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PREFACE

Rotorcraft and their applications have held the attention of AGARD Technical Panels for many years. They have
been the subject of several Specialists Meetings and Symposia.

The AGARD Flight Mechanics Panel (FMP) organized a symposium on Advanced Rotorcraft in 1971 at NASA
Langiey Research Center (AGARD-CP-121).

Since that time increasing experience in the field of commercial and military helicopter operations has led to new
technical and operational requirements. New government-sponsored nilitary rotorcraft development programs
incorporate advanced technology which improves not only survivability but also overall efficiency, maintainability and
reliability. On the other hand, commercial rotorcraft development programs are largely funded by the manufacturers
and therefore cannot include new high risk designs to meet special civil helicopter regulations or new civil operational
requiren:ents.

The AGARD 7 light Mechanics Panel therefore decided to structure a new symposium on Rotorcraft Design with
special emghasis to be placed on opportunities for improved coordination of military and civil requirements and
specifications.

This meceting provided the military and civilian rotorcraft designers and operators with a unique opportunity for
discussions and exchanges concerning common problems and grounds for civil/military cooperation.

The symposium was organized into five sessions as follows:

o Military Requirements »nd new rotorcraft systems

o Civil operations and new helicopter designs

o Research vehicles

e Rotor wind tunnel and flight research

2 ”...nmon ground for civil/military cooperation
and a final rcun:: table disrussion on

e Opportunities for coordinating military and civil requirements and specifications.

Touching on the main theme of the mecting, it is evident that many areas of incompatibility between civil and
military hardware requirements are the inevitable results of the different operational environments and management
constraints within which the two user groups must function. The principal opportunity for commonality will continue
to be with the core dynamic components. There are, however, areas where more coordination could be beneficial.
Examples are greater standardization within these user groups in establishing common procedures for accumulating
experience data on new families of dynamic components, and in setting up the means by which compliance testing
of dynamic compone iits can be accepted for both civil and military verification.

The unanimous concern expressed over escalating program costs for new rotorcraft systems, especially in the
larger sizes where smaller production runs make development costs a very significant part of the unit acquisition cost,
supports the recommendation that the Flight Mechanics Panel undertake a more detailed study to identify the areas
where common requirements exist and where uniform standards could be established. The meeting also identified
areas where an investigation of opportunities for cooperative efforts between the NATO research agencies could be
fruitful.

A complete summary and evaluation of the meeting is available as AGARD Advisory Report No. 114, Technical
Evaluation Report on the Flight Mechanics Panel Symposium on Rotorcraft Design.
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KEYNOTE ADDRESS

TRENDS IN ROTORCRAFT DESIGN AND DEVELOPMENT

M.J.Soulez-Lariviére

Preceding page blank

Mr. President, Oear Members,

1 thank you for the honor given to me of delivering to you the introductory lecture of this sessio n
devoted to the rotorcraft, and I think that the subject of cooperation between civilish and military
can be very interesting and profitable for both. Such an organisation as AGARD, which has been trying
for many years to promote coopération between nations of similar civilisation, is perticularly well
suited to be the point of meeting of these other aspects of cooperation between two parts of the
customers of the rotorcraft industry. And, in the title of TRENDS IN ROTORCRAFT DESIGN AND DEVELOPMENT,
I choose to focus on this particular point which has changed very much since our last meeting in 1971,
with the growing interest of civilians in the helicopter, and their increasing part in production.

1 - FROM RETROSPECT TO PRESENT SITUATION
To begin with, let us start from the real facts derived from statistical data

1. Up to 1950, we find that small production was nearly exclusively experimental or military. The
explosion of the Helicopter product follows the long years of technical maturation that have
proved necessary to find solutions to the hard problems that you well khnow of: 1ift/weight ratio,
stability and control, fatigue limit and mechanical strength. But such resolving of the problem
has been achieved to a very high cost, both for production and maintenance, and the military
user only is able to find profitable & number of specific qualities of the product which to him
sssentially are its ability to hover and the ubiquity thus imparted to the vehicle, i.e. sur-
veillence, punctual liaisons, casualty evacustion, etc.. The Korean war has been the first fire

baptism of the helicopter at war.

2. Between 1950 and 1960, we find on the military side & slow but smooth progress of production and,
on the civil side, a beginning of operations for missions nearly similar to those of the military,
namely, surveillance, liaisons to otherwise inaccessible places - particulerly mountainous, land
and sea rescue, and some more specific missions such as serial work and agricultural spreading.

In this perioy, it can be stated that the civil helicopter has been the heir to the military. First,
o8 regards a firm, the volume of potential customers for the civil helicopter could never account
for the importeant and risky investments of a prototype study and & production 1line. Also, such a
potentiel could never be sufficient to arrive at the necessary experisnce and flight hours for

the development of an operational model. So much that the civil helicopter is truly, at this time,
a recently demobilized helicopter, like, in fact, a pretty good number of its pilots.

This world statistical information could mask some evoclutionary processes of a more local charsct:r.
It thus appesrs that helicopter production in France begasn in 1955, thanks to the convergence of two
independent phenomena:

- the maturity of TURBOMECA as a manufacturer of small gas turbine engines in the 507-1,000 SHP
range which, owing to their simplicity, lightness, reliability, etc. were to bring to the heli-
copter the adequate engine which it has been lacking up to this date.

- the Algerian war which, suddenly, revolutionized the judgment, too often a routine, of the
Headquarters on this new weapon system, bringing with it both financial support and operational
experisnce.

3. Detween 1960 and 1968, events go nearly the same way as before, with the variant that the evolu-
tion found in France from 1955 orward is repeating itself in the United States with a time offset
of five ysars: generalization of the ges turbine engine and call for production in a hurry by
reason of the military requirements.

The military roles attributed to the helicopter are transport missinns (tactical and logistic) but
also reconnaissance and firing platform, in which the speed relatively to land vehicles and the
higher relative visibility counterbalance fragility and vulnerability. We may add a number of more Y“

proximity combat missions with light armor craft.
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4. However, the 20 years of technological progress have by now been sufficiently decisive for the
helicopter vehicle not to be as slow as before, not 8o upgly, not so fregile and, starting from
1968, we cen witness a steeper gradient of the civil market which, together with the decline of
the military requirements, will result in shering production betwsen the civil and the military,
which by now is a nearly fifty-fifty proportion. And it i{s mainly the transport and liaison
function, alrsady pionsered by the military, which is acting as a basis for such a development
which is, at this tims, perticularly stimulated by the oil industry.

5. Then, the question that comes now to mind is this:

Will the civil/military multipurpose function of the helicopter continue, and will the civil
continue to depend on, as well as benefit from, the investments of the military? At a time where
the fifty-fifty proportion has been reached, with a higher gradicnt for the civil use, is it not,
to the contrery, a reverse trend that will occur? In that cese, will the military benefit from
return profits arising from tha rnivil investments? Is the helicopter to remain multipurpose in
nature or, to ths contrary, shall we see the appesrance of different productions or even industries,
one military and the other civil?

2.- SIMILITUDES

On the first side, it would be prucent to do like the meteorologist forecasting for to-morrow the
same weather as to-day, because the frequency of changing occurrences is lower than that of the static
mode. And we find in the past meny proven reasons to justify the statement that the multlpurposs
function will continue. Are the air molecules not the same for the civil and the military, or Are we
to color them differently in the wind tunnel, depending on the Ministry that pays for thexs® “he
natural frequencies of the blades and the fatigus of the nininn gears, as well as the electrons {n
the equipments ars exactly the same, too. And it i{s to remain true that the costs of developing a
transmission and rotor system are so high that their manufacturer will by all means try to amortize
them through a higher series production that he will sell to both types of custnmers. Howsver, we
find that such an argument enually applies to the moleculss of the sea or thos: of the road concretes,
and thst, despite the expsnsivengss of a battleship or a tank, their sale to civi) customers requires
particularly skilled sellers or very short-sipghted customers,

I therefore think it necessary to ask the question again in the place of the customer: What does he
purpose to do with his helicopter? And to reply as follows:
- for the military customer, the purpose is to make war, that is to overcome the enemy, and this is

expressed in terms of performance.

- for the civil customer, the purpose is to make money, and this is expressed in terms of cost/

effectiveness ratio.
And 1 chose to emph8size the differences more than the similitudes which are well known of all of you.

3.- Differences in ths Methods

3.1. The Military Method

This is not to say that the military customer is not concerned with the cost of achieving a given
performance. But it is Performance. gensrally estimated os speed, payload, capacity of equiprments,
compactness, etc., that will justify the enterprise of launching a new helicopter program.

True, the Armed Forces do make cost/effectiveness analyses, thanks to some private or public
operational resea-ch laboratories, but, once it has baen established that & given mission can be
advantageously fulfilled by & helicopter, we can be sure that it always is by means of & helicopter
that does better and more than {ts predecessor already in service. Only the technical increment
value relatively to the present state of the in-service squipments would account for the high costs
of a naw program. And such a phenomenon has influenced on the orpanization of the various departments
of the Armed Forces and printed it on the methods of the industry they are sponsoring. As an
example, I'1]l take che French organization, because T know it fairly well, and I know that,

excapt for a few changes, 1+ is similar to the organization in other countries.
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Thus, once a military program has besn determined which, I recall, is only justified by its

I technical advance as compared with the equipment already in service, a “Service Techniqus Gouver-
nemental” (Government technical Oupertment) is sppoir ed to lay down the precise and detailed
specificetions of the program, so as to deliver them to the Industry (Recuesst for Proposal).

The industrial correspordent of the “Service Technique® is a "Buresu d'Etudes” (Engineering Office)
whose tesk shall consist in designing and develioping prototypes to the specificat!ons. And such

T TRy

task 1s difficult enough, since we are in & leading technology, for the problem not to be rendered
more complex through cutside considerations, above sll not industrial or financial. Eventually, at
the end of years of efforts, the detailed definitions of the helicopter mesting the specifications at
[ best, as well as the test results to administer the proof of it, are delivered by ths "Bureau d'
Etudes” to the "Service Technique”.

At this particular time, it occurs that powers are transmitted to another Government Agency in charge
of procuring s definite number of products meeting the prsceding definition., This organization, called
"Service de Production” (Production Department) will be confronted to differcnt speakers of the
concerned Manufacturer, in order to request from them proposals for manufacturing what has been
designed by their colleagues. However, the manufacture of the technical wonder which the prototype is
a picturs of, within the established time schedule, is another fest of strergth. For it certeinly
cannot be spoken of altering the dasign to make it cheaper: the development results generally from

8o delicats and fragile a compromise, among all the requirements of the program, that the additional
time required for developing a product suitable for manufacture would be inacceptable. making obselete
a program which too often tends to delay in time.

All these problems lead to a high, irreducible unit cost, and the aggregate sum of money allocated to
a program is so immutably determined by the Government that the only free remaining verisble is the
number of helicopters to be manufactured.

3.2. The Civil Method

g_ A simpls comparison of the way that civil products, even of small outout like, for exemple, luxury
A automobiles or small aircraft, is very telling. In fact, the parameter in which the civil customsr

is internsted is absolutely not cerformance /n relation to the number of units he wants to purchase,

but Performance related to the unit cost of the required product.

This means that the organization to be set up for designing and producing a civ’l helicopter would be
very different from the other one. I am not sure that it will lead to & Cost Control Department as it
works in the automotive industry, sourcing its power directly from the Chairman and having authority
on both the technical and production departments. But I am sure that a minimum requirement of such an
organization would be close liaisons betwesn the engineering and production, so as to figure out, a3
soon as the draft stage, the price of what is drawn aond to gein access to the cost/effectiveness ratio.
And this requires, in turn, that the manufecturing works be, so to speak, glass-walled, so as to avail
itself uf a data acquisition system on costs of a high accuracy with many possible variations; while
in the military orpanization, the risk of such an information would be that it could readily be

used by the department inspectors as an information on profits, so that the tendency of the manufac-
turing firm is to hide this informstion, even for its own engireering office.

Having initiated such & physical exercise in France, we are in a position to state that this is
feasible but thst it is truly revolutionary for many people used to the other method.

4. DIFFERENCES IN MISSIONS

In eddition to this basic divergence in the methods, I now think of the differences in the purposes
followed by the military and the civil, which are to be found in the missions, particularly in the
mission profiles and the equipments regquired, much more than in the past. Let us give a few details

on such differences:

4,1, Pexloa_g
The esrly missions which the helicupter was capable of, were in connsction with its unique cape-
bility for the hovering flight. This capsbility was to be paid for, not only through a high cost
of operation but also through the weakness of all the remaining perameters such as payload,
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tpeed, renge, ceiling, etc., as compared to the parformances of the fixed wing aircraft. Hince a
class of early military uses, such as observaetion missions in the mountains, resci.e of casualtios,
rescue st sea where performances are secondary, and the first civil missions {n the aerial work,
that were directly derived from the military missions.

Pressure from the custome~ has been very strong for an increase, firet in payload tc allow for
tactical or logistic tramsport, also for armed missions for an evar-increasing weight of enti-tenk
or anti-submarine weapons, or even of armour. And there was an unconscious opinion that these
improvemant in sizes required by the military could lead to the helicopter fulfilling civil
missions of passenger transport, in much the same way as had occurred for the fixed wing aircraft,
However, this has not occurred, and while the military tactical transport was becoming an sveryday
reality and some achieveresnts wers to be ssen in the logistic transport, civil iransport remained

L

confined to & very small number of areas of geographical necessity. One may wonder why erd I, for
my part, believe that this is to be explained by ths nature of the global transport system in

E which the commercial helicopter is evolving. If we assume a perfect, non-saturated navipotion and
approach system , which is still happily true of a number of airports, the vital time advantags of
the helicopter is in connection with the fact of landing nearer to the city centers. dut, as we
here, supposedly, speak of public trensport, there remains a gap as regerds surface transportation:
we have still to take & taxi or the underground railway and, in the way back, we have to make

3 calculations for a time margin of a quarter o7 an hour, so as not to miss tale-off time., For
exemple, supposing the diameter of a big city is 20 miles, tne asverage distance from a heliport
situated in 1ts center is still 7 miles, but only 10 niles from a paripheral eirport. The economics
of the Helicoptar is truly beneficial but tr the Ai:- Traffic Control and Airport Authorities, by
rsason of its gain in space and time, but the user could only benefit fro the overall time seving,
1if he is landed “on site”. Such is the case of the big military helicopters, but this 1s not trus
of the common carrisrs. However, such is also the case of the supplying helicopters to the oil-
drilling platforms at sea, of the business or private liaison missions, and it is truly herse that

the essential development of the civil transport helicopter lies.

And this is in connection with the size ranges of the helicopter that do not overlep. The military
size begins at 4/5 seats, around 1,000 lb of payload, with no superior limit within the present state
of the art. This mesans that the capacity of carrying very heavy unit-loads on the short distances
continues to be of military interest because of the non-fractional character of some loads (such

a8 a gun or a tank), and the question ariser as to whether an army can clear a given obstacle. Sizes
are smaller on the civil side. At the bottom of the renge, there is room for very small helicopters
of 2-3 seats or 500 1b of payload, and I am sure that these will develop when suitable engines
(small turbines or Wanksl engines) become available. To the contrary, around the top of the range,
we said just before why the size of the tranmsport halicopter reamains limited by reason of the
surface split problem, which is longer and longer when the passengers increase in number, therefore
increassing their ares of destination. Similarly, for lifting missions, the number of non-fractional
loads decreeses with their tonnage, thus decreasing the economic viability of the construction and

purchase of a specially-built machine.

4.2. Hovering/Cruise Trade-0ff

We also have to detail a second significant difference between the two classes of missiuns, For the
military, a high capacity for the hovering flight time {s vital. It has not only to take-off and
land at places hardly known or accessible only throupgh a short hovering time, but it has frequently
to rcmein stationary in the course of a flight, in order to camouf.ape, to fire missiles, to protect
itself or be protected, or to listen to submarines. For the civil use, apart from the already well

pioneered aesrial work missions, the liaison missions will alv ys be performed from roughly prepared

i i i ksl

or signalled landing aress, where the landing and take-off operations can be on the spot without being

necaessarily stationary and in the course of a flight, so that hovering is of no avail.

As far as the combination of the hovering/cruise flight is concerned, the military will continue, as ]
before, to privilege the hovering flight, and the civil helicopter speed, or rather the lift-drag

ratio. It sppears to me from personsl studies, that such differences in the fields of interest could
lead to equéally significant differences in design of helicopters, possibly with a ratio of 1.5 on a




number of parameters.

4.2 Engines, Equipments and Missinn fitt.ng Capability

A third difference is connected to a difference of interest in the field of the two-engine poweriza-
tion. This 1is merely useful for the military who readily satisfy thomselves with autorotation
capabilities in the event of a fajilure, and for whom the dangers in fight are far superior to

those of an engine failure. To the contrary, the civil customers are increasingly to require
twin-engined helicopters, even for smaller helicopters, because they will find themselves

forced to fly over populated areas, where landing in the autorotation configuration is not

pessible.

In the samg way, we may believe that new military missions will not fail to be organized and tailored
to the more and more sophisticated weapons and equipments cffered them by technolcgy. I believe that
the military helicopter will be one piece of a mcre complex weapon system, and that it will have

to be embodied in the othar pieces of the puzzle. Firing missiles, armouring, carrving radars,
sonara and torpedoes, camouflaging, protecting itself against radiations, visualizinp by night in

a hostile environment, these are exemples at random leading to the conclusion that the helicopter
has just begun its career in the military service. This career i1s likely to arrive at the same
differenciation as that of aircraft and ships. There will be fighter F-~licopters, tactical and
anti-tank helicopters, Pnti-submarine or anti-ship helicopters, all of which tc tecome finally

very different from the military transport helicopter which, itself, will differ enough from the
liaison, business or touristic helicopter. To-day, nobody would dream of deriving a liaison air-

L. o from a fighter!
5.- CONCLUSION

I would conclude and summary, first by noting the prime interest of the militarv for the helicopter

and their unique support of its development during twenty years.

And then, by noting the very rapid growth of civil epplications since 1968, and the equal sharing of
productiun which we can witness nowadays. The progress and development of both of them will un-

doubtedly continue.

However, I feel inclined to predict that the dependency of civil uses on the military will progressively
diminish, and that we are likely to witness, on one hand, such technology becoming common-place and of

a much easier access to new industrial firms and, on the other, the different types of helicopters
becominp much more specialized 38 they are to-dav, similar to what has occurred to aircraft and all

the leading industries of the past.

Perhaps, this will be a reason more to draw the friendly bonds thus created by such community of
activities and community of civilization closer, and to meet again here, for the sake of the

charminp Californian spring.

Addendum: After reading the proceedings of this meeting concerning the aspect shown here, I find

two opposite philosophies: on one hand, Note N° 1 by G81 S.C, STEVENS seems to be in agreement
with mine. He emphasizes the important needs for making the helicopter a true combat vehicle with
fire-proof elements, crash capabilities, etc., i.e. an expensive machine with many features of
no-interest for civil use but actually able to fight in a combat area. On the other hand, paper

n°

24, by André Renaud, showing the possibility to use a civi! product as a cheap military
machine. With this philosophy, for a given amount of money, the Army could buy more helicopters
of a lower combat capability. It surely is the only way to follow, if the amount of money
available does not allow for a new development; however, the global efficiency of such purchase

must be compared with that of the other.
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PROJECTED NEEDS OF U.S. ARMY AVIATION

I BG (P) Story C. Stevens ! l
I Deputy Commanding General

U.S. Army Aviation Systems Command

St. Louis, Missouri, 63166, U.S.A.

SUMMARY

I This report reviews the projected needs of U.S. Army air mobility as they are seen today within the

I U.S. Army Aviation Systews Command. It is an ovc -view of the U.S. Army's envisioned future aviation require-
ments and how they relate to research and development needs. Special emphasis is given to those aspects of

’ the military requirements which seem to offer the best opportunities for coordination with civil developments.

The paper addresses both the short-term needs, as exemplified by the currently developing systems, and the
long-term requirements, which may be represented by conceptual studies only.

In this report, the current projection of the U.S. Army's aviation needs are analyzed in order to iden-
tify technological gaps. A study of the deficiencies and shortcomings of current U.S. Army aircraft reveals
many areas that are common to the inventory, such as vulnerability, high life-cycle costs, and inadequate
performance. Reliability, availability, maintainability, and durability are essential to assure that equip-
ment and facilities will be functional when required. Enhanced human effectiveness is needed to permit the
best possible utilization of the Army's limited military personnel appropriation. Cost-saving and cost-
avoidance programs are essential for determining what we can afford in terms of overall defense. The common-
ality of many of these problems for both civil and military utilization of rotorcraft is evident. Hence, the
required advances in the disciplines and supporting technologies identified to meet military needs have their
obvious countersarts in civil requirements.

The report examines the military needs and their relation to the advances that rotary-wing-aircraft tech-
nology is expected to experience over the next two decades. Improved rotor performance, improved structural
efficiency, and reduced specific fuel consumption are certain to be realized. Continuing advances in micro-
computers and other electronic devices will greatly improve navigation and control capabilities over current
systems such that operations during adverse weather and reduced visibility conditions will be possible.
Increased reliability and reduced maintenance requirements are sure to evolve, as will self-contained test

1 capability. These advancements in rotorcraft technology are required to support the raoid arowth in both
| civil and military applications projected over the next decade.

INTRODUCTION

Rotating-wing aircraft, such as helicopters, have been the subject of sporadic attention for centuries,
dating back to the time of Leonardo da Vinci. U.S. Army interest in the helicopter began in 1918, when an
investigation of the Peter Cooper Hewitt helicopter design was made by the Air Service Engineering Division
at McCook Field, Dayton, Ohio (now the Wright-Patterson Air Force Base). The Army foresaw "grea* possibili-
ties" for a machine capable of up-and-down flight and, hence, operation from restricted areas.

The U.S. Army Air Service undertook th~ development of rotary-wing aircraft in 1921 by contracting with
Dr. George de Bothezat for the construction and flight testing of a quadrotor helicopter configuration at
McCook Field. On December 18, 1922, the de Bothezat helicopter made its appearance for flight demonstration
(Fig. 1). It hovered for 1 min and 42 sec at the height of a man. However, when the Army suspended sup-
port of the de Bothezat helicopter, enthusiasm in the development of such a craft waned for many years.
This may have been a reflection of the following sentiments expressed in the preface to the 1922 edition
of Jane's All the World's Aircraft in which helicopters appeared for the first time:

"Helicopters are included chiefly because so much public attention has been concentrated on
them by the Press, thanks largely to the misguided generosity or enthusiasm of official or E
wealthy people who have subsidized these curious machines to an extent which would have 1
produced notable results had similar sums been expended on practical flying machines . . . it

is one's personal belief that long before anybody produces a helicopter which is of any 1
practical use, far better resuiis in the way of "“flying straight up" will have been attained [
by ordinary aeroplanes with improved wings."

In 1940, the U.S. Army's helicopter program was reborn when Platt-LePage won a design competition and
a contract was approved for the procurement of the Army's second helicopter — one XR-1 helicopter. By this
time, there had Seen successful flights of the Focke-Achgelis Model F-61 in Germany and moderately successful
flights of the superimposed coaxial twin-rotored helicopter designed and built by Louis Breguet in France.
The Platt-LePage design, a twin, side-by-side rotor configuration, was similar to the F-61. The first
free flight of the aircraft was made on June 23, 1941 (Fig. 2). %

However, the U.S. Army was not satisfied with just one type of helicopter. While the Platt-LePage mode!l
was under construction, the Army was also working with another manufacturer. This resulted in the first
truly successful helicopter in this country — the VS-300, laboratory model of the Vought-Sikorsky Division
of the United Aircraft Corporation. The first free flight was made in May 1940 and, in January 1941, a
contract was awarded to Vought-Sikorsky for the construction of the XR-4, which was a two-place, three-
bladed, single-main-rotor helicopter with an auxiliary tail rotor to counteract the torque reaction. The 1
first flight of the XR-4 was made in January 1942 (Fig. 3). On 17 May 1942 (35 years ago), the XR-4 was '
delivered to Wright Field, Ohio by the contractor's piiot after a cross-country flight from Stratford,
Conn:cticut. The XR-4 was accepted May 30, 1942, and was the first helicopter delivered to the U.S. armed
services.




In the three decades since the end of World War II, the U.S. Army has considerably exparded its use of
the helicopter. Originally, the helicopter was thought of as being a reconnaissance, evacuation, and guneral-
purpose aircraft that was capable of performing missfons similar to those which had been performed by the
1ight, fixed-wing afrcraft. As the potential of this vehicle began to be appreciated, fts use as 2 cargo and
personnel transport was recognized and, subsequently, the roles of firepower and service support were added.
The NATO exercise of last Fall, called REFORGER '76, reinforced the U.S. Army's concept of aviation's role
in the combined arms team. The exercise tested the air assault concept in Europe and demonstrated the versa-
tility of Army aviation in the conduct of extensive tactical operations. The use of air vehicles by ground
forces has added another dimension to the battlefield by enhancing the ability to conduct land combat func-
tions. Today, the mission of the aviation unit is based on the mission of the ground unit and Army aviatfon
support is integrated with and based upon the ground tactical plan. The Army's use of air space is directly
related to the performance of land battle and to the traditional functions of land combat including mobility,
intelligence, firepower, combat service support, and command, control, and communication.

As a consequence of the U.S. Army's concepts of aircraft utilization, and based upon the Ammy's combat
experiences, certain criteria have evolved that bear directly on required rotary-wing aircraft character-
istics. These characteristics include the following:

1. Aircraft must have the ability to hover out of ground effect at 4,000-ft-pressure altitude, at 95° F,
and at basic mission weight with approximately a 500-ft/min vertical rate of climb at 95% intermediate rated

power, thus nermitting afrcraft to be based close to the tactical user without reliance upon prepared airfields.

2. Afircraft must have adequate speed to insure timely response, productivity (ton mi/h, missions/day,
etc.) and survivability. High speeds must find justification in terms of reduced aircraft losses and
increased cost effectiveness of overall mission performance.

3. Aircraft must have near all-weather, full-instrument flight capability, providing effective organic
aviation support to the ground soldier under virtually any climatic condition in which he fights.

4. Aircraft must provide crashworthiness, including prevention of postcrash fires, energy absorbing
structures for crash impact, and crew-restraining devices to enhance survival.

5. Aircraft must be survivable, meaning that they must have the ability to perform the mission and
return safely in the face of enemy fire without paying high penalties in aircraft weight, size, or dollar
costs.

6. Aircraft must be capable of terrain flight, using the terrain, vegetation, and man-made objects to
enhance survivability.

Against this background of general characteristics, this report reviews the projected needs of U.S. Army
air mobility as they are seen today within the U.S. Army Aviation Systems Command. This is an overview of
the U.S. Army's vision of its future aviation requirements and how they relate to research and development
needs.

The aircraft that the U.S. Army will procure in the short term (i.e., for the next 10-15 yr) are most
probably those currently in some stage of development against an identified mission requirement and based
on current technology. The aircraft that will incorporate advances in technology achieved over the next few
years will be those that meet our needs of 25-30 yr hence. We are compelled to make predictions for long-
range requirements that fit responsibly into known technology and known, but unsolved, problems, despite the
knowledge that these requirements will depend upor unpredictable geopolitical changes and technological
surprises. This puts us in the position of the prophet who deduces the future by logical extrapolation from
the past, and his knowledge of the present. He is probably doomed to faflure because the only certainty
about the future is that it cannot be predicted with certainty.

MI”STONS

The key to U.S. Army plans must be mobility — fast, dependable, and eve--present. In a very important
sense, the degree to which we increase the Army's mobility may determine the ultimate outcome of any future
engagement. Mobility improves the effectiveness of the soldier and his weaponry. It helps overcome dis-
parity in strength or numbers. In both offense and defense, tactics will be designed to achieve a wide-
open, fluid battlefield. Air mobility has become an essential factor in these concepts. Employed as an
integral element of the combined arms team, armed helicopter forces significantly increase the total
combat power at the disposal of the ground commander and provide a critical capability to influence the
battle at the right time and place. To fight the land battle, the U.S. Army makes full use of aircraft for
alt five functions of combat: mobility and its inseparable companion, firepower; intelligence, which
encompasses reconnaissance, surveillance, and target acquisition; combat service support or logistics; and
last, but not least, command, control, and communications. The following discussions of the operational,
developing, and future systems to meet U.S. Army needs are reflected in the composite chart of Fig. 4.

Mobility

The demand for greater mobility has continuously increased throughout the history of warfare. The
abilities to deploy light, mechanized units and mobile, air-defense artillery quickly by air; to
transport assault troops, weapons, and equipment around the battlefield, over obstacles; and to bypass
enemy strong points — all have been significant factors in past conflicts and will continue to be valuable
in any future contingency.




For squad-sized units and small weapons, the air assault missfon of the mobility function is currently ’.3
performed by the UH-1 (Fig. 5). This will be replaced by the Utility Tactical Transport Aircraft System
(UTTAS) (Fig. 6), for which we recently awarded a contract for low-rate initial production. The UTTAS will
11ft a tactical infantry squad or its transport equivalent of externally or internally loaded bulk cargo.

} The UTTAS will be discussed in detail in another paper at this conference (Ref, 1). For units of larger

] size or heavier weapons, the CH-47 (Fig. 7) provides the necessary mobility. Because of its vulnerability,

E the CH-47 is rarely used in the combat assault role but provides maneuverability to the fire support elements

' and other supporting units. For large out-sized loads that require external slinging, the CH-54 helicopter

| (Fig. 8) is currently used in addition to the CH-47. These concepts are summarized in Tables I-III.

Developing Mobility Systems. The follow-on system for the current CH-47 fleet for the 7-10 ton payload
1 range will & the Modernized CH-47 Medium-Lift Helicopter (the CH-47D), essentially a major modernization
effort which does not quite fall in the same category as a new development project such as the UTTAS and
3 ! the Advanced Attack Helicopter (AAH).

The current CH-47 Chinook Medium-L1ft Helicroter (MLH) was designed to perform the missions of artillery
movement, missile transport, personnel movement, aircraft recovery, medical evacuation, transport of liquid
and dry-bulk cargo, and other combat service missions. The CH-47 has the capability of carrying cargo
internally and/or externally. It was developed in the late 1950's with the technology of that era.

The current fleet has four primary inadequacies: (1) system operating costs are a support burden on
critical Army resources; (2) CH-47A and B series aircraft, as currentiy configured, are approaching planned
retirement; (3) the A and B series do not meet the 15,000-1b 1ift requirement for air mobility of artillery
and engineer equipment; and (4) the reliability, availability, maintainability, safety, and survivability
features of existing CH-47s need to be upgraded to current standards.

—

The need for MLH capability is recognized as continuing at least through the 1980's. The program that
was approved by the U.S. Army as the most cost-effective means to sustain this capability is primarily an
engineering effort for the design and integration of seven improved components or systems into the modernized
CH-47 aircraft (Fig. 9). The seven major modifications to the CH-47 are: (1) composite rotor blades;

{2) improved Lycoming T55-L-712 engines; (3) higher capacity transmissions with integral cooling and lubri-
cation; (4) rewired and upgraded electronics; (5) a multipoint suspension system for sling loads; (6) an
advanced flight control system; and (7) an improved auxiliary power unit with electrical generator and
hydraulic pump for systems checkout without starting an engine. Under the modernization plan, the improved
components and systems will be incorporated into a rehabilitated airframe configuration. A key element of
the program is the capability of the older CH-47 airframes tr. continue to operate into the 2000's.

The CH-47 modernization program is designed to improve the reliability, maintainabtility, and safety of
the CH-47A, B, and C aircraft while upgrading the 1ift performance of the A and B to meet the required
operational capability. The performance characteristics of the modernized aircraft are the same as the
CH-47C in such areas as speed, endurance, and number of troops carried. The key performance goals are
increased payload and reljability.

Future Mobility Systems. There are no current U.S. Army R&D activities that relate exclusively to a
future utility or medium-1ift mission system. However, a quick-reaction, high-productivity type aircraft,
such as could be produced with the tilt-rotor or Advancing Blade Concept (ABC) configurations, might'
become a future utility system. A possible tilt-rotor configured utility aircraft is shown in Fig. 10.

In addition, a Light Utility Helicopter (LUH) may be needed with performance and physical characteristics
(Table IV) to replace the UH-1's in the less demanding tasks that do not require a full UTTAS capability.

