plenty of time for the Aerocrane (and in 
like manner the TELTA balloon) to complete any current lift (or even 
a series of lifts missions) and be repaired at a convenient location 
and time.  However, if either of these cargo systems are punctured, 
the resultant loss of pressure will eventually cause dimpling of the 
aerostat as it is moved through the air.  This greatly increases the 
drag forces upon the vehicles and reduces their speed capability. 

Anything that can either tear gigantic holes in the aerostat or cause 
severe over-pressures from within will disable these systems almost 
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instanteously.  But while such weapons systems can be derived from 
available technology, none now exist.  Existing fusing techniques for 
explosive shells cannot be employed against the aerostats surfaces to 
cause delayed internal or exterior point detonation. And tactical 
laser weapons are not yet available. However, employment of LTA tech- 
nology in or near combat zones will probably hasten developments of 
these potential anti-LTA weapons capabilities. 

Considerations Peculiar to the Aerocrane. 

Essentially the supporting structure of the Aerocrane can be hardened 
to a reasonable degree and the extra weight can be taken up with more 
helium in a larger aerostat.  The supporting structure can be built of 
non-radar reflecting materials, giving the Aerocrane a very small re- 
flecting picture to V.T. fuses or radar-guided missiles. The cross- 
sectional area of the aerostat's supporting structure represents only 
one or two percent of aerostat's total cross-sectional target area, 
yielding a low probability of a damaging, point-detonating explosion 
Sside ?he helium envelope.  With an armored control cab., the Aerocrane 
can be rendered relatively invulnerable to most of the normal types 
of ordnance that could be used against it.  Finally, with turboprop 
engines, vulnerability to infra-red (I-R) guided missiles must be ad- 
dressed.  At long ranges the I-R weapon can track toward the Aerocrane. 
But as the missile gets closer (and with exhaust gases vented out the 
wing tips) eventually it will attempt to follow a wing tip and be 
turned away.  Thus the Aerocrane is actually little more vulnerable to 
any form of existing weapons technology than an upowered, non-rigid 

aerostat. 

CONCLUSION 

It appears that with proper appreciation for the vulnerability consid- 
erations and unique lifting capabilities of the Aerocrane and TELTA 
balloon systems, that they have the potential to offer new and signif- 
icant logistics support capabilities in the arenas ad3acent to combat 
environments.  These potential capabilities could also help solve some 
of the monumental problems now facing logistical Pinners in handling 
the ship-to-shore movement of cargoes from the new, highly specialized 
ships of the intermodal sea transportation systems becoming character- 
istic of current and future U.S. Flag merchant marine operations. 
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REMOTELY PILOTED 

LTA VEHICLE FOR 
SURVEILLANCE 
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Glen J. Brown*** 

ABSTRACT:    This paper deals with the various aspects of a remotely pi- 
loted mini-LTA vehicle for surveillance, monitoring and measurement for 
civilian and military applications.  Applications, operations and economics 
are discussed. 

INTRODUCTION 

The remotely piloted mini-LTA vehicle offers a flexible, safe and economic airborne sur- 
veillance, measurement, and monitoring system.   These systems have application in urban 
and rural environments as well as at military installations, harbors, and other key instal- 
lations.  Typical applications are cited below. 

. Traffic Monitoring (see Figure (1)) 

. Urban Land Use Planning 

. Law Enforcement Surveillance 

. Search and Rescue 

Emergency and Disaster 

. Harbor and Lake Monitoring 

• Industrial Security 

♦President, Developmental Sciences, Inc., City of Industry, California. 
♦♦Director of Research & Development, Developmental Sciences, Inc., City of Industry, Ca. 
***Project Engineer, LTA Systems, Developmental Sciences, Inc., City of Industry, Ca. 
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Pollution Surveillance and Monitoring 

Ice Formation in Seaways 

Fish and Animal Migration Observation 

Perimeter Surveillance 

.     ASW 

Command Post Data Link - Forward Theater TV-IR 

ECM, Jammer 

TECHNICAL DISCUSSION 

Initial calcinations and RPV experience have resulted in the selection of an RPLTA Vehicle 
size of about 5,000 ft3 being 55 ft long and 13 ft in diameter (see Figure (2)). 

A typical blimp shape with fineness ratio of 4.1 has been selected.   Conventional aero- 
dynamic control systems are to be utilized.   Internal and external catenary systems will be 
used to attach the payload.   Propulsion system and associated equipment to the blimp enve- 
lope since this technique has been operational for some time.   Typical construction methods 
of earlier Non-Rigid Airships will be utilized which have never had a failure in flight from 

structural or materials causes. 

The catenary curtain distributes the loads in the suspension cables into the envelope mate- 
rial in a precise and uniform manner.   The rudder/elevators are typical aircraft fabric 
covered metal frames for low weight.   The central ballonet permits control of envelope 
pressure during altitude and temperature variations.   A continuously running fan will pro- 
vide ballonet air.   Ballonet pressure will be controlled by an automatic airship-type, low 

pressure-high volume, relief valve. 

A film/fabric laminate material will be used for envelope construction consisting of mylar 
film and dacron cloth impregnated with an elastomer.   A white hypalon surface coating will 
be applied externally to provide scuff resistance and desirable thermal properties.   Light- 
weight stretched fabric will be used in the tail fin construction to conserve weight and en- 

hance design simplicity. 

