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U.S ARMY RESEARCH AND TECHNOLOGY LABORATORIES ‘
~~

—FY77 REPORT OF ACTIVITIES —

I . ‘ INTRODUCTION ~~~~~ I

The U.S. Army Research and Technology Laboratories (RTL) The Laboratories strive for improvement in both the development
perform the air mobility R&D efforts of the U.S. Army Aviation of a technology base and the supoort to system developers. By
Research and Development Command (AVRAD COM ). The cap- establishing and maintaining broad capabilities , the Laboratories
abilities of their staff of research , engineering, and support per- have been able to achieve multidisciplinary capabilities to resp ond
sonnel span the sciences , disci plines , and technologies of Army to urgent technical require ments of both the immediate and long-
aviation ~~The organization of RTL is represented by the chart range needs of Army aviation , and have earned an inte inationa l

7 (figure ‘1 located on the opposite page. reputation for the outstanding achievements and abilities of their
I staff. The honors and awards received by staff members and the

The Laboratories are charged with the following mission elements: contributions they have made to the world ’s scientific literature
- during 1977 are listed in th is report. Overviews are given for this

S S Plan , develop, manage , and execute for the AVRADCOM the year ’s accomplishments in the various technical areas to illustrate
rese arch and explorato ry development programs and the the scope and purposes of the Laboratories ’ research and develop- •

advanced development prog ram throug h demonstration of ment programs.
technology to provide a strong technical base for future
development of superior airmob ile systems.

S Manage and direct on a task basis , as assigned by During the FY77 period, the Laboratories have operated under a
7 Commander, AVRADCOM , tasks in advan ced and engi- continuing climate of austerity in terms of manpower and funds.

neer ing development subsequent to demonstration of tech- Realistic assessment of the Laboratories’ goals relative to the
nology. available resourc es requires a continual adaptation of the Labors-

• • tories’ program structure tu assure that short- and long-range
• I Maintain cognizance of , and provide consultative support for , research, and development efforts are best directed to activities

• ad vanced development subsequent to demonstration of tech- which will achieve the Army objectives for which AVRADCOM is
nology , engineering development , operational development , respOnsible.

£ and test for all Army airmobile systems .

• Provide technical consultation and indep endent risk assess- The FY77 Annual Laboratory Posture Report is prepared in
ment to Commander , AVRADCOM , for systems and corn- response to the U.S. Army Material Development and Readiness
ponents under development. Command instructions and guidanc e.

KEY EXECUTIVE ITEMS I . I

NOTEWORTHY MANAGEMENT ITEM S The most unique aspect of the management of RT L lies in its
ability to operate as a single operating entity , although its four

The name of the U.S. Army Air Mobility Research and Develop- separate laboratories are geographically dispersed from coast to
S ment Laborato ry, NASA Ames Research Center , Moffett Field , coast. The Laboratories operate under a single Director and are

S S California , was chang ed to U.S. Army Research and Technology managed as a unit. This unity of management allows for full -i
S Laboratories (AVRADCOM), effective August 30. AVRADCOM is responsiveness to the needs of the various prog ram manag ers , as

the acronym 1~I U.S. Army Aviation Research and Development well as allowing the entire cap ability of the Laboratories to be
Command , St. Louis, Mo., the Laboratories’ higher command, quickly brought to bear on any specific objective. 

S

• 
The Laboratories ’ four subordin ate directorates , were also
renamed as follows: The Ames Directorate is now the Aero- Simulation technology provides a good example of RTL’ s total
mechanics Laboratory, Moffett Field , Ca.; the Lewis Directorate is in tegrated systems approach to research and development involv-
now the Propulsion Laboratory , NASA Lewis Research Center , ing conceptual designs, preliminary and detail design tradeoffs .
aeveland , Ohio; the Eustis Directorate is now the Applied Tech- man-machine interactions , mission capabilities , and product
nology Laboratory, Fort Eustis, Virg inia ; and the Langley Directo- improvement eval uation , as well as RTL’s policy of close cooper-
rate is now the Structures Laboratory , NASA Langley Research ation with other organizations in order to better accomplish its
Center , Hampton , Vir ginia. mission and eliminate duplication. RTL are in the process of

developing a new ground-based flight simulator to realistically
The prelimina ry design functions within RTL were consolidated as represent motion and visual cues for Army low level missions for
part of the reorganizations of AVRADCOM and RTL. Previously , rotary wing aircraft. The detailed specification will depend on
the prelimina ry design funct inn was performed at four different tra de~~ffs based on behavioral researeh and on visual system hard -

