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ABSTRACT

The US Army Advanced Materiel Concepts Agency (AMCA) convened an ad
hoc working group (AHWG) for 3 days (27-29 April 1S71) to survey
advanced conceptdof strategic transportation. The objective of this
study was to identify management proovlems that might be caused by the
exploitation of the fast, high-capacity, versatile tiansportation
envigioned. Seven papers, summarized in appendices of the report,
surveyed some of the major technological advances in transportation
which may be expected to mature in the next 20 years. With this under-
standing as a reference, the AHWG was divided into three panels to
identify control-center systems requirements related to: (a) advanced

" technology of transportation; (b) technology related to the materiel
.shipped and its documentation; and (c) command, control, and communica-
tions. Some of the technological concepts discrssed were: hypersonic
vehicles; nuclear-powered, long-range aircraft; seaplanes; air-cushion
and hydrofoil ships; air-cushion vehicles; floating baces; V/STOL air-
craft; and dirigibles. The need for electronic labeling and automated
documentation of cargo is emphasized. Also, the report points out that
the probability of use of hydrogen as a fuel for hypersonic vehicles
should atimulate reconsideration of hydrogen as a fuel for ground
vehicles in a theater of operations. Finally, the rep~rt suggests that
dirigibies have been rejected from consideration for the wrong reasors

and could, in fact, play an important role in future logistics
operations.




o

. PREFACE

This report presents the wajor contributions of an ad hoc working
group (AHKG) comprised of 22 individuals from various military and non-
military organizations. The group met for 3 days, 27-29 April 1971.
Presentations concerning advanced transportation technology occupied
the first day. The second day, and half of the third day, were spent
in panel deliberations; and the group presented its findings oraily
the afterncon of the third day.

The members of the AKWG wers encouraged to think creatively and not
be inhibited by the normal organizatioral pressures for conformity and
compand approval. The ideas contained in this report are, therefore,
the ideas of ind‘vidual participants as influenced by group interactions.
These ideas do not have the sanction (nor do they require it) of parent
agencies. BEven AMCA, while proud of the creative atmosphare it hac
provided, does not represent this report as an official Agency-approved
position. The report is what it purports to be, the faithful reproduc-
tion of ideas presented by the conferees.,

This ARWG followed a series of four AHWG's concerned with overall
logistics management as viewed from Lhe level of the theater commander.
Through the medium of these AHWG's, AMCA is seeking technological coa-
cepts that will fully exploit the predictable state of the art for the
decade 1990-2000 in the fields of sensors for management data, commu-
n.lcations, computars. and computer-associated displays. An important
application of this technologywill be in tha sophisticated management-co:trol
.systems which will inevitably be required to cope with ths managerial
demands of increased mobility of forcas and the great range and lethality of
weapons,

AMCA would like to acknowledge the outstanding contributions of each
member of the ad hoc working group. We ara particularly grateful for
the quality of leadership, the drdication, and the breadth of knowledge
demonstrated by the thnree panel chairmen: Mr. Ellsworth Seitz, US Army
Computer Systems Command; Dr. Robert Ross, consultant; and Mr. Victor
Evans, also a consultant, We would also like to express appreciation
to the individuals who presented the ocutstanding papers of the

first day (summarized iun the appendices), and to their organiza-
tions. Finally, AMCA is grateful to Goodyear Aerospace Corperation

and the Logistics Management Institute for contributing che professional
services of Mr. Paul Swanson and Mr. Richard Green.

This report was compilad and edited by Mr., Howard J, Vendersluis,
AMCA action officer.
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SECTION 1

INTRODUCT ION

3

1. The Objeccive of the Ad Hoc Working Group.

The objective of Ad Hoc Working Group (AHWG) No. 21 was to survey
advanced concepts of strategic transportation and major in-theater
interfaces in order to identify the management problems that will be
imposed by full exploitation of the fast, high-capacity, versatile
transportation envisioned.

2. Background Information.

Improvements in transportation technologr postulsted for the 1990's
could significantly reduce the need for in-country stockage while
increasing unit rcadiness and mobility., However, the speed, capacity,
and capahility anticipated by 1990 dictate che need for major develop-
ments in transportation management techniques. Highly mobile combat
troops will rely on supplies appearing when needed. Reserve stocks carried
by these units will be held to a minimum, Transportation carrying
supplies will of necessity often originate outside the theater; how-
ever, cargo countainers may be transferred between transportation modes
(including temporary storags) several times. The location of each
cargo carrier with a description of its contents must be tracked in
real time so that the carriers can be directed to intersect the courses
of the highly mobile units being supported.

3. The Working Group Approach.

The problem was separated into two componeuts: the transportation
system of 1990 (this AHWG); and the transportation-and-distribution
control center (the next ABNWG).

A scenario was provided which, while not reflecting a real-life
situation, comprises conditions which together form one of the worst
cases for comsand snd control. Visualize a commsnder in (1) a country
in the interior of a continental land mass or (2) in a country on the
coastline of & land mass. Thare are no satisfactory lines of commu-
aication axisting in the country prior to entry of US troops. The
enemy is well-trained, dedicated, numerically equal or superior to the
US force, and capable of operating anywhere in the theater without
exposing himself to decisive combat. His few sophisticated weapons
systems give him the capability, with minimm legistical stress, of
disrupting our great potential for mobile operations. The total US
force consists of five Armydivisions, Air Force tactical units and
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carriers, and Naval units, supported by a broad mix of equipment and
conventional weapons. The country is separated by an ocean from the US
and is 6,000 to 10,000 miles from bases in the US. The environment
varies from tropical rain forest to a high mountain range.

The AHNG divided its work into five areas as developed by three
pane;s within the group, These areas were:

b.

Ce

e.

Thi planning necessary in order to develop by 1990 the
capability to perform the operation depicted by the
scenario. (Section II)

The technology that could be made available by 1990,
(Section II1)

The concepts of future transportation technology that
could provide the required range, capacity, speed,|and
flexibility for movement of troops, equipment, and| '
supplies. (Section III)- !

Systems requirements related to command and control, and
corresponding aspects of communications and electronics.

{Section IV)

The Commodity Oriented Digital Input Label System

(CODILS) which proposes an electronic label and associated
automated documentation aystem for identifying and con-
trolling unitized supplies in transit from any point in
CONUS to an overseas consignee. (Section V)

-2
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SECTION I

PLANNING CONSIDERATIONS FOR THE 1990's

1. The Expanded Scenario.

Technological imrrovements throughout the transportation system will
make possible greater responsiveness to user requirements in the 199C's.
However, to enjoy the benefits, the users and operators of 1990 trans-
portation must undertake certain activities in the 1970's. As a start-
ing point, the military services and other DOD components could profit
from structuring a s.enario against which theoretical but realistic
planning and research msy be set in motion. The brief scenario provided
the AHWG (and summarized in section I) is considered appropriate in
this respect. The AHWG's exercise of the scenario began with:

The US deploys a task force (five Army divisions, tactical
aircraft, csrgo aircraft, Naval units, equipment, and a

3-day supply level). The task force is to be closed in

the theater inC+10days (10 days from the time deployment commences).
Resupply starts moving from CONUS at C+48. Initial resupply
(first 15 days after force closure in the theater) will be

by aircraft. Later resupply would include slower modes.

To this scenario the following additional provisions apply, based on
a general appraisal of attainability of current scientific and tech-
nological concepts and cbjectives:*

® CONUS computsr capability will be made available to
furnish necessary computing and data-base requirements
in support of the operation, thus minimizing the sup-
port requirements in-theater. All services will have
equal access to the data base.

@ Activation of the contingency (operation) plan will
izmediately institute precedence procedures that will
allocate primary and secondary communication channels
nacessary for the complete operation.

* The provisions and planning considerations contained in this section
vere adapted from applicabls and realizable "assumptions” contained
in the report of AYWG No. 18. These assumptions were prepared by

Mr. Ellsworth Seitz, US Army Computer Systems Command, a panel
chairman for both ABG's.

11-1




VYA B A

1 b

BUPY R v

Adequate (though carefully budgeted and controlled)
funds will be allocatad to support the implementation ;
of the total contingency plan. .

In the time frame (1990's), the concept of the CONUS
Theatur Oriented Depot Complex (TODC) or equivalent
will be fully implementad, making overseas inventory
control centers (ICC's) and depots unnecessary
(though "surge" stockages will still exist).

Most ms jor programing requirements will be satisfied
in CONUS.

The aﬁuipunt configurations for tactical and
logistical management-control systems will be
compatibla,

All services of DD will have trainad commanders
and staff officers in the understanding and use
of the capsbilities depicted by this report.

2. Planning Requirements.

Planniug o meet the US objectives within the parameters of the
above expsanded scenario must be started not later than 1975, This
planning must include: ,

[ ]

Total corcept planning of force deployment, employ-
sent, and resupply operations. (Redeploymsnts must
be planned to provide flexibility in response to
changing cperational situations.)

Training of operating and staff personnel.

Msans of achieving productivity of research and
development where necessary to bring vital equip-
ment programs to fruition.

Initiation and dmlopnint of organizational
doctrine to effect changes necessary to implement
plans.

Initiation and development of procedural documentation
to implement plans.

The adoption of uniform and standardized provisions for
networking logistics computers of all services ‘ -
involved,

Development and configuration of computer and communi-
cation architectures to achieve meximm desirable
sutomation of data collection, analysis, and display,.

11-2
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3. Techrology Attainable by 1990.

Total prepackaged Theater Logistics Management and
Information Centers (TLMIC) can be developed and
svailable for deployment.

Adaptive and/or heuristic computer processing can
be available to assist managers in their analysis
and evaluation of dynamic conditions.

Computer models adaptable to each contingency plan
can be developed to test changes and modifications,
and to accommodate to changing conditions in-
country or changes in strategic plans.

Electronic microminiaturization techniques canbe fully
optimized and applied, theraby, reducing weight and bulk
and, thus, anhancing transportability,

A fan{ly of natural-language, functionally-oriented com=-
puter languages and an associated family of compilers

can be developed which will simplify programing, improve
the efficiency of operating programs, and facilitate a

common understanding by all staff and functional personnel.

Standard formats of data displays canbe developed to facilitate
8 common understanding by all staff and functional personnel,

During the early stages of an operation, the major
in-courtry computers can be designed to act
principally as incerface computers between CONUS

and the country. Their function would be to exploit
fully the CONUS capability. In-country capabilities
may be expanded later if the operation is prolonged.

In-country computerized terminals caa use micro-
programing and virtual memories to reduce memory
requirements and substitute optical for magnetic
memories to reduce vulnerability,

The CONUS computers interfacing with the theater can
employ array processing and associative memories as
well as multiprocessing and time sharing to improve
their response to theater demards.

As backup to the communications-electronics system,
data storage devices may be transferred from point

I1-3
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to point by messengers to reduce the impact of com-
munications degradation.

Voice input can be developed, at least tc a limited
extent as for operator authentication and for a

standard set of commands.
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SECTION II1I

FUTURE TRANSPORTATION TECHNOLOGY

1. Introduction.

Although it {is not possible now to predict technological break-
throughs which might be expected regarding transportation systems in
the 1990's, 1t is quite fessible to extrapolate current knowledge. We
can count on two very important advances: an increase in speed of
transport and an increase in payload. These can be accomplished with
the use of more power and bigger vehicles. An increase in range,
how. /er, may not be achievable unless a proved need exists and tech-
nolc 'y is driven to meet it. This is also true for such features as
reduction in landing field requirements, improving offloading times,
etc, 7ichcanbe provided if we are willing to pay a penalty to achiave
specia. performance, !

The panel examinad various transportation modes and postulated
their performance gains in a total tranuportation system. (Only prime
transportation modes were considered. Special purposa techniques such
as ballistic delivery were not included.) Where vehicle performance
vas hampering the total operation of the system, it was modified; but,
only to the extent that modification might be possibla in the 1990 time
period., When it was considered impractical to stretch the capabilities
of any particular mode of transportation any further, a new mode was
brought into the system.

In addition to the major vehicles described, this brief study found
two areas vhich warrant additional attention since they could substan-
tially improve the entire system performance. These ware: (a) hydro-
gen as a fuel, and (b) heuvy-1ift airships.