For the cargo transport mission, a Heavy-Lift Helicopter (HLH) system could increase the surface mobility
of ground combat forces by providing a means of crossing otherwise impassable barriers through quick emplace-
ment of bridging, by bringing in heavy equipment to remove an obstacle, or, if required, by physically
lifting the force over the barrier. An HLH is envisioned primarily as a logistic support vehicle with 1ift
capability of 20-50 tons operating chiefly in rear areas. Its primary mission would probably include
delivery and retrograde of containerized and unitized cargo, surface and aerial port clearance, unloading
and loading containerships in a logistics over-the-shore operation, and recovery and evacuation of damaged
vehicles and aircraft. Altnough the HLH program was terminated by the U.S. Army at Congressional direction
on 3 October 1975, the U.S. Army's Materiel Need Document dated 10 May 1972 remains valid. Assets required
to complete the program have been stored and future efforts will depend upon affordability. With the cancel- k
lation of the Boeing Vertol XCH-62A Heavy-Lift Helicopter, there are no further U.S. Army plans for heavy-
1ift except for the CH-47 modernization program. Proposals for hybrid lighter-than-air aircraft, composed 1
or balloon and helicopter elements, have been considered, but no Army funds have been committed. In general, £
there has been a recognition of a requirement for heavy-1ift but funds have not been avaflable. :

Firepower

The firepower mission includes the capability of disrupting or destroyina enemy armor and mechanized
forces and of pro.iding tactical firepower mobility and fire support to air assault or airmobile operations.
The U.S. Army belicves that rotary-wing aircraft will play a key role by rapidly massing helicopter firepower
to seek out and dest-oy enemy armor and armored infantry units. The antitank guided missile on the helicopter
places the Army on the threshold of major advances in firepower and mobility. The use of the scout with
armed helicopters as a ceam, maximizes the armed helicopters' capabilities and increases their survivability.
To carry out these ope 'ations, aviation units must be able to operate in adverse weather and at night.
Surprise is achieved by using the speed, maneuverability, and firepower of the helicopter to attack the i
enemy at an unexpected time and from an unexpected direction. To overcome the enemy air-defense capability, 4
helicopters are equipped with infrared suppression, radar warning receivers, low reflective paint and low-
glint, t 'at canopies, armor protection for critical components and crew, and space, weight, and power provi-
sions for infrared and radar jammers and infrared detectors. They are designed for low aural, visual, and 3
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reder signature. In addition, they (1) esploy nap-of-the-earth — or tarrain — flight techniques using con-
cealment, agility, maneuverability and deception; (2) acquire maximum standoff from the target; and
(3) are integrated into the scheme of meneuver of the combined arms team.

Although fts importance has been dnmgraded in favor of emphasis on agility and meneuverability, we
realize that increasing helicopter speed still has payoff on the battlefield. Higher speed means the
abflity to be on target in less time, or the ability to be on target in the same time from a more remote
base, or to outmeneuver enemy helicopters in air-to-air cosbat. Furthermore, a combination of both hori-
zontal and vertical speed reduces vulnerability by 1imiting exposure time and increasing tracking problems.
The armed afrcraft should have the maximm possible speed and maneuverability consistent with required VTOL
and terrain flight capabilities. In the escort mission, the aircraft requires a higher speed capability
than the escorted aircraft.

We must have the capability of operating at night and under adverse weather conditions to counter the
known Warsaw Pact doctrine which emphasizes such operations. Night operations are used to extend the length
of the operational day, to continue the momentum gained by a successful daylight attack, to gain surprise,
to maneuver and mass attack helicopter elements, to provide continuous reconnaissance and surveillance of
the enemy force, and to rcduce the effectiveness of enemy fires. Elements of the attack helicopter battalion
will be required to participate in offensive, defensive, and retrograde operations during periods of reduced
visibility caused by variovs meteorological conditions, smoke, or haze.

Currently, U.S. Army aviation provides firepower via the AH-1G Cobra armed helicopter. Greater capabil-
ity, particularly in the antitank role, will be provided in the near-term by the AM-1S (Fig. 11). However,
the AH-1S 1s limited in performance and in ac’-2rse weather/night conditions. The Advanced Attack Helicopter
(AAH) (Fig. 12), with laser Hellfire and a sophisticated target acquisition/decignation, day/night system
including night-vision aid, will provide direct aerial fires throughout the range of temperature, altitude,
and visibility conditions in which U.S. forces expect to operate.

Developing Fi r Systems. The AAH can be based close to the Forward Edge of the Battle Area (FEBA),
providing a sﬁgrter response time, and can operate at lower ceilings, providing a higher percentage of
battlefield-day employment, than can fixed-wing fighter aircraft (Table V). The AAH will be described in
more detail in a subsequent paper at this Conference (Ref. 1).

Future Fire r Systems. The employment of Army aviation units in a high-threat environment will place
the greatest aagnﬁs on the attack helicopter. Increased emphasis must be placed on survivability, particu-

larly through terrain flying techniques. However, other system requirements such as agility, dash speed
and endurance must not be overlooked.

RED efforts are necessary to continue technological improvements aimed at the key performance factors
of aerfal attack systems. A postulated R&D planning concept for the next generation AAH (Table VI) is
projected to be an aircraft with VTOL capability for operation in and out of forward bases. To attain
the desired dash speeds, some type of augmentation or conversion to airplane-type operation is indicated.
Possible concepts for the future firepower mission include augmented thrust helicopter, tilt rotor, tilt
wing, and deflected thrust. Possible weapons include advanced fire-and-forget missiles, antimissile missiles,
and air-to-afr weapons.

Intelligence

Army aviation performs reconnaissance, surveillance, and target-acquisition functions in the roles of
collecting and gathering intelligence for the ground cosmander and acquiring and designating targets for
engagement by armed helicopters and other firepower means. The key performance requirements are good acquisi-
tion, afrcraft agility, survivability, and the ability to operate under conditions of reduced visibility
and adverse weather. For the longer-range intelligence gathering mission, the requirements are survivabil-
ity, precise navigation capability, dash speed, and the ability to carry sophisticated sensors providing
real-time readout of information to ground stations, in addition to considerations of loiter time, range,
and endurance.

Currently, this function is being performed fn the U.S. Army by the OH-58 (Fig. 13) and OH-6 (reserve
components only) Light Observation Helicopters (LOH) and, for the standoff mission, by the OV-1 Short
Takeoff and Landing (STOL) airplane (Fig. 14). The Advanced Scout Helicopter (ASH) is currently in the
planning stage to replace the LOH for this function, and preliminary steps are being taken towards the
establishment of a requirement for a replacement for the OV-1. A recent decision, following denial of
ASH funds by the Congress, is to develop a limited number of interim helicopter target acquisition systems
for early deployment in Europe. These will integrate a target acquisition and designation system into the
UH-1 airframe for use until the ASH can be fielded.

Future Intelligence Systems. The Advanced Scout Helicopter (ASH) is expected to be a light, highly
maneuverable helicopter dlc&ﬁa to conducting reconnaissance, aeria] observation, security, and target
acquisition/designation functions, day and night, in all intensities of conflict. In performing these
roles, the ASH would operate in air cavalry, attack helicopter, and field artillery units. It must be able to
detect, {dentify and locate targets at standoff ranges, using terrain-flight tactics. The design should
provide maximum agility and maneuverability during NOE flight. It must be able to remain on station for
extended periods and have an accurate navigation system for precise target location. The ASH would operate
as a part of a Scout/Attack Helicopter Team (Table VII), and must precisely designate targets for weapens
such as Hellfire, Copperhead (a cannon-launched guided projectile), and, possibly, U.S. Air Force "smart®
weapons. Remotely piloted vehicles (RPV's) are being developed to perform this function for operation in
the high-threat environment (Fig. 15).
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For the future, the Army sees a requirement for a system to provide the battlefieid commander with intel-
The system must include a multipurpose airborne platform which can carry
the sensor system to perform the roles of surveillance, reconnaissance, target acquisition/designation, and [—5

ical Conditions (IMC). To provide the standoff mission 1ity operating from a prepared site, a STOL
nﬂ'ennu-ﬂzﬁ-mhaﬂm. On the other » tilt-rotor concept and the ABC are
possible candi configurations for a manned VTOL intelligence mission platform (see Table VIII).

Combat Service Support

?

communication capable of delivering supplies rear storage area to the immediate vicinity of the user.
The battlefield resupply system must be predics on the wst #ifFicult situation the Army is likely to
encounter: a fast-moving, mobile war in mid- snd Migh-istemsity. This requires the use of VTOL aircraft

as the primary means for frost-lise ressge’y oF the Settieficid. The “retail” delivery of high-priority

cargo to the company and plataon avess s scomeg’ Sshed By o179y helicopters, while cargo helicopters pe form
the "wholcsale® bulk delivery =f migh-prioeity carge.  Selatively short distances are involved, but within
inhospitable environment and terraim._

Two factors are significastly siueriey T9e 0.5 Sewy’s comcept of logistical support. The first, and
probably the most importamt, 5 The v iag Sreed tmeerd contaimerization. Projections indicate that the
' mcrease to 80% by 1982. Containerization
offers the Army the opportumity to Sscossss grest’y She #FFiciency of its logistical system (that is, supply,
distribution and transportatiom).

The second factor that is chamging the cosplesios of the Jogistics system is the increasing importance
of timely recovery of battle-damaged sguipment Sonipmest s 50 expensive that we can no longer afford the
luxury of abandoning and replacing those ftems o sswigeest that sestain damage on the battlefield. A
heavy-1ift vehicie could greatly incresse recowery and swacuation capability.

The current standard Army aircraft performisg the s2¥itty sfssion of the combat service support function
is the UN-1 helicopter. The CH-47C is the currest Semy s ium-1ift helicopter and the CH-54B is the current
Army cargo transport helicopter.

The UTTAS can fulfill the utility mission of the combat service support function. However, the primary
use of the UTTAS will be in the air assault and medical evacuation roles. The U.S. Army will retain the UH-1
in the utility role until a cost-effective replacement — such as the LUH — is developed. There are no new
deve lopment efforts on ca transport helicopter systems under consideration in the U.S. Army's R&D program
at this time altl a qu d-mtiﬂhi*m'viq type aircraft may be needed for the combat
service support utility mission by the mid-to-late 1990's.

The combat service support wission escampe-se: the traditiomal functions of providing an airline of
=3

|
:
i
l
'
:
|

Command, Control, and Communications

Army aviation assists the commander in exercising command and control of his forces primarily by provid-
ing him with 2 superior means of acquiring information and of communicating with his subordinate commanders.
The function of command, control, and communication is made more challenging by the far-ranging o _rations
envisioned for an expanded battlefield. Rapid movement and immediate response are required to supervise a
widely dispersed operation. Currently performed in the U.S. Army by LOH and UH-1 aircraft, this capability
for future operations might be expanded down to the company level. The UTTAS and the LUH will perform this
role for the battalion and higher commanders while, for the company-level operation, we envision a simple,
small, one- or two-manned aircraft system (see Table IX). No funds are presently available for development
of the latter system.

TECHNOLOGICAL NEEDS

Technological advancements are critically needed over the next decade to support not only the military
missions but also the expected rapid growth in civil applications ¢f rotorcraft. Non-Communist world sales
over the next 10 years are projected to be on the order of 20,000 to 25,000 units, with commercial production
slightly exceeding military production (Fig. 16). This growth is attributed to the identification of new uses
for helicopters and to the wide-spread introduction of new technology developed over the past decade. These
new uses include key roles in energy exploration and development; in surh diverse businesses as logging,
shipping, and heavy construction; and an increased military role due to the development of new weapons and
:actic§ that utilize the helicopter as an effective anti-armor weapon, in addition to its traditional support-

ng role.

Helicopters are now recognized by the U.S. Ammy as important replacements for traditional ground vehicles
in the performance of certain missions which are beyond the capability of fixed-wing aircraft. However,
combat experience has revealed the necessity ivor major improvements in rotary-wing aircraft. The state of
*he art of helicopter development has been described as being in the pre-DC-3 era of the fixed-wing aircraft.
Major technological challenges still remain to be met. The lack of a well-developed technology base provides
high payoff opportunities for research in nearly all of the related disciplines. The U.S. Army is dedicated
to expanding the research anc technology base and to spurring the incorporation of new technology into
operational vehicles.

The Army must consider its requirements from two aspects; namely, ultimate feasibility and immediate
practicability. These ronsiderations may frequently conflict and are almost invariably in competition for
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the same resources. If technological development followed only the normative approach, constrained by the
objectives of future requirements, then resources would never be made available to take advantage of techno-
logical opportunities. On the other hand, if we followed only the explorative approach, projecting technology
from a base of accuwlated knowledge, we may never develop the things we need in a timely fashion. All one's
resources can easily be ahsorbed trying to support a technology development program that is too strongly
oriented to demonstrating feasibility; whereas, a program dictated solely by immediate practicability will
deprive posterity of the needed storehouse of fundamental knowledge that is even now being used up at 2
dangerous rate. Technological forecasts and R&D planning, continuously updated, are essential to maintain-
ing a balanced, practical program within available resources.

The U.S. Army Aviation Systems Command recently published the fifth edition of the Army Aviation
Research, Development, Test and Engineering (ROT&E) Plan (Fig. 17) which addresses the activities required
to achieve the Army's short- and long-term objectives. It presents the relationship between the current
technological base and future requirements, while taking account of the potential impact of advances in the
basic technologfes.

On the basis of an evaluation of the performance requirements of future airmobile systems and an assess-
ment of deficiencies in current systems, major thrusts of the U.S. Army's RAD effort have been defined.
The principal factors pulling technology that represent the recognized deficiencies and projected require-
ments are: safety, survivability, fuel economy, self-deployability, and low life-cycle cost. Terrain-flight
operations are considered one of the principal means of survival for missions proximate to enemy defcnses in
wmidintensity warfare. Such operations impact a broad base of advanced technology. Obviously, the emphasis
on fuel economy will impact R&D on aerodynamic and propulsion systems. The Army needs to have a ready combat
capability that can be deployed quickly. Rotorcraft, consequently, should become self-deployable. However,
cost will dominate planning for the foreseeable future. In particular, the comcepts of design to cost and
life-cycle cost will continue to shape R&D programs (Fig. 18). The primery techmological developments which
are projected to constitute the key push factors are: advanced structural concepts, advanced propulsion
systems, microelectronics and digital systems, and new rotary-wing configurations.

These push and pull factors are reflected in technological objectives over a spectrum of disciplines
involving improvements in aerodynamic efficiency and aeromechanical stability, reductions in vibration and
noise, increased agility and precision of flight control, attainment of a level of safety and pilot workload
equivalent with conventional aircraft, near all-weather operating capability, isproved structural efficiency,
improved propulsion/transmission/drive-train systems, and fmproved survivability and crashworthiness through
structural design. Obviously, most of these developments are equally critical to the helicopter's effective-
ness in civiifian applications.

Aerodynamic problems include the complex interactions of retreating blade stall effects, advancing blade
shock effects, and structural dynamics. The ability to achieve improved rotor performance depends upon an
adequate definition of the flow field in which the rotor blades operate and on the design of blades to be
more efficient under these conditions (Figs. 19 and 20). High dynamic rotor loads limit the high-speed and
maneuverability capabilities of helicopters. Dynamic loads influence the reliability and maintainability
characteristics of an aircraft and, hence, its life-cycle costs (Fig. 21). We are limited by our inability
to predict dynamic performance capabilities, and 1imited control power constrains agility. Noise detection
and annoyance 1imit operations, even in the peacetime environment. The goals of our rotor technology
gerog:an are summarized on Fig. 22, and they are equally applicable to civilian and military rotary-wing

velopment.

At present, the articulated rotor hub is complex and composed of many parts. To reduce complexity and
weight, elastomeric materials are being introduced for use as the hinge components. Another approach elimi-
nates the hinges entirely with a rigid hub (Fig. 23). In addition to eliminating a large number of moving
parts, the hingeless rotor has great potential for improvement of flying qualities. Application of new
materials, particularly composites, will enable the relative stiffnesses of the rotor (chordwise, beamwise,
and spanwise) to be tailored to provide optimum structural dynamic characteristics. New materfals, as well
as improved fabrication techniques, will also permit a much wider Tatitude in optimization of blade external
geometry to improve performance and improvements in internal, or structural, design to reduce vulnerabil-
ity to ballistic impact. However, these concepts are not without concomitant difficulties because bearing-
tess rotors fntroduce structoral coupiings that temd to make the vibratfomal loads and aercelastic stabit=
ity problems more severe. We need to understand and solve these dynamic problems.

Many new and unique rotor configurations are being considered. These include the controllable twist
(Fig. 24), multicyclic cuntrollable twist, the Advancing Blade Concept (ABC) (Fig. 25), higher harmonic
feathering, and variable geometry, as well as bearingless rotors. The U.S. Amy recognizes the long-range
implications of this work and the need for bringing successful rotor systems to the field as quickly as
possible, for utilization by the civil as well as the military sector. The problem is in selecting which
of these new configurations should be pursued first for extended evaluation. In order to evaluate potential
payoff, objectives or goals need to be defined against which candidate rotor systems can be measured, such
as weight fraction, vibration, noise level, vehicle L/D, speed, structural loading, stability, and figure of
merit. Also., definitive goals for reliability, safety, survivability, and cost reduction must be considered.

A primary influence on the performance of rotorcraft i: the installed power train from engine through
transmission. The introduction of the turboshaft engine provided a breakthrough in powerplant size and
weight; however, at some expense in engine fuel consumption compared to reciprocatina engines. Improvements
in engine power-to-weight ratio (Fig. 26) will depend, to a large extent, on increasing the allowable turbine-
intet temperature (Fig. 27). The limits, of course, are materials related. Therefore, we are concentrating
on the two approaches that promise even further improvements; first, in the technology of new cooling
schemes in combustion and turbine sections; second, in the technology associated with advanced high-
tewperature mterials and thelr mmufacturing processes: Al englve manufacturers ave conducting programs
in these areas. More importantly, however, efforts are needed to improve turboshaft engine reliability
(Fig. 28), time between overhauls (Fig. 29), and fuel consumption (Fig. 30). Cost of advanced engines and
higher fuel prices have become major considerations in developing new helicopters that will be economical.
Turboshaft engine weights are already so low that we can afford to trade off further engine weight reductions
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in favor of improved time between overhauls and specific fuel consumption. Engine maintainability and
reliability are major factors that must be considered in new engine technoloqy, since this component {s —7
the single most costly item contributing to the overall aircraft system maintenance and component cost.
Reductions 1n sizes and weights of engine accessories (fuel controls, starters, etc.) have not kept pace

with engine developments, and could mean hijh payoff in reduced vulnerable area as well as weight.

For shaft-driven helicopters, the transmission of power from engine to rotor reguires a subsystem which
is a primary contributor to the weight, cost, relfability, maintainability, and survivability character-
istics of the afrcraft. The technological advances of the gears and bearings pace the development of drive
systems (Fig. 31). As gear loading capabilities increase and transmissfon bearing 11fe improves, the drive
system weight can be expected to decrease (Fig. 32). However, it takes a combination of factors. An
increase in load capacity will evolve from advanced gear tooth forms, new gear materials, improved tooth
surface finish, improved profile tolerance, new lubricants with increased load capacity ard improved methods
of manufacturing. At the same time, we must arrange the components in smaller packages, while introducing
transmission housings of improved stiffness to achieve the reduction in weight and vulnerability. Again,
all of these concerns with the rotorcraft's installed power train are equa'ly shared by the civilian and the
military sectors.

From an overall air-vehicle performance standpoint, it is imperative that the ratio of emnty weight to
gross weight be kept to a minimum. The potential for improvement in this area is largely dependent upon
technological advances in materials (Fig. 33) and structural design concepts (Fig. 34). With improved fiber
manufacturing techniques and the use of appropriate matrix imaterials, the properties of composites will be
tailored to meet most combinations of property requirements. This will result in improved structural
efficiency and reduced weight (Fig. 35) — obviously beneficial to both civil and military rotorcraft. Concur-
rent with material technology development, manufacturing technology is expected to advance, permitting the
efficient fabrication of these new materials with accurately repeatable characteristics. Overall, the use
of composites has great potential for significantly more efficient and lighter aircraft structures with
improved fatigue 1ife, reduced vulnerability, and improved crashworthiness.

Inadequate controllability limits the pilot's ability to exploit the entire flight envelope capability
of current helicopters. This is especially true at low speeds, and, therefore, impacts nap-of-the-earth
and terminal area operations under Instrument Meteorological Conditions (IMC) (Fig. 36). It is important
to most Army aviation missions and, in particular, to terrain-flight operations that the rotary-wing aircraft
be capable of efficient and controllable hover and vertical flight. Not only should the vehicle be stable
in the hover and low-speed modes, but it must also be sufficiently responsive for fine accuracy of control.
These requirements sometimes run counter to one another and challenge the designers' capabilities. It is
also necessary that the vehicle be able to make smooth transitions and to perform efficiently in the cruise
mode. Agility and precision of flight control are fundamental to successful accomplishment of such missions |
as the flying crane, offshore oil transport, Advanced Scout Helicopter, and Advanced Attack Helicopter.
Good handling qualities together with the appropriate avionic systems and operating procedures are needed
for operations in congested terminal areas and in adverse weather conditions.

There is much room for improvement to bring helicopter flying qualities at least up to those for fixed-
wing aircraft. Figure 37 compares the percentage of accidents due to disorientation error in U.S. Army
rotary-wing aircraft with those in U.S. Army fixed-wing aircraft. The ability to prevent such accidents
needs research but will be a tradeoff between stability and control and display characteristics and pilot
training and proficiency. Figure 38 shows how 8,000 U.S. Army pilots answered the question: How many hours
of instrument fiight time would you need with an instructor in order for you to fly in IMC safely? Obviously,
rotary-wing aircraft are more difficult to fly and a program to improve the qualities, at least to fixed-wing
standards, should reduce accidents and have the additional benefit of reducing training and proficiency costs.

Current helicopter flying qualities specifications are based on an obsolete design standard. We have
had to devise poorly substantiated criteria for new missions and tasks. A data base is needed to provide an
understanding of why the helicopter pilot desires a particular characteristic and of the interrelations of
the various tactors that impact those characteristics.

The U.S. Army's R&D Program is pursuing the development of a technological data base in rotorcraft
handling qualities which should enable us, for the first time, to generate knowledgeably, the criteria and
the specifications on flying qualities for rotary-wing aircraft to perform military missions. Ultimately,
the intent is to provide the designer with the matrix of information he needs to relate effectiveness to
life-cycle costs. This data base is needed by the civilian sector as well to enable the generation of
criteria and specifications peculiar to civilian applications and, therefore, this program is being conducted
Jjointly with NASA. Also, to support the aircraft systems integration efforts, the Army, with assistance
from NASA, is developing a new ground-based R&D flight simulator for rotary-wing aircraft. This facility
will provide high payoff in investigations of the the man-machine interactions related to conceptual designs,
preliminary and detail design tradeoffs, mission capabilities, support of flight tests, and product improve-
ment evaluations for the Army and the civilian community.

The technology is available to replace mechanical control systems in rotorcraft with "fly-by-wire"
systems. Such systems should be lighter and less vulnerable than the normal mechanical system. Use of
fly-by-wire control systems in helicopters promises to bring about other improvements such as simplifying
rotor control mechanisms and permitting stability augmentation to be handled by electronics. However, there
must be insurance that a fly-by-wire system will have "no degradable modes" in the event of malfunction,
and additional research is needed before its use can become widely accepted.

The concept of minimal special support for Amy aircraft generates requirements related to ground-support
maintainability, simplicity, and reliability. In the forward battle area, the vehicle must perform in a
reliable faskion with minimum maintenance requirements. However, the helicopter has long been plagued with
short-1ife components requiring frequent inspection. Mean time between failures and mean time between
repairs or overhauls have been extremely short. A major life-cycle-cost driver is repair and maintenance.
Maintenance and parts account for over 50% of the total life-cycle costs for a typical currently fielded
U.S. Army helicopter (over twice that of our fixed-wing aircraft). Therefore, if the rotary-wing aircraft
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is to realize its full potential in civil, as well as military, application, it must be made more reliable
and maintainable, fatigue failure modes must be identified and made failsafe, and incipfent or impending
failure must be detected by simplified diagnostic methods (Fig. 39). However, the effect of these improved
characteristics on capability must be assessed carefully through tradeoff studies. The benefits must be
provided without penalties that would reduce the effectiveness in terms of mission performance.

For military application, vulnerability to enemy action is, of course, a continual concern. The design
must consider maximum capability for encountering and surviving such action. We seek the development of
aircraft that can avoid or, if unavoidable, survive punishment meted vut by the hostile environment.

Advances in these basic aeronautical sciences and supporting technologies make up the foundation on which
are laid the interdisciplinary developments and, ultimately, the designs for new systems. These interdepen-
dent accomplishments must develop in a pyramid-like structure to support the demonstration of the technology
required to attain the desired performance for each system and component. As rotorcraft technology fs refined
and improved, these improvements can be translated directly into greater air mobility, improved quick reaction
capability, and reduced 1ife-cycle costs (Fig. 40).

Advances in the state of the art require validation of components or systems through demonstration in
actual or simulated flight conditions. Indicative of the commonality of interests in rotorcraft developments
is the fact that several of these demonstrations are currently supported in the U.S. by both the military and
the National Aeronautics and Space Agency (NASA). One such technology demonstrator is the Tilt Rotor Research
Aircraft Program which is bein? conducted jointly by the U.S. Army and NASA. The key potential advantage of
the tilt rotor concept (Fig. 41) is that it combines the efficient static 1ift (hover) capability associated
with the low-disc-loading helicopter with the efficient cruise performance and low vibration of a fixed-wing
turboprop afrcraft with cruising speeds on the order of 300 knots. This program will be described in a subse-
quent presentation at this Symposium (Ref 2).

Another joint U.S. Army-NASA program is the Rotor Systems Research Aircraft (RSRA) (Fig. 42), which is
a highly instrumented flying test bed, capable of accepting and testing new rotor concepts as they becom:
available for “proof of concept" flight research. The RSRA will fly as a pure helicopter, a compound neli-
copter, and as a helicopter simulator where the aircraft wings, drag brakes, auxiliary propulsion engines, and
elevator will be used to react the main rotor being tested. This is one cost-effective method of mapping the
performance of test rotors (Ref 3).

Under an Army contract, Sikorsky Aircraft has demonstrated the feasibility and has evaluated the ner-
formance of the Advancing Blade Concept (ABC) rotor system through flight test. The ABC is a coaxial,
counterrotating, "rigid" rotor with potential to overcome or reduce the limitations of conventional or
‘('winged')' helicopters. This program will also be described in a paper presented later at this Symposium

Ref. 4).

The U.S. Army and industry need a capability for accurately analyzing helicopters of various sizes and
rotor types for prediction of loads, aeroelastic stability, flying qualities, and performance. This capa-
bility 1s necessary to reduce engineering development risk for new helicopters, prevent delays in develop-
ment of new aircraft, reduce reliability and maintainability problems of operational aircraft, and prevent
excessive restriction of operational capabilities of Army helicopters due to unsolved technical problems.
Primarily, the system must be capable of accurate predictions; however, economy and reliability of the
analysis system must be given proper emphasis to assure effective wide-scale utilization. The U.S. Army is
undertaking the development and demonstration of a Comprehensive Helicopter Analysis System that will be a
major step toward satisfaction of this need.

CONCLUDING REMARKS

The U.S. Army is the primary user of helicopters and motivator of rotary-wing research and development in
the United States. There are some 12,000 rotary-wing aircraft in the U.S. Department of Defense (DoD) air-
craft inventory of which about 10,000 are operated by the Army. Rotary-wing aircraft constitute about 35% of
the total aircraft in the U.S. Department of Defense aircraft inventory. When the military inventory for the
rest of the free world is considered, the number of rotorcraft in operation totals about 22,000, which repre-
sents about 30% of the military aircraft inventory. This total percentage of military rotorcraft is an indi-
cation of the relative importance of advanced technology developments required specifically for rotorcraft.
However, while there has been enormous progress in rotorcraft technology over its relatively brief history,
our progress in translating that technology into operational systems has been something less than spectacular.

Military research and development contributions to aviation progress have been substantial, especially
since the start of World War II. Military advances in aviation will continue; howcver, the rate and impact of
these advarces are uncertain. Traditionally, procurement of military helicopters has been the mainstay of
the helicopter industry. Barring a crists, however, military requirements are generally projected to be a
relatively constant, although substantial, portion of the total market in the coming 5 to 10 yr. The mili-
tary helicopter market wil) continue to provide a foundation for both production and new technology applicable
to future commercial growth. However, we see a need for an aggressive civil helicopter program to augment
the military program., While the military may continue to be the primary source of support for developing the
t:chnology. the civil sector may become the primary source of operational experience to evaluate its utiliza-
tion.

Design-to-cost ha. “ecome increasingly important and an integral part of recent U.S. DoD acquisitions of
virtually all military nardware from relatively simple components to the most sophisticated systems. The
objectives of the DoD have changed from placing the overriding emphasis on improved performance to an emphasis
on quality equipment that has acceptable performance for an affordable cost. In this environment, it is
frequently difficult for us to demonstrate conclusively the value of a technological advance to an Army air
mobility system. The commercial pesople have a handy criterion named profit (or loss) that helps them estimate
the value of a new system, but no such single parameter is available for military systems. The reason is




fundamental; 1t is easy to calculate the cost of an Army air mobility system, but there is no body of
experience on which to base supportable calculations of the value of that system. If a preliminary study
shows that the incorporation of some technological advance wiTT add 5%, 10% or 20% to the cost of an Army
afr mobflity system, there {s always some skeptic who demands to know exactly how you propose to get 5%, 10%
or 202 more mission capability out of that system. We should be able to answer this, but it takes realistic
operational experience to provide an adequate basis for justifying and configuring new systems. Such experi-
ence becomes increasingly difficult to obtain in the current environments of tight budgets, because we must
be exceptionally conscientious about searching for low-cost alternatives. It {s very difficult to start
high-risk development programs, since the combination of the uncertainty about what a new system would do and
how much it might cost to develop, too often dictates against initiation of a full-scale system development
program. Therefore, with increasing utilization of helicopters for civil application, the military may very
well ook to that sector for additional data for its experience base. One important step, as a specific goal,
would be to document the accumulation of information and experience regarding both civil and military opera-
tion and utilization of rotorcraft systems.

The helicopter today is providing an extremely important element of mobility in the U.S. Army and promises
tc fi11 an expanding need in many aspects of civil transportation. The commercial market is already account-
ing for half the industry sales and promises to rise. The number of civil helicopters sold in the coming
decade probably will exceed the number of military helicopter procurements.

Commercial utilization of rotorcraft has nearly paralleled the military and has been based primarily on
the advantages provided by vertical takeoff and landing capability and off-airport operations. Even though
most civil rotorcraft in operation today are almost identical to military counterparts, with only cursory
attention to specific differences from military requirements, many profitable operations are in existence.

The current generation of rotorcraft is, despite its deficiencies, a profitable commercial vehicle. Neverthe-
less, cost is the major retardant to expansion of rotorcraft operations to fulfill civil needs.

In this respect, military and civil requirements for rotorcraft R&D are compatible and reflect common
interests and priorities. A1l military users agree on the need for advanced research and development to
increase productivity, reduce maintenance, and lower life-cycle costs. The U.S. Army's recognition that
these are among the principal factors pulling technological developments has been addressed throughout this
report.

In the United States, the civil needs are being addressed in part by NASA's recent emphasis on rotor-
craft R&D. NASA identiffed the specific technical objectives that it should pursue in support of the civil
helicopter market. These include reduced cost of acquisition and operation, increased capability and avaiil-
ability, increased maintainability and reliability, increased user acceptance, and increased community accep-
tance. All of these are also objectives of the U.S. Army's current R&D activities. Despite the fact that the
civilian and military missions differ substantially, the fundamental aircraft characteristics that are desir-
able remain the same for both applications. This is evidenced by the fact that the civilian helicopters in
operation today are largely either derivatives of military afrcraft or based on military-developed technology.
Military and civil aviation draw on a common technology base and rely on the same industrial capability.

This commonality of interests has been addressed in the U.S. through joint participation in rotercraft
R&D by the U.S. Army and NASA. The advancement of the many complex technologies of rotorcraft is currently
being pursued in the U.S. primarily through the joint efforts of these two agencies. The joining of forces
of the U.S. Army Aviation Systems Command and NASA through the collocation of three of the four Directorates
of the U.S. Army Air Mobility R&D Laboratory (USAAMRDL) at three NASA Research Centers, has proven highly
effective. It is largely through these efforts, complemented by the work of the Eustis Directorate, USAAMRDL,
that the technological advancements nocessary for the helicopter to realize its full potential will be made.
Many technical advancements of great promise seem to be in the offing in the understanding of nonsteady rotor
aerodynamics, in the use of composite materials, in avionics and flight control, in engines and drive trains,
and many other disciplines. However, much remains to be done to organize and apply this technical potential
effectively to the solutions of the helicopter's many problems.

Current investments and activities are grossly inadequate to reap the full potential dividends that loom
for the next decade. With the constraints on the military budget and the projected growth of commercial heli-
copter applications, the military must begin to look to the civil sector of the helicopter industry for assis-
tanceiin the utilization of advanced technology and in the establishment of a data base of operational
experience.
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TABLE I. GENERAL UTILITY HELICOPTER DESCRIPTION

GENERAL

f—

©  The current standerd utility helicopter is the Bell UH-TH which is the latest in
the series of UH-1 aireraft.

PRESENT
CAPABILITIES

© The UH-TH is capsble of carrying 8 to 10 combat equipped troops, or 2,400 1b
of cargo more then 250 miles at » cruise speed of 100 knots. It has an external
cargo hook capable of lifting 4,000 b and is equipped for IFR flight. Large
sliding doors and unobstructed cargo space allow rapid lceding and unlosding
of internal cargo and combet troops.

