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N FOREWORD

Panel (ASAP) conducted its Summer

£f College, Norfolk, Virginia, during
the period 19-30 July 1976. The Panel addressed the theme of Future
Svstems through the six subgroups of Armament ,- Aviation, Electronic,
Missile, Mobility, and Soldier Suppoxt Systems. )

The Arvy Scientific Advisory
Study 76 it the Armed Forces Sta

duals from the ASAP and sixty representatives

from the Department of the Army General Staff and major commands parti-
cipated in the two week study. The Specific taske of the participants
were (1) to examine the compatibility of two documents - the Science and
Technology Objectives Guide (STOG), which delineates desired operational
capatbilities in various categories, and the systems development plans
prepared by the Army Laboratories - and (2) to determine if the lahoratory

programs contained the appropriate technolopy efforts to achieve the
It was requested that in the process that

desired systems capabilities.

technical efforts non-supportive of the STOG or of marginal value be
jdentified. Three ancillary tasks were subsequently added by which sub=-
group chairmen were requested to: (1) assist US Army Training and Doctrine
Command (TRADOC) representatives to acquire and interpret significant
material for use in input for STOG-78; (2) identify and describe ideas

to be pursued by TRADOC in cooperation with U, 5. Army dateriel Develop-
ment and Readiness Command (DARCOM) using Concept Develd puent and Valida-
tion (CDV) funds; and (3) suggest new {nitiatives approriate for Army

R&D.

Thirty-six indivi

a general concensus in
First of all, they felt that
o the laboratories as well

The Summarv Study participants arrived at
their respective reports regarding the STOG.
it is a good vehicle for providing guidance t
as a mechanism to conduct a dialogue between developer and user. The
laboratory programs are generally responsive to the STOG and have improved
in relevance to requirements over that of previous years. Most techno-
logy base efforts relate to some Science and Technology Objective (STO)
to varying degrees. The level of detail of the STOG appears appropriate;
however, the STOs should not c*nstrain good laboratory efforts in high

y-off areas. The participants heartily endorsed the concept of having
the STOG replace a variety of other guidance documents and serve as a )

guidance directory.

to be more useful and relevant in subsequent
t become 80 {institutionalized that other
opportunities for providing guidance and exchanges are precluded. The
document should convey the qser's comments on how he fights and his
perception of desired systems capabilities and not closely specified

The STOG can be expected
iterations, but it ghould no
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golutions. Soldier support technology, as well as techniques for
support of Corps of Engineers

better utilization of hardware in
dequately in the STOG. The subject

missions, should be covered more a
of smoke as a problem area arose in all areas examined.

anced

Lastly, the STOG should include provision for countering adv
A time

and altcernate threats and reflect a strong intelligence input.
frame should be identified in the STOG.,

are being published as six separate
recormendations near the beginuing
The documents are on file with the
The value of Summer Study '76 will be
iate Army managers find the conclusions

The reports of the subgroups
documents, each with a summary of
of the volume on colored paper.
Defense Documeutation Centcr.
the extant to which the appropr

helpful.
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'AVIATION SYSTEMS SUBGROUP REPORT

A. INTRODUCTION AND SUMMARY OF RECOMMENDATIONS

The Aviation subgroup receivad brieiings from various Laboratories
d the Science and Technology Objectives

and Program Managers and reviewe
Guide (STOG) as well as various relevant laboratory system plans.

As a result of the deliberatioms o
considered to be of major importance, and therefore this chapter is
organized to present the discussion of each of these items separately.

These four areas of significance to Army Aviation are:

£ the subgroup, four items were

a. AMRDL and its flight research simulator

b. The RPV program

¢. Human Factors/Behavioral Sciences

d. Helicopter Weapons System Design Integration.

The most general observation by the subgroup is the need for the
establishment of a "center of competence” for the purpose of Weapons
System Integration., At present the competences required to make the
helicopter a total weapons system a8 Aistinguished from a flying machine
are different and fragmented. The burden falls on the system program
manager to integrate the various subsystems without the benefit of the
prior development work necessary for such an integration. A weapon-

system integration facility at AMRLL in which all subsystems can be
ratory the subsystem interference

interconnected to uncover in the labo

and interactive effects that would othervise be found in flight late in
the development program ls urgently required. The facility could be
expected to serve to focus the attention of the weapons system design
community, the avionics community, the airframe designers, and those
concerned with human factors on system problems now inadequately addressed.
In order to take maximum advantage of this coordinated effort and the R&D
talent associated with it, the program managers should be collocated with

this facility.

The following more apeéific recommendations are also made by the

subgroup:
a. FLIGHT SIMULATOR: In view of the high priority of the Nap of

the Earth (NOE) mission in the Army's plans and the need for a research
to optimize the helicopter and its associated

flight simulator facility
an increase in the priority funding of AMRDL

systems for this nissiocn,
h simulator facility is recommended.

plans for building such a researc
This facility should b=z made available no later than 1979, rather than

1981, the target date under the existing plan.
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B. AIR MOBILITY RESEARCH AND DEVELOPMENT LABORATORY (AMRDL)

I. FINDINGS

A. General

The study group asvent a major fraction of its time reviewing the
AMRDL program in the light of the STOG objectives and the current state-
of~the-art helicopter technology.

In general, we found the AMRDL program to e of high quality and well
designed to build a technology base for rotary wing aircraft design. The
current state-of-the-art is seriously lacking in soundly based quantita-
tive prediction techniques on such elementary matters as the aerodynamic
load history on a helicopter rotor blade, with the result that the pre-
diction, during the design process, of such things as stability and
control characteristics, vibration levels, acoustic signature, component
stress levels, and component fatigue life, is a very low confidence
process,

‘*he heavy emphasis in the STOG on improving helicopter survivability
in the NOE operational environment, in poor weather, and in a serious
threat environment lends great impottance to the acquisition of that
data base. We found that in each of the STOG areas relatable to heli-
copter airframe performance prediction and design, good fundamental work
was in progress. The 6.2 and 6.3 aerodynamics program of AMRDL is clearly
driven by the need to understand (in detail) the basic phenomenology of
rotary wing flight and to generate and apply rational design processes to
a field still largely dominated by cut-and-try empiricism.

Similarly, in the field of power plants, we found the AMRDL program
emphasizing those problems of power plant development whose solution
would lead to higher survivability in the Army's operational environment.
The emphasis on simplicity, through reduction in aumbers of stages in
compressors, and on reliability, through development of simpler designs,
and on vulnerability reduction, through design simplification and size
reduction, seemed to us appropriate and clearly relevant. Considerable
leverage has been generated by the collocation of Army and NASA Centers.,
There appeared to be excellent coupling of the engine program with
problems encountered by the user.

In the field of aircraft structures we found a program of develorment
of new composite materials, guided by a keen appreciation of the impor-
tance of improving reliability, survivability, and performance in the
Army's battlefield environment. The development of fiber reinforced
plastic materials for blade structures, fuselage elements, control
elements, and transmission components, sponsored by AMRDL, can be
expected to yield large dividends in reduced vulnerability, Attention
is also being placed on reduced R.F. signatures, and improved payload-
to~-gross-weight fractions, not only in new designs of rotary wing
machines, but also through retrofit and modification programs, in

~
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designs now in the inventory or well along in development for procure-
ment. As examples, low radar cross-section composite rotor blades could
substantially reduce the vulnerability of the UH-1 and Cobra machines in
inventory, and a composite fuselage could significantly increase the
payload of either UTTAS without any sacrifice of other desirable charac-
teristics. Finally, the development of ballistically tolerant structural
elements has already contributed substantially to the survivability of
the UTTAS and AANIl designs, through significant reduction of vulnerable
areas of those machines.

In the component area, we noted the benefits of such developments ar
elastomeric bearings, aimed at increasing survivability by improving
reliability, and the increased emphasis on design for zero maintenance.

Thus, in the aggregate, we found the AMRDL aircraft technology pro-
grams directly related to the STOG primary objectives and of high quality,
relevance, and utility.