The tachnology portion of this study could be performed without
interface with the management and communication functions because {t
was agsumed that the performance parameters of each vehicle would be
fed into a system which would react automatically. This not only is
readily accomplished but necsssary sc that changes in vehicle perfor-
mance do not require changes in either the management, control, or
documentation, Whenever vehicles with increased speeds or payloads are
added to the system, for instance, the system would automatically call
for fewar of them to perform the same task.

2. Overview,

If greatly incressed range is identified as an important .bjective,
it is anticipated that nuclear-powered vehicles will be the solution,
These will be aircraft or high-speed surface vessels.

I11-1
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For the shortar haul operations, VIOL aircraft and air-cushion
vehicles with wheels would be utilized. Although designed as special-
mission vehicles, each could serve to complement the othar. These appear
to be the only new vehicles that may be required by an advanced, con-
tainerized, transportation system; and they primarily support the move-
ment program, aided, as necassary, by conventionsl equipment.

1f for soma reason the nuclear capability cannot de implemented, the
long-range vehicles would be large, air-cushion shipe and jumbo-
Jet-type aircraft, supported by portable off-shore bases. The entire
concept, however, is based on fast mcvement of all personnel and equip-
wmant, and self-sustaining capability. A winimum number of vehicle types
is postulated; but the vehicles would have great versatility.

3. Port Clearance for Land-Based Transportation.

Bases would be seml-permanent in nature with gir strips under 10,C00
fest long, capable of operating within 30 days, and handling the following
incoming traffic:

¢ Long-haul, 200-ton capecity, subsonic, nuclear-
powersd aircraft operating directly from CONUS.

¢ Long-haul, 200-ton capacity aircraft operating from
CONUS (with refueling bases) or from intermediate
bases.

@ VIOL type, 30-tom capacity aircraft opcuting froa
forwazd bases.

A major portion of the incoming cargo will be shipped in containers
with capacities of 23 to 50 tons, Oversi:ed and overweight cargo to be
handled will include armored vehicles, trucks, helicopters, ground

support equipment, atc.

Movement from a port may be by VIOL nircuftl or special over~the-land,
air-cushion vehicles, as well as couventional, wvheeled vehicles. Host
cargo to be carried by these vehicles will be containerized. Minimal
breakdown and storage of containers (with ths exception of fuclz) will
be made at this port facility. Mobils equipment off-loaded here will be
dispersed under its own power snd will require ncthing more than a make-
ready and fualing area.

Lift Concepts for the 1990 , Volumes I, II,
:nd 111, llovdcr 1969, report of AMCA ABNG No. 6. (AD 862287L,
5063671., 364891L); -

2poL distribution 1s dilcunod in paragraph 5, this sectiom.

111-2




Containers will be transferred directly from the incoming aircraft
to the outgoing aircraft or air-cushion (or conventional) vehicles. To
accomplish this, the incoming sircraft will be fitted with roller-
conveyor type handling devices on which the containers will be moved to
the outgoing vehicles (figure III-1)., If winches or movers are vequired,
thase can he on the cutgoing vehicles. Minimization of special ground
handling equipment is a prime consideration.

Having adequate numbers of the transportation vehicles on hand when
the incoming aircraft arrive is the key to the operation, if temporary
storage is to he avoided, On-call VTOL capability will be a prime
requisite of this system's success. The overall goal of this system is
the unloading, servicing, and loading of incoming aircraft on a 30-
minute turnaround schedule.

4. Port Clearance for Seaborne Transsvortation.

Improved sealift technology resulting in high-speed (50 to 1G0
knots), 1,000-10,000 long-ton-payload vessels (4,000 to 40,00C-ton
gross weight) will require better muthods of port clearance in the
1990's.* It is anticipated that surface vessels of this class will pro-
vids approximetely 80 percent of the follow-on supplies required by the
initia’ tactical forces in a theater.

It {7 a23uded that the majority of cargos will ‘e modularized and
that througn-put delivery direct to user will be the method of onward
distribution. Port clearance functions center around two main areas:

¢ Louding snd offloading transport,

o Porvarding cargo to user and processing retrograde
cargo.

a. Loading and Offloading Vessels.

Since it is anticipated that the port anvironment will be prim-
itive, vessels will be required to be equipped for loading and unloading.
This equipmant will include on-board ccnveyer systems or elevators,

Port or beach storage will not be utilized sinc~ all cargos will be
directly dnd immediately. forwarded to users upon discharge and directly
loaded 1if retrograde. Retrograde containers and dthar cargd wmust be
acceptable for lnading from the incoming transport to the ships.

*Sea ‘ohile/Portable Ports 1990, Maxch 1971, report of AMCA AHWG No. 16
(AD 721011) and Mechanized/Automated Stock Handling in the 1990 Field
and Theater Armies, April 1970, report of AMCA AHWG No. 10 (AD 867702L)
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Figure III-1, Direct tTansfer of coantainers from
incomiag sircraft to outgoing intras-
theater :ransportation.
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b. Forwarding Mode.

Considering the various modes available, it was decided that a i
VIOL-type craft would provide the best capability for port clearance
direct to the user, in view of the trade offs necessary in requirements :
for hovering, speed, and range. Use of VIOL aircraft would facilitate i
off-shore discharge of vessels.

c. The Interface.
Tha combination of high-speed surface vessels and VIOL craft
should result in the optimum utilizatfon of both modes with a resuiting
improvement in productivity of the logistics system.

5. Logistics Support for Transportation.

Under this scheme, (figure 111-2), requirements for logistics in
support of the transportation system would be minimal for everything
except the fuel and maintenance required to sustain in-theater
transportation:

e There wculd be no requirement for intermediate sup-
port between the seaport (SPOD) and the forward
aerial port of debarkation (APOD), as all commod-
ities would move by air without parallel highway |
transportation nets, '

¢ Materials-handling equipment and support troops
would be concentrated at two locations only, the
seaport and the aerial port.

e With uase of nuclear fuel in the strategic trans-
portation, there would be no in-theater requirement
to furnish them with POL.

o The dependence on component replacement and
lirited number of prime mover types should reduce
the required i{n-theater maintenance,

Fuel requirements will be extremely heavy throughout the theater.
These requirements will be met by delivering fuel in standard
containers intermixed with other cargo throughout the theater. Since
transportation will be extremely responsive, there will be no need
for large FOL dumps or storage facilities., Containerization cf fuel
eliminates many o f the requiraments for special purpose sem.-mobile,
fuel-handling fac{lities. Fuel may also be delivered in large
capecity haul-away tank trailers for mobility within the theater.

I1I-5
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6. The Port Facility.

The port (SPAD) facility would be developed larguly from prefabri-
cated components moved in as soon as the shore is secured. While
military craft would be offlosded directly to delivery vehicles, as
described in the previous paragraph, the fecility would, as soon as
possible, provide offloading equipment for commercial ships, and VIOL
pickup points to move containerized cargo forward. The container
marshaling yards would be small because sufficient VIOL capability
would he present to move containers out immediately upon offloading
from the commarcial ships, In-yard movement of containers would be

accomplished by second-line air vehicles such as heavy-1ift helicopters
or airships,

The marshaling yard for containers, the ship-unloading facility,
and a smsll VTOL maintenance and evacuation element would be the port's
only facilities. It would occupy a physical area much smaller than
that presently occupied by military ports as it would function only as
a transfer point and contain winimal break-bulk facilities. The
maintenance element located there would consist of minimal component
change, inspection, evacuation, and recovery elements for VIOL.

7. The Aerial Port of Debarkstion (APOD).

The APOD would consist of g semi-improved rumvay under 10,000 feet,
VIOL and air-cushion vehicle maintenace units, a msrshaling yard with
crew, and one or more air terminals with operating and support person-
nal. Although the base would have some materisls-handling equipment,
probably augmented by heavy-lift helicopters, the primary emphasis

. would be on mode-to-mode direct transfer. The marshaling yard and

bresk-bulk facility included would be used only on an exception basis.
Most supplies would be addressed directly to the using unit. An
sdditional function of this facility would be the preparation of
recoverables for return shipment. The maintenance unit, which would
perform only major-componant replacement and evacuation, would maintain
only minimal stocks of repair parts and require little in the way of
fixed facilities.

8. Portable Offshore Base.

Though not "transportation,” strickly speaking, portable ports were
considered because such s concept seems essential if advanced trans-
portation capabilities are to be exploited. Offshore bases can be 1sed
to receive incoming aircraf: and/or surface ships and to dispatch out-
going short-haul aircra?i, VIOL, and air-cushion vehicles. A desired

length of this base would be 3,000 to 5,000 feet and have adequate area

for all loading and unloading activities. If the shoreline is denied,
this base could be used for troop dispersal as well, This base must be
defensible, portable, and be erectable in relatively short periods of

II1-7
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" Several ‘couuptl have besn proposed for this type of base. Some
o! thuo are described in the paper "Flosting Islands and Bare Bases,"

- by Paul Swanson, nppcndtx B.

9. Theater Matntomcc.

Theater utntomcc will be limited, in general, to component replace-

ment. This service will ba provided by a direct support unit using heli-

borne mobile maintenance taams. When a team cennot make an item
serviceable by component eschange, evacuation will be initiated. At the
first node of the avacuation chain, a determination will be msde to
eithar continue the evacuation or to disposa of the item. This decision
will be based on: critical skills and materiel resources required to

accomplish repair, procurement cost, rcphnhlnnnt-fm-otock costs, and

item combat essentiality. ’ , . § SR
) If & decision {s mede that the item s npai.uﬂc, retrograde move-

. ment will be accomplished through the surface tzansportation mode (if

not denied in highly dispersed deployment), except for selected items

that routinely move by air. Repair and overhaul will be sccomplished

-mm- m CONUS or at soms othnr base outside the thuoater.

10. gzggnn as_a Fuel.

It is the recommandation of the working group that a feasibility
study be conducted of the use of hydrogen fusel for all transport modes
operating in the forward area. The transportation system assumsd relies
‘on highly mobility vehicles, primarily aircraft. The price of high
mobility is high fuel consumption. Perhaps, half of the payload brought
into the forward arsa will be fuel required to further distribute the
other half. The attractivenass of hydrogen in these circumstances lies
in the fact that it could be produced in the forward area. One of the
first items to be delivered to the forward air base would be a nuclear-
powered electrolysis plant. (This concept depends, of course, on the
availability of water.) : o

The use of hydrogen has baen studied for hypersonic, long-range,
transport aircraft. The problems uncovered by these studies will be
encountered in the short-range application, too; but tradeoff studies
may well demonstrate substantial gains in transportation delivery capa-
bility. Many difficult problems must be explored. The low density of
hydrogen requiras that it be stored in liquid form, but even then the
fual volume requirements impose unusual demands on vehicle configura-
tion. Fuel loss through boil-off must be traded against the amount of
fuel tank insulation. fince fusl production {s a continucus process
and coasumption is diuz&n, provision must be made for temporary
storage of liquid hydrogen ia the producing ares, with accompanying
insulation problems. The actusl fueling and transfer of liquid hydrogen
requires special consideration alsg, from safety and security

I111-8
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standpoints. The feasibility study will of necessity include the
development of suitable engines, probably Brayton cycle, for all
vehicles, including wheeled and air-cushion ground transport. (Hydro-
gen fuel cells and electric motors should also be considered as an
alternative.) '

The impact of the use of hydrogen fuel may extend to other areas.
Sines the fuel would alieady be available at the forward air bases,
hypersonic aircraft may well be the most productive long-haul config-
urations. The development of long-haul hypersonic aircraft for military
purposes would have strong impact on civilian sir transport as well. A
feasibility study of the use of hydrogen fuel in the 1990 time frame is
now appropriats; possible bensfits may be wide-ranging.

11.

hter-Than-Air, Vertical-Takeoff-and-Landing Airships.

One ares that appeared t|o varrant further investigation is the up-
grading of lighter-than-air technology with the advances that hsve been
aade in serodynamics, propulsion, control, and materials development
during the last 30 to 40 years. A large vertical-takeoff-snd-landing
(VIOL) nuclsar powered airship with approximately a 1,000,000-pound
paylosd could be built and made operational for handling the transporta-
tion of all personnel and equipment from CONUS to the general area ol
operation. It could be designed to travelat 150 to 200 miles per hour and
would have no rangs limitations. The landing field needed would be
minimal, requiring a cleared area slightly larger than the plan form of
the vehicle.itself. As to vulnerability, major damage would be required
to knock it ocut of the air, since the helium within the envelop simply
displsces the air that would normaily be there and, thersfore, 1is at
the ssme pressure as the surrounding atmosphere. The helium would
escape very slowly even through quite large tears in the envelop.
Furthermore, the airship, moving fast at very low altitudes, would be
difficulr to hit, (Nevertheless, there is no doubt but that the huge
size of the airship would make it an attractive target.)