DEFICIENCIES
AND
SHORTCOMINGS

® The major deficiency of the UH-1 helicopter has been its inability 10 schisve
the siated performance and! payload, with reserve power for OGE vertical climb st
higher density sltitudes. The addition of s copilot, two door gunners, sircrew arm.or,
and associsted equipment, together with lwgh density altitudes, has reduced the
effective paylosd of the UH-1 to six to sight combet equipped troopt, or less than
2,000 b of cargo. Also, the UH-1 hes a distinctive noiss signature (blade siap) easily
identifisble with this helicopter. The extensive use of honeycomb structural panels
e oughout the sirframe has made sheet metal repeir time consuming and difficult.
The meintenance MMH/FH ratio is excessive and the MTBF of mejor components
is insdequate. The installation of crashworthy fuel cells and IR-suppression devices
have incrested its survivability, but it is still marginal.

FOLLOW-ON
SYSTEM

©® The UH-TH will be replaced by the UTTAS as the Army utility helicopte:.

TABLE II. CURRENT MEDIUM-LIFT HELICOPTER DESCRIPTION

GENERAL ©®  The current Army mediur lift helicopter is the Bosing Versol CH47C.
PRESENT ® The CH-47C is capable of carrying 34 troops, or an internal cargo of 10 tons for
CAPABILITIES 2 100 ical-mile radius mission, at 120 knots. It can also lift 23,300 Ib for o
20-nautical-mile mission at 100 knots. it has a 30-ft-long cargo compartment
capable of carrying two three-quarter-ton trucks or other large bulky cargo. (t hes
an external cargo hook of 10-10n capecity that may also bs used for towing operations.
The siccralt has a seif ined APU and is fully IFR -equipped.
DEFICIENCIES ® Operating costs of the current CH-47 fleet are excessive. A and B series aircraft are
AND PP hing ph d rets and their lift capability is less than optimum to
SHORTCOMINGS provide sirmobility support 10 the ground forces. Safety and survivability snd RAM
features of the existing CH-47's are inadequate and need to be upgraded.
FOLLOW-ON ® The LTTAS was planned 10 replace the CH-47C; however, this role was shendoned
SYSTEM when the LTTAS etfort was terminated in 1970. The Army has reviewed the CH-47

operztionsl capability and concluded that a valid requirement exists to sustsin 8 MLH
fieet well into the 1990°s. As a resuit, the modernized CH-47(D) is now programmed
10 replace the CH-47 fleet. This program hes DA approvel and 8 contract is being
negotisted with Boeing-Vertol for enginesring develop of3p Ype sircraft.

TABLE ITI. CURRENT CARGO TRANSPORT HELICOPTER DESCRIPTION

GENERAL ® The current standard Army cargo transport helicopter is the Sikorsky
CH-548. The CH-54A is also in service.

PRESENT ® The CH-548 is equipped with a four-point ioad suspension system of 20,000

CAPABILITIES ib capacity and a single-point hoist with a capacity of 25,000 Ib. (t can
carry a 25,000 Ib external load for 20 nautical miles at 95 knots, or a smeller
load of 15,000 ib for 120 nautical miles. Although its primary mission is
external cargo, the CH-54 does have a detachable pod thet can be readily
attached or detached for intemal cargo. The aircraft features a load-facing
crewman who has limited control for hook-up and detaching of sxternal
losds. The aircraft has a seif-contained APU and is fully IF R-equipped.

DEFICIENCIES ©® The CH-548, operational reads ges only 75%. Contributing factors

AND we 'ow field density and an out of production status. Additionally, its

SHORTCOMINGS maintenance MNH/F H ratio and SFC are relatively high, its cost per ton mile
is higher than surface modes and it cannot carry passengers and external
loeds simuitaneously.

FOLLOW-ON ® Theteis fy no system being developed to replace the CH-54B although

SYSTEM Ad d Technology C. ts of 3 HLH system heve been undor

development.
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TABLE IV. LIGHT UTILITY HELICOPTER DESCRIPTION

Troop Idt.

Acremedical evacustion.
Command and sontrel.
Ground 1s0ut teem insertion.
Infonwy TOW toam insertion.
Tranapert of enternal shng losds.

KeY

FACTOR

Troep Wit ~ sin combet wougse.

Asromeditsl evecustion —~ twe kitters, one smbulatory pationt and one

modical stiondent.

® Commond and sonirel — four staff memshers and commend and control redio
oqupment.

® Grownd 190ut %am — four combat treaps with SCOUt 10em squipment.

© infamiry TOV! teem ~ four combet treaps and mfantry TOW team equip-

o

® Tronepart shing losts — scquire, antport, and relesse 2500 pound externel
losd.

PERFORMANCE
CHARACTERISTICS

120 150 knot srposd.

450 fpm VROC.
AN weather capaiwiity.

PHYSICAL

CHARACTERISTICS

.
® 2.0 hour rudurance.
3
]
.

Same 23 Advenced Scout Helicopter (ASH).

SYSTEM

APPLICATION OH-58 23 well s steume many of the present missions of the UK 1

r ® The LUH, 1 conpunction with the LAH and ASH will replace the OH-§ and

TABLE V. AAH ROLES AND MISSIONS

Ant: armor/strikie-force capability.

Ontiver hardpoint target capebility.

Antipersonnel capebility.

Ares sntisrmor/antimeteria) capability .

LZ preperstion and support during sirmobsle asssuit.

Additional fire support to sirmobile movements.

Discriminating fire support for all offensive and defensive operations in busit-up ares,
{i.e., combet in cities).

Target identification and handoff.

Asrisl escort during movement of forces %0 include sirmobile operation, long rang
petrol, insertion/extraction escort, medical evaluation/resupply escort, snd convey
protection.
ive fires during assault landings and extractions.
Augmentation and extended rangs of other fire support means.

e :—-' e

Armed reconnaissance.

E y of force op

Screening, flank, and covering force oporations.
Rear ares security operations.




TR T - O TR Lo

TABLE VI. ADVANCED AERIAL WEAPONS SYSTEM DESCRIPTION
MISION ©® Provide ares and point target suppression/kill capability.
© Offer security and escort to troop carrying helicopters.
o Provid ded wea i
KEY ® Ability to scquire and destroy targets.
PERFORMANCE ® Survivability.
FACTOR
PERFORMANCE ® 250-400 knot sirspesd capability.
CHARACTERISTICS ® All-weather operational capability.
© Seif-deployable.
® 3-hour endurance at cruise speed.
©® Auxiliary power unit augments lift/thrust.
©® Seif-contained navigation.
PHYSICAL ® Transportable in C-5A.
CHARACTERISTICS © Seif sealing fuel tanks.
MAINTENANCE ® 300-houwr pwriodic inspection,
CHARACTERISTICS ® On-condition replacoment of critical components.
SYSTEM o The AAWS would be a replacement for the Ad d Attack Heli
APPLICATION currently being developed.
TABLE VII. ASH SYSTEM CHARACTERISTICS
ESSENTIAL ® The ASH systemn shall provide reconnaisiance, security, target acquisition
CHARACTERISTICS and precisi & functions during day snd night VMC and perform
fwmnited i and security f during IMC.
®  Awcraft parf: and thght di i enteria ¥
for the Scout Helicopter will be patible with the req
for the AAM and UTTAS sircraft systems.
® A tight crew of two it requi prlot and copilot/ . The swcraft will
be donfigured 1o that one pilot can perform all dutis while flying the
srcraft, but dual Hight controls are requited.
® Ballistic protection 1s required
AVIONICS ® Ass the Adr d Scout Hel will have lied the bauc
floght quited for i fhght a8 fred by AR 951
® Provinons for an mrspeed ndicator capebile of accurately measuring and
portraymg anspeeds ble with op o
@ Provisons for an absolute sltimeter are requited
® A low lsvel, 1actical navigation system is required
® If availsble within the umaframe, the aircratt shauld have provision for
commumcations that will enable continuous, secure non-line-of sight
COMmMUMCItIONS.
VISIONICS o A target Y 15 10Q¢
® A pilot’s night nson subtystem 13 required to provide the pilot a capebehity
to conduct nap-of the-esrth night operations
TARGET ® A target Lovgr by with A and target b
LOCATION/ wbsystem 18 requied.
DESIGNATION
RELIABILITY ® Built-In-Test-Equipment (BITE) shall be porated 10 identify
AND of specific modules and whr nd to “‘on sircralt”
MAINTAINABILITY maintensnce
WEAPON ® Spece, weight, and power shall be provided for the nstaliation of s three
SYSTEM (3) round mitsde system
SURVIVABILITY ©  State-of the-ert countermeasure protaction sgewst visuasl, swral, infrared snd
EOUIPMENT b will b d 1n the dewgn of the ASH.

*Uncisinfied Listing.
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TABLE VIII. SURVEILLANCE VTOL AIRCRAFT SYSTEM DESCRIPTION

MISSION

¢ Provide immediote and sentinuing intelligence snd targe! sequintion
intelligense 9 the tastiesl greund dor with 5

KEY
PERFORMANCE
FACTORS

— —

o Endurance.
o VTOL capebility.

PERFOAMANCE
CHARACTERISTICS

-

150-400 knot s spoed copabiity.
2-3 man crew.
Agite.
Signature
Minimum radar croos-section imege.
Whrsmum visusd profile for
Seit-doployable.
Mussion wbsystems
Multispectesl sensors.
Stabuhized electronics platform.
Data link, dats processing and storsge.
Al westher operation.
Self contained navigation.
Unattended remote area landing system.

S— ——
PHYSICAL
CHARACTERISTICS
MAINTENANCE
CHARACTERISTICS

SYSTEM

Tramportable by sr or ship or setf ferry

Accessble conhigueation for ground wpport squipment.

Budt-in test equipment.
© Modul " of

0.9 probability to restore to operational status within 30 minutes after
taslure.

On di of enincal
1 MMH/FH (scheduled) and 7 5 MMH/FH (umchedul~d).

® VTOL survetllance arrcraft would replace the LOH for penstration misson

APPLICATION requitements and supplement the 0V X with VTOL capabrlities
TABLE IX. MAIINED, MINI-AIRCRAFT SYSTEM DESCRIPTION
MISSION ® Extend intelligence-gathering capability of the ground commander.
¢ Deployment of small man-portable defense weapon systems.
KEY ® NOE maneuverability.
:iz;g‘;m'vce © Unique survivability capabilitias.
® Low cost.
® Easy to operate.
PERFORMANCE ® Hover 4000 ft, 95 F, OGE
CHARACTERISTICS © 40 80 knot airspeed.
®  1/2-hour endurance.
® 30 mile range.
® 300 Ib payload.
© Operation in adverse weather conditions

PHYSICAL
CHARACTERISTICS

Highly survivable.
Minimum maintenance.
3-5 hr solo training.
£0-60 hr flight training.

SYSTEM
APPLICATION

® Provide mobility to the individual soldisr.
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| Fig. 5 UH-1. Fig. 6 Sikorsky UTTAS (YUH-60A).
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Fig. 11 AH-1S.

Fig. 13 OH-58.
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German Army Helicopter Development and Prospects for the Future
by
K.W. Matk and H. Jakob
Bundesministerium der Verteidigung, Bonn,
Federal Republic of Germany

The German military helicopter development is based on the experience of military exercises and maneuvers
with special regard to the role and the tasks of the German forces in the Central European theatre of the
Atlantic alliance. Studies of the war in Korea, Vietnam and Near-East have completed these experiences.

Germany has developed its own conception for use of helicopters according to the special tasks of the
German forces. This conception now also will be coordinated by NATO.

The present German army helicopter development is concentrated on a light anti-tank-helicopter (ATH) and a
liasion-and-observation helicopter (LOH), based on the civilian Bol05 helicopter of MBB (Messerschmitt-
Bolkow-Blohm). The outstanding characteristic of these two systems is a high degree of commonality that is
promising considerable advantages for cost-effectiveness, maintenance, overhaul and other logistic aspects.

Guidelines for the future German military helicopter development are among others:

night- and bad-weather-capability;

increased maneuverability for safe terrain-following and obstacle-avoidance;

improved curvivability and crashworthiness;

improved maintenance, overhaul and repair by system simplification and use of equivalent or
similar basic systems;

reduction of the number of types;

consideration of standardization and interoperability requirements.

These ?uidelines are used especially for the next generation ATH that is planned for imtroduction in the
second half of the eighties.

Germany is preparing a joint development of the future ATH together with France, which will make an
important contribution to the interoperability and standardization of military helicopters.
1. PRESENT DEVELOPMENT STATUS OF GERMAN ARMY HELICOPTERS
1.1 GENERAL SITUATION

Since the early seventies the evolution of German Army Aviation has been characterized by the generation
change that has taken place in its fleet of helicopters.

This generation change was not confined to the replacement of outdated equipment by more modern systems;
it also involved the introduction of new, that is previously unavailable, weapon systems designed to add to
Army airmobility another component, that of antitank defense.

If airmobility of the Army is conceived as the ability of the Army to exploit, witk organic means, the
third dimension for command and control, transportation and combat purpose and if, further, the helicopter is
acknowledged to be the only system possessing the decisive capabilities of

- overcoming quickly even considerable distances regardless of the configuration of the terrain
and of ground obstacles, and

- if properly controlled, of adapting to the contours of the terrain, that is utilizing the cover of
natural and artificial obstacles, in other words, of exhibiting tactically correct behavior,

then these propositions determine its roles as

- liasion-and-obervation helicopter,
- transport helicopter, and
- combat helicopter.

As far as the transport helicopter is concerned, it is sufficient to say here that the major developments
in German Army Aviation in the period from 1969 to 1974 were the additional introduction of the Bell UH-ID
helicopter and the replacement of the obsolescent systems Boeing Vertol H-21 and Sikorsky H-34 by the
CH-536 -- all of them systems with which you are well familiar so that I need not dwell on them any further.

1.2 LIAISON-AND-OBSERVATION HELICOPTER (LOH)

As you may know, the Alouette II light helicopter since the early sixties has fulfilled the functions of
liaison-and-observation helicopter in the German Army with a high degree of reliability.

Owing to the increasingly multifarious tactical functions for which it is being used, namely

- exercising conmand and control from the air,

- suppliementing existing and replacing disrupted telecommunications,

- serving as a command and control platform for the Forward Air Controller,
- detecting ABC warfare activities from the air,




- supervising the effectiveness of camouflage,
- directing the artillery's vire for adjustment,

;QQ.., - controlling surface traffic, and the evacuation of casualties

the transport capability of this system is, however, no longer sufficient. But also its basic design, the
fact that it has only a single engine, as well as its lack of navigational aids do impose rather narrow
limits on its tactical employment and its operation under adverse weather conditions.

For this reason the Alouette II will, beginning in 1979, be replaced by the Bol05-M/VBH liaison-and-
observation helicopter which was adapted and improved for military purposes from the civilian version of the
B0105C Messerschmitt-Bolkow-Blohm helicopter. The Bol05-M/VBH has a takeoff weight of 2300 ka and carries
the required payload and equipment.

Owing to its hingeless rotor the Bol05-M/VBH helicopter possesses the high degree of agility and maneu-
verability which the above-mentioned tasks demand. For reasons which I will discuss later the Bol05-M/VBH was
equipped with the more powerful Allison 250C20B engines. In order to do this, a reinforced main gear box had
to be developed to accommodate the 2 x 426 DIN horsepower. Completely new, that is tailored to the required
military characteristics of the helicopter, is the radio and navigational equipment, the instrumentation, and
thus also the electrical system.

Ir addition, the airframe was modified, among other things in order to improve its maintainability. If I
may assume that you are familiar with the BolO5C as the version from which the new German liaison-and-obser-
vation helicopter was developed, I need not describe this system in further detail.

I may then go on to discuss that aspect of Army airmobility whose increasing significance is generally
recognized, namely: the combat tasks.

1.3 THE GERMAN ANTITANK HELICOPTEK TEST PROGRAM

In view of the growing superiority of the Warsaw Pact forces in the conventional field (fig. 1) - especially
with respect to the large number of their armored forces - NATO has been compelled to investigate how the
antitank capability of its land forces can be improved by the employment of antitank helicopters (ATH). An
essential contribution in this field has been the so-called "Katterbach Trial", a field trial jointly
undertaken by the German Army, the US Army, and the Canadian armed forces in the spring of 1972. This trial
showed for the first time that the AT helicopter can be employed successfully and with good chances of
survival in the Central European theater. Important results of the Katterbach trial were:

- an obtainable hit rate of approximately 63 % and
- an almost 18 to 1 superiority of the AT helicopter over the modern battle tank (fig. 2).

Subsequently a test program as well as theoretical concept analyses and operatiouns research studies were
performed. As part of this comprehensive program undertaken from September 1973 to January 1977 the following
areas were studied by the German Army

technical configuration, equipment and armament
tactical doctrine

communications

logistic concept

ability of the AT helicopter to detect armored targets
threat to the AT helicopter on the battlefield.

In the fremework of the presentation, I would like to discuss only the last two aspects.

1.3.1 ATH CAPABILITY TO DETECT ARMORED TARGETS

The effectiveness of the antitank helicopter is essentially dependent on the extent to which it is able
to detect and identify armored targets at long distances.

This problem was analvzed by tests to determine the "Detection Probability, Time and Distance of Armored
Vehicles by ATH". It was found that at distances between 2000 m and 4000 m the ATH detects at least one
target out of a target group of 5 with a probility of 95 %. The mean-time for the first detection is 34 sec.
(fig. 3)

1.3.2 THE THREAT TO TKE ATH

The ATH is, according to the tactical concept of the Army, only employed over friendly territory which is
not controlled by the enemy and with which the pilots are quite familiar as a result of their training and
reconnaissance. The threat, to the ATH, therefore, must be viewed on the basis of the following criteria:

- risk of being detected by means of radar reconnaissance
- risk of being detected by forward artillery observer

- the air defense threat

- enemy airforce possibilities to engage the ATH.

a. Risk of Being Detected by Means of Radar Reconnaissance

Tests were conducted with the MPDR 30/1 all-round search radar of the Air Force low-level reporting system
as well as the RASURA and RATAC battlefield surveillance radar sets (fig. 4).

The test with the MPDR 30/1 was conducted to find out the rate at which ATH flights, when moving to or
from the position area and during the fire flight in the position area can be detected and whether a
concentration of ATH at a rendez-vous point and in a position area can be identified.




The test has proven that the MPDR 30/1 or a comparable radar system is unsuited
- to detect an ATH flight or -:E;
- to identify a concentration of ATH, and consequently to reconnoitre rendez-vous points or c;z
position areas.

The same test with the RASURA and RATAC battlefield surveillance radar sets demonstrates that the ATH will
not be detected when they are moving. In a position area, however, reconnaissance is possible:

- The results of the RATAC employed by the artillery differ very much in various types of

terrain. (Table 1)
- With the RASURA battlefield surveillance radar of the armored reconnaissance troops the detection

rate was lower but depended less on the terrain type (Table 1).

TERRAIN Rapar DetecTion RATE
Type DESCRIPTION TyPe
172 UNDULATORY LOWLAND,
PARTLY OPEN PLAIN., RATAC 11.5%
PARTLY BUILT-UP
AREAS RASURA 5.9 %
5 HILLY AREA. RATAC 0,7 %
HIGHLAND FULL OF
OBSTACLES RASURA 5.7 %

TaBLe 1: Detection RATE For DiFFereNT RAaDAR TYPES

Briefly stated, the means of ~~4ar reconnaissance are no actual threat to ATH. With cactically prudent
behavior the ATH nearly always can evade enemy radar reconnaissance.

b. Risk of Being Detected by Forward Artillery Observer

Trials proved that unlike battlefield surveillance radar sets forward artillery observers are far more
capable of reconnoitering ATH in their positions. The detection rate in both types of terrain was 27 %.

The engagement capabilities, however, are restricted by:

- the comparatively long artillery reaction time (from target acquisition by the forward observer
until effect on target approximately 4 to 5 minutes), and by
- a large number of visuai obstructions due to the combat enviromment.

c. Air Defense Threat

Tests conducted with the REDEYE 1 missile and the Bol05 helicopter resulted in the fo'lowing findings
(fig. 5):

- Visual contact between weapon and target is a basic requirement for acquisition of the ATH.

- The ATH can be acquired and engaged by the REDEYE 1 missile in all flight directions up to a distance
of approcimately 1200 m. At distances exceeding 1200 m up to approximately 1600 m the ATH is
endangered only when departing (tail in direction of the REDEYE 1 missile).

- At distances exceeding 1600 m it is no longer endangered. The intensity of the Bol05 helicopter
radiation source then becomes so low that infrared contact is no longer possible.

A trial to investigate ATH flight combat in a radar-quided anti-aircraft artillery threat environment
demonstrated by the GEPARD anti-aircraft tank (fig. 6) was conducted in summer 1976, resulting in the
following findings:

Search Radar Contacts
- when transiting over terrain type 1/2 (Table 1) the ATH will be acquired more frequently by the

anti-aircraft tank than over terrain type 5,
- when on station, ATH are acquired by tne search radar of the anti-aircraft tank, but they are not

always identified as ATH.

Locking-on of the Tracking Radar
- the radar contacts are below the lock-on level of the tracking radar when abrupt movements or

tilting of the rotor disc are avoided,
- consequently the subsequent modes of operation of the anti-aircraft tank for an engagement of ATH

normally result from:
+ Acquisition of the ATH by search radar,

+ Identification (optical) of the ATH,
+ Engagement (optical) of the ATH.
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Engagements
- in both types of terrain approximately 35 tn 40 % of the lock-ons resulted in engagem:ntis.
- Supposing that the total number of all search radar contacts is the number of all possible detections
(100 %), then the ratio of lock-ons to search radar contacts can be equated with detection
probability and the ratio of engagements to search radar contacts with the probability of success.
The following values were determined (fig. 7):

Terrain Type 1/2: (cfr. table 1)

Detection probability 20 %
Probability of success 7%
Terrain Type 5:

Detection probability 1%
Probability of success 13 %

A trial with the missile-equipped ROLAND anti-aircraft tank essentially confirms the initial findings of
the GEPARD trial. As an additional result, it seems to be determinable that the radar acquisition of ATH by
a moving AA-missile-equipped tank is much inferior.

d. Enemy Air Force Possibilities to Engage ATH

These possibilities can be summarized as follows:

- Adverse weather and broken terrain reduce the detection possibilities of jet aircraft and favor ATH
- the main rotor circle diameter is the most important characteristic of the helicopter

ATH on the ground and airborne are detected nearly only accidentally

the average identification distance is 1500 m

the main threat are surprise attacks of slow-flying tactical fighters

in assembly areas ATH units are act more and not less threatened than any other units of the Army.

In case an airborne ATH is detected (fig. 8) it can evade enemy fire by

- taking cover as fast as possible
- a flight at maximum speed in the opposite direction or by quick flight direction changes
- flight in the opposite direction with lateral shift.

Altogether enemy 2ir forces represent a lesser threat than other weapon systems. The ATH capabilities are
not substantially restricted by an enemy air force threat.

A possible threat caused by armed enemy helicopters must be thoroughly watched; studies in this field have
been started by the German Army.

1.4 WHY ATH AND NOT COMBAT HELICOPTERS?

ATH constitute an essential part of the combined arms team combat of the Army.They supplement and
intensify the fire of the ground troops (fig. 9). They are less threatened by the enemy because they operate
exclusively over friendly territory, and can thus fully utilize the weapons effect of the ground troops for
their own fire flight. They largely fight according to the same principles as the combat troops of the Army,
except that they make use of the third dimension and are, therefore, independent of the terrain, rapable of
rapid and wide-ranging movements. For the defensive mission of "antitank defense", ATH are optimized in
design and armament.

Combat helicopters, by contrast, just like other means of aerial warfare, are designed to seek combat
action independently and on their own, and to carry the fire fight intc enemy territory. They fight, detached .
from friendly troops, mainly in enemy .erritory and are, therefore, subject to entirely different criteria as 4
far as their technical design (survivability) and armament (rockets and gun) are concerned.

From this it follows that ATH

- have a considerable higher degree of survivability than combat helicopters as a result of their
combat tactics; ?

- produce, as a result of their close contact with the combat troops, a better effect in combat than
the combat helicopter as an "individual fighter";

- can, because they are specialized for their antitank defense mission, be kept very much smaller in
size and weight than combat helicopters with their multi-purpose design, and

- can, therefore, be developed, manufactured, and operated at lower cost. 1

In summary, the results obtained through theoretical concept analyses and operations research studies, as
well as the findings of these multi-year practical tests have confirmed that only a helicopter which is
specially designed and equipped for antitank defense from the air can optimally match the required military !
characteristics. ]

1.5 GERMAN MILITARY REQUIREMENTS FOR ATH

The basic military requirements for an ATH are (fig. 10):

- high platform stability

- extremely good accelerating/decelerating qualities
- sufficient cruising speed (250 km/h)

- night mission capapility
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small silhouette

gyro-stabilized visionic equipment
crashworthy airframe

crashworthy fuel system

endurance: 02:30 hrs + 00:20 hrs
eight guided missiles

passive radar warning system (ECM)
Tow infrared emission

two engines.

The order in which the items are listed above does not indicate their priority.

1.6 REALIZATION OF ATH REQUIREMEMTS

Feasibility studies conducted on the basis of tactical/logistical and technical/economic criteria L
have shown that this optimum concept cannot be realized at the present time since %

- the requirement calls for an ATH to be available not later than 1979

- the technology required for night combat and night flying will not be available in time

- the development of an ATH of a configuration commensurate with its mission constitutes a
considerable technical risk, even without night combat components.

Therefore, in order to enable a feasible solution to be achieved within the given time and cost frame, the § .
military characteristics required of the ATH with ruspect to :
- availability by day and by night 3

- number of guided missiles !

- mobility ;

- technical design a

were, for the time being, reduced. '] b

Taking intu account the following significant criteria, namely y
military characteristics required as a minimum
technical/economic aspects, such as similarity to or identity with the Bol05 M liaison-and-

observation helicopter
- utilization of the HOT guided-missile weapon system which was developed in a cooperative Franco-

German effort at considerable financial expense
- employment to capacity of German development and manufacturing capabilities,

'
-
P
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the conclusion was reached that, under the given constraints, the Bol05/ATH, a helicopter which uses largely
the same components is the liaison-and-observation helicopter but has been further developed for antitank 1
defense purposes, is the best choice for an antitank helicopter of the first generation (ATH-1). This ‘ |
helicopter is shown in figure 11. The must essential data concerning this weapon .ystem are contained in ]

table 2.

CRUISING SPEED: 210 xM/H
ENDURANCE g 1:45 Hours
ComBAT LOAD : 6 ANTITANK GUIDED MISSILES HOT ;

MAX. RANGE. IDENTICAL WITH 4000 m
MAX, COMBAT RANGE: : ﬁ

SIGHT : GLASS-OPTICAL SIGHT APX 397
(3,2 + 10.8 FoLD)

Crew : CoMMANDER (GUNNER) i
PiLoT

TaBLE 2: PERFORMANCE DATA oF THE Bo 105-ATH 1
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1.7 DEGREE OF IDENTITY BETWcEN ATH-1 AND LOH ‘

In addition, I would like to elaborate to some extent the degree to wnich the ATH will be identical with 4
the Bol0SM liaison-and-observation helicopter.

As I mentioned eariier, the performance of the Bol0OSM would be increased as comparnd to the Bol05C. This
increased performance results from the requirement that, for economic/logistical reasons, the liaison-and-
observation helicopter and the ATH should, to the largest extent possible, have the same compcnents, based

on the Bol05C.




The required identity will be achieved with respect to:

, - the engine

ﬁ-@ - the main rotor head
- the main gear box
- the tail rotor assembly
- the fuel system
- the flight instruments
- the navigation system.

Due to its mission, the ATH-1 will be different from the liaison-and-observation helicopter with respect
to the followirg items: ]

- reinforcement of structural parts of the airframe for the purpose of accommodating the weapoa 1
and sighting system 1

- weapon and sighting system

- vibration dampers at the mein rotor blades for the purpose of improving stability during combat
in hover flight

- vaw regulator in the tail rotor control mechanism for the purpose of improving stability about
the vertical axis

1 - portions of the tail rotor drive system and the tail assembly

- portions of the control system.

This weapon system, the antitank helicopter of the first generation (ATH-1), will be delivered to the Army
Aviation forces late in 1379, together with the liaison-and-observation helicopter.

It will close, to the extent feasible, the gap existing within the Army with respect to antitank defense 3
until such time when an antitank helicopter of the second generation (ATH-2) which fully matches the required
military characteristics will be available in the second half of the eighties. E
2. PROSPECTS FOR THE FUTURE ]

2.1 INTRODUCTION

In the first part of this presentation you have been given an overview over the present state of military
helicopter development in Germany. The next question then to be asked is: What are the prospects for the
future?

What | am going to say is not to be taken as an official statement, since at present we don't have any 3
firm military requirements for future military helicopters. i

The picture I am able to paint is not a purely national German one, for it is influenced by European !
helicopter cooperation needs. We know very well that the requirements of the Atlantic Alliance also have to be 3
considered, especially with reference to the very important and urgent requirements of standardization and
interoperability. In the past, such requirements have been observed too little, both over here and on the
other side of the Atlantic. In this area, the Western World faces very grave problems, while the Warsaw Pact,
in this regard, has no trouble at all and has made great progress, since there only one country, namely the
Soviet Union, decides upon development. Therefore, in the interest of standardization, our countries should
be willing also to look for common solutions.

With this presentation | can give you neither a complete picture with all the details nor any spectacular
fresh knowledge of future requirements. What I shall try to do, though, is to point out some important facts
and aspects of future military helicopter development. 1 hope that this discussion may contribute to greater
understanding among military nlanners and rotorcraft designers and constructors. I think this is also one 3
of the purposes of this ACARD symposium. i

2.2 HELICOPTER DEVELOPMENT IN THE PAST

letus take a brief look at helicopter development in the past. Practical helicopter development began in

earnest only about 40 years ago. The development of purely military helicopters began much later, I think

with the Korean War. In the beginning of military helicopter development, neither doctrine nor experience

was available. These had first to be evolved. This could best be done by practical exercises and, finally, by
real missions in war. Thus we uncerstand that the greatest impulses to and progress in helicopter development
resulted from requirements and experiences in the Korean, Vietnam, and Middle East wars. After the Vietnam war, |
a large number of the possible operational requirements for military helicopters were known and could be used 1
as a basis for development. 3

Today, doctrines and operational concepts in the U.S.A., and in European countries too, may differ. Such
differences result from differing multi-purpose, global concepts on the one side and regional Central European
operational requirements on the other. In the European countries, we have made good progress in harmonizing
European concepts. In the Atlantic Alliance, there are also efforts to harmonize the U.S. and European
concepts. These operational concepts must not be regarded as permanent, but as dynamic and flexible, and
therefore, as time goes by and knowledge increases, they will have to be changed.

2.3 DIFFERENCES BETWEEN MILITARY AND CIVIL HELICOPTERS

We are speaking principally about military helicopters But I think it is necessary to make some remarks
about the considerable differences between military and civil helicopters. These must be taken into account.
Military helicopters must meet much more stringent requirements than civil helicopters, a fact which results
from the vast differences between military and civil missions. A civil helicopter will usually operate under
normal flight conditions, well above ground, and clear of obsta.les, without any obstacle in its flight path.
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i By contrast, a military helicopter in the combat zone must be capable of rapidly changing its position,
i satisfying extreme flight requirements near the ground, and clearing obstacles under enemy fire.

Apart from its armament, armor, and the extensive special equipment necessary for military missions, a
military halicopter also needs relatively greater installed power and a stronger structure than a civil
helicopter does. A comparison of different features of military and commercial helicopters is given in Table
3. The consequences with respect to the different weight proportiuns are shown on the figure 12.

MILITARY  COMMERCIAL [%] OF
FEATURES IMPORTANCE IMPORTANCE GROSSWEIGHT

DIFFERENT FEATURES

® ARMAMENT ++ -
* MISSILES (PAY LOAD) ++ -

* NIGHT AND BAD WEATHER
FIGHT CAPABILITY 3.5

— NIGHT FIGHTING CAPABILITY

OF THE MISSILES +H -
= FLIR FOR GUNNER H -
= LASER RANGE FINDER ++ -

; * NIGHT AND BAD-WEATHER
i FLIGHT CAPABILITY (NOE) 1

‘ - PILOTS NIGHT VISION ++
] - OBSTACLE INDICATOR +
+
+

[=2 1R8]

® ARMOR
® SELF SEALING FUEL SYSTEM
* REDUCTION OF DETECTIBILITY

- NOISE + =
= IR SUPPRESSION + =
- OPTICAL REFLECTIONS + -

® RECOGNITION AND
IDENTIFICATION SYSTEMS +t i

* gcH (ECCM) + -
° HEAD-UP DISPLAY + -
® AUGMENTED PERFORMANCE + -

]

— O un
-
~

— O N =
-
N

COMMON FEATURES

¢ CRASH RESISTANT STRUCTURE ++ + 0.5

* CRASH RESISTANT FUEL
SYSTEM + 0.7
0.5

¢ lGH; FLIGHT CAPABILITY
IFR ++
+ 1
+ 1
+

* ADDITIONAL COM/NAV SYSTEM
5

¢ DEICING-SYSTEM
(++ VERY IMPORTANT, + IMPORTANT)

iRl b

® DUAL REDUNDANT SYSTEMS

TaBLE 3: CoMPARISON OF DIFFERENT FEATURES OF
MiLI1TARY AND COMMERCIAL HELICOPTERS

Due to these differences military helicopter development is veering more and more away from civil
helicopter development. This means that the once familiar close correspondence between military and civil
helicopter systems and components will continue to diminish. And it means that the specific development cost
of military fwlicopters will continue to increase. This is one cf the main reasons for the urgent necessity
of cooperation and standardization in future military helicopter development.
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2.4 SOME TECHNICAL ASPECTS OF MILITARY HELICOPTER DEVELOPMENT

In recent years, the helicopter has gained much ground in the spectrum of aircraft, and may will gain a
still stronger position. The perspectives in future helicopter development are very promising.