In the area of non-systems advanced development (6.3a) we also found
many worthwhile programs in progress. These technical demonstrator pro-
grams are extremely valuable in complementing, extending, and proving the
results of the more basic 6.2 efforts. In addition, by demonstrating
the applications of new technology, these programs shorten the time
required for new concepts and technology to reach the industry, gain user
confidence; and consequently, accelerate their incorporation into new
aircraft.

So far we have been discussing the helicopter as a flying machine and
the steps that need to be taken to improve its curvivability and utility
in the combat environment as depicted in the STOG. Without the funda-
mental understanding that should come from the AMRDL programs, significant
advances in the key areas of maneuverability, survivability, reliability,
and low operational cost cannot be expected to occur quickly.

In two areas, however, we found what we believe to be a less than
satisfactory situation. These are the areas of weapons system design
integration and the development of an adequate data base for handling
qualities specifications. Weapons system design integration is discussed
in a later section.

B. Work of Good Quality in Support of STOG but Inadequately Emphasized

Maneuverability, Handling Qualities: The NOE mission has a high
priority in the Army's plans for use of a helicopter. To develop a satis-
factory vehicle with the necessary agility, maneuverability and handling
qualities will require considerable development effort. Motion based flight
simulators have proven to be a most important development facility for this
purpose ¢n fixed-wing aircraft, llowever, existing facilities are deficient
in terms of visual presentation and real-time computation of rotor-craft
dynamicsa, and both of these it:ms are necessary for simulation of the NOE
task, The AMRDL nas a plan wiich will bring such a facility into use in 1981.
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The AMRDL plan for the development of the required simulator capabilities
in conjunction with those already existing at the NASA Ames Research
Center is considered tc be a good plan and a cost-effective approach.
However, it is considered to be inadequately emphasized. 1In view of the
importarce of the NOE mission in the Army's plans, the availability of this
simulat)r facility should be accelerated.

C. Work of High Quality and High Relevance t~ Future Army Needs but not
in Direct Support of the STOG

AI'RDL has two flight demonstrator prograws, the ABC and the Tilt
Rotor, each of which promises to.achieve substantially higher speed than
can be attained with conventional helicopters.

a., ABC:

With respect to the ABC, the group had the benefit of a special
briefing on the characteristics of the machine by Dr. Carison. The ABC
aciiieves high speeds through the use of a very high stiffness contrarota-
ting rotor system, which permits unloading the retreating blades while
maintaining roll trim, The design eliminates the necessity for a tail
rotor, allowing a shorter fuselage, It also, through the high stiffness
rotor system the concept demands, has substantially higher roll and pitch
agility than conventional helicopters.

The concept may well prove quieter, and may becom: competitive with
conventional machines in payload to gross-weight fraction, although
these matters have not been sufficiently explored for definitive resolu-
tion, Conventional machines can, in principal be developed with substan-
tially higher control power than existing inventory machines, but much
further systems work needs to be done to refine these matters.

Thus, on the whole, we find that it is not yet clear whether the ABC
machine can be developed into a strong competitor to conventional heli-
copters in the low speed, low level NOE environment. The machine, as
built, does have high relevance to the Army program if employed as a test
vehicle to explore the benefits of high agility in NOE operation.

We recommend that the machine be employed in systematic flight test
comparison with machines of more conventional stability and control
characteristics in the NOE environment to aid in development of stability
and control specificatiouns for NOE operations,
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b. TILT ROTOR:

The Tilt Rotor is an exciting development, offering the hover efficiency
of the helicopter and high speed cruise efficiencies comparable to fixed
wing aircraft. 7The program, a joint venture with NASA, offers promise of
commercial utility, and offers the Army capabilities which cannot be
achieved by helicopters or fixed-wing alonec.

The most obvious gain over the helicopter is high speed cruise -
speeds of over 300 knots seem agsured, While the current empbasis on HOE
performance has resulted in deemphasis of high sreed cruise efficiency,
we feel that the program has relevance to future Army needs, and that the
program should e supported fully,

Among the operational characteristics that appear potentially important
and unique to the conrzr<, we note that the inherently high cruise effi-
ciency could be exploited in the design of gself-deployable helicopter gun-
ships, and in the design of surveillance machines as follow-on to the OV-1
Mohawk and the Beech ASA electronic warfare machines which could be
operated off unprepared forward area sites and airports with severely
cratered runways.

The high speed characteristics could perhaps also be usefully employed
for substantially more rapid concentrations of fire-power than is possible
with the current concept of armed helicopters.

D. Gaps - Work that Should be Done in Support of STOG but not Being
Accomplished

The STOG calls for improving the autorotation capability of helicopters.

The group found that it is technically possible to provide energy
storage through high inertia rotor systems, Ilv waeels, or other means to
eliminate the "dead man's curve" in helicopter operations, and to provide
greater maneuverability in pop-up maneuvers.

The importance attached to NOZ operations for survivability in the
battlefield leads us to the conclusion that the emphasis given tc attein-
ing this objective is far too emall, We recommend initiating a systems
study aired at eliminating the dead man's curve in all inventory and
davelopmental machires as a matter of urgency.

I1I. RECOMMENDATIONS

Research Flight Simulator:

in view of. the high priority of the NOE mission in the Army's plans
and the need for a research flight simulater facility to optinize the
helicopter and 1its associated systems for this mission, an increase in
the priority and funding of AMRDL plans for building such a reseaich
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A research simulator facility for such a purpose will be unique and
costly. Its cost and time-to-readiness can be reduced by upgrading
existing facilities which have the required motion capabilities at Ames
Research Center. AMRDL and Ames have a plan for such upgrading, but due
to budget limitations it will not have an operational capability until
1981. The recommendation of this panel is that this upgrading be
accelerated with the objective of availability by 1979.

A research simuvlator facility of this nature would be a national facility
in the same seuse that the 40 X 80 wind-tunnel at Ames is now. It would be
used initially by the AMRDL lab group to obtain a better and more quantifi-
able understanding of the factors influencing the flyability of a helicopter,
particularly in the hovering to 60 mph region which current helicopters
are designed merely to "fly-thru." This use in itself would justify it;
however, it has the longer term potential which would make it a useful

tool for the following applications:

a. It will Le of use to the helicopter industry for the design decisions
and modifications to new designs to improve their handling qualities, explore
flight limits, evaluate benefits due to modifications under study. Prece-
dence has been established in the use of simulators for this purpose for

fixed-wing aircraft.

b. Once a specific helicopter is available, it is customary to ievelop
its tactics for NOE use by flight test by CDEC at Hunter-Liggett., This
process will be accelerated and made less hazardous if the pilots can make
their initial trials by way of a realistic flight simulator. Significant
cost and time benefits should be realized by this approach.

¢. Much of the basic research use of the simulators would be for the
rotor-craft handling characteristics. But as designs matured the simulator
could be used for system integration functions. Navigation and flight
control subsystems would be added, thus workability as a system determined
and pilot workload evaluated. The simulator would become a point of conver-
gence for the aeronautical engineers, pilots, human factors engineers and
training command people who have to collaborate in the development of a

total system.

d. Other simulators are needed for work in the human factors areas.
Generally they can be less complex and require less flexibility than the
research simulator facility contemplated by AMRDL. They will be simplified,

more-special purpose derivatives of the AMRDL simulator. Thus the
facility development work done for the AMRDL simulator will be directly

applicable to other more-specialized simulators.