!

One of the major drawbacks for the use of nuclear pocwer in sircraft
is the safety problems. In the event of an airplane crash, it might
not be possible to contain the radiocactive debris and this would
present a danger to the entire area of the accident. In the case of
the lighter-than-air vehicle, however, the chance of a crash is reduced
because much of the 1ift {s provided by the ipert helium gas. In
addition, the vehicle is so large that it would be practically impos-
sibla to create a situation that would decelerate the powerplant at a
rate that would break its shfelding. The energy would be absorbed in
the collapse of the surrounding structure instead.

The need for cn almost inf!.niiié~rmge makes nuclear power attractive.

The ability to go by air eliminates many of the terrain difficulties
normally encountered by ships and trucks, and the million-pound payload

I111-9
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: with t.hc ‘hr;o-volm'u éapabili.ty would result in the ability to carry

almost any paylosd by this mode of transportation. Furthermors, since

the power required to operate this VIOL vehicle {s only s fraction of

that needed by a helicopter to perform the same lift function, the
aconomy of operation {s very attractive. It would not quite meet ohip

utu. but could be competitive with truck operations.

A fallout frou the development of this lsrgs crnn-pottcr would be
The svailability and

safety of the non-flammable tielium, the quiet noun-polluting propulsion,

and ths economy of these vehicles would be most sttractive to the
Once these ars in the commarcial inventory, they could

gensrsl public.
be considered as an emergency back-up for military use if the situation
ever becams so critical as to requirs it. .

‘12, S_tgu_t; of Futurs Transportation ‘rechnolou

m‘h:jor characteristics of tu:urn transportation :cchnology as
postulated by the AHNG are:

Inter-Theater Intra-Theater
AMr Mr |
‘ o‘&blénig ‘ ° J@o-Jot-'rypc Afrcrafs
- Wuclesr < Chemical fual
_ = 200-short-ton payload

= 200-short-ton payload

= lass than $5,000-foot runway = 3,000-foot - 5,000-foot

= 30-mimite turn~sround tize S runvay
~ Range limited only by crew -~ = 2,000-mile range
endurance ‘ N '

Surface ' - o Vertical Takeoff and
. Landing

Chemical fuel
300-400 knots
50-short~-ton payload
200-mile - 500-mile range

. Ait-Cnnhion Ships

= 50 to 100 knots
= Nuclear powered and non-nuclear
-~ 1,000 to 10,000 long-ton payload

Surface

‘ ‘.,c‘ Air-Cushion Vehicles

~ « 50-short-ton payload
= 100-mile range
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Peasibility Studies Recommended

o Hydrogen as Fuel

e Lighter-Than-Air, Vertical-
Takeoff-and-Landing Airships

= 150-200 knots
= Nuclear
= 500-short-ton paylcad.

13. Seaplanas.

Although seaplanes have many attractive characteristics when water
bases are available, they were not included in this report as it is
expected that current developments in air-cushion landing gear for land
planes will result in a versatility that encompasses the water capa-
bility. However, the paper read by Mr. Richard Murphy (appendix D)
summarizes the state of the art for seapianes,

14. Couventional Seslift Fleet.*

An important aspect of future transportation has not been covered.
This is the conventional sealift flaet which could be in being in the
1990's. Even these seemingly modest advances sre not going to be
available by 1990 unless Congress takes action to support the Maritime
Aduinistration's program, however.

The US-Flag Sealift Flest will drop from a total of 500 vessels in
1970 to 270 in 1975:

1970 1975

Freighters 367 162
Container Ships 88 68
Partial Container 22 22
Combination 19 14
Barge Ships 1 1
RO/RO 3 3
TOTALS FI I

(The diminishing role of the freighter is not surprising but the reduc-
tion in container si:ips is.) o
."-F., E

*The balance of this section was provided as a commentary, and warning

against excessive optimism, by Mr. Elwood Hurford, US Army CBC
Personnal and Logistica Systams Group,
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" The bread-and-butter strategic transport capability for the 1990's

will remain the sealift fleet. It is unlikely that Congress will sub-

sidize mass development of the type of aircraft which woull be needed to

deploy a joint task force including five Army divisions in 10 days in

1990. The Maritime Administration's program includes Multipurpose Ships

- (MPS). These ships would be 650 feet long, 100 feet at the beam, cruise

at 21.6 knots, and have a 13,000-mile cruising radius. They would each
be capable of transporting 1,000 containers (8'x8'x20'), have approxi-
mataly 150,000 square feet of vehicle storage space, and have two organic
CHS4B's (or later generation heavy-1ift helicopters) on board. These
MPS's would £1i11 the void which resulted with elimination of the FDL

(Fast Deployment Logistic) concept.

To progress toward a reasonable strategic deployment capability for
the 1990's, wa must continue to hammer at attainable goals. If develop-
ments proceed as they now are, we will not be able to support over-the-
shore operations in the 1990's. Recognition is needed of the requirement
for an improved surface fleet. Thers ars a multitude of challenges in
the materiel arsa: antisubmarine devices, antiaircraft and antimissile
protection, unloading systems, cargo accounting systems, and selective
discharging capabilities. By tha 1990's, we may have to depend upon for=-
wvard floating-depot concepts as well as quick reacting air flsets.
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SECTION IV

CMMUNICATIONS,, AND COMMAND AND CONTROL

1. ‘Introduction.

The managers of transportation are not constrained by vehicle types
except in terms of speed and, consequently, by compression of time.
This panel, therefore, focused on the problem of communications for a
dynamic ard visble system.

2, Functions of Transportatiom,

Pigure IV-1 lists the shipping functions performed in the transpor-
tation system. The panel did not believe that this basic concept
differs materially from that which should take place today. However, in
the future the entire systam will be more flexible than at present.

All functions may have to be performed at any and all nodes of the
system. For example, a break-bulk point may have to perform ths con-
solidation function.

CONUS IN-TRANSIT
First-loading ® Diversions
Documentation ® Responses to Unantic-

Physical
Documen -
tation

) Cmnolidntion}

o Movemant
o Port of Embarkation

ipated Happenings

THEATER

@ Receipt of Documentation
® Port of Debarkation (Air

(Air or Sea) or Sea)
@ Documentation Transfer ® Documentation as
to Theater Required
¢ Movement

@ Break Bulk/Depot*/User

Figure IV-l. Primary shipping functions parformed in the
transportation system.

.

The management of transportation includes other functions than those
for shipping materiel. These functions involve tlie mr aagement of the
transportation resources and are, basically:

*Surge stocks, not conventional depot.




FS M S M RO AL I e S0, B

et

¢ The "care and feeding" of individual vehicles
including manuing, training of personnel, and main-
tenance of the nhiclu.

@ The allocation of vohiclu to move the required
materiel, including in-transit control.

@ Reasponding to the changing tactical situation.

While these functions sre not directly concerned with shipments, they
are activated by the needs of moving materiel from one point to another.

3. Information PFlow,

Figure IV-2 represents the flow of information for both the supply
and the transportation activities. The upper segment represents the
physical flow -- in a box, container, ship, or aircraft. Arriving in
the theatsr, it breaks down from the ship or the aircraft back to the
container, the box, and tha individual item. Note that the transporta-
tion data flow is progressive in aggregation and distribution, while the
supply data flow is continuocus since it is need-oriented. Stated
another way, transportation managers are interested in the largest
aggregation vharess supply managers are always interested in the
individual items shipped regardless of consolidation or means of convey-
ance. To this end, the transportation data concerning boxes is retained
only as long as the box is the largest item being transported. When
boxes are put into containars, the box information i3 dropped.

Note also that the data bank serves two masters. It must be capable
of responding to doth without impediment to either. At the prssent
time, it is ususlly a simple mstter to get information on the location,
destination, and time of arrival of the specified ship, for example; but
it i3 difficult to get current information on a specific item or
requisition in transit.

. 4. Problom Aresas.

The problem areas that the panel felt are germane to the 1990 system
sre:

¢ The decision-making time cycle will be highly
compressed .

@ Bach control point must be able to assume and per-
form additional primary functions; therefore, the
systsm must be highly flexible. s

¢ System eleactrcnics, as well as electronics devices

in storage and in-transit, are highly vulnerable
to nuclear electromagnetic radiation.
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® Much higher 'vilibillcj of data and information will
be “quir.dc

@ Much greater integration of functions will be
required; {.s., commsnd, maintenance, supply,
transportation, facilities.

A vary significant fact here is that we have g true dichotomy in which
tims {s both wur ally and our enemy. Whils high-speed transportation
improves our rasponse to troop needs, it also decreases the time
available to make decisions. Tims will not be available for a study
to determine whether to go directly to a consignee with a shipment,
divert it from point A to point B, or send it to a2 break-bulk point.

5. Approsches. A ’ K
The panel listed the following approaches as eou‘ntul to the
success to any system developed:

@ Manned backup (see paragraph 6).

e Intensified persommel training to operate sophisti-
cated communications, commsnd, and control equipment,

" and to take ovar in the event of degradation of the
equipmeant.

~ o Internal contingency plans to facilitate rapid
. response to changing conditions, including Gquipment
degradation (or even catastrophic failure), ~

¢ Stanisrd operating procedures for management infor-

mation systems applicgble to the total logistics
function,

t
¢ Highly motivated training and on-the-job guldancc
for traffic managers.

It is important to realize that some of the above approaches may well
become significant problems in and of themselves and may require con-
si’erable effort in recearch and development.

6. The Human Elemsnt.

The panel felt that it is perticularly important to avoid neglect
of the human element in transportation management. The machinery of
trsasportation is so impressive that it is easy to forget that an
efficient transportation system depends on human operators, hubm.
plauning (aspecially t> link differant mcdes of transportation at
interfaces), and human interprstation of the vast quantities of data
continuously arriving at control nodes in the system.
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Management must not be abrogated by machines. Fven with the
advanced sensors, communications, computers, aad infurmation displays,
which can be postulated for the 1990's, managers must recognize that
technology provides tcols o individual managers and not management
itself. Managers must be preparud to perform the functions of manage-
ment vhether the tachnological tools ars fully operational, degraded,
or not functioning at all. The tools must be made responsive to the
masters, not the masters to the tools.
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. sECTIONV
MATERIFL-BISTRIBUTION MANAGEMENT

1; - A Conceptual Blectronic lLabeling System.

" To schieve "{nventory in motion,” a capaﬁlnty for real-time visi-
bility of materiel onroute and in storage, as wall as transportation
availability, must be developed worldwide.

forth in AMCA Report-71-008, Commodity Oriented Digital Input Label
System (CODILS), April 1971, by CPT Edgar Crooks, provides this capa-

bility. The abstract of the report states:

"The Commodity Oriented Digital Input Label System
(CDILS) concept proposed in this report uses an
+~automated labeling system for controlling and identi-
. fying unitizad supplies in transit from any CONUS
source to an oversess consignee and for controlling
ratrograde shipments. Further, the automated label-
ing system can be used as part of a larger management

.'.-raystu to contral, locate, divert, and otherwise
" manage cargo and/ov vehicles in transit and within

Gdepr.ts or terminals. The report discusses how, for
the present at least, non-optical techniques appear
to offer a bettor solution to ths problem than
‘optical techniques. The system elsctronically inter-

rogatas a label attached to s unitized or palletized

~ load and enters the label number, together with

cartain shipmant status info. ation, into a computer.
Subsequent .update information is passed to the com-
puter by electronic interrogators located at the
varicus transportstion nodes throughout the logistics

pipeline without sny requirement for hard copy docu-

mentation, ircluding recaipt and shipping tallias.
System and hardware concepts for the 1990's ars pro-
jected, Cost estimates for the implementation and
operation of the CADILS concept have not yet been
made. Finally, the =sport discusses spin-off appli-
cations in other ares..”

- 2. Mdvantage of Electronic labeling.

Specifically, advantagus of wtmtic‘identification over present

manual mathods are:

e Substantial redi:stion in error rate. Inaccuracies
introduced by humsn error can cause disruption to
the orderly flow of wilitary supplies.