• - . locations. Now, the Design Analysis Branch of the Directorate for ware developmei~t programs being carried Out by RTL , NASA ,
j  Development and Eng ineering will be resp onsible for maintenance PM-TRADE , the Air Force, Navy , other Govern ment organiza-

of performance data on current Army aviation systems and for tions , and commercial manufacturers. The Ar my/NASA Joint
assessing the effect of product improvements and engineering Agreement will be exploited to obtain maximum facili ty and
chan ge proposals. The Preliminary Design Team in the Advanced technical support during this development phase. A close work ing

s~ j Systems Research Office (ASRO) will be resp onsible for methods arrangement will be established and maintained with the PM-
development , correlation between theory and test data , and con- TRADE for technical guidance related to advanced simulation
ceptual design of emergin g aircraft systems. technology development.

1- 
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• The In-House Laborato ry Indep endent Research Program spon- NOTEWORTHY TECHNICAL ITEMS

Isored by DCSRDA was expanded during FY77 . Based upon RTL ’s
previous successes in this area , FY77 funds were expanded from
$90 ,000 to $150, 000. This incre ase enabled RTL to initiate a To the R&D scientist , all technical achievements are noteworthy.

7 research project at the Applied Technology Laboratory to investi- Howeve r , for this rep ort , a few have been selected as particularly
gate the mechanical properties of elastomeric bearings , as well as noteworthy and summa rized here , with more detail provided in

- , 7 to continue the highly successfu l rotor acoustic resear ch being the technical achievements section. The most vital function of any 
-
•

done by the Aeromechanics Laboratory , milita ry R&D organization is the application of these noteworthy

~~

‘ I tehnical achievements , or any other achievements for that matter ,
RTL continued to provide total Laboratory support to to both milita ry and commercial hardware. This transfer of tech-
AVRADCOM Program Managers. During 1977 RT L engineering nology is a major ongoing RTL effort , and is discussed following

the technical items.• 
S provided over 10 ,000 man days of support to Source Selection

Boards, technical risk assessments, and othe r program manager The Army/NASA XV-I 5 Tilt-Rotor Aircraft Program has madeactivities.
significant prog ress during FY77. The prog ram has advanced
through final assembly into hove r and air taxi tests, with the firstThe Plans , Prog rams and Budg et Division of HQ RTL continued to
flight occurring in May , 1977. Component and system testing haveprovide valua ble management assistance in the administration of prog ressed to include ground tiedown testing, using one of theLaborato ry programs , in the form of monthly Laborato ry Manag e- aircraft. Current plans are to test one of the aircraft in the AmesS ment Indicators. The indicator objectives are three-fold , providing 40- by 80-Foot Wind Tunnel prior to further flight testing.S the Command Group withS I

The Rotor System Research Aircraft (RSRA) is another jointI Statistical facts
Army /NASA prog ra m which will provide a first-time flight

S I Graphic trends and comparisons research capability for evaluation of new advanced rotor concepts, —

S • Narrative analysis verification of supporting research technologies, and evaluation
and comparison of product improvement rotors. One of the two
aircra ft has been tested as a pure helicopter , with first flight

This procedure , with minor modifications, was used in providing occurring in October , 1976. That aircraft is presently being recon-
the quarterly Command Review and Analysis presentation to the figured as a compound helicopter with wings and auxiliary thrust

S CG AVRADCOM. The R&A format was tailored to meet the engines. The second aircraft is being assembled with an active
requirements of the Commander’s Total Management System and transmission isolation system and will be flown first as a pure

- covers the general areas of helicopter.