The helicopter's strongest competitors in the fifties and sixties were VSTOL aircraft. But the exaggerated
hopes placed in them were not to be realized, and their competition now seems to have been overcome. Today,
the helicopter is indeed the only aircraft capable of hovering economically within or outside the range of
ground effect for any length of time.

With regard to flight speed which for aircraft is so important, everybody understands now that the speed
of a helicopter is limited by the inherent characteristics of the rotor system. In the past, great efforts
have been made to increase the speed of helicopters, but the success was not very great. Efforts at making
progress in helicopter design should concentrate on what rotorcraft can do within their given physical limits.
Priorities in future helicopter development should therefore be set not on increasing speed, but rather on
enhanciag s:fety and reliability and on simplifying the system so as to lower the cost of maintenance and
operation.

Another important fact should be mentioned, namely that the helicopter has reached a high degree of
technical perfection. It therefore seems not very probable that the near future will bring sensational
advances. But this does not mean that we should neglect our efforts and research work to improve our
helicopters.

Whereas in the past there was a proliferation of rotorcraft types, one type has now come to be dominant,
namely the classic single-rotor type. This fact also opens up new perspectives for further development: this
dominint basic concept makes pcssible the selection of similar types, and a consequent reduction in the number
of typ=es.

But among the rotor systems and the dynamic components there are still some 5 or 6 different competitive
systems. Each of these rotor systems has reached a certain degree of perfection. Each has its advantages and
disadvantages, but it seems to me that the best of these systems has not been found to th.s day. I think there
are signs that a uniform optimized solution to the rotor problem, or maybe two solutions, one formilitary and
the other for civil helicopters, should be possible. If this goal could be set for future development, great
progress could be achieved. This would also be a further important contribution to standardization.

There is still another important aspect of the rotor system, and that is the rotor blades. I don't think it
should be very difficult to optimize and standardize these as well. In Germany we have been doing a lot of
development work on fibre-glass blades for 20 years now on which we spent a lot of money. I believe that we
have reached a high standard in this field. We have for several years considered it proven that fibre glass
blades are the best possible solution for rotor blades. Due to their special characteristics and destruction
mechanism, fibre-glass blaces are, in respect of vulnerability and control characteristics especially suited
for military helicopters. We are convinced that this modern technique will find its way into the helicopter
development of tomorrow.

2.5 MANEUVERABILITY AND ITS SIGNIFICANCE FOR MILITARY HELICOPTER OPERATIONS

In my opinion, maneuverability is probably one of the most important requirements in military helicopter
operations. This is also confirmed by the findings of the German helicopter flight test group presented in
the first part of this paper. It is my impression that many helicopter people are not aware of the real
significance of maneuverability Tor military helicopter operations.

Helicopter maneuverability, as demonstrated in German tactical flight tests, largely depends on the type
of rotor system used. We believe such a high degree of maneuverability as was achieved can only be obtained
with a rigid rotor. While the relationship between maneuverability and the functional mechanism is well
understocd today, quantification still poses some problems. It d7es not seem to be very satisfactory simply
to state that negative-g maneuvers at - 0.5 have been realized.

These maneuvering capabilities are most important for the antitank helicopter. Therefore, they will be
incorporated in present and future German military helicopter development. We have found that apart from
armor, which, as you know, carries a considerable weight penalty, tactical flying offers the best protection
against enemy fire.

Figure 13 gives an idea of a typical antitank mission. Here it is broken down into four distinct phases.
In this picture you may recognize the great importance of maneuverability. You will notice the frequent and
abrupt changes in speed. This also places a severe stress on the engines, gears, and all dynamic parts, which
is reflected in special engine reguirements.

The next figures give an idea of the efficiency of the rigid rotor in comparison with a teetering rotor
with regard to maneuverability.

Figure 14 attempts to represent a threedimensional compoundmaneuver, from the pull-up with n = + 2 to the
push-over rolling with - 1 < n < - 0.5. The practical consequences of such maneuvers are shown with the
comparison of the helicopter exposure envelope for a hingeless and a teetering rotor (fig. 1%). The
differences of the exposure times for a hingeless rotor with 2.5 s and a teetering rotor with 9 s are very
remarkable in regard to the threat by enemy fire. The reasons for the different behaviour of the teetering
and the rigid rotor are found in the different control moment capobilities of the two systems (fig. 16) and
the corresponding steering reactions.

. These are explained with the next two figures which represent the comparison of the teetering and the
hingeless rotor with regard to helicopter response with similar pilot input in the first case (fig. 17), and
with regard to pilot workload with similar helicopter response in the second case (fig. 18). The first case

ok
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(fig. 17) shows what happens for identical pilot inputs. You can see the much longer reaction time of the
teetering rotor with respect to the bank angle change. In the second case (fig. 18) you can see what must be
done with the teetering rotor to obtain the same bank angle time history as with the hingeless rotor. With
the teetering rotor you have to execute a complicated, hardly reproducable stick action. In contrast to this,
the stick action for the hingeless rotor is much simpler.

These diagrams are not derived from theoretical work. The figures represent test results. Now I think you
may understand better why we in Germany are preferring the rigid-rotor system for military helicopter
operations.

2.6 SURVIVABILITY AND CRASHWORTHINESS

We appreciate that the U.S. Army at 1ts laboratories has done very extensive and useful research on
helicopter survivability and crashworthiness at considerable expense. The allies nope also to derive some
benefit from this work.

I think the requirements of MIL STD 1290, both those concerning the crew and those concerning the
helicopter, are not too severe. In my view, it is a question of fundamental .mportance to what extent safety
arrangements for survivability and protection can be incorporated in military helicopters without prejudice
to mission accomplishment. But what are the 1imits that must not be exceeded if we want to have still an
cfficient antitank helicopter instead of a flying tank? Studies of this kind seem to me necessary and
essential in view of the constant rise in the cost of manpower and material.

2.7 NIGHT AND BAD-WEATHER CAPABILITY

In East and West alike, the next generation of military helicopters will be required to have a good night
and bad-weather capability.

As you know, some sort of operational night and bad-weather capability is expected to be available after
1980 although the extent of that capability is still uncertain. Moreover, we are well aware of the considerable
cost of meeting these requirements and the additional weight penalties involved. I am not sure whether these
measures are really as useful and necessary as they are claimed to be. So it may by wise to give this problem
careful consideration by further studies. It is known that the U.S. Army is well advanced in night navigation
and fire technology. As an ally we may therefore expect to receive some functional support from the United
States in this regard.

These noted technical requirements are determining the configuration of progressive future military
helicopters.

®* HIGHEST POSSIBLE MANEUVERABILITY
ALSO IN NEGATIVE "G" FLIGHT ENVELOPE

* DUAL ENGINE CONCEPT
® HIGH CRASH SURVIVABILITY

®* PERFORMANCE RESERVES
AT ALL POSSIBLE CONDITIONS

®* DUAL REDUNDANCY OR FAIL SAFE CONCEPT
OF ALL IMPORTANT COMPONENTS

® LOW DETECTABILITY

TaBLE 4: TecHnicAL ConsequeNces oF ATH Missions
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NIGHT FLIGHT AND NIGHT FIGHTING EQUIPMENT

® MISSILES WITH NIGHT FIGHTING CAPABILITY

® INDEPENDENT FLIR SIGHTS FOR PILOT AND GUNNER
¢ HEAD-UP DISPLAY

® TWO INDEPENDENT NAVIGATION SYSTEMS

® ECM SYSTEM

HIGH SURVIVABILITY

® CRASH RESISTANT STRUCTURE

® REDUNDANCY IN IMPORTANT COMPONENTS
® ARMORED PILOT AND GUNNER SEATS

® ARMORED MAIN DYNAMIC COMPONENTS

® REDUNDANT SUCTION FUEL SYSTEM
WITH SELF SEALING FUEL TANKS AND LINES

TaBLE 5: TecHNIcAL REQUIREMENTS FOR ATH

The principal technical consequences of ATH-missions are summarized in tables 4 and 5. It must be pointed
out that the requirement of night capability must be fulfilled for two somewhat different parts samely

- the night navigation equipment
~ the night fighting equipment.

It must be mentioned that these components will be among the most expensive equipment of the future ATH.

According to first design studies figure 19 shows a perspective view of a possible future ATH with
representation of the equipment- and especially the armament-integration. A three side view of such a ATH-
design is given in figure 20. These design studies have shown that a future ATH probably must have a size
with an all-up weight of about 4500 kg. The all-up weight of the ATH of the first design studies was below
3500 kg.

2.8 TENTATIVE GERMAN PROSPECTS

Germany is under no acute time pressure to establish future operational requirements, since these would
essentially concern only transport helicopters, and the German transport helicopter fleet consists of light
and medium transport helicopters which can stay in service well beyond 1990. Thus, there is time enough to
make careful studies and to have discussions with our partners concerring a common development of
succeeding types. Figure 21 now shows some future prospects.

In the light-helicopter class, we have the current development of the liaison-and-observation helicopter
(LOH) and of the antitank helicopter (ATH), both on the basis of the Bol05 helicopter (fig. 21, left side
below).

In the next higher weight ciass you see on the right side in the diagram the advanced and somewhat heavier
antitank helicopter with night capability (ATH 2). This helicopter is in a preparation phase for common
development with France, the goal being to put it into service in the French and the German armies in about
1986-1987. We hope that cther allied countries will join this program.

As for the light transpcrt helicopter - if such a vehicle should be wanted - we would plan it to be
approximately the size of the advanced antitank helicopter, so that the light transport could be developed
on an equal basis with the antitank helicopter. With such a family of related types of helicopters, we think
we can achieve considerable cost and manpower savings. Furthermore, this could be a real contribution to
standardization and interoperability.
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Of course we are also studying the feasibility of combining the Light Transport (LTH) and the Medium
Transport Helicopter (MTH) missions which we would like to concentrate in one type, namely the MTH. Such a
step would enable a further reduction in types. Such a medium transport helicopter would have to transport
a payload of 3.5 to 4 tons, including a land vehicle like a jeep or an armored car. Figure 22 shows an
artist's impression based on a design study of such a transport helicopter. A cross-section with load of such
a design is given in figurc 23. But the possible requirement for a new MTH is not urgent, since the CH-53
carrying double payload will be in service well beyond 1990.

In concluding my survey of German requirement studies for future military helicopters, I must mention that
the German Navy is also conducting such studies. These nuvy studies concern a land-based missile-equipped
navy attack helicopter. It may be possible that the Navy requirements can be combined with those of the Army.
If this is the case, it would serve as another example of the feasibility of the family concept, contributing
to type reduction and standardization. For their frigates, which are planned to be put into service in the
early eighties, the German Navy will procure ship-based helicopters of 7 to 10 t. The type that may be bought
has not yet been decided upon.

From by personal point of view | estimate that the number of future antitank helicopters required may be
about 200. As to the transport helicopters, one can say about 100 of each of the two classes. The number
wanted by the German Navy for combat helicopter functions is much smaller.

2.9 PROBLEMS OF STANDARDIZATION OF HELICOPTERS

In this presentation it has been pointed out that standardization of military helicopters would be one of
the most important needs for the efficiency of the military alliance. Therefore in Europe as well as in the
US efforts are made in this direction. But all helicopter people are aware too of the great difficulties for
solving the problems involved.

I only will mention one of the most important reasons for the hindrance of the development of unique
military helicopters in the western world, and this is given by the existing industrial structure and the
strong competition between the different helicopter producers in the US and in Europe.

Because of this no agreements about a total standardization of military helicopters can be expected within
a short time, but et least it should be tried to begin with the standardization of some components and parts
of the equipment and the armament. Such partial solutions could help to comply with the most
urgent requirements of interooerability and also could be a useful contribution ‘0 standardization.

in this paper some areas of helicopter development have been shown that are well suited for cooperation.
The rising complexity and the rising costs of the military helicopters of the next generation, which can be
well estimated at present, will force all participants to be ready for collaboration.

In Europe the "Independent European Program Group" (IEPG) has been established for the treatment of all
military standardization problems. In the Atlantic Alliance there are also endeavours for promting
standardization activities. We hope that the results of these actinnrs will also lead finally to a real
standardization of next generation of military helicopters.

3. CONCLUDING REMARKS

In the first part of this paper the present status of the German army helicopter development had been
represented with the background of the German army doctrine for military helicopter operations. This concept
is founded on the special military requirements of the Central European theatre. It has been developed by
extensive theoretical and practical investigations together with flight tests.

Based upon this concept of airmobile operations by helicopter: with special emphasis on the anti-tank-
mission, in the second part of this paper possibilities and prospects for the future German military
helicopter development have been outlined.

It has been shown that because of the enlarged requirements for the ncxt generation of military helicopters
they will become more complex and therefore more expensive than the pre:ant generation. Thus it will become
difficult for one country to carry alone the resulting burdens. But it is not only for these reasons, that
we have a need for cooperation in future military helicopter development. There are also urgent mi'‘tcry
interoperational requirements that are determining a demand of collaboration of the allies.

It has been pointed out that the reduction of the number of types of miiitary helicopters and the
standardization must be main guals in future development as these are basic prerequisites for improving
the ooerational efficiency of the next generation of helicopters. A reduction of the number of all present
types of military helicopters of the Western world to one quarter seems to be realistic and within reach by
1990 or slightly thereafter. But if this goal is to be reached, strong efforts mst be made now in common
planning of future military helicopters, both in Europe and in the Atlantic Alliance in general. Duplication
of work must be avoided. I hope that this is an endeavor in which all will participate, including AGARD.
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CANADIAN NAVY EXPERIENCE WITH
SMALL SHIP HELICOPTER OPERATIONS
Major N.H.J. Browme
Canadian Forces Base Shearwater
Shearwvater, Nova Scotia
BOJ 3A0
Canada
SUMMARY
This paper begins with a short summary of the development of the
Canadian Navy's approach and solution to operating medium size helicopters
from small ships in the North Atlanti:., This is followed by a general 3
description of the Helicopter Hauldown Rapid Securing Device - the main item i
of equipmwent which enabled successful open sea operations with the available 1
equipment. The paper concludes with an overview of the operating capabilities 3
of the Destroyer/Helicopter system, the lessons learned from its development 4
and a subjective assessment of future helicopter requirements for the !
Canadian Navy. i

INTRODUCTION k

The aim of AGARQ is in effect to provide the alliance with the fu-damental scientific base upon
which military equipment can be developed, produced and used. Given the ever lengthening timespan
between research and development and eventual operational use, there is an inherent danger that the R&D
community develops progressively remote from the operational end user. The inclusion of presentations
by operational end users has the laudable objective of continuing meaningful communications between our
various disciplines. It is therefore a distinct pleasure for us as operators to be given the opportunity

to communicate with you in this forum. It is an even greater honour for Canadian Operational 4

representatives because Canada's operational and R&D contribution is for many reasons but a small fraction 4

of the total. The subject of this presentation is the Canadian Destroyer based ASW Helicopter Program. [
t A 30 minute dissertation could not do justice to all of the many worthwhile aspects of this Program from E

which you might benefit. Since neither training nor opportunity has given me the chance to hecome well :

acquainted with AGARD, it was difficult to diiineate the content of this talk., The objective of this

presentation is to acquaint you with an unique Canadian operational contribution to the Alliance, with 1
I the lessons learned from this Program and with an operational assessment of future helicopter requirements 3

in the Canadian Navy. To this effect you will be presented with the following: 3
a. a five minute film to set the scene;

b. a short presentation on the concept, history and development of the Canadian :
approach to destroyer borne helicopter operations; B

c. a presentation of the hardware which makes the large helicopter/ship marriage 3
possible;

d. a presentation of current capabilities, lessons learned; and

e. an operational assessment of our future requirements.

CONCEPT, HISTORY, DEVELOPMENT

The concept of exploiting the advantages of helicopters for naval operations is practically as old
as the helicopter itself. In 1952, the Canadian Navv attempted to establish the validity for helicopter
conducted ASW operations by procuring sonar fitted SIKORSKY H04S(S-55) helicopters. In 1955 the first E
ASW helicopter squadron was formed. It flew operationally from both our aircraft carriers. From the
beginning, naval ASW tacticians enthusiastically endorsed the concept, and although initial results were
mixed, a small ship trial platform test was conducted on a Prestonian Class Frigate - HMCS BUCKINGHAM. {
In December 1956, a2fter 175 landings aboard this ship, the following major lessons had been learned:

a. helicopter handling qualities did not preclude operations from small ships
at sea; and

b. a major problem affecting small ship helicopter operations was the extreme

difficulty in securing and moving the hr:licopter subsequent to landing on
deck.

To confirm these findings and gain further operating experience, the BUCKINGHAM flight deck was
suitably enlarged and fitted aboard HMCS OTTAWA. This ship was a St Laurent class destroyer escort.
Eventual helicopter operations were planned to be conducted from this class of ship. Trials progressed
using a Sikorsky H-34 (5-58) in the fall of 1957. Again, they concluded that the helicopter borne
destroyer concept was viable, provided that a suitable hauldown and rapid securing device could be
developed. As a result, permanent helicopter installations were designed for the conversion of seven
St Laurent class destroyers and two similar ships, yet to be constructed. This involved such things as:




a, construction of a hangar and flight deck;
3'9’ b. provision of flight deck drainage;
k c. safety nets;
d. hangar insulation;
I e. & hangar workshop
f. a helicopter electronic maintenance room;

an aviation store room;
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h. aviation fuel tank and associated pumping system;
j. a flight deck control room;

I k. fire fighting facilities;

s. an air weapon uagazine;

n. an aircrev briefing and ready room; and

p. a hauldown, rapid securing and handling device.

Since the hauldown device was the major innovation which assured the practicability of large
helicopters operating from small ships, this system will be described in greater detail. Meanwhile,
between 1957 and 1962 a five year period of R&D into the best recovery assist and handling system led to
hauldown trials carried out by Sikorsky employing a semi-dynamic hauldown rig. These trials proved that:

a. precession did not affect helo controllability during hauldown; and

b. even during the most divergent conditions, a hauldown cable always
guided the helicopter to a point within two feet of the hauldown
deck sheave.

Thus, a practical means of guiding the helicopter to a flight deck of limited dimensions and holding
it there had been developed. Yet to be evolved was a way of coupling the hauldown feature with a means of
straightening and traversing the helicopter. Funded studies with US and Canadian companies subsequently
led to the present Helicopter Hauldown Rapid Securing Nevice (HHRSD).

In February 1965 development of ship and airborne systems had progressed to the point where ship
helicopter compatibility trials could commence. Successful completion of these trials resulted in a
limited clearance for service use. As experience was accumulated, equipment developed, and techniques
evolved a phase by phase approach allowed clearance for operational use under progressively more difficult
conditions. The system is now cleared for day, night and IFR operations down to a 200 foot ceiling and
one half mile visibility.

SYSTEM DETAIL

As indicated earlier, the item of equipment which made the small ship/large helicopter marriage
possible is the Helicopter Hauldown Rapid Securing Device (HHRSD). This system is presently being built
by Dominion Aluminum Fabricating Ltd (DAF) in Toronto, Ontarfo. It was designed to satisfy the following
requiremsents:

a. land the helicopter on the flight Jdeck in a position where it can be
secured by the "“eartrap" securing device;

b. secure the helicopter within four seconds of landing; and
c. traverse the helicopter in and out of its hangar while remaining secured.

‘l'ge system is capable of performing these operations in sea states causing the ship to roll 31° and
pitch 8 with the fligat deck heaving 20 feet per second in winds of 45 knots. After initial hook-up of
the hauldewn cable, the entire operation is remotely controlled from a console located near the hangar
entrance. Modifications to the helicopter include a probe and probe housing near the aircraft centre of
gravity, a hydraulic winch used for hoisting up the hauldown cable, and a tailprobe for restraining the
tail on deck. Appropriate controls and indications are located in the pilot's cockpit.

The shipboard installation includes the securing device on the flight deck, and a two drum winch
unit powered by a hydrostatic transmission below decks. One drum is wound with the hauldown cable which
is reeved around a pneumatic shock absorber, or rope accumulator, and pulleys up to the beartrap. The
second drum retains the traverse cable, which is attached to the forward and aft ends of the beartrap,
thus forming the basis of the traverse system for transporting the helicopter to and from its hangar.
The control console and associated control system components completes the shipboard installation of the
hauldown system.
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A detailed description of the hauldown system is probably not required. Instead, it is proposed to 3
indicate to you a typical sequence of events when recovering the helicopter. I shall start at the point :
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where the helicopter has completed its approach to the ship and is hovering sbove the flight deck. There
the pilot maintains an approximate position over the landing area well above the flight deck. He 1is :34:5'
aided in doing this by two horizon bars and a pitch bar located on top of the hangar. The main probe,
normally retracted, has been selected down to position it for eventual entrapment by the beartrap. The
messenger is lowered through the probe housing to the flight deck where the hauldown cable end fitting is
manually hooked up to the messenger probe. The messenger and hauldown cable is then hoisted into the
aircraft where the messenger automatically separates from the hauldown cable end fitting which is locked
into the probe housing. The pilot then signals to the Landing Safety Officer (LSO) to select hover tension.
The LSO selects the "hauldown mode" of the winch system and applies 1,500 pounds tension. The winch

system will automatically maintain any selected tension within narrow limits regardless of the motion of

the ship or helicopter. The tension of 1,500 prunds has by experience been found to have a significant
centering effect over the beartrap without sacrificing significant reserve engine power.

Having accomplished the hook up and having the benefits of the hauldown tension centering effect,
the pilot waite for an opportune moment in the motion of the ship's roll and pitch prior to positioning
himself to land. The LSO, having confirmed that the ship is relatively steady, then selects hauldown
tension of 3,500 - 4,500 pounds to guide the helicopter's main probe into the '"Beartrap”, while ordering
the pilot to land.

At this point, the first requirement of the HHRSD system - to land the helicopter in a position
where it can be secured by the "Beartrap" - has been met. The LSO satisfies the second requirement by
firing the pneumatically actuated jaws of the "Beartrap" to secure the helicopter. The tailprobe is now
lowered to engage into one of a series of retaining rails on the flight deck to secure the tail of the
helicopter.

The hauldown sequence ensures that the helicopter lands in the "Beartrap"”. The "Beartrap' ensures
that the helicopter is firmly secured to the deck. However, it 1is not possible to control or predict the
orientation of the helicopter after landing. Since the hangar location and dimensions are such that the
helicopter's longitudinal axis must be perfectly aligned with that of the hangar, it 1s now necessary to
straighten the helicopter. The straightening operation is accomplished by tailguide winches while the
"Beartrap" and helicopter are traversed.

Once aligned along the "Beartrap” guide rail or deck track, the tailprobe, which was raised during
the straightening procedure, is lowered to engage the deck track. The helicopter can now be traversed
into the hangar by activating the traverse drum of the system.

When two helicopters are borne on one ship, only one hauldown system including two 'Seartraps", are
required. This is accomplished by transferring the reeving system for the hauldown cable between tne two
touchdown areas for the two helicopters.

There are many safety features built into the system. From a pilot's point of view, the most
important are that he can release the hauldown cable at any time either electrically or manually, that he
can overpower the hauldown cable constant tension winch tu the limit of the available length of the 110
foot hauldown cable, and that a shearpin is fitted in tte hauldown cable end fitting which is designed to
release this cable should the tenaion exceed 6,000 t )0 pounds.

PRESENT CAPABILITIES, LESSONS LEARNED, FUTURE REQUIREMENTS

Canada has now developed and put into service a capability to safely operate a 19,000 pound helicopter
from escort sized (3,000 - 5,000 ton) ships in sea states which cause the ship to roll as much as 30
degrees and under weather conditions down to a ceiling of 200 feet and a visibility of one half mile.
From conceptual study in the mid fifties, it took approximately 15 years to develop a full operational
capability not matched by any other navy. The Canadian experience has been an excellent operational test
case which other navies have followed with interest. Before committing themselves to similar programs it
would behoove navies to consider the lessons of Canada’s ploneering work. What have they been? Well,
there have been a few. A representative sample follows:

a. The careful, step by step, approach taken in this development has, in retrospect,
been very cost effective and, importantly, safe. The tendency to plunge ahead with
certain aspects of the system in anticipation of meeting other milestones has been
resisted. With limited resources, expensive equipment acquisition errors could not
be afford2d without gravely jeopardizing the program itself.

b. The inability to develop this weapon system concurrently with that of the ships to be
supported, and the lack of a clearly identified goal in terms of the reliability to
be expected from it has caused this system to be less responsive to the requirements
of the naval tacticians than they had been led to anticipate.

c¢. The naval construction engineering and operational planners must be made aware of the
requirements that an effective weapon system addition such as this will only result
if the many aviation facilities requirements this entails are in fact designed into
the ships. In addition to obvious requiremcnts such as fuel, accommodation, shop
maintenance, supply and fire fighting facilities, it is vitally necessary to include
adequate meteorological, navigational, communications and aircraft approach facilities.
These lessons were brought home in the original conversion of our destroyers so that
our new 280 class destroyers are extremely well appointed in this respect.

d. Present land/launch procedures require the ship to steam into the prevailing wind.
This drastically curtails the manoeuvering options open to the naval tactician. Since
the manoeuvering restriction is imposed by the limited flying qualities and performance




of the Sea King in cross wind conditions it is desirable that new generation
helicopters not be similarly limited.

e. Yore effective transition procedures are required to allow the pilot to
transition safely from instrument flight to hovering with visual reference
to the ship under night and instrument meteorological conditioms.

As mentioned before, a decision to equip a ship with helicopters should be followed by an intensive
| rationalization as to the precise contribution the helicopter system will make to the ship's combat
{ efficiency. The equipment fit of the helicopter will be an important consideration. Of equal, if not
greater, importance is the reliability of the system.

. THE FUTURE

I have little doubt that the Canadian Government will continue to accept the advice of the navy
that the organic air support provided by helicopters borne on our small ships is a fundamental requirement
in ensuring the combat capability and survivability of these units. As in the past, the Canadian Navy
is likely to continue to be tasked with specialist maritime operations in support of the aims of the
Alliance. It will accomplish this primarily in the area of ASW. However, anti-missile, surveillance,
reconnaissance, search and rescue, resupply and communications roles will also have to be supported. R&D
sdvances in computer and microminiaturization technology have considerably broadened the potential of the
helicopter in solving the tactical problems faced by small ship formations. A delineation of the precise
mix of sensors, weapons and support equipment to be fitted would presently be a matter of conjecture and
properly avait the result of future operations analysis studies.

When officers in the field or at sea are asked to indicate their preference for future equipment
the ansver is almost invariably that vhatever equipment they now have should be bigger, better and faster.
We are similarly inclined and tend to support the acquisition of a better helicopter borne active variable
depth sonar over other ASW sensors. However, the apparent relatively weak RED efforts on such equipment
and the example of other nations in the Alliance might dissuade us in the future.

There is a general corviction that any future naval helicopter should have a good, if not excellent,
ESM suit and should possibly even be 2quipped with an air to surface missile. For peacetime surveillance
and reconnaissance roles, we shall require a stand off identification sensor. Whether this should be an
infra red or low light level facility would depend on the trade-offs involved.

As to the helicopter itself, we shall undoubtedly require a helicopter with flying qualities which

allow it to fulfill its role under day/night and instrument metecrological conditions. This is likely to ii
include & requirement for the pilot to be sble to accomplish at :east rate two turns at low altitude under 1
instrument conditions. A much improved out of wind hovering capusility will also be necessary. Our ﬂ

demands for airframe and engine performance will not impinge on state of the art capabilities of
manufacturers. The demands for energy conservation would undoubtedly be a factor in the selection process
if there is a choice of airframes or engines.

A very major consideration will be the helicopter systems capability to meet specified maintain-
ability and reliability criteria. The operation of complex weapon systems at sea from small ships usually
entails only liaited shipbased maintenance facilities and limited manning levels. However, the Officer
in Tactical Command must be able to plan and rely on a specified availabilit- of his resources.

At the eleventh snnual AGARD meeting, Major General Goss, our Chief of Engineering Maintenance,
unequivocably stated the heavy emphasis and importance the Canadian Forces attach to ssintainability
and reliability. As operators, who stress availability, we are heartened to see that these factors will
be major determinants affecting future material selection processes. We would like to see significant 3
RED efforts expended which would result in satisfying the operators desire for tools which work. :
Reliability and maintainability, rather than weapon system sophistication, may be the determining factors
affecting the outcome of future confrontations - we wish to avoid.

SUMMARY AND CONCLUSION

To s.mmarize this presentation: You will have gained some insight into the history and development
of the Canaiian approach to making medium weight helicopter operstions from small ships possible. We are
now able to usefully employ our helicopters wvhen weather condition limit the ASW effectiveness of our 3
ships. Our :xperience has convinced us that the concept of employing medium helicopters with an independent 1
weapon system capability is superior to that of operating small helicopters which are tied to a ship's
weapon system. Our concept for future helicopter operations will therefore be influenced by thie
experience.

—

Since our operational commanders place such heavy emphasis on the availability and value of organic
helicopter support, and since one, or at most two helicopters, are borne on each of our ships, future
procurement decisions will be heavily ‘.fluenced by svailability criteria.

Thank you for your attention. Time has precluded a fuller treatment of this subject. I may have
raised more questions than were answered. Hopefully I can make restitution during the question period to
follow. |
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SOOMERY

The rited Kicglem s~mud forces arc emtering a period in which they are completing the replacement
prvgrmme of a ramge of de mmiler Selicopters in service use. In this area they are, therefore, in a
period of relafive stamii:=v = ik te consider the next generation. A numbzr of larger helicopters,
notable the zaval &M del o=~ s replace the Sea King, and helicopters for the support role, are now
the subjoct ef Righ Lewmls a=zviy within the Ministry of Defence.

vhile the amm w2il alness de Tz match, as closely as possible, the specific requirements of the tasks
to be performed bv fxxare del:icupCers, 1t can be expected that the need to reduce development costs and to
achieve stanurdisatiee sall resalt 1= some degree of compromise between a range of requirements of the
various services acd cewtries desiring aircraft of roughly the same weight and performance.

The paper will describe the range of helicopters in current use within the UK armed services and will
examine the droad requirements for the future. It is recognised that, because of the spiralling cost of
development of new helicopters every effort will have to be made to reduce the through life costs by improv-
ing the life, reliability and maintainability of components. Survivability, both in crash resistance and in
reduced vulnerability to hostile fire are of particular importance in the battlefield environment, while
increased speed and endurance are sought in naval helicopters.

1.  PROCUREMENT

As a preliminary to discussing the lhited Kingdom's military helicopters and the requirements for the
future, the paper gives a brief outline of the structure within which British helicopters are procured.
The procedure is fundamentally similar to that for all the military equipment requirements of the three
Services, but the paper concentrates upon the system used for helicopter procurement,

For national projects, the procedure starts with a Staff Target prepared by the Service Operational
Requirements branch. This Staff Target becomes the basis of a Feasibility Study period directed by the
Procurement Executive Future Systems Branch of the Ministry of Defence with assistance from specialist
equipment and armament branches and with much of the detailed work contracted to industry. If successful,
the study leads to a formal Operational Requirement, again prepared by the Service staffs. This is based
upon the Option recommended during Feasibility Studies. A substantial phase of project definition is then
undertaken by the Procurement Executive (MOD(PE)), the object of which is to remove major uncertainties
from the technical definition and programme, It is clear that one must be prepared to allow a significant
amownt of money and time for this stage - typically about 8-10% of the total development cost and up to 20%
of the total development time, On satisfactory completion of Project Definition the project passes into
the full development phase, during which a formal specification is drawn up; and the responsibility within
MOD(PE) transfers from the Future Systems Directorate to a project office specially set up for the purpose
in the Helicopter Projects Directorate.

Puring the development phase prototypes and development batch aircraft are manufactured and pro-
gressively assessed and, when a sufficient Jegree of confidence has been established a decision to launch
production is taken., Final development continues under the direction of the project office and early
production aircraft are assessed formally before a general release of the helicopter type into service is
granted.

The production of the aircraft and its equipment is handled by MOD(PE) production branches who are
distinct from the Project Office but who cooperate continuously with the latter on matters ielating to
modifications and product improvements.

The UK has, therefore, a system where the three phases - ie feasibility/project definition, full
development and production are handled by three separate MOD(PE) directorates, each responsible for placing :
the appropriate contracts with industry, but who work together closely. b

During the whole of this process the various research and development establishments of the Ministry
of Defence are available to give advice and assistance, In the initial phases it is mainly the research
establishments s: h as the Royal Aircraft Establishment at Farnborough, the Royal Signals Research Estab-
lishment at Malvern and the Admiralty Underwater Weapons Establishment at Portland who are involved. At
the final stage the formal assessment of the aircraft on behalf of the Services is conducted by the Air-
craft and Armament Experimental Establishment at Boscombe Down.