The CODILS concept set




e Improved capacity for rapid response to supply
raquirements. This improvement affects not only
the large numbers of containers {n tranait, but
also those stockpiled containers having reserve
supplies,

. ¢ Raduced overall manpower requirements,
o Imnediate readout 1f required.

@ Capability of reading at high vehicle speeds, day
or night, under unfavorable weather conditions,

e Improved control of critical supplies. These ship-
mants may be identified and located at the instant
the container passes a reader.

To implement CODILS, extansive use of electronically interconnected
computers is envisioned. This makes possible such long-sought-after
goals as worldwide asset visibility and realistically responsive inven-
tory in motion. However, it should be emphasized that the advantages cf
sutomatic identification using the CODILS tag and scanning devices would
be of vslue even {f used only within individual depots, ports, or trans-
ship points, with data passed from installation to installation by con-
ventional means,

3. act of CODILS on the Logistics System.
g1t

The introduction of such a capsbility would have a major impact on
logistics by reducing stockage levels, order-and-ship times, and the
almost overwhelming cost (and errcr rate) of cargo documentation. A few
specifics are:

o CODILS makes unnecessary the inquiry and reply for-
mats of MILSTRIP. These formats equal about 75 per-
cent of the 26 MILSTRIP formats.

¢ Savings in communications, however, will be balanced
by requisitioners' inquiries to the CONUS central
transportation computer,

e ¥ith a "»ush” supply system and automatic usage
reparting through CODILS, much of the current
reouisitioning load could be eliminated.

Since the data on most cargo documentation is contained in one or
more computers in CONUS and overseas at the present time, total require-
ments for DOD computer capacity would, in all likelihood, not be
increased appreciably in order to support a CADILS-type systam,
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- the experience of American commercial exportsrs will be discussed. In

5. Dats Sccuﬂ.tz.

*Study of DOD International Personal Property Moving and Storage Program

E Y

8ince the doéumnn:lon cost for DOD cargo is not readily .svailable,

1969 American exporters spent, for documentation alone, approximately
13 billion dollars, according to tha International Trade Documentation ,,
Council. Approximately 80 percent or more of this could be elininated o
by a coomercially applied CODILS system, leaving only the documente ]
needed for legal and tax purposas. Applied to a DOD documentation _,
system, cost reductions providad by CWDILS could be impressive.* o4

4. Data Protection.

CODILS equipment specifications are outlined in the AMCA report on
CODILS; however, a specific area which the equipment designs should also
stress {s dsta protection. Protection already planned for the label and

memory chips is:

[
¢ The memory circuitry within the label should not be
" . readily susceptible to memory scrambling under
nuclear radiation environment. 1Its vulnerability to
an electrowagnetic pulse must be determined.

e It lhould not be possible to alter the coded number
"stored in the electronic label after manufacture.

o The label in its final production model should be
impervious to weather and operate reliably in the
tcnpcnturc range of 607 to +200°F,

e The hbtll attached to or accompanyi-g cargo must
remain passive except during interrogation. Con-
tinuous RF emission 1s unacceptable.

¢ Effort must be expended to protect against trig-
gering or jamming of the electronic label by a
hostile force.

6. Data Outﬂt Requirements.

@ Electronic label output shall be in digital form,
or be capsble of conversion to digital fcrm by the
interrogator/receiver,

IMI, April 1970, provides an estimate that DID spent approximately
$700,000,000 to move household goods in 1969, half of which was Gover»
ment costs to produce documentation and othet paperwork.

v-3




o The label shall be capable of outputting at least
14 numerical digits or integers to the intarrogator.
Bven under conditions of general label use worldwide,
it will not be necessary to repeat the sequence any
more often than every 10 to 15 years.

7. Research Requirements for Multiple Tag Intsrrogation.

Research on a cheap method to allow simultanecus readings of
multiple electronic tags in bin storage and/or storage aress ‘s
required. At present, this can be done only through an expensive
buffering system or by use of tags manufactured so that each series
of tags falls into a different frequency spectrum, This last system
"works only 1f no more than one tag in each frequency is prasent dur-
ing mass interrogation.
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APPENDIX B

HIGH PERFORMANCE SHIPS
(HYDROFOIL AND AIR-CUSHION CRAFT/SHIES)

by

Dr. Basil V, Nakonechny
Naval Ship Research and Development Center

SUMMARY

1. Introduction.

My comments concern two kinds of craft, dynamic-1ift vehicles
and asrostatic-1ift vehicles. Specifically, the status of current
bydrofoil and air-cushion technology is briefly discussed here.

The =msjor reason for the employment of hydrofoil and/or air-
cushion craft/ships is the desire to lift the hull from the water and
thus circumvent the constraints on high speed due to wavemaking and
frictional resistsnce, and at the same time achieve easier, smoother
behavior in waves., The hull of a hydrofoil ship is supported above the
water surface when underway by the dynamic 1ift of underwater wings or
"hydrofoils.”" 1In case of an air-cushion craft, the main hull or
structure is supported above the water (or ground) surface by an air
cushion. The power used to generate aercstatic lift is called the

cushion power sand the power used to generate thrust is called the
propulsion power.

2. Hydrofoil Craft/Ships.

The first "flight" of a craft using hydrofoil principle took
place over 70 years ago. Subsequent development of this type of
craft, during almost the entire first half of the twentieth century,
was rather sporadic with very limited financial support. During World
War II the German Navy built a few experimental hydrofoil boats for
military purposes. Since that time much more systematic development
has taken place. European effort led to the commercisl Supramar craft,
of which about 100 of different sizes are now operating in many

countries. These craft are equipped with surface-piercing type foil
systems.*

*Hydrofoil craft/shipe with s surface-piercing foil system derive their
lift-force, required to lift the hull clear of the water, from the
lifting surfaces which themselves penetrate the air-water interface.
Such systems are self s*abilized because if the foil is displaced
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In the Soviet Union, hydrofoil craft were not developed until after
the war when the Soviets took over the Eastern part of Cerminy and
captured the Sachsenberg shipyard at Dessau-Rosslau., Over the past
decade the Soviets have been involved in a hydrofoil craft building
program on a large scale; there are hundreds of operating craft of
various types on the inland waterways. Most of the Soviet craft, those.
employed on inland waterways and those used for coastal work, are
equipped with a shallow, fully-submerged type foil system with addi-
tional lifting foils/surfaces for purposes of enhancing the transverse
stability of the craft during the takeoff process.l

Most of the hydrofoil craft which have been built in this country
have been experimental in nature, In the period from 1947 to 1960
the Office of Naval Research, with the support of Bureau of Ships,
sponsored a number of research and development projects directed
-toward the establishment of fundamental criteria for the design of
hydrofoil craft. One of the first small hydrofoil craft resulting from
this activity was the SEA LEGS. Through the joint efforts of Gibbs &
Cox and the MIT Flight Control Laboratory, it provided the first real
demonstration of the feasibility and advantages of a fully-submerged,
sutomatically controlled foil system,?2

downward from its equilibrium position, the increased submerged area of
the foil generates additional 1lift which acts to raise the foil to its
original position., Likewise if the foil is displaced upward, the
reduced lift causes the foil to be lowered again. This stabilization
is sufficient to provide a comfortable ride in moderate sea-states
without an active conttol systen.

lﬂydrofoil craft/ships wi:h a fully-suhmerged foil system derive their
entire lift-force, required for lifting the hull out of the water,
from the 1’ “~ing surfasces which are placed completely below the air-
water Interfsce by means of strut supports. The foil system used in
the Soviet craft is based on the effect of the free surface on the
lift-curve slope of a completely but shallowly submerged foil., At
depths of immersion less than one chord, a considerable rate of change
of 1ift with depth occurs, adequate to provide altitude control in
calm water.

zDeep, fully-submerged foil systemshave so little self stabilization
that active control systems need to be used. However, hydrofoil craft
equipped with such systems are capable of minimizing wave-induced
motions in high sea states.

B-2 -
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Emargency funds were made available in 1960 and the U.S. Navy
accalerated its program of hydrofoil devalopmant. The reasons for this
incressed emphasis were related to the desirs to increase the speed of
surface units to ksep pace with asver-incressing speed of other forms of
platform, but particularly with the hope that hydrofoil craft would
provide s more effective platform for coping with the high cpeed, con-
tinuously submerged nuclesr submarine. Also, FY 1960 ship construction
funds were allocated for the design and building of tne HIGH POINT
(PCH-1), a 120-ton hydrofoil patrol boat, built by Boaing (see figure
B-1). Later, in FY 1962 funds were allocated for the design and con-
atruction of tha PLAINVIEW(AGEH-1), a 320-ton experimental ASW hydrofoil

.. ship, designed by Grumman and built by Lockheed., Finally, in early 1966,
contracts wers let for the construction of two Patrol CGunboat Hydrofoils,
the 68-ton FLAGSTAFF(PGH-1), duﬁnnbzimd built by Grumman, and the 58-

ton TUCUMCARI(PGH-2), designed & 1t by Boeing. All the above craft
have fully-submerged foil systems, :

During the period from 1960 to the present thare has buen a contin-
uing 0.8, Navy Department program supporting research and development
directed toward solution of problems and the generation of criteria for
the design of hydrofoil craft subsystems including hull, struts and
foils, propulsion, ship control, and auxiliary machinery. The results
of much of this work have been incorporated in the design of present
craft; hovever, much remains to be done tcward tha achievemeant of
higher performance and increased reliability. The tschnical msnagement
of this Navy program i{s provided by ths Hydrofoil Development Program
Office in the Systems Development Departmant of NSRDC.

At sbout the same time as the Navy sccelerated its program, the
U.S. Maritime Administration, encouraged by the results of Navy
research, decided to vigorously explors the possibility of increasing
the speed of ocean transport through the use of hydrofoil ships. The
resulss of this MARAD effort was an experimental prototype hydrofoil
ghip, the H,S. DENISON. This 90-ton, 60-knot ship was designed and
built by Grumman, Completed in 1963, it was subsequently engaged in a
program of demonstrating its capsbility at several Atlantic ani Gulf

ports. The DENISON is equipped with rstractable, surfacs-piercing main
foils and a submerged tail foil.

An example of the application of a fixed, surface-piercing foil
system 1s offsred by a 200-ton Cansdian ASW hydrofoil ship HMCS BRAS
D'OR. The ship was designed and built by De Havilland for the
Canadian Porces. It was completed in 1969,

3. Design bonsidoragionn for Hydr>foil Craft/Ships.

To provide longitudinal stability of the craft, there must be lift-
ing foils both forward and aft. Thess may be arranged so that most of
the weight of tha craft is carried well forward; such configuration is
termed aither conventional or airplana. Examples of thim type of craft

3-3
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' are: . PLAINVIEW, PLAGSTAFF, DENISON. Alternatively, the main foil may

o be well aft, with a bow foil carrying only a small part of ths load.

“This is known as a canard configuration, Examples of craft ombodying
the canard configuration are: HIGH POINT, TUCUMCARI, BRAS D'OR. Again
in some craft the load is almost equally divided between forward and
aft foils, called a tandem configuration,

Lightweight Diesel engines are generally uud for hu).l-borne pro-
pulsion. Also, most slower speed foilcraft (foil-borne speed €40 knots)
have Diesel engines driving conventional marine propellers through an

. inclined shaft. Power for the foilborne operation of large high-speed
hydrofoil ships is provided by the lightweight, marinized gas-turbine
engines., Sub- and super-cavitating propellers as well as water jets are
being used as propulsive devices. The hull materisl is almost exclu-
sively aluminum slloy. Hydrofoil elements and struts are of fabricated
and welded special-steel construction.