The low internal helium pressure of about 2.5 inches of water and the rip-stop fabric make 
minor punctures or holes of little significance.   Many airships have been operated for a 
full week with 1-inch holes in the fabric. 

The RPV blimp inflated with helium is judged to give the proper buoyance with the following 

initial estimated weight distribution: 
Weight, Lbs. 

Envelope, empennage, controls, ballonet 
pressure system, suspension system 148 

Car, propulsion, payload, associated equipment 160 

Fuel —3-2- 

340 lbs. 
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Using a lift factor of 0.063 lbs/ft , a buoyancy of 300 pounds can be realized.   For ef- 
ficient performance it is anticipated that blimp takeoff under the heavy condition is real- 
istic. 

A nose down attitude is indicated during the landing condition to allow controlled landing 
under near-buoyant conditions.   Use of landing skids rather than wheels is representative 
for RPV application.   Itis desirable for the airship to fly heavy even when the fuel load 
is expended to facilitate the landing.   Permitting the maximum heaviness to go to 40 pounds 
allows the fuel-expended case to be 8 pounds heavy. 

The blimp provides a stable platform for the miniaturized DSI equipment presently avail- 
able.   The distinct advantages of near-hoverability and long endurance particularly make 
the blimp attractive for surveillance RPV applications.   The blimp is a rugged structure 
which can experience overload conditions due to winds and gusts and still retain structural 
integrity.   This feature has been proven by Goodyear in operation and maintenance of the 
advertising blimps.   RPV-Blimp size being smaller than these representative blimps will 
simplify launch and recovery operations.   Use of small engines to propell the buoyant RPV 
will conserve energy and minimize pollution.   Lower operator skill may be achieved for 
the blimp RPV compared to heavier-than-air RPVs primarily due to the slower speed of 
the blimp, buoyancy conditions and slower response time of the blimp controls. 

Earlier airship envelopes were found to be radar transparent; therefore, it is expected 
that the RPV Blimp will have a low radar cross section.  A noise level in the range of less 
than 85 db seems achievable.   Flight endurances of up to 24 hours appear reasonable. 

System payloads will be modular depending on the application.   Black and white or color 
TV system can be used.   The B&W can be fitted with light enhancement for night time 
operation and zoom lens (10:1) can be fitted on both B&W and color TV systems.   Photo- 
graphic equipment, IR and other payloads could also be used as the RPLTAV system will 
have a 400 watt alternator on board. .. 

DSI in conjunction with Goodyear Corporation conducted some tests last spring - the L.A. 
basin.   DSI hitched a ride on the Columbia airship and stowed in the car a colored TV 
system with a 10:1 zoom lense as well as a super 8 camera.   For this flight an on-board 
video tape recorder was used to store the video output.   The flight covered freeway, 
industrial, and harbor surveillance at a function of altitude and zoom setting.   DSI also 
staged in concert with the Aerospace Corporation and the Gardena Police Department 
a mock robbery, chase, and apprehension of two suspects in their get-away car.   This 
colored video tape is available for viewing by workshop participants and other interested 
parties. 

A ducted fan propulsion system and associated fuel system is incorporated at the opposite 
end of the payload assembly.   A 35 HP engine and pusher-type propeller arrangement is 
proposed. 

An autopilot system will permit flying the LTA vehicle at a given altitude and also provide 
maneuver capability*. 

♦For other system details see Seemann, G.R. et al "A Technology Tool for Urban Ap- 
plications the Remotely Piloted Blimp", AIAA Paper 73-981, September 26, 1973. 
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The proposed RPLTAV will have a top speed of about 60 mph. 

The advantages and features of the remotely piloted mini-LTA vehicle are cited below: 

Excellent Endurance 

Good Top Speed 

Low Pollution 

No Minimum Speed 

Low Vibration Levels 

Low Maintenance 

Stable Platform 

Safety to Ground Personnel and Property 

Flexibility - Multi Use 

Economical - Capital and Operational 

Low Operator Skill Required 

Low Radar X-Section 

Ease of Launch and Recovery 

Capital costs in production for a complete system will be considerably under $100,000.00 
including ground station.   Operation and maintenance costs will be only a few dollars per 
hour. 

FIGURE   (2) 
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LTA BIBLIOGRAPHY 
Richard D. Neumann' N76-15073 

This bibliography of airship publications, dealing in engineering and design, stress calculation, his- 
tory, pictorial, biographical and autobiographical remnants of the era when airships were a primary mode 
of long range, high speed transportation will well serve the serious student. Some of the publications 
mentioned herein are being sold at prices up to $750.00 per volume and others for as little as $2.50. Many 
of these airship publications have disappeared for somewhat unusual reasons, for example, the desires of 
collectors to use airship design forms as wall decorator items, and the somewhat primitive quality of 
prints produced during the first 40 years of the 20th century. Every book listed here exists and many are in 
the SCACI library. These publications have been used extensively as reference in the preparation of the 
SCACI papers. 

SCACI will be happy to assist any serious researcher in obtaining copies or photocopies of any of these 
publications or at least help establish direct contact with the present owner of the publication. 
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