• Key Drivers The Advancing Blade Concept (ABC) aircraft incorporates a coax-

advantages over conventional rotor systems. The flight test pro-
S • Workload Indicators ial , counter-rotating, hingeless rotor system, which offers several

• Thrust Items gram has successfully demonstrated the concept in the helicopter
I configuration. The ABC was originally an Army program and

included testing as a compound configuration using auxiliary
In another area of management , the vigorous liaison program thrust engines. The compound version was eliminate d because of
between RTL and the user of Army aircraft has been maintained, funding limitations. However , testing in a compound configuration

• - Frequent contacts have been held with the TRADOC and has been reinstated as a joint Army/Navy/NASA program. The
FORSCOM. During FY77 , 16 TRADOC liaison trips were accom- objective of the flight tests with auxiliary propulsion is to demon-
pu shed , ~s well as two field engineer troop visitations were con- strate feasibility of the ABC concept to achieve high speed flight
ducted. - up to 300 knots. The aircraft is currently being reconfigured to

S the compound version , with the first flight as a compound
The Laboratories were also visited during FY77 by a number of scheduled for February , 1978.

~ key individuals from the Office of the Secretary of Defense , the
Department of the Army, HQ DARCOM , TRADOC, FORSCOM , Developmental flight testing is a “must” tool for any new air-

• the FAA, and others interested in air mobility R&D. mobile concept. However , it is a costly effort , usually requiring S

S iterative development steps and considerable flight testing. To
reduce both cost and developmental time , a Second GenerationI Technical decision and exchang e of rotorcraft technology is spon- Comprehensive Helicopter Analysis System is be ing develop ed to

sored by two primary organizations , the American Helicopter permit analysis of rotorcraft characteristics such as performance.
Society and the Advisory Group for Aerospace Research and stability and control, structural loads, aeroelastic stability , and
Development. RTL personnel are in the forefront of activity at all acoustics. A joint Government/Industry Working Group has pre-
levels in both of these organizations and in such organizations as pared a draft specification detailing the requirements for theS 
the American Institute of Aeronautics and Astronautics and analysis to meet both Government and Industry needs. Contracts
Society of Automotive Engineers as well. The activities and publi- have been let to three firms to conduct pre-design studies. The

- 
7 

cations of these organizations provide the forum required for purpose of these studies is to improve the specification ; define the
dissemination and review of the technology and the interaction system capability; and produce a conceptual design , a design• required to advance the state-of-the-art. Another method for specification, and a development plan.
achieving technology exchange is exemplified by Memoranda of
Understanding and The Technical Coop eration Prog ram activities. Contracts were awarded in Februa ry, 1977 , for the development• In areas where selected efforts are being carried out by research of two 800 horsepower advanced technology demonstrator engine

S organizations of other governments , cooperative efforts which designs. The objective of the program is to demonstrate advanced
provide for interface between researchers and avoid duplication of turboshaft engines having significant improvements in perform-
effort are undertaken if mutually beneficial. These efforts can ance, capability, and cost. This demonstration will be accom-
result in development of technology at substantially reduced costs plished by development and testing of two designs incorporating
to each participant , advanced components and gas generator technology.
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~1 For RTL, the transfer of technology must be directed initially to stability analysis program to all major U.S. helicopter
Army operational airmobile systems or emerging systems such as industries.
the Black Hawk and the AAH helicopters. Equally important is
the transfusion of the technology into other military services, • Transonic rotor blade numerical codes to the helicopter
governmental agencies , and commercial application. The trans- iisdustry .

- - fusion of technology developed in the 6.1 and 6.2 areas is usually
not nearly so obvious as it is in the 6.3 and later developments. On
the other hand , very frequently 6.3 is not truly a technology • In-flight acoustic measurement data to Hughes and Sikorsky.
transfer, but , rather , a supporting of a continuing development of (Li mited distribution because of Army classification of data). 