In summary, both the near-term and longer term considerations justify
an increased emphasis and funding for the AMRDL simulator to bring it into

use as rapidly as feasible.
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C. REMOTELY PILOTED VEHICLE (RPV) PRUGRAM

I. FINDINGS

A. General

The STOG explicitly states a need for the development of survivable
multipurpose, retrievable and low signature RPV's with sec&re
large variety of special purpose payloads for a
wide range of missions. In comparing the present RPV program to the STOG
one concludes that there is an extremely good match. The,subgrou howe .
questions the desirability of tying the present program to such apgro d Ve
Sequirement at this time, since the user has staicd he wishes to aina
hands-on'" experience with the mini RPV concept before deciding 1% a
requirement is necessary. It is our opinion that, in the near term, the
STOG, and the program should concentrate on the specific objective ;f
delivering a reliable mini RPV system to meet the near term objective of
the user, thereby maximizing the utility of the demonstration system to
TRADOC, and assuring that technical problems, which are specific to Aquil
only, do not unduly influence the TRADOC deliberations, e

The subgroup concurs with the initiation of a 6.2 line item for RPV's
We particularly encourage development of specific, advanced technologie )
which will reduce the technical risk of the initial demonstration :g .
such as improved actuators, innovative recovery techniques anti-jgm grams,
links, improved engines, and reduced observables. ’ ata

B. Gaps - Work that Should be Done in Support of STOG but
Accomplished . not Being

inexpensive,
data links as well as a

complished to backup critical system

lems. Some activity is going on in many of the areaz. howg::zon:gtigro:-
a relatively low funding level which makes it doubtful that me;nin fula
solutions can be developed in time to affect the demonstration s sge
Specifically, additional work 1s needed in improved servos and uZtua:;ra

and retrieval techniques.

Work should be ac

11, RECOMMENDATIONS

A. Gaps to be Filled to Support STOG

ase/reprogram funding of the Aquila/Project SEEKER

ro
ently reliable system and an in-depth test progragrzﬁr
£ RPY mission effectiveness.

(1) Incre
to insure a suffici
the determination o

(2) Allow AVSCOM zdditional time for reliability testing of the
Aquila System prior to transition to the user. Provide the uger with
ability for the evaluation of the system which will

complementary cap
enhance the test data base (see new initiatives).

omponent development programs to addres
8
d during the intial testing phases of Aquzngific

(3) Initiate RPV ¢
critical needs uncovere




B. Work to be Terminated

ansfer to other line elements all development of RPV

Terminate or tr
f the present demonstration objective of

payloads not in direct support o
day or night target acquisition and designatioa.

C. Signiiicant Comments for STGG 78

the STOG elements to concentrate on the objectives

Redur.e the scope of
e LOA until a ROC is initiated or the concept is

clearly set forth in th
rejected.

D. HNew Initiatives

the Aquila program will not be sufficiently
its development to allow TRADOC an adequate
number of successful missione to realistically assess the tactical utility
of the mini RPV concept. Plans are presently underway to increase RPV
gsensor evaluation time by flying the sensor3 aboard a manned platform. We
concur in this task but believe one should zo further and control both the
manned platform and sensors through the RPV ground contrcl system, To the
ground controller, such an arrangement would appear idenf ical to the RPV
ficant number of tests to be accimplished ct no

system, allowing a signi
risk to the vehicles and sensor paylosds available to th: program.

DETAILED STUDY RESULTS AND RATIONALE FOR FINDINGS

As discussed in the findings, we found all the RPV activity in direct
support of STOG objectives., Time did not permit an exhaustive review of
the technical quality of the projects; however, we were impressed with the
gcope of the tasks underway and the accomplishment to date. A program of
this kind is unique in that an RPV may have very good overall reliability;
yet one minor equipment problem can result in destruction of the vehicie,
as has occurred in a number of instaoces thus far. The primary element of
the program is Aquila, which in our opinion is an extremely ambitious
undertaking inadequately funded and on a schedule too short to have a high
probability of meeting the TRADOC need to have "hands-on" experience with
a demonstrator system. When the program was initially formulated, the
technology appeared to be a simple extension of the radio controlled model
rience flying and demonstrating

plane art. A has a reasonable expe
systems, however, the systems were operated by experienced "modelers" and
take-off and recovery was mede on runways. It appeared to be a simple
task to add the additional gophistication of zero length launch and
retrieval and near automatic f1ight; however, once designed, one finds
ant complexity. The system has been designed

these changes add signific
command functions, leaving other aspects

only to utilize the operator for
of the system to computers and 8ersors. There are provisions for manual

override; however, the crucial steps, such as landing, require that many
of the automatic systems operate.

There is concern that
reliable at this point in

III.
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We concur that such automatic flying 1s a necessity for field use, and
believe that all the functions can be made to work reliably and at low
cost. We also believe that many of the failures to date have been caused
by components and software, infant mortality, and procedures during the
complicated sequence of events required., This has been further aggravated
by the extremely short time and financial constraints which have led to
engineering "shortcuts" and lack of ground testing. It is our belief
that additional time and money will be required to develop the Aquila

system to a sufficiently reliable state such that statistically meaningful
user results will be obtained.

We believe that ST0G-78 objectives should be restricted until a ROC
decision is made. Under these conditionms, several advanced payload
concepts such as communication jammers, millimeter target detection
radar, etc., should be delayed or funded elsewhere in the Army or ARPA.
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D. HUMAN FACTORS/BEHAVIORAL SCIENCES

I. FINDINGS

A. General

The work in this area is being covered by four apencies of the Army
with inadequate coordination of efforts between organizations. The SI9G
vbjectives relevant to human factors are covered, but fundamental gaps of
a serious nature exist which {nfluence all aviation oriented man/machine
interface problems. The work being done is genmerally of good to excellent

quality with a few exceptions.

B. Work of Good Quality in Support of STOG but Inadequately Emphasized

(1) The Human Engineering Laboratory covers the problems of instrument
dials for most rapid transfer of information, control system/human operator
design, and cockpit lighting. These areas are inadequately emphasized as

indicated by the level of support and time allocated. It is felt that
incomplete or 1imited studies, while good in part, are not appropriate if

not done to the depth professionally required.

e establishment of pilot-copilot/navigator

(2) The work of USAARL in th
performance technology data base

workload and physiologic and psychologic
vibration, tauermal extremes, fatigue, and

under combined stress (moise,
NOE under night/adverse weather conditions) is of good quality in support
s the combination of a training flight

of the STOG. This work utilize
simulator and a programable computer for control as well as in-flight
d emphasis 1s imperative to insure that an adequate

experiments. Increase
nology data base is established to

and functional human performance tech
futher the STOG objectives of reduced pilot workload and an improved

man/machine interface. Budgetary and manpower constraints have severely

hampered these efforts.

(3) Good quality work by USAARL 3n support of the STOG encompasses
{.e., visual, aural, integrative, and

the special sensory requirements,
ircrews to meet operational demands in

proprioceptive for rotary wing a
eds represent a major portion of the rotary

combat. Visual and sural ne

wing aviator sensory input in the flight environment. Inadequate emphasis

by budgetary and personnel constraints have delayed efforts in this

critical area.

4) The. STOG emphasizes the need for improved 1life support equipment

for ii:crews. The work of USAARL through the establishment of the Life
rogram (AR 95-5) provides the necessary

s t Equipment Retrieval T
P ese apon hich to evaluate future technology. This effort is

data e upon W

consig::ed gf good quality in support of the STOG. Increased emphasis is
required in the overall integration of personal life support equipment
with the aircraft 1ife support systems and mission essential equipment
(night vision devices, navigational displays, weapons delivery devices,

and on-board survival equipment).

12
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(5) The efforts outlined by ARI to obtain edu
characteristics and to reduce training time by "Secsgiggmﬁggtg::n:::r
trainers has a very large psvoff and should be continued. The research i
present!y being accomplished without the benefit of a dedicated t;ainin °
research simulator. The development of this vesearch tool should be 8
accelerated. This thrust would provide Army-wide training effectiveness
and cost benefits through the development of improved flight training
methodologies, structured training, aviator performance assessment, and
aviatcr selection. The required device is modest, in that it requires
a UH-1 flight simulator crew station and motion base with a general pur~
pose computer. The aviation training research program in progress is
cons.dered to be of good quality but the low priority placed upon the
acquisition of a training research simulator will result in future
deficiencies in meeting projected training research requirements,

(6) STOG objective 77-7.15 cannot be met without increased emphasis
in the development of the flight research simulator fully capable of
studying the effects of motion base and visuals, This can be done with
full research simulators as described by AMRDL in the section pertaining
to that subject. The research program should be coordinated with ARI for
the training and educational aspects and with USAARL for the human factor

questions.