A firm discipline is maintained throughout the whole process by the Central Committees of the Ministry
of Defence who approve the funding of the various stages. The committees ensure that the maximum coordina-
tion possible between the various service requirements is achieved and that the operational case remains
valid,

For collaborative projects the procedures are much the same as for natiaral projects. The Services
are responsible for examining their requirements with other users with a view tc establishing joint ventures.
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MOD(PE) works with the corresponding agencies in other countries on assessment of means to satisfy the
joint requirement and to ertablish a fair standard of work sharing between their industries. At each
decision stage, athorisation to proceed must be obtained from Joint Management Boards and committees as
well as from the MOD Central Committees.

2.  NAVAL PROGRAMMES

Helicopters have played an increasingly important part in maritime warfare since their introduction
into Moyal Navy service. The ecarlier helicopters were used mainly for search and rescue duties, but the
introduction of dipping sonar in the mid 1950s added a new dimension to the helicopter's capability. ASW
helicopters deployed in the early 1960s were the Wasp and the Wessex Mk 1 with the short range 194 sonar.
Since then the helicopter's capabilities have been improved with the introduction of the Wessex 3 and the
Sea King, both equipped with medium range 195 sonar, radar, tactical plot and associated ASW weapons (see
fig 1). The capability of the Wasp was extended in 1969 by the introduction of a visual surface attack
role using the AS12 missile.

The replacement for the Wasp is the Lynx (see fig 2). This aircraft was developed as part of an Anglo
French package which included the Puma and the Gazelle. The Lynx has been designed and built by Westlands,
using Rolls Royce engines, but as with the other two aircraft the French helicopter company - Aerospatiale -
has done a considerable element of the manufacture. In the Lynx this has been notably the rotor head. The
naval variant of the Lynx is now undergoing Intensive flying trials within the Royal Navy and will enter
service later this year as the small ship helicopter for the next 15 to 20 years.

The Navy's requirements for this helicopter are that it should provide a weapon delivery system fur
the ship's own sensors but that the capability of the aircraft should be improved over that of the Wasp
by the introduction of autonomous sensors and the addition of an observer or tactical controller to the
crev. The relatively small size of the aircraft, with an all wp weight of 0,750 1b, together with its
outstanding flying and deck landing characteristics allow for one of the factors which we consider very
important, namely the ability to land or take off with the relative wind in any direction. This allows
maximum tactical freedom in the ship and generally removes the requirement for ships to change course in
order to lamnch or recover their aircraft,

Flying trials carried out recently in RFA ENGADINE showed that the stated regquirement for the aircraft
to be able to take off or land with winds of up to 30 knots from the aircraft's stern arc was comfortably
met and the pilots even indicated that, because of the reduction in wind turbulance normally evident when
the wind is disturbed by the ship's superstructure they found the landings almost easier than with the wind
abhead.

The sensor fit includes the Sea Spray radar, an I Band frequency agile radar with a TV raster display,
a high accuracy Electronic Support Measures receiver and a computerised navigation and display system.
The aircraft is also capable of being fitted with a Magnetic Anolomy detector. A wide range of weapons can
be carried including the medium range semi-active Sea Skua missile which provides the aircraft with a highly
accurate anti-shipping capability.

The Moyal Navy have not yet, of course, started to think of the design of aircraft to replace the Lynx.
They have, however, identified the desirability of a sonics fit for the aircraft and recognise the advantage
to be gained by increasing the aircraft's endurance. Westlands are currently engaged in uprating the air-
craft to allow additional payload and a decision on whether this uprating will be applied to the Navy's
helicopters will be made sometime within the next two years. For the longer term they will have to match
the desirability of speed, as night be provided by VSTOL, with the continued need for a multi-role, light-
weight and flexible vehicle with capability to operate from small ships in the often hostile environment of
the Eastern Atlantic.

The Sea King, which is operated from the larger ships and Royal Fleet Auxiliaries, has proved to be a
most effective ASW aircraft. The airframe, based upon the Sikorsky S61 is produced under licence by
Vestlands, bt the sensor fit and Automatic Flight Control System is emtirely British. This aircraft will
continue to provide the mainstay of the RNs ASW helicopter force until the mid to late 1980s, but ways in
vhich the capabilities of the aircraft can be improved are being sought.

The main areas wvhere the RN will seek improvements in whatever aircraft is selected to replace the
Sea King are, firstly, reliability and maintainability, where considerable savings in life cycle costs can
be made by the sensible use of advanced technology and materials; secondly increased speed and endurance
to allew for improved speed of reaction and the capability to operate further from the force being protected
for longer periods; and thirdly the introduction of improved sensors and weapons to increase the effective- 1
ness of the system, .

A two year Feasibility Stuay has just been completed within the UK to evaluate a number of options for ;
the Sea King Replacement, and a decision will be made towards the end of this year to allow Project Definition 1
to start during 1978, Again, the attractions of VSTOL are clear, bwt vhile the technclogy might arguably 1
be said to exist, the development of a VSTOL aircraft with the endurance and sensor, weapon and crew carry- 3
ing requirements envisaged is still some way from realisation. Besides which, the X is limited in the flight 3
decks available for the carriage of these aircraft, and cannot afford to embark upon a costly redesign of
the new CAHs or Royal Fleet Auxiliaries to carry what would almost certainly be a rather larger and heavier
aircraft than the equivalent capacity helicopter. RN interest therefore lies in helicopters for the main
ASV tasks for the next generation., The decision is expected to lie between either the development of a new
helicopter, probably with European partners, or the major development of an existing airframe to allow for
the increased speed, endurance, anti-icing and sensor fits called for in the Operational Requirement.




3.  AMMY PROGRAMMES 4 5

The British Army differs from many other nation's armies in that it only flies its light and utility
helicopters, leaving the larger support types to be flown by the RAF. Nonetheless, the Army operates the
mmerically largest number of helicopters of the three services, Its tasks can be summarised as:

Observation and Reconnaissance

Armed Action using Anti-tank Guided Weapons
Direction of Fire as an Airbome Observation Post
or forward air controller

Command and Control

and for the limited movement of men and material - including
Casualty Evacuation

This leaves the tasks of logistic support, aeromedical evacuation and the movement of larger numbers of
troops to the RAF.

Tha light observation aircraft used by the Army at the moment is the Anglo French Gazelle (see fig 3)
which is progressively replacing the Bell 47C Sioux. The final deliveries of the 158 Gazellecs ordered by
the Army are expected to be made by October this year. The Army are well pleased with the Gazelles and it
has proved to be a success in its planned roles, It has additionally been regularly used in Northem
Ireland for photo-reconnaissance, crowd control - for this they use an airbome loudspeaker which they
test by reading recipes to the Belfast housewives, and assistance with night patrols using powerful search-
lights.

The Scout AH1 which is a variant of the Westland Wasp is the current army utility aircraft. This is
shortly to be replaced by the amy variant of the Lynx and 100 of these will be ordered for delivery over
the period 1977 to 1981, Intensive Flying Trials on this aircraft are due to start shortly and the first
squadron will be equipped in mid 1978, The uprated engines and transmission mentioned earlier in connec-
tion with the Naval Lynx are of little interest to the Amy at th.s time, since the Lynx will meet current
requirements without uprating. The Lynx has, however, considerable stretch potential and a developed ver-
sion with a larger fuselage and payload may meet future requirements.

The Amy does not require to consider the replacement for its helicopters for some time yet. The
planned life of both the Cazelle and the Lynx is 15 years, but this may well be extended to 20 years.
Whereas the Navy have identified speed as one of the important factors which will be sought in their
replacement helicopters, the Amy do not identify an increase in speed as being a major requirement but
instead, seek to improve survivability in the battlefield environment by reducing the vulnerability of
the aircraft to ground fire and by reducing both aural and electro-optical signatures. In a maritime
environment, this vulnerability is less important and one is tormn between the desire for maximum common-
ality of airframe design between the services and the need to avoid carrying around armour plating and
other survivability equipment which are not normally required at sea.

Like the Navy the Army will seek the maximum reduction in the through life costs of future aircraft,
taey will also look for improved maintainability in the battlefield area and improved performance in icing
~onditions,

4. AIR FORCE PROGRAMMES

In the UK the Royal Air Force is responsible for supplying support helicopters for the Army, Currently
this is provided by the Wessex (see fig 4) - a twin turbine version of the 558 - and by the Puma (see fig 5).
The RAF is also responsible for providing much of the Search and Rescue force around the UK and currently
operate Wessex and single-engine Whirlwind helicopters to fulfil this role; they are supported in this by
Royal Naval Sea Kings when long range or night SAR missions arise, In common with the Amy and Navy the
Gazelle is used for pilot training,

The Search and Rescue force is currently being supplemented by the purchase of 15 Sea King Mk 3 air- :
craft, This is a specialised version of the naval helicopter with modifications to increase its range and
endurance, A very comprehensive avionic fit has been specified including a Decca Tactical Air Navigation
Systea the computer of which accepts signals from Doppler and hyperbolic Decca and provides the crew with
a wide range of navigational data to allow accurate search patterns to be performed and repeated at long
range without the need for a specialised navigator., The aircraft is due to enter service in June 78 and
will greatly increase the search and rescue coverage around the UK. 1

The requirement for a medium lift helicopter has been addressed repeatedly over the last decade but
financial constraints have prevented the purchase of a suitable machine. It has always been assumed that
the helicopter would be an off-the-shelf buy, With the increased pressure to provide the ground forces
with flexibility the UK is once again studying the possibility of purchasing aircraft in the fairly short
term. Studies are at an early stage and an acquisition is unlikely to be reached before 1978,

In the longer tem the specification of the helicopter to replace the Wessex and Puma in the support
role in the mid to late 1980s is being studied. The RAF sees this project as being a major opportunity
for a collaborative venture,

Over the years there has been a steady improvement in the capability of the helicopter as a weapon of
war to the point where it may have become a deciding factor in a major land battle. This has naturally
led to the development of increasingly effective anti-helicopter weapons. The RAF is becoming increasingly
concerned with the problem of protecting the support helicopter both from ground-to-air and air-to-air
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attack. In the latter case the Russian Hind and Armed Attack Helicopter developments are seen to present
a real threat, Major equipment fits of passive defence measures are under study and the need for active
defences may soon have to be considered. It is in the general area of specialised equipment to allow the
helicopter to operate in all weathers, at night and in the scenario of the European land battle that major
development efforts will have to be directed. In particular, all future RAF helicopters will be equipped
with an independent navigation aid to allow precision positioning in conditions of low visibility to permit
the high speed nap-of-the-earth operations which we believe to be an essential part of future support
helicopter tactics.

5.  COLLABORATION

As the cost of the dcvelopment of helicopters rises and the technical risks increases it becomes more
important that every effort be made to collaborate with other nations in order to ensure a wider market for
the product, both military and civil. The Anglo French collaboration agreement of 1967, which led to the
development of the Puma, Lynx and Gazelle, paved the way for future ventures which are now being actively
explored between the four helicopter producing nations in Europe. As a preliminary to the development of
a package of helicopters it is necessary to determine that there is sufficient commonality in the require-
ment of the various nations, ideally not only by the individual services of the countries concerned but
also between the services. Thus it is not sufficient to have agreement between say the navies of the
countries, every effort shovld then be made to ensure that a compromise is reached with the other two
services to reduce the final package to a sensible size, Only that way can the present situation, where
some 27 different types of helicopters are in operation within the armed forces of Zurope, be rationalised.

Nor should the search for collaboration be confined to within Europe, and NATO provides the forum in
which collaboration, as a means to achieve commonality and standardisation should be continaliy discussed.
The problem which seems to present the most difficulty, however, is that of timescale, since the replace-
ment schedules of the various nations'! helicopters rarely coincide and the compromise between differing
timescales and differing operational tasks is extremely hard to achieve.
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SUMMARY

This paper addresses the US Army's latest developed utility ard attack helicopters with contracts
recently awarded to Sikorsky Aircrafc for the Utility Tactical Transport Aircraft System (UTTAS) and
Hughes Helicopters for the Advanced Attack Helicopter (AAH). To provide details of each of these
intricate helicopter designs would obviously be beyond the scope of this type of paper, however, the
paper will provide a brief history into the background of the Army's requirements and need for a

UTTAS and AAH, a history of the development, a general description of the aircraft with intended
missions, planned activities, significant capabilities, and potential alternate uses of the resulting
designs. The capabilities and potential a'ternate uses, which are the primary points of the paper,
will consider the implication of the stringent military requirements (principally the Survivability/
Vulnerability (S/V) features and derating implicit in the Army 4000 feet/95°1 baseline mission) in
adapting the UTTAS and AAH to other non-military or non-combat missions. In addition to performance
ard S/V, both development programs, as highlighted in the paper, have concentrated efforts on reli-
ability and maintainability characteristics which, when combned with performance and S/V, provide
enhanced operational capability on the modern day battle field at an affordable cost. Finally it will
be shown that the critical performance conditions have yielded high performance designs with attendant
capabilities at off-design ambient conditions and reflect design considerations for future change
requirements, thus providing a variety of alternate mission capabilities.

HISTORY OF NEED

At present the UH-1 and AH-1 series helicopters are the only utilicy and attack helicopters available
for fuifilling the Army's air mobility and anti-armor roles. Product improvement programs will not
enable these current helicopters to expand their payload sufficiently to fulfill and meet future
tactical airlift, combat support, and effective direct fire mission requirements during day. night and
adverse weather. A need exists in the 1980 timeframe to provide aircraft that meet the air mobility
squad carrying and anti-armor roles under the more severe altitude and temperature conditions with
necessary increases in reliability, maintainability, survivability, flight safety and sufficient
alternate mission capability, in the case of the AAH, to accept various weapon subsysiems. Sufficient
increases in these areas cannot be provided on existing helicopters to assure that squad size payloads
can be transported and direct aerial fire in support of ground combat forces can be procvided under

the envircnmental or threat conditions likely to be encountered. Improved helicopter systems require
design concepts to increase survivability against sophisticated anti-aircraft weapons, provide
sufficient anti-armoi fire power in the case of the AAH, enhance operational availability and yet be
capable of quick response to mission requirements throughout the range of altitude and temperature
combinaticns where US forces can be expected to operate.

WHY UTTAS AND AAH

To fulfill these requirements the Army estal lished a need for the Utility Tactical Transport Aircraft
System (UTTAS) and the Advanced Attack Helicopter (AAH). Inherent in thls need was an assurance that
the final design and capabili*ty of the helicopters were kept in proper perspective relative to regrire-
ments versus tradeoffs. This was achieved by stipulating the following relative order of priorities

of the requirements:

UTTAS (Ref 1° AAR (Ref 2)
Performance Performance
Maintainability/Reliability Firepower
Air Transportability Survivability
Vulnerability Payload/Endurance

Visionics

RAM

Avionics
Reaction Time
Deployability

The vertical flight performance of the UTTAS and AAH will permi. operations with a specified payload at
design gross weight over a maximum portion of the earth's land surface, thereby, augmenting the Army's
strategic and tactical capability. Additionally, the capability to carry heavier payloads at reduced
endurance or ai. heavier gross weights with reduced performance will provide maximum flexibility to meet
specific missions cr situation demands. To enhance survivability the UTTAS and AAH will be capable of
conducting low level and nap-of-the-earth (NOE) flights. Maximum use will be made of ter-ain masking and
active and passive protective devices to enhance survivability. The total UTTAS and AAH system will have
the capability to operate in environmental conditions that include moderate turbulence and icing. The
AAH system will incorporate an avionics and visionics capability which will allow it to deliver direct
aerial fire day and night in helicopter visual meterological conditions and for night NOE operations.
Both aircraft will have the capability of flights to and from operational areas during instrument
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meterological conditions.

5 - ;l HISTORY OF DEVELOPMENT

In 1972 the Army awarded a UTTAS Basic Engineering Development (BED) contract to Boeing Vertol and

Sikorsky Aircraft for prototype competitive development. The intent of the BED competition was to

develop an air vehicle to proceed into a maturity phase for the purposes of final qualification

leading to production of the system. In 1976 after an extensive development and competitive fly-off

the Army selected the Sikorsky YUH-60A (Figure 1) to proceed to maturity testing and production.

In 1973 the Army awarded a Phase 1 AAH contract to Bell Helicopter Textron and Hughes Helicopters

for prorotype airframe competitive development. The intent of the AAH Phase 1 competition was to

develop an air vehicle to proceed into Phase 2 full scale engineering developmen! including systems

integration, eventually leading to production. In 1976 after an accelerated development and a competitive 5
fly-off the Army selected the Hughes YAH-64 (Figure 2) to proceed into full scale engineering

development.

In addition to achieving the Army's performance and mission requirements these helicopters have incor-
porated new technology in the areas of:

* Engine and dynamic components which have greater efficiency, reliability and ease of maintenance.
* Advanced materials (metals and composites).
+ Advanced lubrication concepts.
*  Advanced armor protection.
+ Advanced armament systems for the AAH.
Both aircraft systems have capitalized on technological advances which are appropriate and compatible in

terms of cost and risk. This exploitation results in a more effective and reliable product in accom-
plishing the aircraft's assigned missions.

T——

GENERAL DESCRIPTION

Both the UTTAS and AAH are twin engine rotary wing aircraft with the UTTAS designed to carry 11 combat
troops and a crew of 3 to perform primary and secondary missions by transporting internal loads under
visual and instrument conditions, day and night, and external loads under visual flight. The AAH is
designed to carry a crew of 2 and provide a stable manned aerial weapons system to deliver aerial point
(Hell ), area (30mm), and rocket (2.75 inch) target fires under day, night and marginal weather
condit 3. A general arrangement three-view of the UTTAS and AAH is shown in Figures 3 and 4
respectively with the major charzcteristics depicted in Tables 1 and 2. References 3 and 4 contain a
complete description of the UH-60A (UTTAS) and the YAH-64 (AAH).

MISSIONS ]

The UTTAS primary missions include tactical transport of troops, troop units and required supplies and
equipment in combat and combat support operations to include troop assault/extraction, repositioning,
unit replacement, and unit resupply. The secondary missions include combat support and combat service
support tasks associated with tactical operations in areas of aeromedical evacuation, administrative 1
transport of troops and command personnel, transport >f maintenance and medical personnel/supplies/ 4
equipment and aerial recovery. The AAH combat missions include anti-armor using direct aerial fire {
against armor/mechanized forces, air cavalry operations, and air mobile escort and fire support for air
mobile operations. Both the UTT:S and AAH will be utilized in peace time for aviator and troop/unit
training, mobilization and evaluating new and improved concepts. In addition the UTTAS will be used in
the support of disaster relief and civic action.

PLANNED ACTIVITIES

The Sikorsky YUH-60A Ground Test Vehicle (GTV) and the three BED phase prototype helicopters are

currently being modified to reflect production configurat‘on changes and the flight vehicles have

initiated Maturity Phase Testing. This program consists of contractor testing through July 1978 and
will include qualification of full avionics integration and special kits. Follow-on Army testing con- 3
sisting of evaluations in desert, arctic and tropic climates and final airworthiness and flight

characteristics 1s scheduled to be completed in March 1979. The initial production contract is 15
helicopters and asaociated kits with the first aircraft to be delivered in August 1978, The Army will 3
use these initial production helicopters to conduct pilot training, perform operational tests and
validate veliability and maintainability capability. Total production size of the UTTAS program as 4
presently envisioned is 1107 helicopters over a period of eight years. 3

The Hughes YAH-64 full scale engineering development program commences using the test vehicles developed
during the competitive phase. Perlods of modifications are planned to incorporate desigr changes or
fixes that were identified as being required by the Army during the selection process. Approximately

18 months into this program, installation of various subsystems commences. The subsystems, or mission 3
equipment package (MEP), installations are paced primarily by the Target Acquisition and Designation
System (TADS) and Pilots Night Vision System (PNVS) which are being competitivelvy developed. These 3
two major systems will be installed and evaluated in a side~by-side fly-off. Subsequant to this fly-off a
final modification is planned to remove the losing TADS/PNVS equipment, install the winning TADS/PNVS

and complete MEP, Concurrently with the above actions, three new development aircraft are in the
fabrication and integration stage. These aircraft join the test fleet early in 1980 and should very
closely approximate an early production aircraft. Interspersed in the above described contractor program
are a neries of Government tests, These tests vary in length from 2 weeks to 8 months and include beth




engineering and operational (user) tests. More than 1200 flight hours will be flown by Hughes and more
than 800 by the Government. These hours are in addition to more than 1200 hours of GTV testing.
Successful program progress will result in a commitment to production in mid-1981, approximately 7 months
prior to the end of the development cycle.

T

E AAH AND UTTAS CHARACTERISTICS

The following sections of the paper will summarize the significant capabilities of the UTTAS and AAH
designs. Specific areas discussed are performance; avionics, visionics and firepower; survivability/
vulnerability; reliability, availability and waintainability. 3

PERFORMANCE CHARACTERISTICS |
3

Both the AAH and UTTAS design requirements included critical performance and agility characteristics.
The intent of these requirements were to ensure designs which can both meet performance/environmental
criteria, and possess enhanced agility (both low and high speed) for improved survivability. Tie
overall design considerations had the purpose of accommodating the adversities of:

proTeny

* Environment

] - Mission requirements

+ Growth potential

*+ Service operator skill levels

while at the same time avoiding unnecessary overdesign. In addition the design considerations were aimed
at accounting for:

P

+ Tactical experience
Alrframe/engine deterioration and growth trends ]
* Downdrafts in natural gusts and wakes of preceding alrcraft

+ Aircraft accidents end causes attributed to inadequate performance ¥

In reference 5 the U.S. Army Combat Developments Command (CDC) identified criteria ror use in concept
formulation studies, and in material requirements identification for future Army tactical VTOL aircraft.
These criteria were subsequently included in the AAH and UTTAS requirements documents. The significant

criteria are:

Ervironment: Detailed results of extreme temperatures and elevations in areas of the world most likely
to require U.S. military support, determined that a design criteria of 4000 feet /95°F was the minimum
acceptable criteria. This design requirement yields a 95X probability of mission completion during
daytime operation and a 97.5% probability of mission completion for 24 hour operations. It was concluded
that 95% probability is the minimum acceptable for Army VTOL designs and therefore, the 4000 feet/95°F

condition was required as a design criteria.

Mission Requirements: Mission requirements were developed while considering both the environmental
considerations discussed above, previous tactical experience, and previous experience in airframe/engine
deterioration and growth trends. The key items from a tactical standpoint are:

PRSPV

- Helicopters supporting ground combat operations are required to operate in confined areas.
+ Vertical or near vertical takeoffs and landings are required.

Enemy activity may require "downwind" takeoff and landing which increases demand for 1ift and power.
+ Reserve power is required to arrest high sink speeds and zero out airspeed at the landing zone.

+ Poor technique, enemy action, or clutter in the landing zone may necessitate aborted landing,
Power requiremeats similar to vertical climb criteria are required for successful abort,

Army helicopter missions are routinely performed fn areas of known moderate turbulence, with
turbulence levels defined as:

Turbulence Vertical Component
Light 0-4 FPS (0-240 FPM)
Moderate 4-7 FPS (240-420 FPM)

Severe 7-10 FPS (420-600 FPM)

All of these considerations require a maneuver capability beyond a hover out-of-ground-effect condition,
The power/maneuver margin equivalent to a vertical rate of climb (VROC) of 450 fpm was established as
the minimum acceptable reserve to provide an adequate tactical capability.

In addition to the tactical considerations, the aircraft design must consider the inevitable airframe/
engine deterioration and growth trends, The following items were considered to be significant factors

which should be considered in the design criteria.




- Reduced rotor efficiency resulting from blade erosio. due to operation in sand/dust environ-
ment. One percent performance loss may result before replacement.

+ Similar erosion of engine compressor blades causes reduced power available and increased fuel
consumptioa. Data indicutes engine deterioration of 4 to 9 percent prior to replacement for
erosion.

* Protective devices such as particle separators and blade eroeion strips merely delay maintenance,
but do not preclude performance loss.

Airframe weight empty increases 1 to 2 percent per year. This will normally be offset by engine
performance growth., (However, drive system should have reserve capability).

These items result in a requirement to meet VROC performance objectives at 95% rated power. Mission fuel
loadings must be computed with a 5% mission fuel conservatism. In addition, to account for airframe
weight and engine power growth, the drive train must be designed conservatively. Both the AAH and UTTAS
have transmissions which are capable of sbsorbing 120X of the current power available at 4000 feet/95°F
conditions.

Growth Potentiszl: Consideration of growth potential is required to adequately forecast anticipated
design improvements over the intended service life of the helicopter. Normal growth can be expected due
to service repairs, mission expansion and new technological advances. The attendant weigh: increases
are normally offset by engine growth capability, therefore, within reasonable constraints tlight
performance capabilities can be maintained. However, in order to fully utilize the engine growth, the
original drive system should be conservatively designed to accept the engine growth without modification.
This approach incorporates the growth in the original qualification of the vehicle rather than a costly
retest and modification later on. Similarly the aircraft structure must be designed to accept expanded
loading requirements in service. More detailed characteristics are contained in the Growth Capability

section of this paper.

Service Operator Skill Levels: Another important consideration relates to power margins and control
margins available to the operational pilot. Maximum performance can only be extracted from a flight
vehicle by using polished pilot techniques, intimate pilot knowledge of the aircraft, and by giving
individual attention to maintaining the optimum flight profile. The typical operational pilot must
contend with enemy action, navigation, formation, communications, weapon firing, and coordination with
other aircraft and ground units. In this environment he is unlikely to be in a position to give
undivided attention to his piloting duties. In addition, in marginal performing aircraft the pilot is
more likely to attempt operations which exceed the capability of the sircraft and result in aircraft
damage. Reference 5 analyzed a sampling of accident data from Army aircraft in Vietnam during January
through December 1966. A significant portion of accidents were a result of marginal performance or
inadequate control. The following statistics list those areas which are directly or Jndirectly
attributed to these factors:

CAUSE NUMBER PERCENT TOTAL COST
Loss of RPM, Overgross High
Density Altitude 71 17.3 $12,361,634
Aircraft Struck Obstacle 56 13.5 5,024,552
Faulty Autorotative Technique 30 7.3 2,487,212
Lost Directional Control 22 5.3 1,316,643
Hard Landing 19 4.6 1,261,069
TOTAL 198 8.0 5!!,7;51,310

The above statistics indicate that the cause of nearly half of all accidents can be attributed to factors
related to inadequate performance or control capability. Nearly half of the remaining accidents, or 25%
of the total, are related to inadequate design features which are being corrected or enhanced in the

AAH and UTTAS designs, such as:

+ Dual engines with single engine inflight capability to minimize accidents attributed to engine
failure.

Advanced materials technology and redundant design features to help eliminate material failures.
* Instrument flight capability to avoid weather related accidents.

Enhanced damage tolerance features to minimize effects of foreign object damage to engines and
aircraft structure.

In an attempt to overcome these problems the UTTAS and AAH designs incorporate conservative design features
wvhich will allow realization of desired flight capabilities while achieving a suitable margin for the
various items discussed above. The key features incorporated in these designs (many of which will be
covered in more detail later) are:
* Vertical flight and low speed agility performance
High speed maneuver capability

52 power reserve

5% fuel conservatism

]
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* Stringent directional control requirements
Crashworthy airframe structure and persomnel seating
+ Integral engine partical separator
Rotor blades and drive systems tolerant to object strikes
Current Performance Summary: Tables 3 and 4 sumnarize the salient Army performance requiremerts and the

current estimated performance capabilities of both the AAH and UTTAS. All capabilities are at 4000 feet/
95°F unless otherwise specified.

AVIONICS, VISIONICS AND FIREPOWER CHARACTERISTICS

The AAH and UTTAS each contain the elements of Avionics, Visionics and Firepower which are consistent with
their respective intended missions. This equipment is intended to allow the AAH to deliver its firepower
and the UTTAS to deliver its troops/cargo under day and night rotary wing visual meterological conditions.
In addition they will have the capability to fly to and from the operational area during rotary wing
instrument meterological conditionms.

The following avionics equipment are incorporated in each desizn to provide required communications and
navigation capabilities.

UTTAS

Intercommunications Subsystem
UHF Communications

VHF-FM Communications and Homing
VHF-AM Communications
Communication Security
Automatic Direction Finding
Doppler Navigation

Absolute (Radar) Altimeter
Heading Attitude Reference
Gyromagretic Compass
Identification (IFF Security)
Crash Locator Beacon

Radar Warning

Civil Navigation Set
Tactical Landing System
Proximity Warning Device
Command Instrument Sysiem
Voice Warning/Recording

(cP) (cp)

(cP) 1
(SP) ]
(cP) j-
(SWP) ‘H

(SWP) F

E 24 3¢ 5 ¢ DE 2 D ¢ ¢ IE
E R I

D¢ D¢ ¢ B¢ 24 D ¢ ¢

(sP) |

Note: CP = Complete provisions
SP = Space and power
SWP = Space, weight and power
X = Installed
UTTAS requirements do not specify the need for visionics equipment, However, the AAH requires visionics
equipment for target acquisition and designation, fire control and night NOE operations. The essential E
elements of the AH-64 visionics system are: ]

Copilot/Gunner's (CPG) Target Acquisition Designation Subsystem (TADS) 1
Pilot's Night Vision Subsystem (PNVS)

Integrated Helmet and Display Sight Subsystem (IHADSS)
Video Recording and Playback (Complete Provisions)
Symbology Generator

Fire Control Computer

The copilot and pilot visionics systems will enable mission operation and target acquisition and designa-
tion at night or in marginal lighting conditions.

The IHADSS will provide the pilot and CPG with a heads-up display of TADS and PNVS imagery. Video recording
equipment will provide a video recording and playback capability for the TADS and PNVS video. This

feature provides the capability to quickly scan a suspected target a-ea, and after reconcealment, study

the area in detail via the playback feature. The symbology generator will provide displays on the pilot -
and CPG IHADSS, and the CPC indirect view display. The symbology generator will accept video inputs ]
from the TADS, PNVS and video recorder. The fire control computer provides an interface between the i
sbove equipment and performs all necessary computations.

i

The firepower of the UH-60A consisis of two M~60, 7.62mm weapons and a configuration capable of carrying

a total of 1100 rounds of ammunition. The M-60 is primarily a defensive or fire suppression weapon. 1
The AH-64 firepower consists of three srmament systemrs; Helltire missile point target subsystem; 30mm 1
area weapon subsystem; and aerial rocket subsystem. The external stores subsystem, znd a fire control

subsystem integrate these weapon systems. The YAH-64 weapon systems and their modes of use are listed {
below:

a. Point target subsystem (Hellfire missile). The AAH primary misaion requires eight Hellffre

missiles, however, the AH-64 is capable of carrying up to 16 missiles.

e




(1) Prime mode. The CPG can fire all types, codes and modes of the point target subsystem using
TADS as the target acquisition device. TADS laser designation will be used during autonomous launches.
The pilot will fly the missile launch constraints.

(2) Backup modes. The CPC can fire laser and RF/IR missiles in all modes where the missile seeker
serves as the acquisition device, and the aircraft is flown within the missile launch constraints. The
pllot can fire laser seeker missiles on code selected by the CPG against cooperatively designated
targets when the aircraft is flown within the launch constraints.

(3) Hellfire operational modes.

(a) Autonomous. Target Jesignation by TADS on the launch helicopter.
(b) Cooperative. Target designation by remote (air or ground) designator.

(c) Ripple fire. Launching of two missiles within one second or less from the same helicopter
against two targets being designated by two designators operating on different codes. Requires
cooperative designator.

(d) Rapid fire. Launching of two missiles within 6 to 8 second intervals at two targets using one
designator. Can be accomplished in either autonomous or cooperative mode.

(e) Indirect fire. Launching of a missile from a helicopter masked from the target by trees and
terrain. Multi-tilt programmer in the missile is activated prior to launch. Requires cooperative
designator.

(f) Pseudo-indirect. Launching of a missile prior to target designation ("lock-on" after launch).
Once in flight the laser seeker locks onto target when designated. Can be accomplished in either
autonomous or cooperative mode from ranges within TADS capability. Can be used in cooperative mode
for ranges irn excess of TADS capability by use of indirect fire mode.

b. Area weapon subsystem (30mm XM-230 Chain Gun). The AAH primary mission requires 320 rounds
of ADEN/DEFA 30mm ammunition, however, the AH-64 is capable of carrying up to 1200 rounds of 30mm
ammunition.

(1) Prime mode. The CPG can fire the area weapon using TADS with fire control corrections applied
by the fire control computer.

(2) Backup mode. The pilot and CPG are capable of firing the area weapon in the flexible mode using
IHADSS with fire control corrections applied by the fire control computer. The pilot and CPG can fire
the area weapon in the stow mode utilizing the direct sight feature of IHADSS with fire control correc-
tions applied by the fire control computer. The area weapon can be fired in the flexible and stow modes
even if corrections are not available,

c. Aerial rocket subsystem (2.75 inch folding fin aerial rockets). The AAH does not require rockets
for the primary mission, however, the AH-64 can carry up to 76 rockets.

(1) Precision rocket mode. The pilot can select and fire rockets using target tracking by the CPG
using TADS with fire control corrections applied hy the fire control computer, and aiming and steering
commands provided to the pilot on IHADSS with fire control corrections applied by the fire control
computer.