•
a concept generated by a particular contractor. Developments
from the 6.1 and 6.2 activities generally are provided to the • ARM S Model (Aircraft Reliability Maintainability Simu-

- S industry and to the users through the mechanisms of reports and lators) to TRADOC elements and aircraft developers (e.g.,
presentations at technical symposia, conferences and meetings. TRASANA, Hughes , Bell , and Lockheed).

- Another means is by way of face-to-face meetings with contrac-
S tors’ and users’ representatives. These include not only the rela- The U.S. Army Research and Development Command and the

tively frequent visits by industry , but actual “working visits” with 
~~~~~~ Army Training and Doctrine Command cosponsored an

- both prime and subsyste m contractors. In this category , also, is Advanced Planning Briefing for Industry (APBI). The briefing was
the Laboratories’ participation in Source Selection Evaluation a part of a contin uing effort to keep industry informed concerning

I 
Boards (SSEBs); but perhaps even more important has been the the Army ’s long-range development objectives and goals in the

- - participation in ad hoc studies on behalf of the Project Managers field of aviation. The scope of the briefing encompassed the entire
4 such as AAH and RPV. A few specific examples of technology spectrum of anticipated requirements for Army aviation systems

transfer tha t have resulted from these exchange s are the following: and subsystems. The U.S. Army Research and Technology Labora-
tories participated in this briefing by presenting the Army aviation

• Distribution and assistance in assuring prope r understanding technology base program with primary interest in aeromechanics ,
and operation of the “Flex Beam Air Resonance” rotor structures, propulsion and subsystems/RAM.

‘ c i

I I MANAGEMENT I

PROGRAM STRUCTURE To maintain and expand the technological base required in the
development of advanced airmobile systems, RTL formulate a

The interest of the Army in utilizing the air space has added coordinated program of research , exploratory development , and
another dimension to the battlefield for the land combat functions advanced development in the basic sciences , basic and supporting

-~ S of mobility, intelligence , firepower , combat service support , and technologies, and advanced subsystems and technology demonstra-
command , control and communications. The current Army oper- tion. A life-cycle representation of this program structure relating
ational airmobile systems, developing systems , and R&D planning to RTL technologies and disciplines is shown in figure 3.
concepts are shown in figure 2.

____________ ___________ _______ __________ The RTL have prepared the sixth (FY78) edition of the Army

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Plan. The Plan is the AVRADCOM response to the requirement
o~~~~~~~ ~Iv ei.aa~~s.m Aviation Research, Development. Test , and Engineering (RDT&E)
$V$T~~~ ~~~~~PT$

LAND OflNATIONAL for a Consolidated R&D Plan and addresses the near and long-term2~~ 
CC~~~AT Mt$$ION

• FUNCTION RDT&E activities that are required for achieving the Army objec-- 
- tives and material needs for which AVRADCOM is responsible.

UTILITY UHI This plan presents a time-phased analysis and presentation of the
MOSILITY ~~ O4UN LIFT CI447

___________ 
C O TRN $FOAT ~~~ scientific and technological programs that are required for the

1.011 development of advanced airmobile systems. it is the purpose of

~

• J INTILLIGENCE N!TA~~ OV-tD
TACTICAL IN)INLIT” I~~~ 

this document to set forth plans and objectives for Army aviation
FIREFONCA 

~~~~~ ~~ -i research and development activities for the FY78-97 period , with
CCE AT UTILITY UN-I ’  particular emphasis on the period from the present to FY82. It
INEVI CE ~~ D$UN LIFT 0447

-
• N~~F0AT CANQO TRA,NFOET _— I~~~ presents, quantitatively, the relationship between the current tech-

r e O.CONTIOL LOU nological base and future requirements, while taking into account
I A C~~~~~INICATI01I AVIATION II~~FONT 

uN-i the potential impact of advances in fundamental technologies.
‘MAJON MOOssNIZATION PACOASM

• FIgure 2. Land combat function mission systemr The RTL R&D program for FY77 was consistent with the goals
and objectives defined in the Army Aviation RDT&E Plan and was