C. GCaps - Work that Should be Done in Support of STO; but not Being
Accomplished

The workload of the air crew = pilot/copilot/weapon system operator/
in NOE conditions, especially during night/adverse weather

1 saturate the individual capabilities at a level tfar below
that performance required for successful task completion. The fundamental
human factors technology base has not been established for rotary wing
operations. Under the rapidly increasing demands related to planned tactical
employment of aviation assets, the human operator must he capable of
processing ever increasing amounts of information and data, select courses
of action, evaluate the probability of success or failure, and manipulate

controls or cause motion.

navigator,
operations wil

The establishment of the fundamental data base of the human operator
in the helicopter, rotary wing system has not been accomplished. The
response to various psychosensory inputs and the resultant psychomotor
skill outputs must be documented in order that the air vehicle may be
designed/redesigned to maximize the effectiveness of the pilot/copilot
navigator in the total system context, The lack of these cata prevents
the adequate definition of the aviation weapon system requirements as

they relate to the individual.

defined above, remedial efforts have been attempted

Within the vacuunm
ompensation to meet short term goals,

in many areas as a method of ¢

13
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Wichin the large gap thus defined the following areas need attention
on an integrated nonfragmented basis:

a. Visual oculomotor skills must be defined in the broad context of
employment of the aircraft weapon system,

b. Vestibular-auditory contribution to air crew performance in the
dynamics of actual and simulated flight is required.

e-kinesthetic data base is fragmented and

c. The proprioceptiv
iate application to crew station

requires consolidation for appropr
design and flight controls.

al and psychological effects of combined

d. The aviation physiologic
jon in future operational employment must

stress during rotary wiig operat
be established.

As an example of one area needing attention and a cohesive effort,
psychomotor and psychosensory proprioceptive studies involving long
duration flights and sustained around the clock operhtions are being
conducted to a limited degree by the USA Aeromedical Research Laboratory
Lomotor studies for performance in NOE tasks are

(USAARL), Navigator ocu
These efforts should be expanded

also being conducted by the same group.
to obtain base line data to describe the relation of cue and action

required to fly rotary wing aircraft. The outcome expected would be
definition of i{nstrumentation needs, visibility requirements, and control

characteristics.

Three successive programs, originating in the Navy, recognized the
comprehensive systems approach to the difficult
tor in a helicopter. The Integrated, Man-

Helicopter Engineering Program (IM-HEP), the Army Navy Instrumentation

Program (ANIP) and finally, the Joint Army Navy Aircraft Instrumentation

Research (JANAIR) were the efforts beginning in 1957 and lasting for a
ere seems to be mo current effort either within

subsequent ten years. Th
the Services or within the Army to bring these areas together or to

develop a concerted effort to obtain the base line data. The work to date
stems primarily from extrapolation of fixed-wing technology. To produce
load demanded by NOE flight, even limited to

the vast reductions in work
clear day, the definition of oculomotor and proprioceptive responses is

needed. The work sbould be integrated as a whole, bringing to bear at
least the four Army agencies novw involved.

e.
lack of a coordinated,

problem of the human opera

£. The review of the current "fielded systems” disclosed that there
was little continuing direct participation on the part of the human
factors/aviation medicine community in design/redesign of Army aircraft.
That which has occurred has been hurzied, limited and fractional. Most
attention has been paid to the mechanical technologies involved rather
than the human interface.

14
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g. The life support efforts are fragmented. Parts of the tasl: are
being accomplished by several agencies with no apparent aircraft systems
integration.

II. RECOMMENDATIONS

A. Gaps to be Filled to Support STOG

1. While the broad umbrella of technology definition of the STOG 77
covers the above areas, it 1is felt that positive action is required to fill
the voids created by the extremely fragmented and non-integrated efforts.
It is recommended that the Department of the Army, at the earliest possible
time, assign to AVSCOM, as the responsible agency for aviation systems, the
requirement to develop 2 coordinated, comprehensive human factors program
as it relates to Army aviation. AVSCOM should be directed to fully utilize
the capabilities and expertise which exist in the USAARL, HEL, ARI and
AMRDL in this program and not develop new, duplicativ:e capabilities.
Specifically, the following areas of expertise exist:

the technical base of human operator response

a. USAARL to develop
1, auditory and other psychosensory inputs.

data to oculomotor, visua

b. HEL to develop the dials, switches, etc., to optimize the human
response capabilities as jndicated by tre data base derived from a, above.

the air vehicle which accommodates the human

c. USAMRDL to develop
instrumentation and controls based upon a and

operat.or characteristics,
b above..

the appropriate data base, equipment and systems
doctrine tn optimize the learning function of new
developed as a result of c, above,

d. USARI to develop
to provide training and
air crews in the systems

2. Further, the development of an integrating agency is needed. There-
fore, the former Joint Army Navy Aircraft Instrumentation Research Committee
should be reformed and chartered as a Trilservice conmittee. The US Army
(USAARL) should be designated as the executive agent, since the Army has
the responsibility for all rotary wing training. This is to assure coordi-

d obtaining the fundamental data base as applied to

nated efforts towar ;
rotary wing aircraft. If the other Services do not wish to participate,
then an all Army effort must be initiated. .

3. The systens review and discussions indicated that the human factors/
nity has to have an inpuc into the aircraft weapon

aviation medicine commu
system. Furthermoré, their expertise should be a required input throughout

the aviation progcame.
e support systems integration for US Army Aviation wast have
and adnquate emphasis.

4, The 1if
central direction
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B. Work to be Terminated

With the inplementation of the activity and task delineation of
A above, there are nc items for consideration under this title.

C. Significant Comments for STOG 78

1. The 3TOG 77 does not 8pe€ 1fically address the human factors
problens ascociated with the sus: ained ovr long duration flight req. lrement
under the operational concept of day/night NOE and combined arms tactics.
This should be emphasized since it adds considerably to the stress/fatigue
level of air and ground crews, probably reducing their combat capability

significently.

2. The STOG 77 refers to night/adverse weather operations. It is
suggested that the target or cperational area obscuration can be created
by either friend or foe and should be considered heavily in systems
design and human functional capability. specifically, smoke or man created
fog will be a very serious deterrent to operational capabilities.

III, DETAILED STUDY RESULTS AND RATIONALE FOR FINDINGS

Detailed review of the programs conducted in support of the human
factor/aviation medicine requirements of proposed Army avia:ion employwment
in the time frame covered by the STOG indicated good quality work. The
overall effort is, however, directed toward fragmented portions of tech-

nological and operational problem areas.

ed in human performance measurements of aircrew
d stresses found in the rotary wing aircraft environ-
ides the initial technology bass required to

maximize performarce and optimize the machine man intar”ace in operation-
ally employed aircraft. This agency is a medical research facility under
the control of the US Army Medical Research and Development Command under
the Surgecon General. The interaction of USAARL with AVSCOM, AMRDL and
HEL is fragmented and {11defined. The emphasis of USAARL is THE MAN in
the aircraft from a physiological and psychological performance base and
integration of THE MAN into the total weapons system. USAARL 18 not
included in the early aircraf. weapons systens development cycle to insure
appropriate human gactor/aviation medical input prior to the need for
"band aid" fix of 8 medically unacceptable system.

rom the stated requirements of the user in GEN DePu 's
"w.Pf;.%sfzggiiznthﬁc maximun efficiency must be obtained from the traiz-
ing program. The requirements coupled with the increasing costs of
operating the aircraft equipment are the driving force which dictates the
necessity to increase the utilization of simulation for training., The

(SFTS) addresses the procurement of the

Synthetic Flight Training System
simulation hardware but joes not consider the extent to which flight

The USAARL is engag
under intensive combine
ment. The data obained prov
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simulation can be used nor its method of employment, Therefore, it is
necessary to obtain a supporting training research simulator which can be
used to study the many facets involved in the employment of simulation in
Army wide flight training programs.