(2) Prime mode. The pilot can select and fire rockets using IHADSS with fire control corrections
applied by the fire control computer in either a flexible pod elevation or depression mode in hover or a
fixed mode at speeds over 40 knots.

(3) Backup mode. The CPG can fire rockets selected by the pilot using IHADSS with fire control
corrections in either a flexible elevation mode in hover or the fixed mode over 40 knots. The rockets
are capable of being fired even if corrections are not available.

d. External stores subsystem. The AH-64 external stores subsystem can accommodate four removable
external store pylons, although only two pylons are required for the primary design mission. Each store
station can carry up to four Hellfire missiles, or up to 19 2.75" rockets. Each station is structurally
designed for a 1000 1b load at 3.58's to accommodate future growth in requirements, and a 1250 1b load
at 2g's for external ferry mission {uel cells. Currently the maximum ordnance load is the 19 rocket
case which totals 646 1lb for the rockets and launcher. The store stations are equipped to provide
elevation travel of +4.5° to -20° relative to the helicopter longitudinal axis., In addition the stores
include a jettison capability.

e, Fire control subsystem. The AH-64 fire control subsystem is a totally integrated subsystem
consisting of:

+ Target Acquisition Designation System (TADS)
- Laser Rangefinder/Designator
+ Forward Looking Infrared(FLIR)
+ Day Sensors (TV and Direct View Optics)
Laser Tracker
+ Automatic Target Tracking Processor
+ Alr Data Sensors
. Attitude and Velocity Sensors
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+ IHADSS
* Fire Control Computer (FCC)
* Associated Controls and Displays

The fire control subsystem has the capability for simultaneous operation of any two wveapon subsystess,
except the Hellfire missile/rocket combination. The FCC will perform targeting navigation, weapon
ballistic compensation, and supply commands required for the fire control subsystes. The computer will
perform the following functions:

+ Interface with avionics and weapons equipment

+ Provide azimuth and elevation aiming signals

* Store ballistic parameters

*  Accept air data sensor inputs

* Compute muzzle velocities

* Accept TADS target information

* Compute target kinematics and supply commands for weapon firing

* Accept helmet sight data and control helmet aiming and steering displays

* Compute aircraft attitude and maneuver information

* Compute and store target locations 4

* Compute and store boresight errors |
Perform fault detection and isolation
Monitor aircraft and weapons to provide fire enable signals and perform fire interrupt

SURVIVABILITY/VULNERABILITY (S/V) CHARACTERISTICS

One of the more challenging areas of design in the UTTAS and AAH is the stringent total S/V requirements,
and their relationship to achieving a good survivable design at the cost of empty weight and performance.
The phrase ''total S/V requirement” is used to distinguish the various design criteria necessary to

achieve an increased survivable helicopter from the conotation of vulnerability to specific weapon threats.
This section of the paper will discuss the key design requirements and capsbilities which make up the

total S/V picture and will naturally include the invulnersble capability to weapon threats,

Crashworthiness: The UTTAS and AAH have been designed to specific crashworthiness requirements relating
to increased human and hardware protection and survivability. The specific areas deal with the airframe,
(including engine and transmission), landing gear, fuel tanks, and living space volume reduction on

impact. 1

]
Table 5 outlines the major capabilities of these areas for each helicopter. In addition to the capabilities ]
shown in Table 5, additional design features are incorporated such as; anti-plow skid beams, energy 1

absorbing load limiting seats, energy absorbing structure of ductile material in the fuselage, turnover
protection structure, jettisonable cockpit doors, and crash inertia switches to activate fire extinguish-~

ing systems.

Redundancy: In many areas the survivability of the helicopters can be attributed to ballistic invulner-
ability, enhanced by redundant components and subsystems. Specific redundant designs incorporated on the

UTTAS and AAH are:

* Engines widely separated with good single engine performance
+  Fuel subsystem

+ Flight controls |
* Hydraulic system

+ Electrical system

* Instruments

* Rotor - transmission - engine attachment and support structure i

Transmission Dry Run Capability: The main transmission and all gearboxes of the UTTAS and AAH have the
capability to operate for a minimum of 30 minutes at the power required for flight speeas for maximum
range after the total loss of the lubrication system.

Detection: The UTTAS and AAH have incorporated design features to reduce detectability by radar, noise
Tevels, and visual prominence. Specific design features are:

Reduced radar detection by use of controlled fuselage profiles, engine inlet screening and rotor
head shaping.

Reduced external noise levels by use of advanced geometry main and tail rotor systems.

Reduced visiual prominence by use of low reflectance and camouflage paint, low helicopter profile
and in the case of the AAH, near-flat glass canopy.

* Reduced engine infrared (IR) signature by provisions for an IR suppression kit on the UTTAS and
an integral suppression system on the AAH.

Vulnerability: One of the most important ingredients of S/V is obviously vulnerable area to specific
weapon threats. A primary design requirement of the UILTAS and AAH is the stringent allowable vulnerable
area of the two designs which to date has been demonstrated by analyses and component testing. The
design methods by which these capabilities are accomplished are damage tolerant or ballistic tolerant
components and the use of shielding and/or armor. Further protection to the crew in the AAH is
accomplished by the use of a fragmentation barrier between the pilot and co-pilot/gunner. The actual
requirements differ for the two designs from a standpoint of threat and flight condition (i.e., hover
end forward flight). The UTTAS requirement is zero vulnerable area to 7.62mm projectiles with a design
goal to minimize vulnerable area to 12.7am and 23mm threats. The requirement and goal is for forward
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flight cnly. The AAH requirement is zero vulnerable area to 12.7mm projectiles and a similar deaign

goal to minimize 23mm. Unlike UTTAS, the AAH requirements are for hover and forward flight. In

addition both aircrafi are designed for fuel tank self wealing capability against 12.7mm, and 14.50m for
the lower portion which contains the 30 minute reserve. The reason for the difference in requirements

of the two designs is related to the design missions of the helicopters. The AAH will live in a more
hostile environment, intentionally operating in and near areas of small arms fire and will apena a

great desl of time in this environment while in a hovering condition, Therefore, the AAH mus’ be capable
of defeating a higher threat at more stringent flight conditions., In order to show the helicopters’
capabilities relative to their design goals for the higher 2)mm threat, a presentation of the percentage
vulnerable ares to total helicopter presented area In shown in Fligure 5, For comparative purposes, the

UH-1 and AH-1 percentages are also shown, keeping In mind that these helfcopt=rs were not designed
for any invulnerability to specific threats. As can be ween from Figure 5, the UTTAS and AAH have
achieved their goals of minimization to 2lmm when compared to atrvraft that had no design requirement
or goal.

RELIABILITY, AVAILABILITY, AND MAINTAINABILITY (RAM) CHARACTERI<TICH

The UTTAS and AAH represent a new generatfon of helfcopter destgn fn whivh nignificant attentlon to
reliability and maintainability has been required by the Army to sanure an improvement in avallability
thus enhancing the operational effectiveness and life cycle comt of the heltcopter, The Army's

stringent requirements in the area of RAM were wuccennful tn advanciiog the state-of -the-art of detail
design to provide highly reliable and eas{ly maintained atrcraft. A summary of the UTTAS and AAH
capabilities for significant RAM parameters (s shown {n Tahle 6. The vaiuen shown are extrapolated
capabilities based on actual results measured during coniracter development and Army (l1ight teating.
For purposes of definition, the mission reliability is Laned on a probability of completing a mission
and landing at a predetermined area without occurrence of an equipment malfunction or fallure

that is the cause for 4 mission abort, given that the equipment waw operationally ready at the start of
the mission. For presentation purposes the probability has been converted to Mean-Time-Between-Fallure
(MTBF) as shown in Table 6. The dynamic component Mean-Time-Betweui-Removal (MTBR) capabilities
represent an average for all components with no one component lesa than 1500 hours. It should also be
noted that the difference between the two designs in the area of mimsion MTBF and field Maintenance

Man Hour/Flight Hour (MMH/FH) is related to the contribution of the mission equipment in the AAH,
Although not shown, the values for the AAH airframes alone are essentially equivalent to thr UTTAS, In
addition, the overall maintainability of the AAH with the mission equipment installed is enhanced by
the incorporation of a Fault Detection/Location System (FD/LC) and Linc Replaceable Units (LRU). The
FD/LS has the capability to:

+ Provide on-aircraft inflight "go/mo go" status of mission essential equipment
* Detect failures of flight critical subsystems

* Fault isoiate electrical/electronic failures to the rcplaceable unit

. Provide electrical/electronic fault isclation within replaceable units

The inherent reliability capability of the UTTAS and AAH is primarily obtained by the use of component
derating, simplified design and low vibration design. Safe life requirements and capabilities are such
that all fatigue critical dynamic components have a minimum 1ife of 5000 hours on the UTTAS and 4500
hours on the AAH. The airframes are designed to preciude major overhaul in less than 4500 hours for AAH
and 8000 hours for UTTAS. Each aircraft has design features which significantly lower the overall
vibration levels by as much as a factor of two when compared to existing Army utility and attack
helicopters.

Both helicopters have incorporated design features which enhance accessibility by the use of built-in

work platforms coupled with aircraft mounted cranes which have virtually eliminated the need for
workstands. Numerous external fuselage door panels provide good accessibility for inspection and
maintenance activities. This attention to design has also included sound maintenance safety features,
Hand holds and steps are identified and all work platforms/walkways are coated with anti-skid compound.
Other general maintainability features include the use of quick disconnects throughout the electrical

and hydraulic subsystems and quick acting fasteners are provided on all access panels which are frequently
opened. In addition scheduled overhauls have been replaced by "on-condi tion" operation, and the need

for lubrication has been eliminated or reduced.

These attentions to maintainability detail design coupled with the inherent reliability capabilities
have allowed extended time between inspections and provides the Army with next generation helicopters
with the operational availability needed coupled with reduced cost of operation.

GROWTH CAPABILITY AND POTENTIAL ALTERNATE USES

Both the AH-64 and UH-60A have inherent growth potential in their designs. As discussed previously in

the Performance section, the normal in-service growth due to repairs, mission expansion, and new
requirements required that the UTTAS and AAH be designed with anticipation of changing requirements in
service. As mentioned previously this approach will avoid costly requalification and retrofit at a

later date. The most common area of growth in past helicopter designs has been the periodic updating of
the powerplant. The AAH and UTTAS have drive systems which have been (for purposes of durability) designed
to use 1202 of the current power available at the design condition of 4000 feet/95°F. In addition, this
drive system design criteria allows more efficient use of the higher engine power available at low
altitudes and/or low temperatures, where heavy weight alternate missions are required.
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The AAH primary mission endurance requirement is 1.9 hours at an ambient condition of 4000 feet/95°F,
requiring 1542 1b of fuel. In addition, the AAH has s 2.5 hour endurance requirement at SL/STD
conditions, requiring 2374 1b of {uel. This second mission sizes the intermnal fuel capacity of the AAH,
and provides & 541 capacity margin over the hot day missiun requirement. The UTTAS endurance require-
ment 19 2.3 hours for both the 4000 feet/95°F and SL/STD ambient conditions. The hot day mission fuel
requirement is 1975 1b and the BL/STD requirement is 2350 1b, providi ag a 19% capacity margin over the
hot day requirement. The area of »’3Jslon expansion typically ev.lve. from increased mission require-
ments, additional mission equipmesn:c, alternate uses of the velicle trom its primary mission, or combina-
tions of the above. In the case of the AAH and UTTAS, critical flight performance has been specified at
1 the primary mission gross weight and ambient conditions described above. Because of the requirement to
perfora altemaze heavy veight missions such as extemal cargo missions, the structural design has
included oparations to significantly higher loadings. The following 1ift comparison illustrates the
alternate mission potentials (relative to primary minsfon weight) while still maintaining structural

integ-ity.
H AAH (Ref &) UTTAS (Ref 3)
E } Load Add'l Lifte Load Add'l Lift
Wt Factor Capability Wt Factor Capability
Primary Mission Weight 13825 J.7g - 16450 3.6g -
Structural Design Weight 14660 1.5 62 16825 3.5g 22
Maximum Weight 17650 2.9g 287 20250 2.9g 232

The AAH is designed for a crew of two and a primary mission ordnance load of 8 Hellfire missiles ard 320
rounds of J0mm smmunition. Alternate loading capabilities are: up to 16 Hellfire missiles, up to 76
2.75" folding fin aerial rockets (FFAR), up to 1200 rounds of 30sm ammunition, or combinations of the
above. The UTTAS primary mission load consists of a 3 man crew, 11 fully equipped combat troops, two
M-60 weapons and 1100 rounds of 7.62mm ammunition. Altemmate loading capabilities are up to 8000 1b

of external or internal cargo. In addition, the UTTAS can be reconfigured to serve as an serial

command post, aeromedical evacuation vehicle, crash rescue/fire suppression vehicle, and general support
vehicle.

Another frequent use of military aircraft is the civilian market. Civilian applications normally

follow the development of military versions, and after the expensive development and qualification program
has been funded. However, there has been a recent turu-around in this trend related to the industry's
assessment of commercial helicopter needs. The industry has assessed a market need in the low to mid
gross weight range and has initiated company-funded new-development efforts in lieu of modifying any
existing vehicles. These new development efforts, the most notable being Sikorsky's S-76 and Bell Helicopter
Texton's Model 222, are considerably different than the AH-64 or the UH-60A. Table 7 1ists the salient
characteristics of the AAH and UTTAS, and three medium 1ift commercial aircraft which are currently being
developed. 1t can be seen from Table 7, that the two independently developed commercial aircraft (S-76
and BHT-222) are significantly smaller than the aircraft designed to military requirements. The BHT-214B,
although it is more comparable in size, is again a commercial vehicle which has been modified from the
214A, developed for the Imperial Iranian Air Force.

The chief reasons for the difference in size between the military UTTAS and AAH designs on the one hand,
and the commercial S-76 and BHT-222 on the other hand, are the critical military performance design
requirements at 4000 feet/95°F and the crashworthy and survivability design requirments for enhanced
battlefield effectiveness. The AAH and UTTAS, for example, have about 7 to 10% of their weight empty
ansocisted with crashworthiness and survivability des{gn features. For a nominal aircraft growth factor
of 1.6 1b/1b, this results in the aircraft growing 11 to 162 due to the presence of the crashworthiness
and survivability requirements, This trend is compounded by the severe VROC performance criteria at

4000 feet/95°F conditions. Compare, for example, in Table 8, the UTTAS design for a crew of 3 and

11 troops (total of 14 onboard) against the S-76 with a crew of 2 and 12 pas«engers (total of 14 onboard).
For this case of equivalent total number of people onboard, the UTTAS useful load is approximately

35X larger, and the total gross weight is approximately 802 larger. Table 8 illustrates a comparison

of typical loadings for the UH-60A, S-76 and Model 222, At this condition the S-76 is unable to hover
OGE on a hot day, and is limited to an HOGE condition at 75°F and sea level altitude. The UTTAS, however,
can HOGE at 5000 feet/95°F with its higher useful load. The Model 222 loading condition shown is for a ]
maximun loading of 10 people onboard and allows a hover OCZ capability of 3700 feet on a 95°F day. ﬂ

Note that the useful load of 2780 1lb {s approximately ha f of the comparable UTTAS loading. It can be
concluded from this comparison that the industry's assessment of commercial requirements Is in the 8-12
passenger range, with a useful load/performance combination which i{s much less demanding than the
current military troop transport requirements.

CONCLUSIONS

e

It is recognized that the Army's requirements for the UTTAS and AAH in the area of flight performance,
survivability/vulnerability, reliability and maintainability and in the case of the AAH advanced
Firepower and Visionics represent demanding design criteria, but are considered necessary to fulfill

the Army's operational roles on the modern battlefield. While these requirements dictated inovaiive
design features within design to cost goals, the UTTAS and AAH will provide the Army with truly improved
next-generation helicopters capable of achieving the Army's required missions.

As a result of the Armmy's design requirements the resul“ing helicopters represent capabilities beyond
those of current commercial operation requirements. However, the neccssary inovative design approaches
required to meet the Army's needs provide inherent advancements in rotorcraft technology which are
directly applicable to commercial applications relating to reliability and maintainability, safety and
reduced cost of operation.
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TABLE 1

UTTAS CHARACTERISTICS

ROTORS MAIN

Type Articulated
Nusber of Blades 4
Diameter - IT 53.67
Chord - IT 1.75
Twist - DEG 18.0
Solidity .0826
Cant Angle - LEG N/A
Rotor Speed - RPM 258

Disc Loading - PSP 7.2

ENGINES

Two GE T-700, 1543 SHP (ea), 20000 RPM
Solar Auxiliary Power Unit (APU), 90 SHP, 12000 RPM

HELICOPTER WEIGHT

Empty Weight - LB
Useful Load - LB

3 crew
11 troops

2 7.62mm M60 Guns + 1100 Rds 7.62mm
Fuel for 2.3 hours at 4000 f£t/95°F

Mission Gross Weight - LB
Alternate Gross Weixht - LB

TABLE 2

AAH CHARACTERISTICS

ROTORS MAIN

Type Articulated
Number nf Blades 4
Diameter - FT 48

Chord - FT 1.75
Twist - DEG 9
Solidity .092
Rotor Speed - RPM 289

Disc Loading - PSF 7.6

ENGINES

Two GE T-700, 1543 SHP (ea), 20000 RPM

AiResearch Auxiliary Power Unit (APU), 125 SHP, 8216 RPM

HELICOPTER WEIGHT

Empty Weight - LB
Useful Load - LB

2 crew

1 30ma XM230 Gun + 320 Rds 30mm

2 HELLFIRE Launchers

8 HELLFIRE Missiles

Fuel for 1.83 hours at 4000 ft/95°F

HMission Gross Weight - LB
Alternate Gross Weight - LB

10900
5550

16450
20250

10268
3557

13825
17650

TAIL

Hingeless
&
11.00
0.81
18.0
.1875
20.0
1190

TAIL

Hingeless
4
8.58
0.833
9
. 2409
1411

T
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TABLE 3

CURRENT AAH PERFORMANCE SUMMARY (Ref 4)

Army AH-64
Requirement Capability
Weight Empty - LB === 10268
Primary Minsion Wt - LB -—- 13825
VROC @ 951 IRP - FPM 450-500 8en
I Cruise Speed @ MCP - KTAS 145-175 146
l Mission Endurance - hR
f Primary @ 4000 feet/95CF 1.83 1.83
Alternate & SL/STD 2.5-2.8 2.62
(Full Internal Fuel)
Ferry Range (STD Day;,-N.M. 800-1000 820
One Engine Inop @ IRP
Cruise Speed - KTAS 90 108
Service Ceiling @ 95°F - FT 5000 5600
Safe Land Speed - KTAS Near Zero Yes

TABLE 4

CURRENT UTTAS FERFORMANCE SUMMARY (Ref 3)

Army UH-60A
Requirement Capability
Weight Empty - LB SSS 10900
Primary Mission Wt - LB --- 16450
VROC @ 95X IRP - FPM 450-500 480
Cruise Speed @ MCP - KTAS 145-175 147
Mission Endurance - HR
Primary @ 4000 feet/95°F 2.3 2.3
Alternate @ SL/STD 2.3 2.3
(Full Internal Fuel)
One Engine Inop @ KTAS
Cruise Speed - IRP 100 109
Service Celiing @ 95°F - FT 5000 5000
Safe Landing Req'd Yes

Takeoff from IGE Hover Req'd Yes

—




TABLE 5

CRASHWORTHY DESIGN CAPABILITY

AIRFRAME - G's UTTAS AAH

i Longitudinal +20 +20
Vertical +20/-10 +20/-10

Lateral +18 +20

LANDING GEAR - FT/MIN

F, Reserve Energy 900 900
Crash 2520 2520

FUEL TANKS - FT/MIN

i 3900 3900
E MAXTMUM LIVING SPACE VOLUME REDUCTION - X
Longitudinal Impact @ 1200 Ft/Min - into rigid wall Safe Evacuation
2400 Ft/Min - into rigid wall 15 N/A
i 3600 Ft/Min - 15° nose down 5 5
into level ground
{ Vertical Impact @ 2520 Ft/Min 15 15
{ Lateral Impact @ 1800 Ft/Min 15 15 1
. i
-4
! TABLE 6 i
RAM CAPABILITY 3
1 PARAMETER UTTAS AAH i
E System MTBF - HR 4.5 3.4 3
Mission MTBF - HR 76 19.8
Dynamic Component MIBR - HR 3619* 4258%
Field MMH/FH .80 5.61 g
Operational Availability .86 .88
NCTE: MIBF - Mean Time Between Failure
MIBR - Mean Time Between Repair
MMH/FH - Maintenance Manhour Per Flight Hour

*Aver:age Time for Aircraft Component Set
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} TABLE 7
- CHARACTERISTICS OF CURRENT DEVELOPMENT HELICOPTERS
MODIFIED
MILITARY DESIGNS MILITARY DESIGNS CIVILIAN DEJIGNS
UH-60A  AH-64 BHT-214B 5-76 BHT-222
Weight Empty - LB 10990 10268 (1) 7761 5114 4420
(8989)
1
Maximum Gross Weight - 20250 17650 16000 (External) 9700 7200
LB 13800 (Internal)
Fuel Lapacity - LB 2350(JP-4) 2374(JP-4) 1372(JP-4) 1768(JP-5) 1284(JP-5)
Rotor Diameter - FT 53.7 48 50 44 39
| Crew 3 2 1 2/1 2/1
i Passengers 11 0 15 12/13 8/9
Engines (2) T700-GE-  (2) T700-GE- (1) LTC T5508D (2) ALL 250- (2) LTS
700 700 c30 101-650C
E Total Engine SHP (SL/STD 3086 3086 2930 1300 1300
Uninstalled)
Pagsenge': Cabin Volume - 376 - 220 204 130
FT
Baggage Bin Volume - PT3 -- = = 42 42
Maximum Useful Load - LB 9350(2)  7382(2) 8239(% 4586¢2) 2780(2)
(8661) (1)
Maximum U.L./W.E. x 100X 86% 72% 1062 902 63%
(96%)
L G.W. HOGE @ 4000 Ft/95°F - 17500 15550 13800(2) 7500 7100
LB
i U.L. @ 4000 Ft/95°F - LB 6600 5282 6039 2558 2680
f (6561) (1)
i U.L./W.E. x 100% 61% 51% 78% 52% 611
(732)(1)

NOTE: (1) °~ Armament Mission Equipment Removed from Weight Empty
(2) Limited by Maximum Gross Weight

T
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TYPICAL MISSION LOADINGS

TABLE 8

Crevw

Passengers

Baggage

Full Fuel

Two M-60

1100 Rounds 7.62mm
Trapped & Unusable Fluids
Useful Load

Empty Weight

Gross Weijht

HOGE Altitude @ 95°F

Notes: (1) Capacity is 1284 LB JP-5

UTTAS

J @ 725 LBS
11 @ 2640
2350

96

72

42

5925
10900

B B B

16825

5000 FT

(30 Min Rating)

$-76 BHT-222
2 @ 340 LBS 2 @ 340 LBS
12 @ 2040 8 @ 1360
180 120
1768 960(1)
In W.E. In W.E.
4328 LB 2780 LB
S114 LB 4420 LB
9442 LB 7200 LB
Max HOGE Temp 3700 FT

at SL is 75°F
(5 Min Rating)

(5 Min Rating)

Tk b
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US NAVY/MARINE CORPS ROTARY WING REQUIREMENTS
by

Captain J.A.Purtell
US Navy

INTRODUCTION

Thank you for the opportunity to speak today about Navy and Marine Corps helicopter requirements. The Naval
helicopter is unique in that it is employed throughout the world in every climate, on a mobile platform, in a salt air
environment, often in very small numbers. Small maintenance detachments and junior officers operate them for months
at a time in austere conditions. They must be rugged, reliable and versatile. For example, in the pace of war at sea the
mode of operations changes very quickly and secondary missions often are performed on the same flight as primary
missions, thus, the aircraft must always be fully equipped. Naval Rotary Wing Aircraft must be able to extend their
ilights, refueling on-station from the nearest ship, either in-flight or on deck. This is particularly true in anti-submarine
warfare where your effectiveness is proportional to time on station.

This paper addresses three points: first, how rotorcraft fit into a Navy committed to a future VTOL force. Second,
current helicopter developments in Naval aviation with emphasis upon characteristics and capabilities of CH-53E Super
Stallion, LAMPS MK IlI, and the AH-1T improved Sea Cobra, and finally, what current trends arc underway in navalized
helicopters to applications.

To explain transition to a V" Navy, I will discuss our function in the Rotary Wing Branch and how organization is
changing, or, more accurately changing very little.

The Rotary Wing Branch responsibilities today are:

Concept formulation
Development
Enginecring

Test and Evaluation
Production

as they pertain to all Navy and Marine Corps helicopters, and now to some extent to Coast Guard helicopter selection.
Support, training devices and basic technology rescarch and development are done by other offices at NAVAIR as is the
overall management of projects. We do, however, provide engineering to support those functions. Here are our current
helicopter programs:

SH-3 Sea King

SH-60B LAMPS MK 11l

RH-53D Minesweeper

AH-IT  Sea Cobra

CH-46E Sea Knight

7H-S3E Super Stallion

SRR USCG Short Range Recovery

As VTOL projects take form and are staffed, we add project engineering for those aircraft  and perform the same
functions for the V" as well as for the helos. That is:

AV-8A/B Harrier
V/STOL Type A ASW/AEW/Marine Assault

The point is that V/STOL is not intended to replace rotorcraft in the Navy. Eventually, practical V/STOL are
intended to fill some roles now performed by helicopters. The thrust of the study effort in VTOL is advanced develop-
ment, technology development. There will be a point at which it will be decided whether HSX, HXM, combat SAR, and
so on, will be conventional helos, advanced rotary wing, lift cruise fan or something else.

Here are the extended hovering roles expected to be performed by helicopters and missions, now of helicopters,
which by virtue of their flight profiles, appear likely candidates for VTOL.




A. Sea based vertical flight

Helo roles Studied for VTOL “A"
o Minesweeping HSX

o LAMPS (VTOL “C") HSM

o Vertrep Attack

o Heavy Lift/VOD Combat SAR

o HS (Sea King)

o VOD

o SRR

The concepts of ABC, tilt rotor and possibly others will be fully evaluated for their possible application to tasks appro-
priate to low disc loading.

The commitment of the USN to VTOL is to not be viewed as a precipitous impulse. We are embarking upon a
deliberate investigative process with many decisions which remain to be taken at appropriate points. At each of these

points alternate courses of action will be thoroughly explored.

NAVALIZING REQUIREMENTS

Helicopters, as discussed by the gentlemen from land based services who have preceeded me, do very well in Naval
roles — except — it is a vital exception — they require adaption to the shipboard environment, salt air environment, sea

combat environment and over water environment.

The sea makes the difference.

The LAMPS MK I aircraft illustrates this point. These are proposed changes to be made to rotorcraft designed for
Army applications which have been offered to meet the requirements of war at sea:

Shipboard Landing and Handling

— fittings added for hauldown and traversing

- landing gear stressed for rolling, pitching decks — 12 eps touchdown
— rotor brake for rapid handling and close quarters

— blade and tail boomfold for stowage

— pressure fuelling — rapid safe handling

— fuselage door changes — swinging doors and high winds don’t mix

— small footprint

Salt Air

— marinize engines
— non corrosive materials/paint

Sea Combat

— incressed drag — external sensors, weapons - ' “ks, ctc.

- avionics — mission equipment

— weapons (torpedos)

—~ add sonobouys/pyrotechnics for mission support

— add third crewman — operate equipment

— remove gun mounts/armor

— added cockpit panels reflecting the increased complexity of Naval tactical aircraft

Over Water

— rescue hoist — SAR and utility missions

— flotation — all emergency landings are ditchings
— more fuel — overwater mission length

- HIFR - helo inflight refueling
- high capacity fuel dump — emergency procedure to reduce to single engine hover weight for shipboard recovery.

Pictured here is the SH-60B, LAMPS MK I1l. You may notice the number of externally mounted weapons, and
sensors — and the number of fuselage changes for sonob-.uy chutes — dcors, escape hatches and so on.

i et




These material acquisition fundamentals we call the *NAVAIR New Look”.
O Objectives

o Improve Fleet Readiness
o Enhance Material Acquisition Efficiency

O Comerstones
. o Maximize Reliability/Maintainability
o Optimize Quality Assurance
o Minimize Life Cycle Cost

O R&M

o Mission Profile Definition

Stress Analysis

Derating Criteria

Worst Case Analysis

Sneak Circuit Analysis

Prediction/Allocations

o Failure Modes & Effects Analysis

o Test, Analyze, & Fix with Closed Loop Reporting
o Design Reviews

o Mission Profile Qualification Test

0 Q.A.

o Process Control Attainment/Maintainment
o Mission Profile Acceptance Test

O Cost
0 Design to Cost

(=20 < T« I -]
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These are also requirements, stressing engincering disciplines which will assure us of improved reliability and main-
tainability. Each of the aircraft | am discussing, has been given the ““New Look ™ starting with design. In each case we are
hearing from designers that they are happy that we insisted upon these criteria. The payofT is better aircraft for us and
better product for the contractor who uses the results of R& M improvements on other products.

We are currently going into production of the improved Sea Cobra, the AH-1T. This aircraft features twin engines.
improved dynamic system and 402 R&M changes from earlier Marine Cobras.

This aircraft has realized a threefold increase in ordnance capability — has aaded the dimension of the TOW missile
to Marine close air support and is capable of opcration from ship or shore. It differs significantly from its Army counter-
parts because it has met the hard requirements of sea basing.

MILITARY APPLICATION OF OFF-THE-SHELF CIVILIAN HELICOPTERS

The concept of using civilian helicopters for US Navy where applicable is not new. The TH-57A is used for heli-
copter flight training by the US Navy, and for the Marine Corps and Coast Guard has served extremely well. This is the
basic Jet Ranger, B-206.

We are now cooperating in the US Coast Guard’s selection of a replacement for the HH-52A. The short-range
recovery aircraft is envisaged as an existing certified civilian or military equivalent helicopter. It is anticipated that the
development costs for this procurement can be greatly reduced by taking advantage of civil developments with minimum
modification. Several helicopter manufacturers from NATO nations have expressed a strong interest in this competition.
Documentation for this procurement is now being prepared. An RFQ should be issued by the end of the year.




BRITISH AIRWAYS HELICOPTER GPERATIONS

Captain J.A.Cameron 7 l
British Airways Helicopters
Gatwick Airport
Horley
Surrey

Writing this Paper for the AGARD Symposium on Rotorcraft Design presents me with the
opportunity to suggest ways in which, perhape, the civil and military aspects of VTOL
can best be progressed to the benefit of operators, manufacturers and users alike.

I am Managing Director of British Airways Helicopters and we have 30 years experience
in the helicopter business and 1 think we can, without being accused of being immodest,
rightly claim the epithet 'successful’',

For 12 years we have, as I am sure many of you know, contributed to the support of
Britain's off-shore oil exploration effort in the North Sea - perhaps one of the most
hostile environments in the world. The somewhat unhappy economic situation in which
Great Britain has found itself has highlighted the importance of the oil in our coastal
waters and as its importance has grown so the efforts of those supporting the operation
has been thrown into ever sharper perspective.

But if our achievements in the North Sea give us juct cause for satisfaction the fact
that we operate probably the only profitable scheduled helicopter passenger service in
the world is of equal importance to us - and some may say to the progress of civil
rotary flight generally.

There obviously can be no direct comparison between our North Sea operations and our ;
passenger service between Penzance on Britain's south west coast and the Isles of <
Scilly, But if our oil support cperation is of national importance, the largely :
unheralded success at Penzance is of international importance because aside from the
cudos which accrues to British Airways Helicopters as a result of its success, the 4
achievement at Penzance underlines the economic viability of scheduled helicoptex ;
operations, This viability, though proven, is sadly too often ignored.

Having then outlined our pedigree, I would like to expand a little on these opsning |
remarks, Perhaps I can try and outline to you some of the factors which I feel have i
contributed to our success, \

From the outset I was determined to keep the helicopter divorced totally from
established fixed wing thinking. To this end we have our own Chairman and Hoard of
Directors, and in effect have always'paddled our own canoe'.

I was also determined to surround myself with staff who had a genuine enthuasiaam for 1
helicopters as well as the necessary skills, I am pleased to say that this i
enthusiasm for rotary wing has remained constant throughout the Company for 3O years, y

It would be wrong to say that we were successful from the outset, For the firat 15
years we had only a small number of single engine helicopters in our fleet and we were
kept alive by a multitude of small charter operations together with a smzll Government
contribution for development work: this contribution became more and more difficult
to obtain as the years went on, However, the Government's small investment in single
engine helicopters has been paid back many times over, For example, our use of
helicopters for services to the Isles of Scilly enabled HM Government to close down
the airport as Land's End some 12 years ago, saving them £120,000 per annum,

Thankfully our main objective whilst operating single engine helicopters was to prepare
ourselves for the advent of multi-engine machines. This we did by undertaking vntf;ul
operations, one of which was an 80-mile night mail operation betwsen Peterborough and
Norwich, during the winter of 1949/50. This highlighted many operational problems
which had to be overcome before the helicopter could take its place in the civil field. |
One of these was ensuring that the navigation and approach aids were suitable to our
needs,

That is just one example, but the attention which was directed to the diverse problems
that showed themselves in those early days resulted in British Airways Helicopters
becoming the first airline in the world to carry passengers on scheduled helicopter
services and later to become the first in the world to secure clearance for

instrument fiving and flying in icing conditions.