S The Army ’s aviation needs , represented by the developing air- oriented , to the maximum extent possible, in the directions of
mobile systems and R&D planning concepts, have been analyzed DARCOM goals, applicable Catalog of Approved Requirements
to define technology voids. The R&D program structure must Document (SECRET) requirements , and Science and Technology

- 7 - reflect not only the response to the currently projected capability Objective Guide , FY77 (STOG-77) (CONFIDENTIAL).
require ments , but also the need for a technolog ical base that will
fill these voids and will stimulate innovative and imaginative air- The STOG-77 was first published in May, 1976 with four basic
mobile missions, functions , and concepts. - goals:- t S

The R&D program of RTL provides the technological base I To bring Army user and develop er communities together
required for fielding these systems with significant improvements early in the planning stages of the material acquisition cycle
over current aircraft in survivability, reliability, maintainability, in order to assess capability gaps and identify future priority

S durability, and operational performance and effectiveness, needs.

-t- 1 3 S
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F igure 3. RelationshIp of technologies for  new alrmobile systems.

I To provide a single guidance document which lists priorities operation of RTL headquarters at Ames Research Center
for specific Science and Technology (S&T) objectives for ($600 ,000) and operation of the DARCOM West Coast Technical
in-house R&D organizations and civilian industry . Industrial Liaison Office ($39 ,000) at Pasadena , CA. However ,

Headq uarters, RTL , located at Ames Research Center, is not
S I To provide a manag ement tool by which S&T program rele- charged for the use of facilities or support services provided by

Vance to priority Army needs may be established and evalu- NASA. This is an exam ple of improving the effectiveness of
ated. national resource utilization as stated in the Preface to this report.

• To obtain user assistance , especially in terms of feasibility, RTL program structure aligned with a matrix of 6.1 , 6.2, and 6.3
risk , time , cost/affordability , and compatibility with Army program categories and developmental functional areas is pie-
doctrine , in the trade-off assessments of alternative technical sented in Appendix A. The FY77 RTL R&D funds are also shown

- proposals from Army R&D organizations and civilian indus- at the tech area/task level , with the amount and ratio (percent) of
try. each program category funds devoted to a particular technology.

The STOG is intended to consolidate and ultimately replace two 
______________________

existing documents: Operational Capability Objectives and RTL APPLICABLE
ODCSOPS technology base goals. TECHNOLOGY DISCIPLINE

SaT OBJEcTIVES — , , , , ,

RTL applied nearly all of its 6.1 , 6.2 , and 6.3 R&D funds in 
________________ — -j

research efforts applicable to one or more STOG-77 requirements
pertaining to Army air mobility development. A matrix of the 

• g ,~ 4 j  I S

STOG-77 Capability Categories applicable to Army air mobility, as 4 ~ ~aligned with the RTL technology disciplines, is presented in NO. NOMENCLATURE 
~figure 4. 

________________

17.7.1 Fise & Fau st Wsspons Syitso,
While the RDT&E Plan establishes the basis for programming, it is ~ji’ij HIIICO5INS SuvvtvsblIlty

— - not in itself a program. Programming is accomplished subsequent 71-7.3 Adssn,W~~thss Mission C.psbllty

- ; ‘. to the application of funds. The distribution of RTL FY77 direct 77.7 $ RSTA
funds by program category is shown in figure 5. This distribution .!UL EXtsoISI Css o H.ndllng

applies only to RTL and should not be construed as the total !?1~L ~~p-To~~~r. Lo~ .t,c$ 
_______________

distribution of R&D funds for Army aviation. Figure 5 does not !! !:i! Lit. Cycis Costs
S 

include 6.4 activities which are primarily the responsibility of the 
~~~ ___________________________________________Directorate for Development and Engineenng of the PMs, 

~~~~~~~~~ ~~~~~~~ . IflYI~~.CN‘7 AVRADCOM , nor any 6.7 category funds (Operational Systems), Wiii VslsIcIsfMisIlon Simulston
since there are not any RTL prog rams in this catego ry. — -