The human operator interface with the helicopter has generally been
treated as a3 direct extrapolation from fixed wing experience. Instruments
were transferred directly, controls were created in a similar fashionm,
techniques of flight operation were copied. There are significant dif-
ferences as exemplified by the pilot workload. Experiments indicate that
the operator of a helicopter must scan his instruments five times as
frequently as an operator of a fixed wing aircraft,

The fundamental relationships between cues and required action ueeds
to be established. Only fragmented results are available as of this date.
Examples of efforts leading towards a comprehensise approach are found in
programs such es the Integrated Man-Helicopter Engineering Program, the
Army-Navy Instrumentation Program, and the Joint Army Navy Aircraft

Instrumentation Research Program.

1
The four organizations of the Army involved (USAARL, HEL, USAMRDL,
and USARI) have no centrally focused efforts in the aviation human factors
area as indicated by the briefings and material submitted. The AVSCOM
has central responsiblity for the air vehicle/wezpon system and therefore,
should be responsible for this vital area and tasked by DA to coordinate

those diffuse projects.

17




E. MHELTICOPTER WEAPONS SYSTEM DESIGN INTEGRATION

I. FINDINGS

A. Gaps - Work that Should be Done in Support of STOG but not Being
Accomplished

The STOG clearly identifies a high priority requirement for weapons
delivery from helicopters. Specifically, the STOG objectives include
the development of true fire-and-forget weapons systems for use against
enemy air defense weapons expected to be used against helicopters.
Realization of this capability will require a helicopter-avionics-weapons
integrated system approach. Review of the ECOM laboratory plar indicates
that electronics subsystems are being developed to support this weapons
requirement. Also, discussions with other summer study members indicate
that MICOM is working such essential missile system elecments as seekers,
DME, tactical software, optical guidance, etc. We also understand that
Frankford Arsenal is enyaged in similar kinds of activities. The AMRDL
has a good, solid progiLam in support of this requirement, but it is

concentrated on the helicopter as a flying machine, not on the helicopter
nition, systems requirements and the

weapon system. The systems defi

preliminary design of a weapons system from the mission requivements down

38 not being addressed, and it appears that none of the involved organiza-

tions believes that he has the lead in this function. The fire-and-forget

weapons system is an example of the above description--the elements and

pleces of the problem appear to be coming along well, the "black boxes"
but no one is looking after the system,

will d d available
be completed an : t the elements will form a system

and th be little assurance tha
111 play v when pulled together in a helicopter. This

that will play well, if at all,
approach cEn znly r;sult in a weapons system that will be costly, will
require many fixes and band aids, and will probably be cumpromised on

overall performance.

’

effective aviation weapons system to meet the
Development of an rly address the overall mission and system

stated requirement must ea
require;eg:s-and then the integration of the necessary avionies, the
weapons complement and the helicopter platforn. This will include inte-
¢ and fire control subsystems

ommunication navigation, &
%Izzigzizg zzzpiays) with th; helicopter and all other electrical and

electromagnetic subsystems in a non-interfering manner.

d weapons
concluded that gubstantial progress towar p
syatzgeiszzgzz:zon can best be assured by establishing a center of
competence swigh appropriate facilities, personnel, and responsibility,
| 2+

by:
. helicopter systems into
the program managers for major
clo or Biiziisgwiéh zhegrescarch capabilities., Moving'these program
el 14 facilitate the program manager s use of the
“real world" problems being

incorporated into the tech base programe.
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b. Providing a real-time research flight simulator .

capab
A:RDL as a matter of urgency. Substantial progress on undgrsz:igznat
the handl.ng qualities of helicopters can be expected, with the F
facility serving as a focal point to bring together tﬁe people who ca
contribute: pilots, design engineers, human factors experts and the "

user.

ystem integration facilit

which £ll subsystems can be interconnec%ed to uncove:,yi:ttﬁ:Rggb::ator
the sul:system interference and interactive :ffects that would otherwisey,
be fouad in flight late in the development programs. The facility could
i be expected to serve to focus the attention of the weapon system design

E community, the avionics community, and the airframe designers, on the

c., Providing a weapons 8

system problems now i{nadequately addressed and through its employment
by zembers of those communities, automatically bring the several, frag-
hrrent whole.

mented efforts into a co

II. RECOMMENDATIONS

A. Gaps to be Filled in support of STOG
1. AVSCOM initiate action to designate responsibility for helicopter

| weapons system design and integration.

PSP TR,

| 2. AVSCOM collocate helicopter prcgram managets w.th AMRDL.

B, New Initiatives
gysten integration laboratory which

h a weapons
al weapons system.

1. AMRDL establis
ter as a tot

approaches the helicop

C. Significant Comments for STOG 78

ek 3o ane et
ekttt el i e 0 1

1. Since the advance of technology and development is so great, it

ig recommended that a nev mechanism for bringing user and developer

. together on a regular periodic basis at the vorking level be initiated,
To assure that the concept has proper emphasis, supervision and review :
at top command jevel is further recommended. j

fundamentally two sources of recommendations for

each tends to fall into one of two categories,

10G-78 be separated by item and assigned

These are:

2. Since there are

changes in systems, and
it is recommended that the S

priority in that categorye.

a. Evolutionary changeB.

b. Revolutionary changes.

RETY

3
ommame
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III. DETAILED STUDY RESULTS AND RATIONALE FOR FINDINGS

The sources for changes in weapons and systems usually come from
either the user or the developer. These have fundamental differences
due to the perspective of the person recommending the change. The user
tends to suggest modifications to existing systems which are 2volutionary
in nature and also, are normally short-term in the response times required
to bring into being. The developer generally provides suggested alter-
ations to weapon systems which are revolutionary and, in most cases,

require long lead times to bring the concept into being. The cross between
the two sources, user and developer, i{s an absolute must since the user
at can be done with the new technology

may have no background to perceive wh
to improve present systems Ccr new developments. At the same time, the
bility to understand the tactical employment.,

developer may have no capa

As an example, during the briefings it was represented that there was no

dcsire by the user for an zutopilot on rotary wing aircraft. In the con-
text of NOE at night or in adverse weather, the improvement in stability

and control of the helicopter 1is virtually mandatory to relieve the work—~
load associated with simple vehicle control. This would then permit the
operator time to accomplish part of other ghases of his task.

20

B T - R et
.Jc';;"‘:,,;;’;‘f‘;?‘ IO
A8y Noom 3 0ES /s
b ST AL s

.u§

VSRR T




1o A i e

CHATRMAN:

VICE CHAIRMAN:

MEMBERS :

F. PARTICIPATION

Professor Howard C. Curtiss

Dr. Vince .c S. Hanemaz, Jr.

MAJ Daniel R. Bauer
Dr. Robert L. Brock

Dr. Richard Carlson

Mr. Charles A. Gainer

'

Mr. Harry J. Goett
Dr. E. Howard Holt

LTC Emmet F. Johnson

Mr. Kent Kresd

ok S. petty john, MD

ra
LTC F Internist

Mr. Charles L. Poor

L7C James gatterwhite

21

srtdvnid ?_*,z.-

Princeton University
Princeton, NJ

Auburn University
Auburn, AL

US Army Armor School
Fort Knox, KY

Boeing Aernspace Company
Seattle, Washington

USAMRDL, Ames Research Center
Moffett Field, CA

USARI Humhn Research Unit
Fort Rucker, AL

Private Consultant
Los Altos Hiils, CA

Atmospheric Sciences Lab
white Sands Missile Range, NM

US Army Aviation Center
Fort Rucker, AL

Northrop Research & Technology
Center, Hawthorne, CA

US Army Aeromedical Research
Lab, Fort Rucker, AL

Private Consultant
Washington, DC

HQDA ODCSRDA
Washington, DC

w—r

TEA T s
g n ot Y




DISTRIBUTION LIST FOR VOLUME 2 - Aviation §
ystems Subgroup R -
ARMY SCIENTIFIC ADVISORY PANEL SUMMER STUDY 1976 (19-%0 gslyqugg)

No. of Copies

Commander 3
US Army Materiel Deve lopment and

* Readiness Command
5001 Eisenhower Avenueé
Alexandria, VA 22333

Commander
US Army Training & Doctrine Command

Fort Monroe, VA 23651

Commander

Army Security Agency
Arlington Hall Station
400 Arlington Blvd
Arlington, VA 22212