4. Afir-Cushicn Craft/Ships.

The second form of high-speed craft/suip considered ¥- _ is the
amphibious air-cushion vehicle (ACV), Although the concept itself,
_like that of the hydrofoil craft, is not new, its modern form is about
13 years old, stemming from Cockerell's invention of the craft with the
air-cushion contained by a peripheral air jet forming an enclosing '
curtain, Present air-cushion vehicles depend on keeping a relatively
static cushion of sir below the undersurface for both hovering and
cruising. The cushion prassure is sufficiently low, generally less
than 0.7 psi, to provide support over surfaces of low bearing strength
such ss water, muskeg, swamp, or snow, Most of current ACV's are
equipped with an slaborate system of flexible skirts. This enables an
operation over rough seas or over hilly ground without danger of damage
by impact. The majority of high-speed ACV's ave propelled by control-
lable-pitch air propellers, either driven independently or combined
with the fans which 1ift the craft. ACV's designed for lower speeds and
water oparation only still use wmarine propellers. Propulsion power

. for the ACV's, almost exclusively, is provided by the gas turbine
engines. Present day structural requirements are essentially based on
concepts and designs borrowed from the aircraft ’ndustry. Operational,
and/or experimental ACV's, include sizes up to 165 tons gross weight.
Some examples of current British ACV technology are such craft as the
7-ton SR.NS, the 9-ton SR.N6, the 37-ton SR.N3, the 76-ton semi-
amphibious VT1l, and the 165-ton SR.N4. These appear to perform well
over uneven ground, marshy land, hard snow and water in moderately
severe weather conditions,

There are currently at the Faval Ship Research and Development
Center, in the Systems Development Department, two mejor programs con-
cerning the ACV application. The first is the Amphibious Assault Land-
ing Craft (AALC) Program, It is sponsored by the Navy Department and
has the objective of defining, developing, demonstrating, and documenting
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an appropriate air-cushion craft system for amphibious assault landing
applications, Two different ACV configurations, of 150 to 160 tons
gross weight, are being explored (figures B-2 and B-3),

The goal of the second program, Arctic Surface Effect Vehicle
Program, is the development of a technological base of data necessary
for the design and development of craft to provide mobility in the
Arctic environment. This program is sponsored by ARPA, Some specific
environmental problems for the Arctic are: temperatures down to -65°F,
high ridges and ice packa, poor visibility, icebergs, high winds,
electromagnetic disturbances, and others, )

In general, some of the tachnical problems have to do with develcp-
ment 5f reliable propulsion systems, structure and skirt systems, and
responsive control systems, A goal set for this Arctic SEV system is
about 300-ton gross weight with an upper bound of 1,000 tons. Other
bounds which are being considered are: spead from 60 to 120 knots and
range of 1,000 to 3,000 miles.
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APPENDIX C
HIGH LENGTH/BEAM RATIO AIR-CUSHION SHIPS
by

Allen G. Ford
Naval Ship Research and Development Center

SUMMARY

1 am going to talk about the high length-to-beam ratio air-
cushion ship., Figure C-1 illustrates a possible application in air-
craft carrier size. To meet an Army requirement, one might view it in
the iogistics sanse as a carrier of materiel, having a transoceanic
capability and a speed on the order to 50:60 knots. This is higber
than present day ships but not necessarily aspiring to the very high
speed potential of surface effects ships (100 knots).

This ship is primarily an air-cushion-supported class of vessel.
Rigid walls retain this air support on the side, and seals of a
flexibls nature retain the cushion on the ends. The craft's roll
stability comes from the sidewalls,

A problem that one faces with high speed vehicles is the
efficiency of the craft. One way of expressing efficiency in a con-
ventional craft, like an aircraft, is the vehicle weight- (or lift) to-
drag ratio, W/D or L/D. When one talks about air-cushion supported
vessels, one has to lower this number (L/D) a little from what i¢ would
otherwise be because energy is required to supply air to cushion the
craft. Therefore, we speak of "equivalent lift-drag ratio," If you
look for rarges of thousanda of miles (e.g., transoceanic), then the
equivalent lift-drag ratio, the power plant efficiency (i.e., specific
fuel zonsumption in pounds per horsepower hour), and sropulsion
efficiency ere all very important., The specific craft that I'm talking
about, the high ler ;th-to-beam ratio, sir-cushion ship, does aspire to
high transcceanic .ange.

The surface~gffect ship, as 3ponsored by the Navy SES Project
Office (PM-17), {2 very comparable tc this coacept except that it has a
low length-to-beam ratio. The impli:ations of this will be discussed
later, Each of the various types of developmental craft has its own
advantages. speed regimes, developmental risks, ets. For example, the
fully-sbmerged hydrofoil will probably end up being superior to this
craft i. ihe particuler capability that it has; that is, its ability,
in modestly small vehicle sizes, to operate in very high sea statss,
On the other hand, the hydrofoil probably cannot aspire to a high
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-encugh 1ift/drag ratio to achieve transoceanic ranges of 4,000 miles or

greater. Correspondingly, other craft have characteristics which are
desirable. The displacement hull, in its very-low-speed regime, is a
magnificently efficient vehicle, In both the United States and England,

. the hovercraft and air-cushion vehicle (ACV) business in general has

gone from an impractical skirtless craft in the 1960's to a very useful
kind of vehicle today. For example, the Navy sees substantial potentiasl
for skirted ACY's and has establishad the Amphibious Assault Landing
Craft Program in order to utilize the high speed and amphibious
chnractc:tntict of these craft.

At a pr‘vioul AMCA ad hoc working group on air-cushion vehicles, the

- Atmy was very interested in looking at the direction the Navy was going

in their amphibious assault landing craft program relative to their
logistics-cver-the-shore mission, and the Army displayed an interest in

;[¢thc overland characteristics of the skirted ACV. The ARPA Surface

Bffects Vehicle Program is also utilizing the overland and amphibious

. capabilitiss of the skirted ACV. The Navy SES Project Office sponsored
‘vehicle is a side-wall class (capturad air bubble) air-cushion-supported

vessel, with a low length-to~-beam ratio, and is aimed toward 80- to 100~
knot speeds. The SESPO (PM-17) emphasis in development is on high
efficiency, and fairly large vessels of the order of 4,000 tons or
gr-ator with transoceanic ;apabilitiea.

I'm going to narrow my talk to a specialized form of sidewall air-
cushion supported craft, to one which is stretched out in length and
which aspires to lesser speeds with somewhat higher efficiency and, also,
s transocsanic capability. Figure C-1 shows a 13,000-ton vehicle with
tyr ical speeds from 50 to 60 knots, although higher dash speeds may be
possible. Pigure C-2 shows some of the design characteristics of this
craft. In these figures, the craft is shown as a high speed aircraft
carrier. In the Army's role one might well think of this as a high
speed transport or cargo carrier,

If ons is thinking seriously of transoceanic capabilities, basic

lv!hicla efficiency becomes a very strong point. Figure C-3 shows the

rationale supporting moving from low length-to-beam to high length-to-
besm ratios. It is a plot of wave drag-to-weight ratio versus speed,
one important drag term (but not total vehicle drag). An air-cushion-
supnorted ship hss a pressure region acting up and, when running, a
component acting aft, This is fundamental in air-cushion ships, dis-

" placemsnt ships, and, for that matter, in aircraft. When one has a low

length-to-bean ratio, (or, as one would say about aircraft, a-high
aspsct ratio) thare is a hump at a certain non-4dimensional speed (or
Yrouds nunbot)

Thi speed parsmeter in figure C-3 is the Froude number (speed
d ivided by the square root of a constant times the length). This non-
dimensional spasd scaling parameter (Froude number) allows one to do




model testing in order tc determire large-scale-ship characteristics.
We can use this in the air-cushion field as well. To the extent that
the drag, and hence the power, peaks but then drops rapidly at very
high speeds (for an L/B of 2), one might go to the length-to-beam ratio
of two in a design. To appreciate the speeds referred to in figure
C-3, a destroyer would be typically at the non-dimensional speed
(Froude number) of 0.5; an aircraft carrier wculd be a little lower
(0.3) because it has a greater length; a typical displacement ship
transport ship might be in the (0.2) range. The Navy has, in an
existing program (the SES Program) taken advantage of this fact to aim
at very high speed ships, 80-100 knots.

The specialized high L/B air-cushfon-supported vehicle that I'm
going to discuss resulted from considerations of operating in the
intermediate speeds of about 50 percent higher than a destroyer in
non-dimengiongl speed (with actual speed depending on vehicle length),
In this speed|regime, it is ohvious that one should go to a very high
length-to-beam ratio because in this Froude range the wave drag is
prohibitively high for an L/B of two.

When one looks not only at the power that is required to overcome
the wave drag but at the total power, it is evident that the low
length-to-beam ratio is the way to go for high speeds; but when one
looks at a calculation of the 10,000-ton vehicle in the 40- to 60-
knot regime, the high length-to-beam ratio appears to be the logical
choice. Therefore, an effort in this area was initiated by the
Naval Ship Research and Development Center, and a 15-foot model was
built (figure C-4). One thing that this experiment with the 15-foot
long model hag brought out is that we are dealing successfully with
high efficiencies, I have one of the little fans that were used in
the process of optimizing calm-water power., About three of these
little fans were required in smooth water, and about twice that number
in rough water. These fans are about equivalent to @& 25-watt light
bulb in power consumption. Efficiency is the name of this particular
game and we arf playing it in just that way.

We have shown in the experiment over the past year a substantial
increase in efficiency relative to the destroyer. Secondly we have
shown that this is not only an absolute improvement but that increasing
speed results in a much shallower slope in drag and powering, relative
to the displacement hull. These were the two objectives we had in the
smooth water test. Although the project is not terribly far along, the
results are promising. The results are especially promising for
v hicles that operate at speeds of about 140 percent of the non-
dimensional speed of a destroyer (i.e., Froude number of about 0.7); of
course, the absolute speeds depend on length as well. So we might well
be talking a rangd .of speeds from 40 to 70 knots. These speeds may be
possible with transoceanic capabilities and enough efficiency so that
we would not have to carry excessive fuel and little payload.
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But, the effort {s in an early phase, and although we think it is
looking very positive at this point, there are obviously many things
that have not been done. On the basis of the evidence that we have so
far, ve have obtained rather enthusiastic in-house NSRDC programs for
the coming year. We have funding to look at powering of the vehicle,
motions, stability of the craft, structures, and machinery and
propulsion. With inputs such as these it will then be possible to
assess the utility of these craft in Navy missions. ,

c-4

B it SIS S B8 A st s e oo e

o S RN VARt e by LT




R N R

WA T eare e

R

*a1a1aaed jjeasale ue ST

diys uolysnd-a7e OT3IR1 WEDq-03-1{IBuDd] Y81y e jo uoiyenijddy

Y a

(¥4

2anet




Kararies)

L
c-6




*S01]181 weaQq-03-y3a3ud| oml xo3

(paads awes oyl 3e) sBeap saem pojeaausl uolysnd jo uosyaedwo)d *¢g-n dangyg
L
78 v /a =73 wzswnn 3anous
A ¢ T1 o'l 80 9°0 0
| | | | ) |
B A/A =74 y3aWAN 3aN0Y4
0'2 0’1 60
__~__dda____4__qi___

8/1

a/1

n
‘MG ‘YIL3KYYYd DVNQ IAYM

c-7




-

C e ——

e 3 e

S

.

*poads yeUOTSUIWIP-uOU IDAOI

189p 95IM) Inoqe e

Suyirasdo yopouw dyys uorysnd aye g/ YSTYy Jo 2amdId ‘4D aand14

4994 £g*€T = (wiBueT uotusmD) ¥

oy

0 =(EONAYAITY ¥Od - HEROYISIT) d

=(73)
1 7
€20°T = —p— = ( J) HIDNNN FANoHd

o3g/3d ¢L°12 = (13COW) ALIDOTIA

31819n00Y¥d3Y 1ON




APPENDIX D
- SEAPLANES

by

Richard D, Murphy
Naval Ship Research and Development Center

SUMMARY

If there is a proponent of seaplanes in this room, he would prob-
ably start out by reminding you that the majority of the surface of the
earth is covered by water. And he would be quick to point out that 80
percent of the cities of the United States are either on suitable water
(rivers, lakes, or the ncean) or have reservoirs or some suitable water
surface relatively close to the city from which seaplanes can operate.
And he will go on to say that almost every center of population in the
entire world is equally endowed. Powever, he amight fail to point out
that the surface of wost of that water is inhospiteble to seaplanes,

The first problems of seaplane design concerned the water surface.
When the Nevy retired its last operational squadron of seaplanes, we
still had the surface problems with us. 3ut in the meantime the sea-
plane had enjoyad a real heyday. There has been nothing to mstch it.
The sesplane had set records in endurance, range, load; yes, and in
comfort, luxury, and safety. Unemcumbered as they were oy takeoff
field-length criteria, or otstacle clearance after takecff, they
grossed 10-50 percent above land pianes. A lot of that gross weight
turned out to be an increase in volume, and that was tha way that
luvury was built in the afircraft. However, the relative heaviness with

low power gave seaplanes the name of '"lumbering bathtubs.' which I
don't think is quite fair.

lLet's look at some of the more recent history of seaplanes, Five
PBM Marirers were anchored 9,200 yards off of Saipan within 48 hours
after the Marines and the Army had landed on Saipan in World War I1I.
The land facing the anchorage was all enemy held. They were under gun-
fire and out that far they were nperating in the open ocean. At dusk
on the day they arrived, they were on their first ojerational radar
search misgsion. It was the only air support we had” *hin in chat area;
we were toc far from enything from which land planes could operate,

1I'd like to skip forward irtov 1946 and 1956. The Navy operated
four Martin Mars, the JRM family at 165,000 pounda gross weight. In




o

1946 I thought I flew a pretty heavy ai: ' ¢ g it grossed out at
67,500 pounds. The Mars was more than t. :.: the size of that aircraft,
‘It would cruise at 215 miles an hour and set a distance record of 4,748»

miles from Honolulu to Chicago carrying a little over 14,000 pounds of

“cargo and 42 people. And the Mars in 1950 carried 301 men from San

Diego to Alameda, California, Then there is the R3Y, This was the

only turbo-prop seaplane that the Navy had., I think it was one of the
very few in the world. It needed a very large engine because it was a
pretty large wachime -- 175,000 pounds gross weight. It could cruise
at 300 miles an hour with a 4,000-mile range; but it vsed the only

large engine that we had at the time, the P-40, and everything that used

- the P=40 had trouble, This engine had a very long, coaxial shaft.