The small amount ($639 ,000 or 1-1/2%) spent on management Figure 4. STOG-77 Capability Categor ies/RTL technology
and support (6.5 program category ) consists of expenditures for dlrcIp lIne.r.
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- number of personnel on-board . The impact of these space reduc- —

~~~~~~ RESEARCH 161) 
tions be~~mes more significant as a result of the ancillary con-

5 
straints of average grade control; control of high grade positions ;
and the preclusion from effecting reductions in force procedures.

____________________ 
EXPLORATORY The distribution of technical and administrative personnel is
DEVELOPMEN T (6.2) shown in figure 7 which also provides a profile of the skill leve l of

the technical personnel.

___________________ 
ADVANCED _____________________________________________________

5 
41% DEVELOPMENT 163 1 [

~ J ?.UTHO$IZED ACTUAL

Ins
CIVILIAN PER SONNE L

MANAGEMENT & SUPPORT (6$)

Figure RT: :~~f r~~~~~~~~; pmram $ ~IYI I I ~~~~~~~~ 

~~~~~~~~category (FY77) ° 
~~~~ ~~~~~~~~~ 

NI

NILITAN Y PERSONNEL

PERSONNEL AND MANPOWER
Figure 6. Personnel distribution history — FY7I- 77.
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The primary emphasis of the RTL manpower and person~se1 man-
agement programs during FY77 was one of retrenchment to Military Manpower Resources — The Laboratories continue to
comply with various restrictions and reductions imposed through- experience a steady reduction in military space authorizations.
out the fiscal year. In FY77 , RTL were required to reduce their Since their establishment, the Laboratories’ military authoriza-
authorized civilian spaces by 16; their authorized military spaces tions have decreased by 55%, from 58 to 26 spaces. The continu-
by one; and , in addition , to eliminate nine temporary part-time ation of this trend has had a detrimental effect on the military!
positions. These space reductions resulted in a decline in the civilian engineering interface that is required both for the develop-
on-board strength of the Laboratories to a level below the initial ment of a strong technical base and for the development of Army
strength of AMRDL when it was formed (see figure 6). The airmobile systems. This military/civilian interface is essential to
projected space reductio ns in FY78 will further reduce the actual the identification and development of syste ms to meet the needs

__________________ 
ARMY 

___________

PROCUREMENT TOTAL ALL TOTAL
A. RDTE SUPPORTED DIRECTLY OMA ALl. OTHER ALL

DISTRIBUTION OF MANYEARS 
_____ 

OR INDIRECTLY BY APPROP APPROP SOURCES
OF EFFORT ~ iiä~ OTHER NON 

RCCM NON- NON-
AS OF 30 SEPT 77 OP.RCOM ~~ncoM DARCOM 0* 

~~jtcoiii 
______

• CIVIL/AN PERSONNE L TOTAL 
— 

r64 554 554
SEE B TECHNICAL TOTAL 

— ________ ________ _______

BELOW (PROF & TECHNICIAN) ~~6

ADMINISTRATIVE TOTAL 228 228 228

- 

~1 
SUPPORT&G&ATOTAL

S J MILITARY PERSONNEL TOTAL 22 22 22
TECHNICAL TOTAL 18 18 18(PROF & TECHNICIAN) 

_____ ________ ________ _______

ADMINISTRATIVE TOTAL 4 
________ ________ 

4 4
SUPPORT&G&ATOTA I. — — —

DOCTORS MASTERS BACHELORS 
~ 

OThER
PROFILE OF 

- 
AVG AVG AVG

TECHNICAL PERSONNEL 4 AVG AVG YRS 4 AVG AVG YRS 4 AVG AVG YRS AVG AVG YRS TOTAL
SKILLS LEVEL AGE GRACE OVI AGE GRADE OVT AGE GRADE GVT AGE GRADE GVT 4

SVC SVC SVC SVC
CIV I LIAN 3 0 3 7  12.1 T i e~~~37 126 12 2 4 43 121 4 T ]~~~~ 43 9s i ~~~~OFCRS4O1 .O10) 1 36 3 T -so 7 40 .AL ~~ .5.1 ~~~ ~~ ~~ ~J.- J~ . _..iL
MILITARY ~~ (W1~W4) ..~~~~~ c... — ... ... _=. .~~ —=— .=- .1. —EM(E1-E9) — — — — 1 28 5 1 100 1 31 5 2 — 4 28 E8 4 — 6

C.
-

~ 
- 

- WORKFORCE STRENGTH IN PEOPLE ON BOARD AS OF 30 SEP 71
CIVILIAN PERCENT CHANGE (+1-) SINC E FY 767 

— 
MILITARY 22 I,~ lUMBER (#1 ONLY.

: TOTAL 576

FIgure 7. DistrIbution of man-years of effort for  RTL as of 30 Sep 77.
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o( the user communi ty and is vital to the effectiveness of the At each of the three NASA-collocated Laboratories , there is an
Laboratories’ liaison efforts with TRADOC and FORSCOM . The Army Aeronautical Research Group directly under the operational
continued reductions also have had an adverse effect on the future control of the Director of that Laboratory . There is also a Joint