Ballistic Missile Defense
Program Office

Commnonwealth Bldg

1300 Wilson Blvd

Arlington, VA 22209 N

Dr. Philip Dickinson
Deputy Director of Battlefield Systems
Integration
HQ DARCOM
5001 Eisenhowes Avenue
Alexandria, VA 22333
1

Director, BMD Advanced Technology

Center
P.0. Box 1500
Huntsville, AL 35807
Dr. Vitalij Garber
Office of the ASS Administrator 1-310)

for Laboratory Field Coordination (A-
USERDA 5
Washington, PC . 2054

1

Director of RD&EM
US Army TARADCO!
Warren, Michiga®n 48090
. te

] Director Langley pirectord

* Us Army ﬁpbility R&D paboratory
Mail Stop 266

‘NASA Langley Research Center
Hampton, VA 23665

Y

8 0 s s it 1 e

Lo b s




Chief, Vulnerability Laboratory
Ballistic Research Laboratory
Aberdeen Proving Ground, MD 21005

Director, US Army Materials and
Mechanics Research Center
Watertown, MA 02172

Associate Technical Director
Harry Diamond Laboratories
Connecticut Avenué & Van Ness St., N.W.

Washington, DC 20348

Technical Director
HQ MERADCOM

Fort Belvoir, VA 22060

Director of RDE & Missile Systems Lab

US Army Missile Command
L 35809

Redstone Arsenal, A

Scientific Director

HQ NARADCOM
Natick, MA 01760

Director, US Army Materiel
Systems Analysis Agency
Aberdeen Proving Ground, MD 21005

ys Army Human

Deputy pirector,
D 21005

Engineering .
Aberdeen proving Ground,

Director of RD&E & pirectvrls Labs
US Army Electronics Command .
NJ 07703

Ft. Mommouth,

Commander .
US Army IntelligencerSchoo
Ft. Huachuca, AZ 85613
oy s¢:hool

US Army Engineer ¢

Ft. Belvoir, VA 22060
Commander

UsCACD: KS 66027

Ft. Leavenworth»

24

No. of Copies
1




No. of Copies
Comrander 1 ;
USA Air Defense Center |
ad Commandant, USAADS i
Ft. Bliss, TX 79916 i
3
Commander 1 |
) US Army Field Artillery School {
¥ort Sill, OK 73503 :
FQDA (DAMA-ZA) 1 5
washington, DC 20310 |
1 :
HQDA (DAMA-ZB)
Washington, DC 20310
1
| HQDA (DAMA-ZD)
! Washington, DC 20310
P 1
i HQDA (DAMA-RAZ-A)
T Washington, DC 20310
! 1
| RQDA (DAMA—ARZ—C)
* Washington, DC 20310 .
1 ’ ]
|
| HQDA (DAMA-ARZ-D)
Washington, DC 20310 .
HQDA (DAMA-ARZ-E) 0 -!
7 washington, DC 2031 . ;
HQDA (DAMA-PPZ-A)
Washington, DC 20310 .
. HQDA (DAMA-CSZ-B)
i Washington, DC 20310 .
o HQDA (DAMA-CSC) :
‘ Washington, DC 20310 1
g HQDA (DAMA-CSM) .
: Washington, DC 20310 1
BQDA (DAMA-CSS)
= Washington, DC 20310 1
l HQDA (DAMA-WSZ-B)
A Washington, DC 20310
R
4 |
g 25 \




No. of Copies

el g L A

HQDA (DAMA-WSZ-C)
WASH DC 20310 1 f
HQDA (DAMA-WSA) b
WASH DC 20310 ! !
‘ HQDA (DAMA-WSM) 1 !
! WASH DC 20310 {
{ -
! 1
HQDA (DAMA-WSW) ) o
| WASH DC 20310 !
; : i
| Deputy Director 1 |
i Research, Development & Engineering
‘ HQ US ARADCOM i
| Rock Island, IL 61201 !
t
1 ;

Dr. Robert A. Beaudet

‘ Professor of Chemistry
| Department of Chemistry
‘ University of Southern California

University- Park
Los Angeles, CA 90007
1

Betts, USA (Ret)
for Planning
h Institute

ot g

LTG Austin W.
Vice President
Southwest Researc
P.0. Drawer 28510
Dr. Albert B. pishop, I1I 1
Professor & Chairman, pepartment of

Industrial & Sys tems Engineering

1971 Neil Avenue

The Ohio State Universt:y
43210

. Columbus, Obio o
RS

Dr. 3eth Bonder
; President
Vector Research, Inc.

P.0. Box 1506
Ann Arbor, MI 48106 -
1
. ) ) L

Brock
pivision Manager

ace Company

Dr. Robert L.
Army Systems

p.0. Box 3999
Seattle, wWashington 98124

e g ot T o s

26

T e
T 5




No. of Copies

Mr. furton P. Brown, Jr. 1

Systems Consultant
Advanced Systems & Operational Planning

Electronic Systems Division
General Ejectric Company
Court Strect Plant 9
Syracuse, NV 13201

Y SN« 1 IO

e

Dean Kenneth S. Clark
College of Arts and Scilence
325 Lattimore Eall
University of Ruchester
Rochester, NY 14627

Ses oot ban
- -,
'~

PLIN

Dr., William BY Cottii.gham
Dean, Academic Affairs
! General Motors Institute
f 1700 West Third Avenue
Flint, MI 48502
1

Curtiss, Jr.
e & Hechan

Professor Howard C.
Department of Aerospac
James Forrestal Campus
Princeton University
Princeton, NJ 08540

P 1

ical Scilences

16 bt o A AR TRS o) Ve n e b

ce J. Delaney

Dr. Lawren
on operations

Deputy, Washingt
R&D Associates

1815 N. Ft. Myer prive ‘
Arling-.on, VA 22209

fe il A

pos

o Dr. John M. Deut;?
- Professor of Che stry .
. Masgsachusetts Institute of Technology
02139 .

Cambridge, MA

) Dr. Marvin D. Dunmette
Professor of Psyci.2108Y
Department of Psycholzgﬁ
' University of Minnes®
Minneapolis, Minnesota 55455 L \

[
bR o R AP A A EST, S Nri

, Dean Ralph E. Fad“:ﬂg
: School of Engineccf t Ral
North Carolina State University @

L ey

eigh

{
[
LT Raleigh, NC 27607
13 -
! 1
[ I’
! 3
' 27
§ s
- et et R TR e L e
< [ e '.'?;.?.};,:,_’..y:i&.iw_.\. T : BN
~~ SR EC . o S : AR AT e e e
. - PRSP 2L RO -SRIt 1 5 N . - et Na -
doat .'(‘ %..ﬂ}:’!‘&?%g’s%‘:gﬁ”’% et b W T i
. o e, :..;

\\ R
" /




No. of Copies
1

Mr. Dariel J. Fink

Vice Psesident & General Manager
Space Division

General Electric Company

P.0. Box 8555

Philadelphia, PA 19101

et e s e

Dr. David L. Fried

Optical Science Consultants .
P.0. Box 446 . 1
Placentia, CA 92670 ‘

[

¥r. Howard P. Gates, Jr.
‘ 6500 Waterway Drive
: Falls Church, VA 22044

LTG James M. Gavin, USA (Ret)
‘ Chairman of the Board
f Arthur D. Little, Inc.
; Acorn Park
1 Cambridge, MA 02140

1

| Mr. Martin Goland
President, Southwest
8500 Culebra Road
San Antonio, TX 73206

Research Institute

Mr. Harry J. Goett
13870 Ciceroni Lane )
Los Altos Hills, CA 9402 1

i Dr. Vincent S. Haneman, Jr.
- Dean, College of Engineering

108 Ramsay Hall
Auburn University
Auburn, AL 36830 L ~

'  Mr. Willis M, Hawkins
Senior Advisor .
Lockheed Aircraf
P.0. Box 551
Burbank, CA 91520 .