We've always had trouble building counter-rotating props in this country

‘und, as a result, the aircraft did no: fair too well, When they

converted the aircraft, they gave it a drive-in bow. Now, you wouldn't
mind driving a track vehicle in and out when the water is calm; but
sitting in a heavy surf, you might think twice before you climbed those

rails.

The Navy had something to do with the development of an aircraft
which would surpass in performance tha B~47 and {t was a comtemporary
of that aircraft. 11 happen to be a friend of the test pilot that flew
this aircraft, number 3 in the P6M series. Number 3 aircraft, accord-
ing to this gentleman, flew like a dream, The book$ say it had a gross
weight over 150,000 pounds, but my friend, who has been known to
stretch a story, says it grossed 210,000 pounds which would make it a
very large seaplane., The cruise apeed was in the order of Mach .87 or
.88 at 40,000 feet, It had a beautiful takeoff -~ 45 seconds off the
water -- and that's a pretty good target value for conventionzl sea-
planes. It would get off in 5,000 feet., It had an approach velocity
of something like 95 knots, and was a lumbering, safe, easily controled
airplane on approach. And, as my friend says, it would outperform the

B-47.

We have to look to Great Britain for the largest of the sesplanes.
The largest that I know of was the Saunders Row Princess. . It grossed
345,000 pounds and was sort of Britain's B-70 program. They started
and stopped, started and stopped, started and stopped, until it finally
flew in 1952, The aircraft had a useful load of 173,000 pounds., It
would fly 5,250 nautical miles with a 50,000-pound payload. But these
giants were all sheltered-water vehicles, The surface has always pro-
vided the severest constraint for seaplanes.

Well, finally, after the aviation glamor had transferred to the
land planes and their amazing performance, we began to look at the sur-
face problems for the seaplane. An old Grumman Widgeon (figure D-1)
was outfitted with at least a dozen different hull shapes. One of these
is called a high-dead-rise, long-after-body, planing-tail hull (to a
hydrodynamicist, I suppose that means something). Essentislly, the
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high-dead-rise means that it doesn't {mpact on u wave quite 50 hard,
and the plsning null and the long-after-brdy gave it better control en
the water and bettes tak2o0ff charactcrisiics. Figure D-2 is one air-
craft that was flown, an experimeatal hull on the Martin P5M sevies.
This had a number of modifications or it; full outboard leading-edge
flaps, some aerodynamic changes (notice that no positive break step was

required), and a 15-1 length to beam ratio, giving some vary good aero-
dynamic and hydrodynamic characteristics.

And then someone got smart and said, "If you're having trouble on
the surface, why don't you get the heck off of it.”
Grumman Goose; a JRF in Navy terminclogy.
foil uwnderneath it., The problem is that the hydrofoil was almost
aiways toc large. The two booms out in frent are confidence devices.

The aircraft experienced 3 number of rather interesting events. Sea-
plane pilots were naturally the first to test fly it; but if a seaplane
rilot noticea tne nose of his aircraft goinz down, he reacts by chopping
the power. So every time the plane was just about t> get up on its foil,
the nose would go down anc he would cut the power, The bnoms were
supposad to convince the pilots that tlie nose wouldn't go under, but they
didn't believe it., Finally, the test manager went to the officer's club
and recruited a land-plane pilot who had never made a water takeoff in
his life. And you know that the nose goes duwn on a laud plane when you
put it up on the gear. The pilot got into the seaplane, found out how
to operate it, pushed the power levers up, and when the nose when down,
prepared to takeoff, There was simply a need to break an old patrern.

Figure D-4 shows dual hydroskis on a Grumman Gocse. Actually this
solved another problem with seaplanes. If you put small wheels on the
skis you have a built-in teaching gear right on the aircraft. But the
double skis didn't work out too well, so they went to a single ski.
And why not? You've got this aerodynamic control device (the airplane
itself) on top of the ski; so just fly the airplane.

Figure D-3 is a
They put a V-shaned hydro-

Thus, an awful lot has been done., There's a vast amount of research
that says we could have a large seaplane. The engineering developments
certainly should have led to some concepts, so let's take a look at a
couple of them. Martin proposed a supersonic seaplane concept. We've
tested another ore in our wind tunnels at the Naval Ship Research and
Development Center, Figure D-5 shows the Ci-Sea, for lack of a better
name, All these studies were completed and most of them have been for-

gotten, unfortunately, It is interesting to compare this concept with
the actual front-end-loading R3Y (figure D-6).

The problem of stabilizing a floating seaplane is difficult. A
solution Is to stand it up on vertical floats. Figure D-7 represents
an aircraft loaded to atout 55,00( pounds gross weight. This is a
rigid set of cans and, therefore, unsuitable to a flying aircraft in
its present form. When that aircraft was loaded to represent something

D-3
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. Well, they tyvied to.

. in the order of thz mass and weight distribution of un 80,000-pound
- .peaplane, it sat free but lower irn the water.

that aircraft and sit 24 hours a day, sad you'd think ycu were fn in
At the time these

easy cheir at home, Motion was almost inperceptible.
tests were conducted there was another PBM sitting on its hull a short

distance away and they took crews and intercnanged them, ship-to-ship,
The people on the surface ship were constantly

‘seasick, the wotions were so violent,

Figure D-8 shows hiow u PEM-sized aircraft was envisioned to opzrate
for the Navy on vertical €loats. These floats are rubber tubes, and
" they can be retracted iato the aircraft in the center of the hull, or
into the tip floats. 1've done some design work involving these, and
found that if the manufacturers can do what they say they can do, it's
a very worlable system. It doesn't take up a great deal of space. The
cycle time on the float extension has been postulated to be 30 seconds

and you're up out of the water.

Oue more area that's wow being investigated is air-cushiom larding,

geur. It might be verr, very nice for a seaplance to come in over the
This is just now being looked

surf, sit down on the sard and u..load.
at in the Navy laboratories.

But you could get aboa=l
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APFENDIX E

HIGH SPEED DIRIGIBLES

by
DPr. Robert Ross

"irigible" is the correct word for that group of balloon-like
vehicles that can be propelled and steered. However, che general term
usually used is "airship," with the connotation that those with rigid
hulls are dirigibles or zeppelins. The term "high speed' is aefined as
a speed significantly greater than the speeds associated with airships
of the past. We can anticipate high speeds relative to ground trans-
portation carrying comparable payloads.

This paper is concerned primarily with what can be called "Little
Known Facts" regarding lighter-than-air technology and its potential
capabilities. A few of these are listed. Following this, it is shown
how these facts can be exploited to produce a new breed of advanced
vehicles with extremely attractive nperational performance capabilities.
The facts are:

o Helium is in plentiful supply today, eliminating
the risks associated with use of inflamable
hydrogen,

o At the time of the airship losses, weather fore-
casting was in its infancy.

e The comfort level in afirships is unsurpassed by
other transportation vehicles. Airships do not even
require seat belts,

@ Aixrships can be all-weather aircraft and have demon-
strated this capability in missions performed by the
Navy.

o Por station-keeping and patrol work, airships are
particularly useful and have established many
records, One was the ll-day non-refueled flight of
a8 Navy "K'"-type airship.

o The airships can be designed to fly heavy and
operate with minimum ground crews.

o Quiet, pollution-free propulsion is possible Lecause
0.’ tha size of the vehicle, the location of the
poverplants, and the amount of power required.
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. Al:lhip.kcan operate in and out of relatively snall
fields if they are given VIOL (vertical takeoff and
landing) capability. ,

¢ Airships cen carry large and heavy payloads internally
or externally, and can be designed to utilize a rigid
or non-rigid envelope, depending on the mission
requirements,

@ Nuclear-powered LTA (lighter-than-air) vehicles are
feasible and can result in higher speeds than pre-
" viously considered possible,

By means of a number of illustrations, the transporter potential
that lies dormant in the existing LTA technology will be shown. Figure
B-1*1is & photograph of an advertising airship that Goodyear is flying
today. These airships are primarily goodwill ambassadors carrying giant
multi-colored signs or TV cameras. The airship, itself, however, is

" basically s 1930 model with an exceptional safety record.

One of these older advertising airships was modified to operate
silently. Figure E-2 shows the installation of this stern propeller
with its slow-turning blades, It was possible to operate the vehicle at
slower speeds and more silently than ever in the past. Actually, it was
not possible to hear the vehicle on the ground, even when operating at a
relatively low altitude. Even tcday there are applications for this
type of aircraft operating in a silent mode, with a maximum speed of 55
mph. It could be fitted with a glass-bottom passenger compartment, as an
observation vehicle to carry tourists over African parks, much as a
glass-bottom boat. Nature could be observed without the disturbance of
noise. As a military application, one can readily see the advantage of
patrcling areas silently and quickly, particularly at night.

As soon as bigger LTA vehicles are considered (and it is wise to do
so since the lift increases as the volume while the st ~:ture is a square
relationship), one immediately sees the possibility of .arrying extremely
large payloads, Figure E-3 shows a transporter for a huge rocket booster,
uninhibited by bridges, roads, or other terrain limitaztions. At one time
it was even considered worthwhile to interconnect two existing airships to
raise the payloud capability so that a booster could be carried from
factory to launch site. The vibration-free trip would result in a
delivered item with high structural integrity., Once one starts thinking
big, it becomes practical to examine where such vehicles might be builr,
and to innovate around such limitations. One might even consider a vehicle
vith external ballonets. These ballonets would not actually be filled
until the vehicle left its hangar, since they only contain air on the
ground anyway, With this approach, the Akron hnnsar might be used to
build ships up to 18,000,000 cubic feet,

*The illustraiions in *his paper were furnished thtough the courtesy of
Goodynnr Aerospace Corporation.
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+ The early rigid airships, like the Akron and the Macon, had a ver-

‘tical takeoff capability with swiveling propellers. As a matter of

fact, they had no wheels for any type of ground run. It is probable
that LTA vehicles of the futura would have this VTOL capability, but to
a much greater degree, The last airships built for the Navy had
retractable tricycle landing gears, very much like airplanes, This
permitted thea to operate up to 10,000 pounds heavy, and to make take-
offs and landings much like STOL airplanes, This meant that while on
the ground, standing on their tricycle gear, they did not need a ground
crew to hold them. This extra weight-carrying ability that was pro-
vided in sddition to the 1ift of the gas, permitted a sizable range
increase without the usual worry of ballast pickup as fuel was
expcnded, With the use of ballast pickup, it was possible to take off
hesvy and return heavy, in spite of fuel usage, permitting an airplane-
type landing with flaif, and reverse pitch propeller braking,

Tha extent of designed dynamic lift or heaviness depends on the air-
ship's mission and practical operating requirements. There are maay
ways of obtaining dynamic 1ift, and no finite value has been set on what
percent of the total lift should be static lift from the gas or dynamic
1ift from the shape of the vehicle. One thing is quite definite; the
use of dynamic 1ift makes the LTA vehicle much more versatile and easier
to handle on the ground., Once the dynamic 1ift principle {8 accepted,
and sufficient power is included for a vertical takeoff (either through
the use of a deflected slipstream or tilted propeller principles) the
on-board power can be used for increased speeds in a horizontal
direction.