- - of military managers , in that key developmental opp ortunities are Aeronautical Research Group that consists of Army employees
S being severely restricted, working side by side with NASA employees. The efforts of this

group are on a broader scope , pursuing mutual interests of both
Civilian Manpower Resources — The civilian employment ceilings agencies. A Technical Support Group, which consists of a limited
for RTL at the end of FY77 was 570 full-time permanent number of support professionals and technicians un der NASA
positions. Contrasted with this authorization , the Laboratories’ operational manage ment , provides support to the Army.

- 1 
- on-board civilian strength was 526. The steady reduction in autho-

rized civilian spaces has had a disruptive effect on the efficient The support functions for the three Laboratories collocated with
accomplishment of FY77 programs. More important , however , are NASA Research Centers are largely provided t hrough negotiations

S 
the unq uantifiable long-range effects such constraings and reduc- with NASA resulting in a minimum allotment of Army resources.
tions will have on the future RTL mission. Technical support is negotiated by the Laboratory Director and

includes NASA shop capabilities , graphics and reproduction ,
RTL have continued to endorse actively the EEO and Upward library and document facilities , computing facilities and special-
Mobility Programs, as well as such special emphasis programs as ists’ laboratory and calibration functions. Similarly, administrative
those for individuals of Hispanic heritage, for handicapped individ- support is provi’~ed in terms of procurement , fiscal and account-
uals, and for women. In addition , the Laboratories’ Alcohol Drug ing, travel , and other associated services . Monetary resources , for
Abuse Prevention and Control Program has continued to receive contracting purposes, are supplied to NASA on a reimbursable
emphasis primarily in the area of training and awareness for authority. Program authority is exercised over Army resources by
employees and supervisors. RTL through allocation of program resources in accordance with a

stipulated plan. Effectiveness and conformance are judged by
audit procedures. A limited in-house administrative capability is

ORGANIZATIONAL CONFIGURATION AND provide d in each of these Laboratones to monitor the administra-
MANAGEMENT IMPROVEMENTS live support services, prepare programs, and perform necessary

regulato ry functions.
The U.S. Army Aviation R&D Command Research and Tech-
nology Laboratories are an integrated organization with a Head- A comparable support function by Army personnel exists at the
quarters and four operating Laboratories, as shown in figure 1 Applied Technology Laboratory. A Contracting Division , a Legal
(opposite page 1). RTL are the laboratory capability of the u.s. Division , a Technical Support Division, and an Administrative

S Army Aviation R&D Command and are the Army’s principal Support Division report directly to the Director , Applied
aeronautical research and development field activity. Technology Laboratory. The Contracting and Legal Divisions are

S - total RTL resources, and , at the discretion of the RTL Director,
The concept of operations established for RTL emphasizes the service the other three Laboratories as required. Such instances
following: would occur , for example , when an Army awarded contract is

dictated rather than a NASA contract.
• Ensure that a balanced total RTL R&D program is estab-

lished and achieved; The RTL Director controls , through the Headquarters Policy ,
- - S Plans, and Programs Office , the use of all money resources against

• Increase the effectiveness of support to product developers to approved documents. The authority to contract , delegated to the
• ensure improvements in their airmobile systems ; Director, RTL, is redelegated to the Director , Applied Technology

Laboratory, who exercises the authority in accordance with
• Provide means for assuring an orderly continuity of efforts approved program through the contracting division located at the

from research through exploratory development to demon- Applied Technology Laboratory . Funds supplied to NASA for