t Corporation

Dr. M. Frederick Hawthcrpé

?3, Professor of CheTi;t;iia
i Uni £ califo
g versity o 92502

Los Angeles, CA : o




No. of Ccpies
1

Mr. David R, Heebner
Senior Vice President & General Manager,
Washington Operations ;
Science Applications, Inc. »
1651 01d Meadow Road
' Mclean, VA 22101

Dr. Robert L. Hess L
. Director, Highway Safety
Research Imstitute
University of Michigan
Huron Parkway & Baxter Road
Ann Arbor, MI 48105

LR SUP PSPPSR

Mr. Jack I. Hope

General Manager, CFM 56 Program
Mail Drop J-105

General Electric Company
Cincinnati, Ohio 45215

Mr. George J. Huebmer, Jr.
720 Oakdale Road
Ann Arbor, MI 48105
1

Dr. Richard O. Hundley
Program Manager
R&D Associates
P.0. Box 9695
Marina del Rey, CA 90291
Dr. Donald M. Kerr, Jr.
ERDA Nevada Operations
P.0. Box 14100

. 89114 | [ | -

. 3

Office

Las Vegas, Nevada

Mr. Kent Kresa

Vice President & ManageY of NortbroP
Research & Technology Center

3401 West Broadway

Hawthorne, CA 90250

[
e rae ARt e

Dr, . Kruse, Jre
Paul W ::e Resear‘:h C

Honeywell Corpora :
10701 Lyndale Avenue, Soggzzo N
Bloomington, Minnesotéd 1

Dr. Herbert L. Leys J%°
Medical Consultant
9209 Friars Road
Bethesda, MD 20034

e N WY




No. of Copies

| Mr. Robert M. Lockerd 1 :
Manager, ATC/Comm/Nav Systems i
Texas Instruments, Inc.

P.0. Box 6015, MS 334

Dallas, Texas 75222 R

Mr. Milton L. Lohr

Vice President

Flight Systems, Inc.

4000 Westerly Place

P.0. Box 2400

Newport Beach, CA 92663

Sl d LT T RY SETE FYNNEN BNy

Dr. Cora B. Marrett

Center for Advanced Study 1D

J the Behavioral Sciences

i 202 Junipero Serra Blvd

| Stanford, CA 94305 1 ;

Dr. Richard A. Montgomery
Director of Corporate Deve
R&D Associates
P.0. Box 9695
Marina del Rey, CA 90291 .

1opment

Dr. william D. Murray
College of Engineering
1100 14th Street

University of Color
Denver, Colorado 80202 .

ado at Denver,

Mr. Russell D. O'Neal
B Chairman & Chief Executive officer
. KMS Industries & Fusion Lve
3941 South Research Park )14
i P.0. Box 1567
! Ann Arbor, MI 48106

Mr, Lawrence H. 0'Neill
President _
Riverside Research Institute
' 80 West End Avenue

New York, New York 10023 - 1

| Mr, Charles L. Poor
| 1615 35th Street, N-W.
'% Washington, DC 20007

i: | 30

AT PIRPIT I ..+

i N
. ».»’r,:""' "—:'4 p FaS
. v T RN 2

s lr%...b'




No. of Copiles

Dr. Bruce A. Reese 1

llead, School of Aeronautics
& Astronautics
Purdue Usiversity
West Tafavette, Indiana 47907

Dr. Gerhard Reethof

Professor of Mechanical Engineering
College of Engineering

The Pers:sylvania State University
University Park, PA 16802

Dr. Jases J. Renier

Aerospace & Defense Group Vice Pres.
Honeywell, Inc.
Honeywell Plaza
Minneapolis, Miunesota 55408
Dr. William A. Rostoker

Professor of Metallurgy |
College of Fngineering

Department of Materials Engineering
University of Illinois
Box 4348 :
Chicago, Illinois 60680

rd ighend o m

s atbiiodiait

Dr. Ronald F. Scott
Professor of Civil Eng
California Institute ©
Pasadena, CA 91125

1

ineering
£ Technology

Dr. P. Phillip Sidwell
P.0. Box 88531
Dunwcody, GA 30338
Dr. Joanne Simpson Logy
Professor of Meteorolo
Department of Environment&l Sciences
Room 307, Clark House
University of virginia -
[ Charlottesville, VA 227 :

t
Wr. Allan D. Simonm, Pfeside:td

l Allen D. Simon Assoclatess .
1901 N. Ft. Myer Driveé, guite 1200

Arlington, VA 22209

B o O i o

Dr. George F. Smi?hgesearch Labordtories

Director of Hughes
Hughes Aircraft Compnni
3011 Malibu Camyon R¢?

Malibu, CA 90265

31

T

ALTIID SUPIIIL N W RENE 10




No. of Copies

Dr. Harold P. Smith, Jr.

Professor & Chairman, Department of
Applied Science

University of California ;

Davis/Livermore, CA 9026 l '

Dr. Joseph Stermberg
Director of Advanced Systems
Martin-Marietta Aerospace

1800 K. Street, NW 1
Washington, DC 20006 !

Mr. Alan S. Tetelman

Professor of Engineering and |
Chairman, Materials Departmeat ‘
6531 Boelter Hall ;
University of California at Lo Angeles g

Los Angeles, CA 90824

Dr. Brian J. Thompsor
Director, Institute of Optics & Dean
the College of Engineering & Applie
University of Rochester
Rochester, NY 14627
1 }

of
d Science

Mr. Jack R. Tooley

Dean of Engineering
School of Engineerins
University of Evansville
P.0. Box 329

Evansville, Indiand 47702 L : . ; )

ot

Dr. Richard L. Wagner» Jr. .7 -
Asgociate Director for Test» L Ca T
Lawrence Livermore Laborat:ories IPRERT R ' _
P.0. Box 808 A N
Livermore, CA 94550 ; BN | ’

PR SUCNNRUENORIPNE D v )

Mr. Cormac P. walsh

Vice President £OF Rese
Riverside Research
80 West End Avenue 3
New York, New York 1002

Dr. Nicholas Yaru
Vice President
Hughes Adrcraft Company

Fullerton, CA 92631 S

32

e T e
T T P S o’
g e BT fustos




cm———

—
R A Sl
. ";u_

Dr. Chris J.D:. zarafonetis
Simpson Memor!al Institute
The University of Michigan
102 Observatory Street
Ann Arbor, MI 48104

Commander

US Army Armor School

(ATTN: MAJ Daniel R. Bauet,
Fort Knox, KY 40121

ATZK=CD=CA)

Dr. Richard Carlson
Director
US Army Mobility Research
and Development
Ames Regearch Center
Moffett Field, CA 90431
Mr. Charles A. Gainer
Chief, USARI Human Re
P.O. Box 476
Fort Rucker, AL 36360

gearch Unit

Dr. E. Howard Holt '
Acting Deput pirector .
ng Deptt Laboratoriea

Atmospheric Sciences

White Sands Missile Reng®s 88022
MC Internist

LTC Frank S. pettyjohns MO 00 arory

US Army peromedical Research
Fort Rucker, AL

HQDA (DAMA-WSA, LTC -
Washington, DC 20310

Honorable Edward A. R8D)
Assistant Secretary r:; the Army (
Department of

wWashington, 20310

Dr. Robert H. Kuppermar
Chief Scientist

ACDA (D/CS)

4936 New State 51
washington, DC 204

4.'»5‘:;:&:_4 R 3

TS

No. of Cop:.es

e cmen mAm ot ae Smatie S b




Honorat le H. Tyler Marcy
Assistsnt Secretary of the Navy
Departuent of the Navy
Washington, DC 20350

(R&D)

Honorable John J. Martin
Assi.tant Secretary of th
Depirtment of the Ay Force
Washington, DC 20330

e Air Force (R&D)

Mr. Charles H. McKinley
Assistant Director (Land Warfare)
ODDR&E, OSD
Washington, DC 20301

Dr. John L. Allen
Deputy Director (Research and
Advanced Tecknology)
ODDR&E, OSD
Washington, DC 20301

Mr. David C. Hardison
Deputy Under Secretary
Army for Operations
Department of the Army
Washington, DC 20310

of the
Research

3 BG William S. Augerso?

f

| Assistant Surgeon General for R&D
(HQDA (DASG-RDZ-A))

Washington, DC 20310

Mr. William B. Taylor

- Corps of Engineers
HQDA (DAEN-RDZ-A)
Washington, DC 20310

HQDA (DAPE-PBR)
ATTN: COL J. A. Neubergef

Washington, 20310

B3 Stephen G. Olmstead
Deputypfor ¢ /Director
of Developmé
Marine Corps Dev
Quantico, VA

Mr. Walter W. Hollis

Scientific Advisor

US Army OTEA

5600 Columbia pike .

Falls Church, VA 2204 "

TK;:igﬁéfil’“'ﬂfv o T
&'.po‘uﬁ RCRE AR S

-

No. of Copies

& - ———r e =
- - -
i ' : R R R
: ' . . ) e . e .
. . .
. . SN .’
. . ' R : O .
L. N o N .
- e . v .
L » . \ ’ . .