A 20,000,000 cubic foot vehicle, with nuclear power, might actually
achieve speeds up to 200 mph, with payloads spproaching 1,000,000 pounds.
The shape this vehicle wonld take could only be corjecture at this point.
It would depend on many things, but primar{ly the mission and the kind of
payload to be carried. Figure E-4 is an artist's concept of how this
giant LTA vehicle might look. It could be just a flattened version of
vhat we have known for a long time. The reason for the flattening affect
is to give better dynamic lift without the need for a large angle of
attack.

A caricature of a VITOL LTA vehicle with dynamic 1ift capability,
often called a Dynastat, might show it with a flattened envelope, lifting
wings, giant stern propellers, lifting fans, and plenty of control
surfaces, Studies are needed now to determine the best configuration.
Figure E-5 is an artist'scaricature of a Dynastat,

Because of the low operating altitude generally used by lighter-than-
sir vehicles, it is entirely practical to consider that they would per-
form in a realm uct nyv controlled by the FAA. Figure E-6 in- icates how
this might occur rshavy runways at airports ware used by airplanes. and
helicopters and VIOL aircraft could utilize lapding pads on buildings or
in parking areas. This would slleviate much of the air traffic control
probles sancountered today.
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Safety ia one of the big futixre: of the airship. It uses multiple

cn;inoc and can easily operate, or even hover, with only psrtisl pouur.
. With no pover, it can glide to s landing.

. If one were to consider nuclear power, it is possible to think in
terms of highar speeds. This is because s minimm oize and weight

engine can supply sufficient power to achiave ths higher velocities
without a significant weight penalty. This is {llustrated in figure

B-7, vhere the weight la shown to be substantially the same for a sizable
increase in thermal power. Once a nuclear vehicle is considerad, per-
sonnel limitations become {mportant, including suppiies and endurance,
tathnr than just equipment operating-time limitations.

Pigure E-8 merely indicates that it is possible to make large vehicles
without encountering excessive ccsts. Actually, since the relative per-
formance goes up with size, the cost per unit payload will probably go
down. This is a good reason to consider large LTA vehicles.
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APPENDIX F
THE POTENTIAL OF HYPERSONIC VEHICLES

by

Mr, Charles H. MclLellan
NASA Langley Research Center

With the recent death of the supersonic transport (SST) in Congress
still fresh in our minds, it may seem ridiculous to talk about a hyper-
sonic transport (HST). The HST, however, has the poteatial of over-
coming many of the problems that were responsible for the position in
which the SST found itself. Furthermore, we are not talking of build-
ing one in the near future; but rather of building the technology that
would allow us to have an HST in the latterpart of this century, 1f all
the attractive features we now see can be developed into an efficient
system,

This developing of technology, of course, can be quite expensive,
Fortunately, as shown in figure F-1, there are at least two ocher
attractive systems that require essentially the same technology bsse
and demonstration, and consequently could share much of the cost. The
airbreathing launch vehicle, as the first stage of a second generation
shuttle, could prcvide increased flexibility and a number of opera-
tional advartages over the current space shuttle, If our technology
were ready, it is almost certain that the shuttle wculd use the air-
breathing first stage. 1In the area of military aircraft, studies in
the Air Force have shcwn that a greatly increased and flexible strike
capability could be provided by the airbresthing aircraft.

In this paper the rest of the comments will be confined to the
hypersonic transport with discussions of its attractive features and an
indication of the status of the current technology. The hypersonic
transport can provide a major reduction in flight time., This 1is
particularly true if the airplane can be designed with a range on the
order of 6,000 nautical miles so that it can serve the major long range
routes without intermediate stops. 1In figure F-2 the range {8 sncwn as
a function of Mach number. With the current technology and airplane in
the 750,000-pound gross take-off weight class, the predictions indicate
ranges of 4,000 nautical miles or less for JP fueled aircraft. This is
slightly better than the advertized values for the current SST's and
the Boeing SST. The low value for the Boeing SST is for the prototype
aircraft while the upper points are for the growth production aircraft.
In the superscnic range above about Mach 4, the use of superalloys
would be required, and the heat capacity of the JP fuel is too small ..
cool the engine.
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" The use of hydrogen as the fuel allows the engine to be fuel

Jcoolcd. as hydrogen has some 40 times the heat-sink capacity of JP fuel,

Furthermore, hydrogen has nearly three times the energy per pound as JP
fuel which prcvides large increases in range. Of course, this is not
without penalties. The low density of .the hydrogen requires large

- increases in the volume of the airplane with resulting increased drag

and structural weight. In addition, the tanks must be insulated to
prevent excessive hydrogen boil-off and cryopumping on the tank walls,
System studies indicate that the range maximizes, at a Mach number
between 6 and 7, at ranges of about 6,000 nautical miles. A large
smount of uncertainty, of course, exiasts for sircraft so far in the
future. The shaded area indicates our estimate of the uncertainty..

To be successful, an HST, of course, would also have to be
economical. The current high cost of liquid hydrogen would price the
HST out of competition, but the cost of hydrogen can be expected to be
drastically reduced in the future, as shown in figure F-3., At the
present time, liquid hydrogen costs about five times as much as hydro-
carbon fuels per BTU. Increasing tha production for the HST would
greatly decrease the cost. The use of advanced power sources, such as
fission or fusion power, the improvement of manufacturing techniques,

-and the sale of byproducts (0; in the electrolytic process) can be

expected eventually to decrease the cost to the level of the present

-cost of hydrocarbon fuals, Because of the decrease in fossil fuel

reserves, the cost can be expected to increase. The use of liquid
hydrogen in the HST would free limited oil supplies for other uses,

Liquid hydrogen fuel when produced by electrolysis minimizes our
scological problems since the fuel would be made from water, and after
combustion, would be returned to water. As shown in figure F-4, the
HST would have no emission of CO,, CO, solid particles, or unburned
hydrocarbons. While it would exhaust more water per mile than an SST,
it would have a greater payload for a given range with the result that
thers is little difference in pounds per passenger mile, While the
possibility that the high altitude discharge of water would upset our
ecology was used against the SST, nothing that we know of indicates
this to be likely. However, before a flset of HST's are ready to fly,
either a better evaluation will have been obtained, or the hypothesis
will have been forgotten. :

Before leaving the use of hydiogen, there is another area I would
liks to discuss. Hydrogen has been labeled as & very dangerous fuel
in many quarters; but, thea, JP fuel is also a dangerous fuel, and we
have been able to live with it. About 10 years ago, Arthur D. Little
Company made a study of the relative hazards of liquid hydrogen and JP
fusl. They have a very good motion picture on this subject. The

ganaral conclusions of their study are shown in figure F-5. They con-

cluded that it was a well behaved fuel, and in some raspacis safar than
JP fuel. As a matt.r of fact, the space program has been using liquid

r-2




hydrogen in the Centaur and in the upper stages of the Saturn booster,
and no failures have becn attributed to the hydrogen. In 1957, our
Lewis Lab successfully flew a B-57 in which one engine was fueled with
liquid hydrogen. Hydrogen fuel, therefore, appears to be a suitable
fuel for use in an aircraft.

Earlier I mentioned that the HST would have to be economical., An
important fact in this is to have ss many routes open to the airplane
a8 possible. The fact that the SST could not make supersonic flights
over populated areas had a serious impact on its potential. As shown
in figure F-6, the SST was designed to operate at almost the worst
speed range from the sonic boom standpoint. As the speed i8 increased,
the airplane flies at a higher altftude, and the pressures are spread
over a bigger area of the earth with the result that the sonic boom
pressures at ground lavel are greatly reduced.. The method used in
these predictions has been checked with X-15 results at a Mach number
of about 5. Although all sonic booms over land have been prohibited;
eventually, some level of pressure will be allowed. For example, we
are constantly exposed to levels of noise that are equivalent to about
1 to 1.25 psf, and we think nothing of it. Assuming this sonic boom
level becomes acceptable, an HST would fly over land as shown in
figure F-7.

The HST wiil still have sonic boom problems during acceleration and
descent which would probably restrict takeoff and landings to coastal
areas where the acceleration could be made over water. A flight from
New York to Los Angeles would require about an hour and a half, while
any other method would require 4 to 5 hours, Flights could be made
from Los Angeles to Paris in about 2% hours, or about % that for the
747 or SST when sllowance is made for one stop to refuel. Of course,
the greatest gains would be on the long, trans-Pacific flights.

Most of these advantages for the HST are not strictly new since
they are fundamental in nature. Why, then, are we becoming excited
about them now? Technology has been slowly developing to the point

where we can now see that these advantages can really be achieved.
There are:

e Improved analytical and ;xperimencal approaches

® Six successful small, airbreathing, research engines

e Advanced Hz-cooled engine structures

® New, integrated engine concepts

e Hot structures and H, tankage being developed for shuttle

e Cooled structures concepts,

F-3
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The Hypersonic Research Engine (HRE) built by Garrett for Langley
is a light-weight (flight weight) engine. It {s shown in figure F-8
mounted in the Langley, 8-foot high temperature structures tunnel,
where it {s now completing heat transfer and structural tests. 1t is
still to be tested at our Lewis Center Plumbrook facility with

cambustion.

While test engines have beean establishing the necessary technology

',and confidence, we have been looking at more-advanced concepts shown in

figures F-9 and F-10. By integrating the engine and airframe, the

whole bottom of the airplane becomes part of the engine, with the
forebody providing part of the compression of the air and the aft part
of the body forming the exit nozzle. 1In this concept the engine is
divided into several small modules which can be largely developed and
tested separately. By having a nearly square engine, the cooling
requirements are drastically reduced, and some of the heat-sink capacity
of the fuel can be used for other purposes, such as cooling the airframe.

Typical temperatures of a Mach 8 aircraft, in which no cooling is
used other than radiation, is shown in figure F-1l. As you can see, the
exterior of the airplane would be red hot. In sddition to the thermal
deformation problem, a major problem would be to protect the aircraft's
contents or interior. If the heat capacity of the fuel can be utilized
to cool the airframe in the region of 200° to 500°, conventional mate-
riels can be used and the problem of protecting the interior is leas
severe. The coolant requirements are given in figure F-12, The coolant
requirements are less than that available in the fuel as it flows to the
engine. An analysis by Mr, J, V. 3ecker has shown that only a small
fraction of the heat capacity is needed to cool the airframe and that

~ both the engine and airframe can be cooled up to about M = 9,

Bell aircraft, under contract, has been examining systems to cool
the airframe, and an attractive ore is shown schematically in figure
F-13. A secondary coolant is pumped in a closed loop through integral
passages in the skin and through a heat exchanger where it gives up its
heat to the fuel on its way to the engine., Localized areas may require
special cooling such as the slot cooling of a window shown in figure
F~14. Both experimental results and theory shown that slot cooling is
an effective cooling system at hypersonic speeds,

Although there are problems in applying cooling systems to hyper-'
sonic sircraft, particularly in the area of developing and providing the
necessary raliability, there are many advantages, three of which are:

) ; Use of conventional materials
o Greater serodynamic design freedom

¢ Larger potential increase in payload

- Reduction in eigfﬁ}ﬁaight

P-4




~ Reduction in drag
- Increase in specific impulse,

The studies have indicated that very substantial savings can be
made in the structural weight by the use of conventional materials at
the low temperatures. Since the cooled aircraft will be nearly free of
thermal deformations, and can have smaller leading edges than can be
cooled by radiation, the total drag will be reduced. These studies have

shown that the combination can nearly double the payload capability of a
long range version of the HST.

Using the cooled structure, our version of the HST might look like
figure F-15., It would have a structural surface with windows very
similar to that of current aircraft.

Before such an aircraft can become a reality, some form of flight

demonstration will be required., The objectives of such a demonatrator
alrcraft cre:

® Provide focus and stimulation

e Demonstiate hydrogen-fueled aircraft
=~ Airbreathing propulsion
- Long;lived structural desaigns
~ Operational aspects

e Provide flight research to supplement research in
ground-based facilities.
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APPENDIX G

STATUS OF VIOL AND STOL TRANSPORT AIRCRAFT DEVELOPMENT

by

Richard E. Kuhr
NASA Langley Research Center

SUMMARY

The helicopter which has been operational for well over 20 years
hss shown us the utility of VIOL performance. We have experimented
with many other types of VIOL aircraft., Our problem is probably having
too many ways of achieving a VTO!, capability rather than having too
few. If we have learned anything it is that if we put in enocugh power
and have the right kind of cortrol we can fly anything. The basic
question is, rather, how do you match the vehicle concept with the job
you want to do; and that i{s infinitely more difficult to decide than it
is to build an airplans and to prove that it works.