But to retuza tc our Penzance operation, When the service was inaugurated in 1964,
the fixed wing wervice was carrying fewer than 28,000 people. Last year British
Airvays carried 34,000, Thisx y=sr we anticipate carrying 90,000 passengers.

Despite the fact that we have only one helicopter on this route, the regularity and
punctuality has improved frum 78 per cent, which was the best a fixed wing operation
could maintain, tc 97.6 per cent per annum recorded over the last six years. This is
a great tribute to the Sikorsky 861N helicopter and to the staff maintaining it.

We were able to improve the regularity because we brought the operation from St Just
airfield cn the scuth western tip of England, 250 feet above sea level and plagued by
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sea fog, down to sea level and within walking distance of our main catchment area of
Penzance.

An interesting fact has arisen from our operation and that is that ground costs are
infinitesimal compared with those of fixed wing. To give an example, It costs
us 40 pence to handle each passenger through our heliport. The cost of handling a
passenger on any major airline through Heathrow is equivalent to £6,00,

The reasons are not hard to find, we are able to keep staff to a minimum, we do not have
to use large fire tenders and trucks to race down runways when an emergency occurs, we
have no runway maintenance costs and we believe in transitting our passengers through
the heliport quickly. It is quite commonplace for them on the return trip to collect
their baggage outside the terminal building and then depart to the car park provided,
which is just a few yards away.

Therz is another lesson we learned from our Penzance operation which we feel has a
direct bearing on its economics, It is that on short sectors, ‘block time' becomes
very important. For example, on the Scillies route the block speeds achieved by our
S61 work out at 83 per cent of the cruising speed of the aircraft., Compare this

with the block speed of a modern jet on a flight, say, from London to Paris. Here the
block speed is less than 50 per cent of the aircraft's cruising speed. The reason for
the vast disparity is the amount of taxying required of the jet. This is of little
significance over long routes but on those up to 200 miles it is of vital economic
importance,

We operate a quick turn round on this service, the 32 passengers and baggage can be
offloaded and loaded on the Isles of Scilly well within the five minutes allowed on the
timetable, We find this an exceptionally difficult point to communicate to our fixed
wing friends who do not understand how it can be accomplished: I can assure you it can
and has been done over the last twelve years.

Our Company film °'Rotor Flight' demonstrates this.

When we commenced operations the aircraft was delivered to us as a 26-seater with an
all up weight of 19,000 pounds. We soon realised that the manufacturer's performance
figures for this aircraft were extremely conservative so we, together with our Civil
Aviation Authority, took steps to initiate trials and tests at our Royal Aircraft
Establishment at Farnborough in order to get a weight increase. We were successful in
doing this and we now operate this aircraft, still under Group °'A' performance, at
20,500 pounds, Also, we have now comfortably increased the seating capacity to 32,

Both these improvements have tremendously helped the economics of the operation.

Unfortunately, the Federal Aviation Authority has not to date recognised the work
carried out by the Civil Aviation Authority and the Royal Aircraft Establishment: at
this very moment duplicate trials and tests are being carried out in the United States
by the Federal Aviation Authority in order to clear this increased all up weight.

It is no wonder to me that civil helicopter scheduled services in the United States have
never been successful when one views the bureaucratic nonsense manufacturers have to
fight,

It is significant that our S61Ns, and indeed virtually all multi-engine helicopters in
civil operations to-day, are civil derivitives of basically military helicopters.
Therefore, to some extent when a civil operator takes such a helicopter it is a
compromise and he has to develop certain items to meet the civil operational
requirements, One area which has received considerable attention from our engineers
is the development of overhaul life of major components, The civil operator is in

a more favourable position to zarry out such development work. While the military user
may have a considerably greater number of units, his utilisation per unit is generally
relatively low, Within our fleet we have six helicopters with 10,000 hours each or
more to their credit and in fact each aircraft in the fleet is averaging 12/1400 hours
flying each per annum,

The conventional helicopter, being a sophisticated piece of engineering equipment,
results in relatively high operating costs, Therefore, all means must be given to
reducing costs whilst at the same time maintaining, or if possible improving,
reliability,

The overhaul life development of major mechanical units is a means of reducing costs,
but thia can only be done in tandem with the design and material development of
mechanical components, Trial extensions of overhaul life of major units show up
components which are subject to wear or mechanical deterioration and action can then
be taken to rectify the problem by redesign or changes in materials. Obviously,
such development can only be done where there are sufficient numbers of units
available with a suffic.ent number of operating hours,

The first five or six years of S61N opcrations were carried out with a total fleet
of some four or tive aircraft, initially operating on average about 500/600 hours
per ycar and this restricted early life development, Utilisation gradually
increased to about 800/900 hours per year by 1970 and it then became possible to
initiate trial extensions to the overhaul periods of major components.

The rapid growth 1in fleet size and utilisation over the last three years has resulted




in a recent step up in trial extensions and life development. This development has
enabled British Airways Helicopters to keep the increase in engineering costs brought
about by inflation to a reasonable limit and if reduced to 1965/6 price levels,
actually shows a reduction in costs.

It is in this area of component overhaul life development that civil operators can make
a significant contribution to military users, although I do not feel that they take as
much advantage of this as they might. Manufacturers give little encouragement to
military users to develop component overhaul life, for low overhaul life is good business
to them.

I referred earlier to the attention given by British Airways Helicopters to flight icing
conditions. Our North Sea operations revealed the need for the ability to operate in
forecast icing conditions and our Company began a series of trials over several winters
of actually flying in ice conditions and studying the effects on the performance and
handling of the aircraft. This work was supported by the British Ministry of Defence
and the S61 manufacturers, and over 100 hours were spent actually flying in icing
conditions. The result was that British Airways Helicopters became the first civil
helicopter operator in the western world to obtain clearance for flight in icing
conditions. The clearance was limited to forecast light icing down to a temperature of
-5 degrees Centigrade at altitudes of between 500 and 5,000 feet. This clearance,
although significant, nevertheless falls short of the desired requirements. Current
operations would benefit from clearance down to at least forecast moderate icing
conditions of -10 degrees Centigrade with an extension of the altitude band. It is
felt that such a clearance would be possible with an S61N type helicopter without any
mechanical or electrical de-icing or anti-icing equipment. The necessary protection
could be derived from kinetic heating and blade flexing. Any further advances in icing
clearance would almost certainly call for some form of de-icing/anti-icing equipment on
blades and other areas of the airframe.

It is felt that such development could be enhanced by work undertaken by the military,
who would stand to gain even more from clearance into severe icing than would a civil
operator. A civil operator would have to carefully consider the merits of the ability
to operate on the few occasions of severe i.ing against the increase in equipped weight
brought about by de~icing equipment.

As stated earlier our icing trials were carried out with some Ministry backing and we
have kept a close liaison with the work done directly by the Aircraft and Armament
Experimental Establishment at Boscome Down, and I am sure our work on this has made a
worthwhile contribution to the icing clearance now approved on several helicopters in
service with the British Forces.

If I may now refer again to our Penzance passenger service, it has proved conclusively
that it is possible to make profits over short stages. If it is possible with existing
equipment, greater profits must be possible with newer more advanced machines.

We are fortunate that Sikorsky did certificate the S6l1 for public transport and with the
success of our scheduled service uppermost in our minds, I have been encouraging them
to similarly certificate the military CH53, in civil guise the S65. To date I have not
been successful in this but I am hopeful that either this aircraft or the Boeing Vertol
'Chinook' will obtain civil certification within the next two years. This will enable
operators like ourselves to use these machines on longer, more lucrative routes - for
example, the short continental routes from Loidon. These types are not only larger
than our current types but they are also faster. However, this gain in speed of some
30/40 knots falls far short of what we would like.

Obviously. the pure helicopter has speed restrictions for the well known reason of
compressibility of the advancing and stalling of the retreating blades. We cannot
expect any great improvement in cruise speeds of pure helicopters over the 150/160 knot
mark.

In our opinion design effort should be concentrated on the compound helicopter where a
considerable portion of the flight loads could be offloaded to aerofoils in cruising
flight. Not only would this lead to a considerable increase in cruising speed but the
stress levels in the rotor system wou'd be considerably reduced, thereby greatly
prolonging rotor life. Serious project studies have been made on compound rotorcraft
capable of carrying 100/120 passengers at cruising speeds of some 250/280 knots on
stages of up to 500 nm. With modern tecknology there is no doubt that such projects
are quite feasible. All that is needed is the initiative to go ahead. We have the
civil requirement, is there not some similar military requirement which could help such
a project to get off the ground.

The last few years have seen the introduction of new materials into helicopter
construction, particularly materials associated with blade construction. We would like
to see a more general use of such materials on military helicopters so that a better
underatanding may be obtained of their ability to stand up to every day wear and tear.
Results to date of examples in service look encouraging but we would like more evidence.
Blades made from glass, cotton or carbon fibres which hold out hores of infinite life
sound most attractive to the civil user.

I spoke earlier about our overhaul life development of major units, Although we have
considerably extended these periods, nevertheless at the approved time the gearbox or
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similar item has to be removed and sent to the workshops, stripped, inspected and
re-assembled. This is still an expensive business and often unnecessary. When
stripped the box is usually still in perfect condition. We would like to see gearboxes
maintained on an 'on condition' basis and funding for such research projects would be
money well spent. Such a situation is technically feasible utilising some form of
sonic analysis and work done to date in the UK has yielded good results. I am sure
that similar work is being done in the USA but we would like to see more effort being
channelled in this direction.

In the environmental conscious world we civil helicoper operators are very concerned
about the noise level of our aircraft. I understand that experience by the US Forces
in vietnam also highlighted the importance of reducing the noise level of military
helicopters. Noise in helicopters tends to be of a different nature to that of fixed
wing aircraft. With fixed wing the predominant noise is engine noise but with
helicopters the problem is rotor noise.

Much work still remains to be done on rotor tip design to minimise this noise for
although in general the helicopter does not result in the same painful noise from say -
a jet airliner, it does have to operate close into built up areas, thus the noise level
has to be kept to an absolute minimum. We feel that our operations at Penzance have
been carried out without any real intrusion into the overall noise level of the town.
We have become good neighbours and we hope to remain so wherever we operate.

But to conclude. I am sure there are many people who will disagree with some of my
suggestions for the future development of rotor flight. Each of you has a list of
priorities I am sure but there is, I am equally sure, one thing on which we all agree
and that is the desperate need for greater development, whatever form it takes.

This year British Airways celebrated the 25th anniversary of the inauguration of the jet
age by BOAC's Comet aircraft. Over a year ago British Airways inaugurated the
supersonic era, which incidentally enables us to boast good-humouredly of being the only
airiine in the world to operate through a speed spectrum of zero to mach 2.2. But, to
be serious, compare that with the progress made in the field of rotor flight over the
last 25 years. I for one am dismayed at the general lack of progress in the world
towards the next step in VTOL,

We have not properly explored, let alone reached, the capability of helicopters in

civil aviation. If a percentage of the enthusiasm and technical know-how that produced
Concorde could now be directed towards the research and development of VTOL we can look
forward to a wide and profitable extension of helicopter services worldwide.
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AIR-SEA RESCUE OPERATIONS.
SEARCH AND RESCUE EXPERIENCE.
by
Capt Tore Skaar

L ] 330 squadron/B-wing
Banak AFB
9700 Lakselv

Norway

SUMMARY

The 330th squadron operate Sea King helicopters for air-sea rescue missions all along the
Norwegian coast.

] The operational environment is one of the most demanding in the world.

The shortcomings of the present generations of helicopters are discussed, the most
serious beeing the lack of in flight icing protection of the rotor systems.

| 1. BACKGROUND

Due to its geographic position and geological make-up, transportation has always been
a problem in Norway. For centuries, the sea was the most obvious road for transportation.
This led to the build-up of & fleet of considerable size and complexity. As technology
progressed and took to the air, so did the Norwegians. Air transportation had its obvious
advantages in a rugged country like Norway.

Helicopters and STOL aircraft became a natural element in the Norwegian air transporta-
tion system, and when oil was found in the North Sea during the sixties, the civilian
helicopter markat made a tremendous expansion, and it is still expanding. This expansion
is expected to continue in the future as off-shore oil exploration progress northwards
beyond the sixtysecond parallell. 1In 1976 the largest Norwagian operator of civilian
helicopters (Helicopter Service A/S), flew close to thirty-thousand hours and transported
more than 400 000 passengers.

ODuring the sixties, we had a number of sea disasters in Norwegian waters. These
disasters focused the public attention on the shortcomings of the air-sea rescue services.
The successful use of medium sized helicopters in air-sea rescue missiuns demonstrated by
other countries, appealed to the Norwegian public. A popular movement was formed, demending
an improvement of the air-sea rescue services along the Norwegian coast. In 1970 the
Norwegian parliament decided that 10 medium sized helicopters should be included in the
Norwegiar rescue service. The Air Force was given the resonsibility of operating the rescue
helicopters. After studying various helicopter types, it was found that the Westland
Sea King mark 43 would satisfy the operative needs within an acceptable economical frame.

It was the opinion of the Royal Norwegian Air Force that the air-sea rescue resourcss

would be best utilized in the form of an air-sea rescue squadron. For this purpose the 330
squadron was re-established. The 330 squadron had long lasting maritime traditions, tracing
back to the second world war, and its motto "Secure the Seas” was well suited for its new
mission,

The training of personell started in 1972 and was done partly in the UK and partly in
Norway. In August 1973 ths whole squadron was given operational status and has been on
continous readiness ever since. In the period up to the 31. of December 1976, the squadron
had performed 1140 rescue missions, or close to one mission each day on the average.

2. 330 SQUADRON

The primary mission of 330 squadron is air-sea rescue. 1In order to give the best
possible coverage of the long Norwegian coastline, 330 squadron operates from four dif“ferent
bases. The four bases were chosen so that any position along the coast could be reached
within ninety minutes of flying from one of the bases. For this purpose th: sgquadron was
divided into four "wings" (flights), named A, B, C and D-wing.

A-wing is based at Bode. The squadron leader has command of this wing, and he has the
responsibility for giving professional advice concerning the operation of the helicopters.
He is also given the responsibility of cc-ordinating the aircraft- and production potential
in order for the squadron to maintain the optimum of operative readiness at all times.
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B-wing based at Banak, C-wing based at Oerland and D-wing based at Sola are each under
the command of a flight-commander. There are two Sea King helicopters at sach wing. This |
totals eight helicopters. The two remaining Sea Kings will normally not be available due
to maintenance and modifications. To operate the two Sea Kings and to maintein readiness, ]
thers are four halicopter crews on each ur the wings. The nommal crew consists of two 1
pilots, one flight enpineer/radar opesrator, one winchman/rescue-man and one observer/ §
tachnician. A medical doctor nommally is available and can be included in the crew when i
called for.
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Normally, there is one helicopter with crew on one hour readiness on each of the wings.
Shorter readiness can be ordersd, but normally not for any extended period of time. DOJue to
the continuous alert status with only four crews to share the burden, the crews maintain
their readiness in their homes aiter normal working hours. Alerting is performed by use uf
telephone or radio. Each crew member is equipped with a small pocket radio receiver that
will sound an alem when his services are required.

The requirement for readiness is for the helircopter to get airborne in a maximum of one
hour after the decision has been made at the rescue co-ordination centre. This hour is
subdivided into three equal parts:

. twenty minutes for alerting the crew and transporting them to the "wing®,

. twenty minutes for planning and making the aircraft ready, and

. twenty minutes for start-up and take-off.

Normally there is a five minute "buffer®” on each of the three phases, so that the heiicopter
is normally airborne within fortyfive minutes. Ouring summer, when operations are less
troublesome, reaction time is normally less than thirty minutes. The minimum reaction time
for crew members being asleep in their respective beds, to airborne time, has been as low

as twentyfive minutes. This being, of course, a well trimmed crew, a standard mission and
splendid weather. During the winter season, we find that we use almost all of the time
alotted i e very close to one hour.

The operations of "The Rescue Squadron” has brought upon itself a great deel of public
interest in Norway. O0One can safely assume that the squadron save at least one human life
every week and assist many more in various ways. This demonstration of helicopter
versatility has of course been most welcomed by the public. But as a secondary effect it
has brought greater demands on our operations. The pioneering days for the helicopter in
Norway has ended. The present demands are to use the hslicopters to their very performance
and operative limits, and quite often the demands are for the helicopters to perform
beyond their present limits. The demand is for the helicopter to get airborne as fast as
possible, get to the disaster scene in as short a time as possible, do its job on
the scene in a safe and fast manner and to recover safe and fast. The operat.ve .emands
are therefore not just to have a helicopter that can fly in all sorts of weather, bct a
helicopter that can perform a rescue mission regardless of weather and darkness.

3. THE RESCUE HELICOPTER

The success of the helicopter and its popularity throughout the world can t> a great
extent be attributed toc its utilization as a rescue vehicle. In spite of this, no great
affort has been made to design a pure-rescue helicopter. The trend being to put a rescue
winch on any usable helicopter and thereby creating a rescue hulicopter. Although this
might be quite satisfactory if rescue missions are of secondary importance. It is not
satisfactory if rescue miscsions are of primary impcrtance and 100% success is the aim.

Jne may question the economical wisdom of creating a specialized rescue helicopter.
The majority of countries will probably not be able to afford the operation of pure rescue
helicopters. Nevertheless, one feels that the experience one has gained as an air/sea
rescue operator under quite adverse conditions, illuminates the demands that future
generations of helicopters must fullfill. Not just tor the rescue helicopter, but also
to a certain extent, the demands that must be met by all future helicopters that are to
operate off-shore in the Norwsgian and similar areas.

4. THE ENVIRONMENT

Norway is situated in the path of the atmospheric depressions that normally forms
between Iceland and Greenland. This leads to generally poor weather conditions along the
Norwegian coast in the predominantly westerly winds. The damp air is lifted as the winas
prass towards the rugged, mountainous terrain of Norway. This often lsads ‘o0 poor
visibility, severe turbulence and icing conditions.

The fact that Norway is a mountainous area also leads to high minimum safe enroute IFR
cruising altitudes along the coast and in the inland areas. M™Minimum enroute altitudes of
up to 8000 feet can be found on the Norwegian airways. Air traffic considerations may force
the helicopter up even further co 9000 or 10000 feet in order to obtain an air traffic
clearancae.

As the rotorsystem of our helicopters perform very poorly at these altitudes, IFR tlying
along the coast and inlana is not normmally done. Once the helicopter gets off-shore, the
safe IFR altitude reduces tr 200 feat or less and the rotorsystem performs better. Ths
weather over the open sea is generally better than along the coast. However, one will find
heavy snow (mostly in the form of showers) during the winter seasons, with visibility and
caeiling down to zero-zero conditions,

In the northern half of Norway the winter seacon is often refered to as the dark season.
This is due to the fact thit the sun never rises above the horizon for several months,
In the far north it is gone for approximately 3 months. The 3 month arctic night is the
worst period for our oparation-, due to the lack of daylight, poor visibility in snow ang
icing conditions. The weather is also normally quite unstable with n.gh winds, often
refered to as winter-stoims,

il
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Tha summer season is quite easy in comparison. The sun never sets (midnight sun) for
3 months, the temperature is higher and sometimes permits IFR flying up to 6000 - 8000 feet
! altitude. The weather is more stable and the wind forces are generally lower. If the 2
temperature gets too high, however, fog may form over vast areas at sea. One may encounter Vi
snow showers all through the “"summer” season (the light season) in the northern part of the
area of operations. In the southern part of Norway the seasons are not so extreme. The ]
weather is quite similar to what one might expect in northern Scotland. ;

83 )

The seagoing traffic gets heavier towards the south and therefore the activity of ships
and helicopters is quite high in connection with the off-shore oil production in the North
Sea. The number of missions will therafore increase towards the south due to the traffic
density. In the north the dcnsity is not so high, but the ships (and people) are spread
over a far larger area. The area is limited only by the extent of the arctic pack ice.
This leads Lo a large area to be covered during the "light season” and a smaller area
during the "dark season®”. Thr trend is therefore towards fewer but longer missions in the
northern part of Norway, and wore but shorter missions in the southern part of Norway.

The total flying time used on SAR/medevac missions is generally the same for all units i
F although the number of missions increase slightly towards the south. ;

5. THE MISSION

The Norwegian rescue squadron maintains one helicopter on continuous alert on each of’
its four bases. Disasters at sea can occur at any time, but ships often find themselves in
trouble ir poor weather, especially in high winds coupled with high seas. The demand is
i therefors for the rescue helicopter to operate safely and efficiently under such conditions,
Medevacs are called for in all kinds of weather, but the rescue squadron (330 sqd) is
{ normally called upon when no one else can do the job or when time is short. We find,
therefore that the helicopter is expected to perform a variety of tasks under quite adverss
conditions. The helicopters do perform these tasks and do it quite successfully in most
cases. But one has to overcome a number of obstacles in order to reach the goal, *“~ rescue.
Some obstacles are quite easily overcome, and solutions can be found locally or by g
! certain operative techniques etc. The highest obstacles, howaever, can only be overcome by
i constructing a new rescue vehicle. In the following, we shall try to discuss the obstacles
¢ and suggest solutions where possible. The discussion will be from a pilots point of view,
operating an off-shore SAR helicopter (Sea King Mk 43) in the arctic.

Scramble

1 The first requirement for a SAP helicopter is that it is available whaen you want it and
E at short notice. The bigger and more complex the helicopter, the harder it is for this
requirement to be fullfilled. The conflict is, of course, that you will nesd a large and
complex helicopter in order to get the range and performance required to solve the different
tasks you are given.

t The solution to this problem will of course be to make very reliable equipment and to
reduce the factors that reduces the serviceability of the helicopter systems. such as vibra-
tions and rorrosion. Work along these lines is well on its way. Another way to cut down
the reaction time is to make all equipment automatic or very simple to operate. Thers will
be no room for any elaborate and complex setting up procedures when the pressure is high.
Work is well on its way along these lines as well. The main obstacle might be the price of
automatic equipment and systems.

Enroute

With the present generation of helicopters, the pilot must decids between enroute flying
| on instruments or enroute flying with visual contact to the ground. The modern helicopter
is safe, stable and well equipped. Instrument flying is thersfore no problem in itself.
1 Howavar, in the arctic, icing is an almost constant problem. One will find "super-cooled”
i droplets in almost any cloud when the temperature is below freezing. Freezing is the rule,
1 rather than the exception in these latitudes, and the helicopter, it seems, acts as an
b enormous "ice-magnet", picking up ice where other aircraft get "home free”.

B The demand for safe obstacle clearance below the helicopter when flying on instruments,
] calls for high cruising altitudes. This is espaecially true in a mountainous country like
5 Norway. The high cruising altitude close to the cocast (in the order of 10 000 feet in some
] areas) calls for high pitch attitudes on the rotorblades, making them work closer to their
] stall-angle. The addition of ice and turbulence can further aggravate the condition and
- bring the helicopter out of control. The pilot, therefore, has to select a low-level route,
t flying below the cloudbase, often with very limited visual clues to the surface. Selecting
E E low level routes necessitates flying along valleys and fjords, around mountains, islands and
ik peninsulas and prohibits the direct route. This can make the route to be followed by the

i helicopter much longer than needed. For the rescue helicopter, time is not money, but a
matter of life or death. In the cold waters of the north, unprotected survivors freeze to
death in a matter of minutes, and the protected ones only last a few hours. Speed is
therefore of primary importance in our operations. We often find that a cruising speed of
110 knots is too low. This speed is lowsred even further in a headwind condition. Higher
cruising speed is therefors wanted, so that a reasonable groundspeed can be maintained even
in a strong headwind. A cruising speed of approximately 300 knots will probably be adequate.
A higher speed in the missions we fly would probably not be fully utilized as the aircraft
would fly "ahead” of the incoming data. The data at the start of a mission is often very
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limited, and a lot of data is normally accumualted during the enroute cruise. A lot of in
air planning has to be performed, and alterations of plan to be made. In a pilots opinion,
the optimum speed would be asbout 300 knots, but any incresse of speed over the prssent would
of course be welcomed.

The last factor in the enroute phase is range. The longer the rangs, the better.

4 Specific fuel consumption of the helicopter must be reduced in order to meet this demand in
] a sensidle feshion. For safe overwater flights, the security of the power transmission
syster is nf importence. “Fail-safe” gearboxes are wanted to achive this, and safe rotor-
| systems. To conclude the enroute phase, we want a helicopter that behawsmore like a fixaed
wing siczre®2. & nelicopter that can take-off and fly on instruments up to 10 000 feet
altizuoe ir sewere icing and turbulence, and that can do this on & routine basis. This is
of primesy iwmpeost2ence not just to our operations in northern Norway, but to all off-shore
cossetizms iv =is eresd. The secondary requirements will be higher speed and lower spesific
Fum . o . Tne iong overwater flights also call for "fail-safe” power transmission
T TTII L
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I srees T: Tssmcee someone from a helicopter, one has to see him (or them). Locating
SsTs.woTs @ ses #vc &8t night can be very difficult. The night in the north where we
spmrets e+ Last for 3 months (during the winter - or the dark season). One cannot wait
for the aeyligT™: :c come. Locating and rescuing the survivors must be performed at night.
The srotilem ¥ _aceting survivors is greatly simplified if the survivors utilize an active
] locating asvize liwe an emergency radio or a light signal. On the open sea we are able to
‘ locate ang recover an emergency position indicating radioc beacon in complete darkness down
to almost zero-zero conditions with the equipment in our present Sea King helicopters.
The survivors without any active signalling device are very difficult to locate. Further-
more che pilots want to see, not only the survivors, but also their environment so that they
can avoid any obstacles and make a safe approach to them. A device that can utilize the
low ambiant light or other radiation, amplify it and present the result to the pilot in a
comprehensive form is called for.

To avoid obstacles, a comprehensive presentation of radar data might be useful. A radar
display that would present a picture of the arsa in front of the helicopter in a manner
quite similar to what the pilot would see with his own eyes, is probably the best solution
for low flying helicopters (and they all have to come low for the rescue or for the landing).
Avery narrow radarbeam, scanning both horizontally and vertically in front of the helicopter,
with presentation on a television screen in front of the pilaot might be a possible
technical solution. Range to targets could be indicated by chromatic scale, i e "hot”
colours close and "cool” colours far away. The range or this radar need not be mors than
max 5 NM. Other data necessary for the safe manoceuvring of the helicopter could be super-
imposed on the same screen.

The rescue

Normally, the rescue of people with helicopters are accomplished by the helicopter
hovering above the survivor(s) and from this position the survivors are winchad up into the
helicopter. As stated before, one has to see the survivor(s) in order to rescue them.

This condition is partly violated by the present generation of helicopters during the
"pick-up” phase. The pilcts will see the survivors before, but not during the pick-up.
This is unfortunate because it is during the pick-up that the most accurate hovering is
called for. This is especially true when a pick-up is performed from a ship where the
margin for error is very small.

A pick-up is normally performed in the following manner: The winch operator sees the
survivor and verbally tells the pilot where to fly in order to arrive in a hover directly
above the survivor, from where he is winched into the helicopter. This procedure is, of
course, far from optimum. The optimum procedure being, of course, that the pilot sees the
survivor(s) at all times and takes direct action on what he sees. Many means have been
tried in order to accomplish this, but the most reliable snd efficient will probably be the
use of a rear-facing pilot, because one avoids the use of elaborate electronic equipment.
The use of a rear-facing pilot has so far only been utilized on "flying cranes” in order
to reduce the risk and time-factor when picking up and delivering underslung loads from
some specialized helicopter types (Sikorsky S-64E Skycrane, Mil Mi 10 Flying crane, Kamov
Ka 25K Flying crane etc). The use of a rear-facing pilot could be particularly useful
during night, and when operating over ships or similar obstructions, day or night. The use
of a rear-facing pilot might also obviate the need of automatic hover, thersby simplifying
that part of the flight control system. A human being is the most valuable cargo one can
have as underslung load on a helicopter. The reason why provisions for a rear-facing pilot
has not been included on the present search and rescue helicopters, must be, that thate, up
to this time, have been so few operating solely in the rescue role, that no specialized
helicopter for this role has been envisioned. To incorporate a rear-facing pilot on rescue
helicopters might prove itself impossible. One might therefore accept other means for
increasing the pilots view during pick-up.

The Sea King hag a system whereby the winchopsrator can move the helicopter around by
means of a small control-stick close to the cargo door. This control gives input to the
automatic flight control system and moves the helicopter about with a speed of up to 10
knots in each dirertion. The system is based on doppler groundspred inputs. This system
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is not ccnsidered to be as good as a system with a rear-facing pilot because of the follow-
ing factors:
« the winch operator is not a trained pilot
. operation of both the controlstick and the winch simultaneously is very cumbersome
. the system is not reliable enough to be trusted close to cbstructions (ships etc)
. the system is not operating very good in windspeeds above 50 knots. A very rough
condition will result with engines and flight control inputs hunting rapidly around
their datum.,
Because of these limitations, this system has not been used very much on actual SAR
missions. For picking up people from a life-raft, however, the system is quite useful.
The automatic radar height hold, however, has been used extensively and has b:en in use in
almost all missions at sea. More reliable winches are called for. The stress and strains
imposed on the rescue winch during "hot®™ missions in rough weather, is robably much higher
than the designers have envisioned.

During the rescue mission of the 2il drilling rig "Deep Sea Driller” off the coast of
Bergen during the spring of 1976, the winches of all three participating helicopters failed
(two Sea Kings and one Bell 212). The weather was very rough, with high winds and high seas.
After winching a few persons up from the sea, the winch stopped. The sare thing happened
with the second Sea King that was brought in and with a Bell 212. All failed internally
and from different reasons, but the failures were in all probability caused by the rough
conditions on that day. Fortunately the dril’-rig was very close to the coast, so the
rescue effort was continued with ropes hanging from under the helicopters. The survivors
clinging to the ropes being lifted from the water and onto the shore as underslung load.
Only 3 of the crew on the drill-rig drowned. Had the accident occured further out at sea,
however, the failure of the winches could have proved itself lethal to many more of the
rescuees. More reliable winches are therefore high on the list of the improvements we want
on future helicopters. A winching system that would bring the survivor or the stretcher
more easily into the helicopter would also be welcomed.

The contingency power reserve of engin:s ought to be high enough for the helicopter to
maintain hover for two minutes (in order to complete the winching) and then to transit into
forward fligh:. Twin engine reliability is questiocnable when you need both engines to keep
flyin{ (as you do need in the hover). A one hundred percent increase of engine power
(contingency power) might be hard to achive, but is the only solution to the pro lem of twin
engine reliability of a hovering helicopter, unless we use a system with 3 engines. Fift,
percent increase is then sufficient. ODuring the hover in windspeeds in exess of about 50
knots, engine performance will be of ocimary interest to the pilot. At high windspeeds,
the air is filled with seawater spray that evaporates on its way through the engine
compressors. The salt deposits on the compressor blades, disrupts the normal airflow and
ultimately leads to compressor stall and engine surge with consequent power loss. The only
way the pilots can keep track of the engine power condition in our present helicopter, is
by comparing the indications of engine torque, engine compressor RPM and exaust temperatures.
An increase of exaust temperature while the other indications remain vonstant, will indicate
a build-up of selt (or ice) on the compressor blades. One will, however, find it difficult
tc record the settings in these high winds as power demands are rapidly fluctuating up and
down. Besides, the pilots are normally very busy at this stage. The time for proper
recording might not be available. There is a definite need for an engine performance
indicator that automatically tells the pilot if engine performance is deteriorating. He
can then take proper action by leaving the hover or (if mounted) give the engine an in-flight
turco blast in order to remove the salt. Winds induced by the rotorsystem can also produce
serious saltspray. The induced winds can also be of discomfort to the survivors or even be
of hazard to them, by preventing them from breathing or by blowing water into their mouths.
A low rotor disc loading with low induced windflow ?v therefore called for. The wind-
erosion of water surface made by small rotors, propellers or direct lifting jets, probably
prevents their use in an efficient air-sea rescue vehicle. Endurance in the hover must be
as iong as possible, hence the fuel flow (power required) of the hovering helicopter must
be reduced as much as possible.

Recovery

For recovery, the same factors mentioned under the heading "enroute” applies as far as
anti-icing, speed, altitude, range etc is concerned. Increased range and endurance increases
safety in the recovery phase.

6. SUMMARY

The most serious handicap of the present generation of helicopters operating in the
arctic, is the inability to cope with serious icing conditions. For future, routine off-
shore operations in northern Norway, this problem will have to be solved. The problem of
high altitude flight (10 000 feet) must also be solved. The requirement is for the
helicopter/aircraft to fly safely at 10 000 feet altitude during se.are icing and
turbulence conditions.