R}




No. of Copies

M5 Ira A. Hunt, Jr.
Director of Battlefield Systems Integration {
HQ DARCOM ;
5001 Eisenhower Avenue |
Alexandria, VA 22333 : %

GEN William E. DePuy .
U.S. Army Training & Doctrine Command :
Fort Monroe, VA 23651 o i

Mr, Fred W, Wolcott
Scientific Advisor ‘ ;
Combined Arms Combat Development Activity ;o

Ft. Leavenworth, KS 66027

MG Wilbur H. Vinson, Jr.
Deputy Chief of Staff

Combat Development
US Training & Doctrine Command

Port Monroe, VA 23651
1 L -~

BG William B. Burdeshaw

Assistant Deputy Chief of staff

Combat Development !
US Training & Doctrine Command )
Fort Monroe, VA 23651 ‘ L

gr. Arthur C. Christman, JT-
clentlfic Advisor

US Army Training & poctrine Command : : J
Fort Monroe, VA 23651 1 :

Mr, william Davis : :
Director ) . R
BMD-ATC o t
P.0. Box 1500

Huntsville, AL 35807 1

PR

MG John H. Neiler , :
853 West Outer Drive 0 . . 4
Oak Ridge, Tennessee 3738 1 ;

BG Gordon C. McKezgueé
20322 Arcadian Drive .
Olympia Field, IL 6046
' 1

ons & Plans

John W. Vesseyaff for operati

Army
20319

Deputy Chief of St
Department of the
Washington, DC

CREA
o Jorly

-

e e e -




|
F
|
|
l
J
1
|
i
g

Dr. F. Robert Naka

Chiet Scientist

Department of the Air Force
Washington, DC 20330

Dr. Robert L. Smith
National Security Council
01d Executive Building
Room 392

Washington, DC 20506

MG Frederick E. Haynes, JT.

Deputy Chief of staff for Research,
Development & Studies

HQ USMC

Washington, DC 20380

Pr. Alex L. Slafkosky
Scientific Advisor

Deputy Chief of gtaff (RD&S)
KFQ USMC

Washingtou, DC 20380

LTG George Sammet, J
Deputy Commander for
HQ DARCOM

5001 Eisenhower Avenue .
Alexandria, VA 22333 ;o

L.
Hateriel Ac

Mr. Norman L. Klein sclence g Techn

Assistant Deputy foT

HO DARCOM
5001 Eisenhower Avenve3
Alexandria, VA 2233

Defense Documentation Centet

Cameron Station “
Alexandria, VA 231

Library of Congress

Committee mmgweﬂ;1gf“ el
Washington, DC 2097

uQDA (DAML-ZA)
wASH DC 20310

HQDA (DAMI-0C)
WASH DC 20310

HQDA (DAMA-ARA)
WASH DC 20310

quinition

12

)

o e e e e

. O T, et WA——— " '




£271 “toy' GQ

! N,
i ; gdnoafdgqng X

’:% L oK ‘g F8STH ‘snruOJaoaI Y Bm‘v'igxllliqﬂgﬂg 9523:}:
6y pue AT1T14 Rt uonaﬂ?‘“” 1 pyul ;[a _,do:xdde oyl ppnioul smeadoad

3% 30 gyao03ie a4yl o mlouqﬂn »210% 0 sueld jusudoians
P e : pa1189p El k] ana1yo® 03 1033 0q¥1 v anof1es e a11op UPTUM . P
oy 31 ouywaadP o3 88§34 e peatseP S350 4 (00E5)
11qede? yuuod? 13114 gdwod 243 pouwex?d lauegd
3 33938 59230, pauay

flas Pttt ag ge ‘8913%
L wos48 © 3 v o
af:o £go70uq22L PU? 0oud??s ¥ -ito;zon s9891100
d ay3 quyanp va T, K208 AT} 1IURT2S Awxy ayg
vsY 'la « i s o0 enuoea) ADVELSAY oy 7
uupIelay \
a boy pue su
42dwo) gauouaIIn Beld
Lt ga10331 aseg KBolouydag, .
;uamdo1ahaq Kio3eioqe]

sueld ‘
gan]jOB[qo 550[0“‘{301 ¥ 90UdTIg ¥
epjo 090400 bo enujiuo0) SOUOM AN g
3

ey apId
fqozjﬁ.lfuwlp!z' Leessdeu }l

§3LON AHV.INIWI1adNs “ny

{
i
_-____-_—--—‘

oy j0) ANRWALYLS HolLNAINASIQ g,

(ag@alald s11qnd 103 paAoaddy

opg:pﬂ‘[ﬂﬂ UO¥JRQTJJSTP

' /,/E#‘Mmm HOILNAMMASIO o)

Hos

a1no3
|Ly2ldiss¥ 1230 ‘vg

DNIOUUDN!CKJ NO

pajjtssalauﬂ
(r0das api 10) "§S¥ 1D Aliyna3s Sl MHW ONINOLINOW -p)
ore0z  0d ‘uoaduiysepy
1oued £10STAPY 2T1JTIUTIS fuay oyy

(VIV-VHVA) VadH

M
o161 3200  ssaugay ony 3rvA 321440 DURIONLNGD 1y
01e0? aq ‘uo3ldurysep
1aued K10sTAPY 213 1IUaTas Away OL{J.,
(VMY-VHVQ) VQDH

MY M HOILY ZINVOHO ONIWYOAHId g

wzannn, LINN MUOR 8 Vol s5au0ay ONY 3

|
§
i NSY L *19aAroHd S ELERE v
IOUF."I Lios 1APY

51373U012S Lmay ay43 30 sjup1I(NSU0) puE S10qUsy
(3)HOHLNY

1
1 (e)u3aRNN LHYHO HO 1ovuiNOD '8
JJOdO}[ dﬂOJﬂqf\S Sma-lsxq

uAAWNN 1H0d3Y *OH0 oNIMHOAddd 9
ja0day 18Ul uojlelav tgoun1op 9 30 T sunyop (9461 &nr 0C-61)
apy 21J1u0Yos Lway f[j

g/, £pnas yotamg [QUBd K1081
(enngqns pum) 21411 ‘g -

23"3A0D golyad ¢ 1H0d3Y 40 adAL S
"OM HOISST2IV AAOD '!l
[oN He S ————— HAAWNN LHOd3IY -y

/
i WIAWAN DOV IVD g, ALNDId1DIN €
Hy04d !)NI.LE!'Idi"OD AA0A4348 &
y = 30Vd NOILYLNIWN20A 130434
1ML 4O NOILVDIAISSY D ALIUNDIS

SNOLI.D:‘.HJ.SNI aviad
7?’((;7 rareiup eieq Uotks) 30V
— 0a  ALSSVIORA
|

DN e~
D O =T

G T




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Enfored)

Soldier Support Systems,

a separate report being pu

blished for each.

38

SECURITY CL ASS|

ED
IFICATION GF THIS PAGE(When Date Entered)

o ).“ 2:

Ffantiiines fot i S 2 el S w i in i e i s
AN o

..‘I- -

!