We have experimented with some 20-odd different vehicles, What I
propose to do 1) to review some figures describing relative performance
of some of these concepts. Then I will take a few examples of the
various types and discusa briefly where they stand now in development.

Figure G-l compares power requirements to cruise-speed capabilities
for several aircrafc types, Speed is the design cruising speed.
Specific power is the power used at cruising, divided by the weight
times the velocity. The figure gives an idea of the relative effective-
ness and efficiency of the vehicles. We see the conventional jet trans-
ports in the lower right hand corner of the chart with speed of the
order of 500 knots and the lowest specific power, about .05. Specific
power is roughly equivalent to the inverse of the lift/drag ratio. 1In
other wcrds, conventionsl jet transports have an L/D of 16 to 20. That
includes both military and civil transports.

In the upper left corner of the figire we have the other end of the
spectrum, the pure helicopter with the effective L/D of the order of 4.
In betwsen, sre & lot of other VIOL types, We see that a compound heli-
copter gives us an improvement in both .pced and efficiency, but we are
still limited to low speeds. The area mar'ed low-wing-loading STOL
includes vehicles like the Twin Otter and Caribou. These are quite a
bit cheaper than the VIOL's but are still limited to low speeds.

G-1
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" Row, I understand that you are interested primarily in the longer-
range missions, so the rest of my discussion relates to those vehicles
that have speads in the 300 mile an hour end up category. In figure
G-1, the tilt-rotor shows less efficiency than some of the others
because it his a huge rotor turning at low speeds. The deflected
slipstream STOL and the tilt-wing STOL are in the speed range of about
400 knots. Only the jat-fl&p STOL and the lift-fnn VIOL's get into the
500-knot speed range. .

Figure G-2 presents a comparison of the hovering characteristics of
the VIOL types. The fuel required for hover is presented as a function
of cruise speeds. We see that all the rotorcraft get by with very
little fuel. The pure lift jet, however, takes a lot of fuel. For high-
subsonic performance, fuel consumption considerations drive our thinking
in the direction of 11ft fans. The other thing that is driving our work
in the direction of the 1ift fan and the turbofan as opposed to the pure

5"« 5s the noise problem. Low jet velocities and low tip 3peeds are

Tays'red to keep the noise down.

- The tiit-wing concept is the most highly developed VTOL type (other
than the helicopter). Control, when the wing is in the vertical posi-
tion, 1is achieved by differential blade pitch of the propeller for roll
control and differential flap deflection for yaw control. A tail fan
provides pitch control. Three designs have been butflt sand tested; the
Vertol VZ-2, tha Vought XC-142, and the Candian CL-84 (figure G-3)
which is the most racent and is still in development. Five copies of
the XC-142 were built and used extensively in both engineering and
operational type flight tests. While highly successful in almost all

- respects it was noisy and experisnced an adverae grouad effect in STOL

landings between wing incidences of about 35 and 75 degrees. The CL-84
1s much quieter because it uses lower tip speedsand does not experience
the adverse ground effect because the wing is higher and the lateral/

.directional c ntrol system is more powerful.

Moving up in speed, the German Dornier DO-31 (figure G-4) uses jet
1ift to achieve VIOL performsnce. There are four pure jet 1lift engines
in each wingtip pod and two cruise engines with swiveling nozzles
inboard. All engines are used for vertical takeoff and landing. Roll
control is by means of differential throttling of the pod engines, and
yaw control by vectoring the nozzles. Pitch control is by bleeding air
to nozzles in the nose or tail. The DO-31 has an attitude command-and-
control system that apparently makes it easy to fly. The biggest
problem with the concept 1is its noise level and high fuel consumption
rate.

Lift-fan configurations (figure G-5) offer potential for reducing
noise and fuel consumption. Howevar, the fans muat not be placed in
the wing because they compromise both the wing and the fan., The more
likely configurations 1nvolve fuselage mounting or placing them in pods
out on the wing.
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To this point I have discussed VIOL. The balance of the paper will
deal with the short-takeoff-and-landing sircraft (STOL). Figure G-6
shows one factor relative to the question of STOL performance, the
thrust required as a function of speed. At the top cf the figure it {is
shown that if most of the 1ift is carried on f{ndividual units (jets or
fans) the wing 13 not doing much lifting and the power required is high
through most of the low-speed range. If we can spread the propulsion
along the wing and make that wing work for use at a higher lift
coefficient, we can drastically reduce the power required in the STOL
approach speed range of 60-80 knots. This is the thrust-weight
required to maintain flight. Additional power must, of course, be
installed to take care of the engine-out problem and the temperature-
altitude conditions of the takeoff -and landing site.

Anothar factor in STOL performance is shown in figure G-7. 1In this
figure, speed and approximate field length are related to wing loading.
There are several important factors shown here, The curved lines
indicate 8 constant lift coefficient. For conventional jet transports,
such as the 727, maximum 1ift coefficients about 2.7 are available; but
safety reasons and operation margins reduce the sctual operating lift
coefficient to about 1.5 to 1.8. Many of the so-called STOL airplanes
that we have today operated in the same range., They have lower approach
speeds simply because of the lower wing loading in which they operate.
STOL ‘research today is directed at getting their kind of takeoff and

landing performance at the higher wing loadings sppropriate to high
cruising speeds.

The shading on the lift coefficient 4 line labeled '"current pro-
peller STOL" is for the French Breguet 941 deflected slipstream class
of airplane (figure G-8), the first true power-1lift STOL airplane that
we have had., This concept uses large flaps to deflect the propeller
slipstreams downward to produce high 1lifts at low speeds., The concept
is highly developed and the technology is essentially '"on the shelf.”
The primary drawback is the speed limitations of propeller drive air-
craft. (See figure G-1.)

In order to achieve higher cruise speeds several types of turbofan
STOL configuration are receiving attention now. The externally blown
flap concept (figure G-9) uses high-bypass-ratio engines blowing through
the flap system to generate the high lift. Actually this concept was
originated in the early 50's; but all that was available then were the
pure-jet engines which would put the flap in an extreme environment in
terms of temperature and dynamic pressure. The advent of high-bypass
engines like those on the 747 or the C5 with lower temperature, larger
dismeter, and slower exhausts brought this concept back into prominence.
An obvious problem with this type was that of control following engine
failure. Wind-tunnel tests have shown that this can be solved by plac-

ing the engines inboard, putting them up fairly high, and using a power-
ful lsteral control system.

B it e i st ] i S M L b 1
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An alternate approach to the externally blow flap would be to take
air from special engines, duct it across the span, and blow it over the
flap system. One msthod {s the old, conventional jet flap. In this
the air is simply blown like boundary layar control over the upper
surface, This appears to have advantages from the noise point of view,
Another approach is the "augmentor wing" in which the jet sheet is not
attached to the flap surface. It blows through the gap formed by two
elements of the flap so that it operates as a jet pump to euck in extra
air for augmented performance. A research vehicle of the sugmented-wing
type is presently being built by Boeing for the NASA-Ames Pesearch
Center (figure G-10). This is a modification of a DeHaviland Buffalo
and will be flying in 1972. 7 :

At this point in time, the externally blown flap appears to be the
simplest and can uae conventional engines. The internal-flow type
appears to be more efficient but requires special engines to get the
air at the right quality and pressure for the flap system., The upper-
surface-blown aircraft type -~ the conventional jet flap -- at this
point appears to be the quietest.

In conclusion, the technology for the propeller driven VIOL and STOL
concepts is available, The externally blown flap type, we think, may be
the more prsaising in the near term for the turbofan powered STOL because
of the engine situation. The lift fan appears to be the high performance
VIOL type of the 80's.
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APPENDIX H

FLOATING ISLANDS AND BARE BASES
i o by

Paul Swanson
Goodyear Aerospace Corporation

SUMMARY

Currently, forward bases, at least above the direct-support level,
are fairly static. These bases are a liability, both economically and
politically. As we look ahead it can be seen that the political lia-
bility may become greater than it is today. There is curreant work in
the development of semi-permanent portable forward bases. The "Bare
Bage" concept is one of these., In this concept, facilities are moved

in rapidly and used. After use they can be collapsed, moved out,and
reusad,

As we look for solutions to the problems of bases, we come back to
the basic fact that three quarters of the earth's surface is water.
Perhaps the best place to lccate these bases would be on this water.
When one considers bases on the water, there are several slternatives.
We can envision a fairly rigid forward base similar to the one shown in
figure H-1. Most of us are acquainted with off-shore oil-drilling rigs.
We could use a structure similar to this which could be floated into
position and sunk to the bottom, whereupon it would becoms s rigid
structure. You could envision a base such as this close to the shore,
which could be utilized either as an air base or an ocean-going ship
base. There are technical limitations to this, including those imposed
by subsurface, tidal, and weather conditions. Cost is also a major
factor.

There are many concepts for floating bases. It is interesting to
note for example, that consideration has been given to using a floating
base in the Hudson River ss an airport. Figure H-2 shows a raft-type
device which floats just above the surface of the water and has the
width and length required for handling most aircraft. Another example
is an air-cushion-type device in which air is trapped under the_
structure and used for buoyancy.

These are not new ideas. Man has been thinking about floating
landing fields and floating ports for years. A strucuture was con-
ceived in 1930 known as an Armstrong Ae-odrome. This structure was an

all-steel structure with the joining devices floating well below the
wave action.

[ i oy i O N £ aabtaein A b s A L et




We at Goodyear have an ongoing program in which we are looking at
& floating base (it might be called & floating islard)., 1In this
particular application, inflatabla stabilizing columns are used. Wa
are considaring s laminated, rubberized material from which we will
fabricate the columns and scme of the suppurting structure. A base - :
designed in this manner could be transported to any water-coversd ares -
of the globe, inflated, erected, and used. We are in the final stages ~
of this particular program. A preliminary dasign has been developed
and evaluated (figure H-3). The columns are topped by a sandwich-type
landing deck which is also portable and easily assembled where
required. One might wonder about the msterial being proposed for the
columns. Wz are testing a design that would be somewhat like a truck
tirs. It would be inflated to pressures up to 100 psi.

Returning to figure H-2, chese are typical float configurations,
You can zes that for s zero ses sate, vhen the columns are submerged to
& depth that would give stability, there is also the necessary flota-
tion to support the deck above the water. The attenuators are on the
bettom of the columns. These are filled with water tc ballast them
balow the wave action. You can see from figure H-2 that when we get up
to sea state 7 that this gets to be a large and complicated structurs,
with colums and attenuators up to 100 feet in length.

How can a structure like this be erected? One of the requirements
is that all the components would be air transportable, Ideally, we
should also be able to airdrop them. The island could be erected from
couventional ships with erection platforms on their decks.

I am sure that all of you can envision innumerable problems, but I
do not feel that anyone can find fault with the fact that a foxward
floating base which is not on foreign real estata does not have the
political implications or require the negotiations necessary for a fixed
land base. Further, this installation could be disassembled, folded up,
and moved when no longer requirad.

We will soon begin the test program in which we will dynamically
test models in a basin. From this, if the results are favorable, we will
wove forward to a large-scale model. This program is being carried out
for the Navy.

For an installation 20 years in the future, it may be practical to
combine the floating island with the "Bare Base" structurss being built
for the Air Force. Figure H-4 shows a bare base unit 8 feet high, 3
feet deep, and 13 feet wide which is air transportable. This unit is
field erectable and folds out to a module 33 feet long. If one is aware
of the Air Force's bare-base program, these structures are in use and
ars meeting with success. A kitchen unit {s heing developed and tuilt
with all equipment in the center portion so that when it is opened, it
becomes a full-scale kitchen and dining area. ‘

H-2
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If you lat your imagaination roam a bit, you can visualize a
floating island with bars-base-support structures on the deck. This

island could be used as a complets provisioning bass on which the C-5
long~range aircraft could land and off-load provisions, storss, or

g troops, From this, STOL and VIOL type sircraft could move the materiel
. to its end user, the troops in ths fiald.
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