ACTUAL NUMBER OF MISSIONS FOR 330 SQD OVER THE LAST 3 YEARS (1974-1975-1976)

Type of missior (or equipment used) lﬁ:::r Pe:g::: gl 232;:;9

Total number of missions (3 years) 939 = 313

No of missions at night 33z 35% 111

Medevacs 520 55% 173

SAR 419 45% 140 |
i Sgarch object:
1 Total searches 343 114 {
i Ship 180 52% 60 {

Raft/1lifeboat 10 % 3 :
! Aircraft 34 10% )0} |
1 Man overboard 24 7% 8

Persons lost on land 56 16% 19

Other objescts/unknown 39 11% 13

Search object localized 115 50% 58

(no reports available for 1974)

Search object not localized 117 50% 59 {
1 No of survivors picked up 206 = 103
4 No of dead persons picked up 17 = 9 i
] Assistance rendered to (2 year period) J
] - ship 29 - 15 i
# - aircraft 8 = 4
1 - persons 15 = 7 )
1 - forest fire 1 = 0.5 !

- other 1 = 0.5 :

Type of assistance

- pump delivery 17 - 9

- transfer of doctor 2 = 1

- stend by over object 20 = 10 {

- no of persons brought to scene of disaster 195 = 98

-equipment brought to scene of disaster 9 - 4

Method of rescuse

Pick-up from land/island 10 - 5 1

Pick-up from the sea 1 = 0.5

Pick-up from ship 73 = 37

Pick-up from small boat 29 = 15

Pick-up from raft 47 = 24

Auto hover used 15 = 7




FIG. | 3 SURVIVO
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There is one SEA KING helikopter
on continous alert on each of

the four bases.

The alert requirement is tor the
helicopter to get airborne in one
hour.

The crew consist: of: two pilots,
one radar operator/flight engineer,
one rescue-man,one observer/
technician.
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The arctic area covered by 330 squadron/B-Ving.
The area is approximately 1500 000 square kilometers wide.

]

The missions performed by 330 sqd/B-ving that are movre than 20 nm
off shore are marked with a letter.

The letter "M" means medevac, the letter "S" means search mission
and the letter"R" means rescue mission.

The marked missions are approximately 15% of total.Thus 85% of
the missioms are on the coast or inland.
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SOME ASPECTS OF OFFSHORE OPERATIONS IN THE NETHERLANDS

by
R.J. van der Harten, KIM Noordzee Helikopters B.V.

SUMMARY

The oral presentation is preceded by the 19-minute sound film "Bridging the Troubled Waters"
(Sikorsky Aircraft) giving a general :mpression of helicopter operations between mainland and naval
destinations. The introduction of the paper briefly summarizes the essence of the film including data on
the production of flying hours and the regularity through IFR flights of the off-shore operations.

The paper further reviews the problems, which had to be solved in order to realize the required
services on a 24-hour basis. One of these problems was the certification of helicopter weather minima for
IFR-flight. This involved the development and evaluation of instrument procedures and the proper choice of
instruments and panel lay-out, the navigational aids and the communication system. Some special attention
is paid to the redar system, vhich provides not only weather detection but is also used during the
approach to the targets at sea, as well as to the recent evaluation of an Integrated Pilot Display System,
vhich has a great potential for very low weather minima without the use of automatic guidance.

The various, sometimes tedious, steps taken to achieve the present state of the art are described in
some detail.

Finally, the paper gives a few thoughts on possible future improvements of the helicopter transport
system in a more general sense, in particular in relation to a project, presently under study at governmen-
tal level, concerning the construction of industrial islands in the North Sea. To that end a tentative
proposal as to the contributions to be provided by the industry, the governmental agencies and the
military and civil operators is presented.

1 INTRODUCTION

The Netherlands, sometimes also called the Low Countries, has for ages been involved with the sea,
wvhich has often proved itself as both a friend and a bitter foe.

Much of the land on which the Dutch now live has been reclaimed from this sea, and whole towns like
Amsterdam had to be built on pole foundations, due to the marshy soil.

Extensive waterworks and dike systems were built to keep the sea from coming back again as the
reclaimed land is below mean sea level and therefore floods, like the one in 1953, have still to be
reckoned wvith. But the sea has also been a source of prosperity, and has made the Netherlands a natior of
sea farers, shipbuilders, traders and experts in the design and building of all kinds of waterworks. In
this respect it may be mentioned that in 1971, our company carried out successful trials in building a
dike, using a U.S. Army CH 5h A flying crane and major assistance of Sikorsky and U.S. Army personnel.

Again the stormy North Sea showed itself a friend when, after the discovery of the big gas reserves
in the Northern province of Groningen, investigations of the North Sea bottom around 1960 indicated that
offshore exploration of gas and oil was feasible.

Due to the formula used to define the division of the North 3ea into continental shelves as allotted
to each country, with boundaries equidistant to the shorelines of these countries, the Netherlands, with
its long coastline acquired a very sizeable part of the North Sea (Fig. 1).

Drilling activities started May 15, 1968. KIM Noordzee Helikopters B.V., which was founded in 1965
as a 100 ¥ daughter company of KIM Royal Dutch Airlines, started operations for the oil companies at that
date with aircraft and crews fully certified for IFR (Instrument Flight Rules). The objective was to
provide 2L-hour services, T days a week, to the oil companies, with airline regularity and dependability.

The company started with one Sikorsky S-61N and one Sikorsky S-62A. Presently we operate 5 S-6IN's,
2 S-58T's (one of vhich belongs to the Placid 0il Company) all IFR-certificated and one B3lkow 105D,
employ 120 personnel of which 29 are pilots and produce approx. T000 flying hours per year.

Since the beginning the company has aimed for improvements of the IFR-capabilities of its helicopters
and investigated new possibilities for the use of helicopters made possible by the IFR-concept (Ref. 2-6).

One of the improvements wvas the development and operational certificaticn in 1969 of the airborne
radar approach system (Ref. 2) to rigs which in turn led to a successful development of a 24-hr harbour
pilot service at Rotterdam, the main gate of Europe, which presently accounts for 20 % of our flight hour
production (Ref. 3). The radar approach concept has since been adopted by many other companies and has
become & major asset in improving offshore all-weather operations. The regularity of the service is
presently at, or over, 97 5.

Recently the use of a flight director system, using an Integrated Pilot Display System (IPDS), as
developed by the Kaiser Aerospace and Electronics Corporation and imp-oved according to our requirements,
wvas very successfulily evaluated during 1976 (Ref. 5,6) under operational conditions. This evaluation
provided data on pilot workload reduction and indicated the feasibility for very low weather minima
(below Cat II) both for radar and ILS-approaches without automatic guidance. The concept has been proven
sound and, in the opinion of our pilots, is also a major flight safety break-through (Fig. 2).

Our company is a founder member of the study group which reported on the feasibility of building
artificial islands in the North Ses, relieving the overpopulated mainland from the pressure of providing
for industrial sites, vith the necessary growth of our industrialisation process (Ref. 1).

This concept, which is presently under study by a government appointed committee, may require 8 to
10, 90-passenger helicopters per island vhich have to carry out regular services to transport many
thousands of workers each day, to and from the mainland (Fig. 3).
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FIG. 1 CONTINENTAL SHELF BOUNDARIES IN THE NORTH SEA

The answer to the necessary all-weather capability for this venture could, in our opinion, be provided
by the further development of the Integrated Pilot Display (Flight Director) System as evaluated by our

company .

2 THE IFR CONCEPT

The main purpose of this paper is to review the typical difficulties wvhich were encountered but also
the possibilities which became clear vhen it was decided to conduct all helicopter services under full
IFR certification (Ref. 2).

This IFR certification was a necessity because the Netherlands Department of Civil Aviation (RLD) had
decided from the beginning that helicopter operations at night had to be carried out under Instrument
Flight Rules (IFR) as defined for fixed-wing sircraft. Except for Norway, where IFR certification of
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helicopters was being pioneered by Helicopter Services A.S., other countries allowed night operations

under Visual Flight Rules (VFR) in Visual Meteorological Conditions (VMC). This however, in the opinion of 73
the RLD, did not meet the safety leve! required for

Airline Transport Category operations, .nder which
category Dutch helicopter companies have to operate.

The RLD thus followed the example of the
Norwegian CAA, which had been the first in Evrope to
insist on flights under IFR with helicopters at night
over the North Sea for oil-rig operations. Wwen the
RLD compelled our company to instrument fl.ght, they
also took the consequences that, because of the lack
of regulations and ICAO recommendations for certifi-
cation of the aircraft instrumentation, approach aids
and calculation methods for IFR weather minima for
helicopters, they should have an open mind for new
concepts differing from accepted fixed-wing regula-
tions, provided we could prove them to be safe.

Because of the KIM background of the company
the choice of the Sikorsky S-61N he'icopter was
obvious. This aircraft was the only civil helicopter
at that time which had been certificated for instru-
ment flight in the United States. It also was at that
moment operationally the test aircraft available, was
in use by several helicopter operators in the North
Sea area for already a number of years, and had
proved itself to be very reliable.

The RLD minimum requirements to certify heli-
copters for IFR flight were, at that time and still
are, except for point d, the following:

a. A reliable single automatic stabilisation system
vith separate channels for roll, pitch and yaw,
should be installed;

b. The aircraft must be equipped with at least two FiG. 2 INTEGRATED PILOT DISPLAY SYSTEM
engines;

c. The aircraft must be flown by 2 pilots and instruments must be duplicated;

d. The aircraft must be certificated under FAR 29 and for instrument flight in its country of origin;

e, Navigation, instrumentation and communication systems ar required by law for airline transport flights
must be provided for.

FIG. 3 PROPOSED INDUSTRIAL ISLAND IN THE NORTH SEA
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The S-61N offered no problems as to the requirements under a, b, c and d.

The requirement sub d has, from necessity, been handled with leniency in the last years because the
British CAA certificated the S-58T and B&lkow 105 in a more acceptable way to airline transport require-
ments than the countries of origin; therefore the RLD accepted the CAA-certification of these aircraft at
least partly. It may be added that the British CAA can take a more realistic standpoint than some other
countries in accepting data from identical military certification trials, on civil versions of those
helicopters because of their extensive experience with the type of operations the aircraft are used for.
This is also the case with the French civil aviation authorities.

The requirements under e. were discussed with the RLD which accepted a different approach towards
instrument flying with helicopters, from that with fixed-wing aircraft. The main consideration was that a
helicopter, contrary to fixed-wing aircraft, when using the right procedures, can abort any approach at
any point, and is thus never committed to land. This attitude made it possible to define a concept provi-
ding a 2k-hour service, 7 days a week, to oil-rigs and ships with the high reliability and regularity
comparable to regular airline services at i competitive flight hour price.

This concept was realized by:

a. Using ex.sting approach and navigation ground sids, utilising the specific capabilities of the heli-
copter, which e.g. can execute ILS-approaches to runways which, due to crosswind, are not used by the
fixed-wing aircraft.

b. Preventing undue duplication of aircraft instrument and approach systems to save weight and cost,
accepting higher veather limits for approaches, when one system fails and a different system as back-up
has to be used. This implies the use of multi-purpose navigatior systems such as Decca, radar, ADF and
VOR/ILS. The radar is used for bad weather avoidance (in particular icing conditions), for short range
navigation and as an approach aid.

c. Designing a close-scan instrument panel (Fig. 4) to obtain an intended fixation on onl; the necessary
instruments in the critical phases of take-off, approach and landing. It must be realised that, at the

FIG. 4 PRESENT CLOSE ~SCAN INSTRUMENT PANEL

low air speeds iuring the first phase of the take-off, in particular from rigs, as well as in the last
phase of the approach, disorientation may occur if the pilot's scan would allow an inadvertant glimpse
of the outside, in particular during dark nights with rain or snow. The Kaiser Integrated Pilot Display
lay-out is also based on this proven concept (Fig. 5). It may be stated that, due to this disorienta-
tion risk at lower airspeeds, we do not envisage the use of a head-up type display for helicopter IFR
flights.

d. Using the full potential of the crew, which always should consist of two pilots, by shariny thei: tasks
and thus reducing their increased workload, which is inherent in the rather simple system concept.
Both pilots must be trained to captain's standard ("2-captains system"); one captain can be the
designated pilot-in-command and the other the first officer. The latter e.g. is to handle that part of
the take-off where visual reference and flying is required, vhile the pilot-in-command stays on instru-
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ments from the very beginning. In the case of the
radar approach the pilot-in-command directs the

first officer, who remains on instruments throughout,
onto the landing decis.ion position after which

either a "go around” is conducted by the first
officer on the directive of the pilot-in-command,

or the pilot-in-command takes over control to land
the aircraft on the rig (Ref. 3 and Fig. 6).

(9%

WEATHER MINIMA

Present weather minima are, basically for air-
ports:

Take-off visibility 300 m No cloudbase limit.

PAR anc ILS approach 600 m Decision Height (DH):200 ft

PPI and ILS beckbeam 800 m Break off altitude (BOA):
250 ft.

Approaches may be initiated under a "look see”
policy, where a reduced visibility and cloud base may
be accepted of respectively two (200 m) and one (100
ft) increment(s) allowing e.g. an approach on the ILS
or PAR to be initiated when a visibility of 400 m and
a cloud base of 100 ft are reported by ATC (CAT II
conditiors). When, however, RVR (Runway Visual Range)
is reported by ATC, this always prevails, regardless
of a reported cloud base, and an approach must be
aborted if visibility is below minimum when arriving
at the designated BOA/DH.

FIG. 3 CLOSE —SCAN INSTRUMENT PANEL WITH
INTEGRATED PILOT DISPLAY SYSTEM

Weather minima for airborne-radar approaches to
rigs and ships are still at the original visibility of 800 m and 150 ft cloudbase. The visibility reduct.on
to 600 m, as envisaged in Ref. 1 for 1972 has not been realised because of two factors.

- The original Bendix-Airequipement RDR-1DM Radar
minimum range of 5 n.m.

- The high workload involved under IFR at the lower
airspeeds required to approach nearer to the rig,
before deciding to abort.

However, with the present Bendix RDR-1301 Radar,
as nov installed in our S-61N's and S-58T's, and
using the Kaiser Electronic Integrated Pilot Display
System, the minima could become LOO m and 100 ft
(CAT II). This might even be further reduced with
the installation of transponders on the rigs and
ships, provided that an accurate low airspeed system
for all-weather use should be developed.

The radar approach procedure has also been
approved for instrument approaches to heliports and
small airports without ATC or approach aids, situa-
ted near the coast, which is uscd as a reference

FIG. 6 AIRBORNE RADAR APPROACH PROFILE for the letdown within defined sectors. The prescnt
weather limitations are locally defined but can
generally be stated as visibility 1500 m and a cloudbase of 500 ft, For these heliports and airfields an
inexpensive lighting system was developed and certificated in close co-operation with PLilips N.V. and the
RLD. Furthermore, IFR flights, when conducted to and from oil-rigs and ships, may be carried out at a
minimum altitude of 250 ft en route when the visibility at that altitude is 1500 m.

The RLD ha¢ granted a waiver of the IFR-requirement for alternate airports, for which extra fuel has
to be carried, if the airport weather reports indicate a visibility of at least 1500 m lasting for at
least 2 hours after the estimated time of arrival.

L ICING

None of our helicopters is approved for flight in "known" icing conditions. However, we have been
able to avoid icing conditions in the winter by the use of the radar for detecting and avoiding areas
where icing is suspected. This is the reason why an X-band radar was selected (Ref. 3) which provides
good weather penetration combined with a satisfactory resolution for sea surface obstacle scanning.

The development of blade-anti-icing, as being considered for the new generation of U.S. Army Helicop-
ters, will provide in our opinion principally an extra safety feature. Of course it will be very desirable,
but it will probably, referring to icing tests as conducted by the U.S.Army (Ref. 6), not change our
present principle of avoiding icing conditions, because increased drag and fuselage icing may then become
the limiting factors as it was with the fixed-wing aircraft of the past.

British Airways Helicopters (Ref. 7, 10) has been conducting icing tests with standard winterisation
equiprent plus instrumentation to record icing severity, but without blade de-icing. On the grounds of
some 88 hours testing in actual icing conditions the British CAA granted approval for the S-61N to fly in
forecast light icing, using engine torque readings and an ice detector for monitoring the amount and speed
of ice build-up within the limits approved for.
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2 CONCLUDING REMAKRS

From the foregoing it is clear that helicopter IFR operations have become routine with the North Sea
operators, However, ve still have to use aircraft with operationnl limitations and equipment which were
acceptab_e for fixed-wing operations of the airlines somewhere in the 1950's. With the present cost of
helicopters and its maintenance we still have a long way aliead of us to reach 1977 sirline standards. The
operators therefore have been trying for years to have a voice in helicopter R & D, with an aim to improve
the economy and usage of the helicopter to near fixed-wing standards and to be able to use its full
potential also in other srcas, such as short-haul passenger services, where its unique IFR capability is
& tremendous asset, but the cost per seat-mile is prohibitive, This was the major reason why the outcome
of a joint KIM, BAH and Sikorsky study, conducted ar und 1971, regarding the feasibility of helicopter
services between London, Paris, The Hague and Brussels, was negative.

Recently, hcwever, improvements have been noticeabls in the development of damage tolersnt composite
and improved rotor blades, components aad structurcs, which might decreuse the dir 't operating cost to a
more acceptable level.

Also, as certain government funding of R & D for civil aircraft is an accepted fact in Europe
(Ref. 8), it is gratifying to see *hat NASA has also become aware of the fact that civil heli opter K & D
funding has to be increased now to maintain the U.S. lead in helicopter technology, since the risks for
the private industry would be too high to fund the necessary R & D themselves.

However, where NASA can also do a tremendous job in combining military and civil R & D efforts (ana
where would we be without military R & D for helicopters) it i~ apparently still lacking the possibilities
to scquire a budget for a complete prototype necessary for applied civil re earch, vhich in Europe led to
the uevelopment of the Concorde, the Fokker F-27 and 28, the Airbus, the VFW 614 and others.

I personally agree that the freedom of enterprise and the competitive structure, which has made the
U.S. a great nation, should not be impaired, but could there not be a way to retain this principle by
adapting civil R & D funding to the accepted military R & D procedures. Presently the helicopter manufac-~
turers are able to cope with R & D for smaller helicopters whicn show & direct sales potential, but, of
necessity, are still using many basic military developments 'o Jecrease the R & I cost. For a large
helicopter, even if the basic hardware is available, the R & D cost involved is presently too high for
the risky veature of building e.g. a 90-passenger helicopter which we would require for services to an
industrial island in the North Sea. Such a helicopter, nowever, could also open up the possibilities to
compete with fixed-wing aircraft on distances up to 250 n.m. (Ref. 9). A good example is the possibility
of stretching the CH-53 £ (Fig. 7), and possibly the CH-LT Chinook. If this aircraft is not built because
of lack of R & D funds for a complete prototype system
and produced orn the tasis of a quentity large enough
to reduce the initial procurement cost, we will remain
in « vicious circle and not receive the helicopter
which could start airline use. In this respect it can
be merntioned that Ceptain Jock Cameron, Managing
Director of British Airways Helicopters, has also
man; times expressed the need for such an aircraft
(Ref. 10).

5% 63w} = To conclude tkis paper I would like to dwell
upon some personal ideas on future requirements for
civil helicopters and to set tentative future R & D
requirements.

FIG. 7 POSSI AIRLINE VERSION OF THE SIKORSKY CH S3 E + i 7 : i
- i e For offshore use it looks like a substantial

amount of ©- to 12-passenger and 15- toc 22-passenger
helicopters is required. For future long-distance flying to drilling rigs which are far ou*, long-range
helicopters are required. As there will (initially) be only a small quantity of this type of helicopter
required for these services it should possibly be built according to airline standards. It could then not
only serve drilling rigs and industrial islands, but alsc become interesting enough as a competitive short-
havl airliner. This might upen the possibility for a cost-effective production line and result in a cost
per pound of aircraft comparable to fixed-wing airliners.

R & D for large helicopters might be based on the following recommendations:

-~ The aircraft should preferably be equipped with 3 engines to allow for an acceptable n-1 eagine perfor-
mance for the take-off from heliport:s at maximum take-off weight.

- Fail-safe, redundant and multiple load path, thus damage tolerant, designs (Ref. 11) should be developed
for all major components to reduce ma ntenance requirements and cost, by allowing safe "on condition"
maintenance, as in fixed-wing aircraft. This means that FAR 29 may have to be re-defined to accept the
damage-tolerant design philosophy. For the new generation of military helicopters damage-tolerant design
is already ccmmon practice.

It has to be realised that the safe fat gue lifc philosophy is out-dated becaure it depends on impeccable
quality control in the manufacturing staze, and operationally on severe inspection schedules and early
retirement of structures and components. From the point of view of investrent and maintenance this is
very costly and detrimental to the opera:ional reliability and availability of the aircraft.
Maintenancewise these aircraft should be able to produce safely ver 3000 flight hours per year to be
economical.

- The first generation of large helicopters should be designed for approx. 250 n.m. range with full
passenger payload under CAT A or British Group A conditions up to 25 or 30°C at sea level. Unless a
solution is found to remain competitive with fixed-wing aircraft for longer ranges, which may be the
case with e,g. the Sikorsky ABC and the Bell Tilt Rotor Concept, the pure helicopter still seems to
offer the best chance for a cost-effective Short-Haul Transportation System (Ref. 12).

- R & D efforts should be directed at a complete prototype system to achieve fuselage-rotor-system matching
for the lowest possible vibration ievels (Jetsmooth) to improve reliability, unscheduled removal cost
and passenger acceptaace.

- Unfortunately present military R & D has to concentrate on high performance at high altitude and high
outside air temperatures, combined with relstively small or fighter type fuselages which makes e.g. the



CH-53E, AHH and the UTTAS uneconomical. It is recommended that future military R & D should be keyed to
include versions with a fuselage of a commercially acceptable size in the design stage of new helicopters.
This would allow the use of the potential payload capabilities and improved technology of new military ]

helicopters by the civil operator, while still keeping the initial R & D-investment at an acceptable 4
level. 3
- Large and small helicopters should be designed and certificated to fly IFR at CAT III limits if necessary. q

Systems and cockpit lay-out should be designed to enable even a single pilot to fly the aircraft IFR
under normal and emergency conditions. This will require an R & D effort in defining the capabilities of
advanced ground and aircraft equipment such as terminal guidance, approach and landing equipment, 3
electronic integrated display systems and special helicopter avionics. ]
- Finally it should be investigated whether the FAA could consider to reduce certification cost for civil
helicopters by combining military testing and FAR 29 requirements as much as porsible. The ccst of e.g.
certifying the CH-53A and the CH-4T Chinook has been so prohibitive, despite the wealth of military
testing information available for these aircraft, that FAA certification has not yet been found feas.™le,
and efforts are now being made to certify the aircraft in Europe. This also, to my feeling, is an area
in which NASA could be of assistance. We are certain that other operators with us, or societies like the
Helicopter Association of America (HAA) and the International Helicopter Operators Committee (IHOC), will
assist wherever required with a wealth of information at their disposal.

As far as IFR is concerned it should be mentioned that the above societies are very much involved in
defining standardisation of rules and regulations, equipment, groundaids, heliports and platforms, flight
safety and certification requirements which hopefully will uitimately lead to ICAO recommendations regar-
ding operations with helicopters and future VTOL aircraft.
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COMBINED MILITARY AND COMMERCIAL APPLICATION
OF LIGHT HELICOPTERS

E.E.Cohen, K.B.Amer and R.E.Moore
Hughes Helicopters
Centinela and Teale Streets
Culver City, California 90230

Division of Summa Corporation

SUMMARY

This discussion will present an overview of light helicopters of less than
4000 pounds gross weight used by both military and commercial aviation,
Hughes Helicopters background in light helicopters, the design considera-
tions and criteria used in the development of these helicopters, and the
Army's entry into light helicopter development. We will also offer some
conjecture on the design considerations and criteria which might be used
to develop a next generation light-weight, multi-purpose helicopter which
could be used suitably by both military and commercial aviation,

ARMY LIGHT HELICOPTER

During and since World War II, as shown in Figure 1, all Army light heli-
copters were designed to Civil Aeronautics Agency (CAA) or Federal Aviation
Administration (FAA) standards, and in most instances initial funding was by
the developing company; even in those instances where the funding was by the
military, the basis of the certification was Federal standards. Most of these
helicopters are shown in Figure 2,

Helicopter Time Frame Acceptance Basis Funding
Sikorsky R-4 World War I CAA Sikorsky
Bell H-13 (47) | Late 1940's CAA Bell
Hiller H-23 (360) | Late 1940's CAA Hiller
Hughes TH-55A (269) | Mid 1960's FAA Hughes
Hughes OH-6A (369) | Mid 1960's FAA Army
Bell OH-58 (206) | Mid 1960's FAA Army/Bell

Figure l. Army Light Helicopters
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Figure 2. Army Light Helicopters
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HUGHES BACKGROUND

Model 269

Since the basis for opinions is formed by experience, it is important to
discuss Hughes' background in the light helicopter field. Early in 1955

we designed and built the tirst experimental Model 269, aimed at filling the
requirements for a low-cost piston engine powered, light-weight, two-place,
multi-purpose helicopter. Based on a successful experience, we designed
and built seven YHO2HU helicopters, five of which were delivered to the
Army in 1959 for evaluation, It is noteworthy that the acceptance basis for
Army evaluation was . CAA TIA (Type Inspection Autlorization) which indi-
cated that, based on company-submitted structural and tlight data, the CAA
agreed that the helicopter was safe for evaluation by their pilots,

Despite meeting its design goals and getting excellent performance and
maintainability reports on the testing conducted by the Army at Edwards Air
Force Base in California and Fort Rucker, Alabama, the helicopter was not
purchased for military use since by that time the Army had come to the con-
clusion that its light observation helicopter would be powered by a light
turbine engine. A short time later, the Army contracted with the Allison
Division of General Motors to develop the Allison T63 engine, known later
commercially by its 250 designation,

In 1961, without any military orders, the YHO2ZHU was redesigned for pro-
duction and was recertificated under Civil Air Regulations (CAR) 06, The
first production helicopter — from a planned production of 1000 — was
delivered for commercial use in April 1962. In 1964, Hughes received the
first order for 20 TH-55A helicopters; eventually the Army purchased a total
of 793 by 1969. These trainers were identical to the commercial 269A except
for some variations in equipment. This helicopter, then and until now, has
been the Army's primary trainer and has trained military piiots from many
countries, including some of the countries represented at this meeting. This
program has the unique distinction that normal military spares provisioning
and ownership of spare parts by the Army was never initiated; instead a
Hughes consignment inventory has been maintained at Fort Rucker and spares
are withdrawn and paid for by the Army on an as needed basis.

There has been continuing product improvement on this helicopter by funds
supplied by both tha Army and Hughes. Most of the improvements have
direct application to both military and commercial users, Some of the cur-
rent improvement programs are being conducted on a cost-sharing basis by
Hughes and the Army. Figure 3 shows the experimental helicopter and the
family of versions and applications in which it is now being used.

Figure 4 shows some of the salient performance characteristics of the 269A
in its original version compared to the 269C — Hughes designation 300C —

1 ow in production, which is an improved model with larger diameter main
rotor blades and an improved engine. The 300CQ, a quiet version, was the
first helicopter to be certificated, in 1973, by the FAA for quiet operation
for a specific mission — police patrol.




Figure 3.

Hughes 269 Helicopter
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269 TH-55A 300C 1
Gross Weight, pounds 1550 1670 2050 |
Useful Load, pounds 630 662 998 :
Overload Gross, pounds 1850 1850 2150 4 3
V e’ miles per hour 86 86 105 E
Hover IGE, feet i
Standard Day, 15°C 6300 4700 5900 { 1
ISA + 20°C 4500 2900 4000 ’.
f Rate nf Climb 1450 1240 750 |

Figure 4, Model 269

This successful program with 17 years of continuing flight experience, :
: approximately 2200 helicopters sold, more than 4,000, 000 flight hours, and ]
3 used in more than 60 countries is a vivid demonstration of the successful

partnership possible between Hughes and the Army, and is all based on the

well-planned design of a commercial helicopter anticipating a military
requirement,

OH-6A

Early in 1961, the Army requested, from all interested companies, a no-cost
study with opinions, suggestions, and recommendations for the optimum
design configuration, performance characteristics, control system, power-
plant, avionics, etc,for the next generation of Army light-weight aircraft,

, ﬂ This stidy, entitled "ASR 1-60, Parametric Study of a New Light Observation
1 } Aircraft" (Figure 5) was submitted by Hughes in 1961 and was the beginning :
| of the first operational light helicopter developed under Army guidance, and b
was the first in which design development funding was by the Army. ‘

Based on its own studies and many of the opinions submitted by the numerous
responders, the Army issued a request for proposal (RFP) for an Army LOH |
light observation helicopter. Based on the submitted proposals, the Army

awarded development contracts to Hiller, Hughes and Bell (Figure 6) with the

proviso that the helicopters would be developed and certificated under FAA
regulations with minimal or no design supervision by the Army. The winner

of that unique competition, the Hughes YOH-6A, is shown in Figure 7.

P
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and derated engine -- different from the other two competitors — was the

i
We are certain that our philosophy, small size, minimum weight, agility, .g
reason we were chosen, I 1965, the first of 1428 helicopters was delivered
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New

Light
Observation
Aircraft

Parametric
Study

1965-1970
Time Period

ASR No. 1-60

U S. ARMY TRANSPORTATION CORPS.
Project NR9-38-10-000

&

Figure 5, Parametric Study oi New Light Observation Aircraft

Figure 6, Army LOH Competitors




Figure 7.

OH-6A Armed

Gross Weight

Overload
Gross Weight

Empty Weight

Power Plant

Main Rotor

Tail Rotor

Control System

Landing Gear

2100 pounds

2700 pounds

1050 pounds

Allison T63,
derated

Articulated,
4 blades,
26,33 ft dia

2 blades,
4.25 ft dia

Mechanical,
no hydraulics,
electronics

Articulated,
energy
absorbing

Speed

Hover
IGE, 95°F
Endurance®

Range*

128 K at
2100 pounds

6240 feet
3.9 hours

320 miles

*2 minute warmup,
10 percent reserve

Figure 8. OH-6A Army Light Observation Helicopter
Performance Characteristics
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to the Army for operational use. Figure 8 describes the OH-6A and some of
its performance characteristics.

The OH-6A in combat service in Vietnam amassed more than 2 million flight
hours. Some of the helicopters, after having suffered substantial battle dam-
age, were repaired at Hughes' Overhaul Facility in California, and were
returned for service in Vietnam a second and third time.

MODEL 500 (FAA DESIGNATION 369)

From the basic OH-6 design, Hughes, in 1966, certificated the first Model
500 using the Allison 250C18 engine, and in 1972 we certificated an improved

version using the increased horsepower Allison C20 engine. Performance
is shown in Figure 9,

2200 Pound 2550 Pound
Speed — Maximum Cruise, 155 mph 145 mph
4000 feet
Hover — In Ground Effect 14,400 ft@ISA +20°C | 9,800 ft @ISA+20°C

Hover — Out of Ground Effect 11,500 ft @ISA +20°C | 4,500 ft @ISA+20°C

Service Ceiling 18,000 feet 14,500 feet
Rate of Climb 2,100 fpm 1,700 fpm
Endurance, 4000 feet 3.9 hours 3.7 hours
Range, 4000 feet 400 miles 375 miles

Figure 9. Performance - Model 500

It should be noted that in each of these certifications, as a part of our basic
philosophy, the design was predicated on using only a portion of the available
engine power so that reserve power was available for emergencies. In addi-
tion, this premise provided room for logical growth of the helicopter. To

date, approximately 1300 Model 500C and Model 500 helicopters have been

sold and are operating in 60 countries, Figure 10 shows many of its applications.

In more than 4 million hours of total operation and with a commercial fleet

now flying 850, 000 hours per year, the Hughes 500 has compiled the enviable
safety record shown in Figure 11.

This record is twice as good as general commercial aviation and is only the
beginning. Our current program includes making the helicopter at least as
safe as large fixed wing aircraft in airline operation, benefiting both com-
mercial and military users of our 500C and 500D helicopters.
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Figure 10, Model 500C Helicopter Applications
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/[) -0 1974 and 1975 (Avg) |
Accidents per 100, 000 Flying Hours, United States Operation
Total Fatal
Accidents Accidents 1
Hughes Model 500 10 0.4 1
/
All Helicopters 19 2.4 |
:
Al]l General Aviation 14 2.1 ’
Source: U.S. National Transportation Safety Board and 1
Helicopter Association of America

Figure 11, Aircraft S .ety |

MODEL 500D

In 1971, Hughes flew its first five-bladed Model 500 helicopter and accumu-
3 lated more than 2000 hours of pilot evaluation., In December 1976, after
more than 650 hours of Company and FAA flight testing, the Model 500D
(described in Figures 12 and 13) was granted FAA certification; the first
production helicopter was delivered and flown in commercial service several
days later,

Some of the 500D's unique design features are shown in Figures 14 through '
20, and pictured in Figure 30, 1

The 500D, a Company-sponsored and funded program, recognized the poten-
tial for military use and our FAA certification included the 500M-D, almost
identical to the 500D except that the pilot's position is on the right side; it !
also has provisions for the inclusion of many of the military requirements, i
Its excellence is demonstrated by the fact that it was recently chosen as the i
multi-purpose military helicopter for a foreign government,

° 3000 Pounds Normal Gross Weight
° 3550 Pounds Overload Gross Weight ]
e Uses Allison C20B Engi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>