stration of technology and transfer of knowledge to devel- contract are controlled by the Directors of the individual Labora-

- 1 opers and contractors for application, tories according to a program approved by the Director . RTL.

A management team , composed of the senior managers of the Throughout the RTL , the concept of vertical alignment is applied
Laboratories assists the Director in assuring that effective utiliza- to reduce administrative burden and to provide maximum flexi-

S tion is made of resources for successful mission accomplishment. bility in the use of technical manpower against continually varying
technical emphases. Vertical alignment provides the ability to shift

The RTL management team directs its activities to achieve balance readily the staff of RTL without detailing, including the mix of
between the development and demonstration of technology and specialties and grade levels , in response to the current need , rather
the requirement for support of specific airmobile systems con- than in conformance to an arbitrary organization. Vertical align-
cepts. All four of the subordinate Laboratories are involved in all ment contributes greatly to increased productivity , reduces
aspects of the RTL mission; however , specific emphasis is given to requirements for services from supporting organizations , and has
particular disciplines in each of the Laboratories. For example , in demonstrated its value in increased responsiveness to customer
the three Laboratories collocated with NASA, the largest part of needs.
the effort is directed toward research and exploratory develop-
ment to increase knowledge in the physical and behavioral Integration of Army aviation R&D capability into RTL as a single
sciences. Such efforts may, in some cases, be orientated toward operating unit has resulted in effective resource utilization and
recognized operational objectives, but may not relate directly to a program responsiveness. It has provided a management structure
specific system. Conversely, the primary mission of the Applied with maximum flexibility in the utilization of manpower resources
Technology Laboratory is in the areas of technological applica- and has established a single poin t of contact for laboratory assis-

S tion , military operations technology, and technical support to lance to system and product developers. Further integration of
systems developers. The Applied Technology Laboratory plays ~ Army aviation , scientific , and engineering capability is warranted
major role in the transfer of technology to industry and the Army and should be pursued. The Aeromechanics Laboratory is partici-

- -
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users. pating in a Memorandum of Understanding (MOU) arranged
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5 between the Army (RTL) and the French Office National TABLE I. ARMY AIRMOBILE SYSTEMS. MISSIONS. AND

d’Etudes de Recherches Aerospatia les. Under this management KEY PERFORMANCE FACTORS
agreement , specific areas of mutual research interest ate spelled
out; and there is an extensive interchange of research information. KEY PERFORMANCE
Research engineers from France work within the Laboratory, and SYSTEM MISSION FACTOR
RTL engineers work in France on rotating assignments. Extremely AAH S Pro,id. Aerial Fire S Acquire~~ sstvoy Targetscomplex problems, such as dynamic stall of rotor blades, have • &irviv.bility
benefited directly from such a close interchange. A similar MOU is • Tactical Mobility and
under discussion with the Federal Republic of Germany. 

_________ 

Bipport 
___________________

UTTAS • Squad Carrier S Low Life Ofde Cost
• Comb.s Serv ice Support • R&M baprovemerita

PLANNING ASH S RSTAIO S AU W.athsr DayR1i~ st
• Direct Aerial Fire Capability

The Army Aviation RDT&E Plan provides the basis for the Labo- ________ 
~~~~~0h1 S Asdstv

ratones’ program planning. The RDT&E Plan addresses the plans RPV • Unmanned RSTAID S Low Acquisition Cost
and objectives for Army Aviation R&D activities for the next 04-470 • Medium Lift S Payload
20-year period , with particular emphasis on the near-term 5-year 

_________ 

Traisiport • Reliability
period. It relates, in a qualitative manner , the current techno- HLH S Transport of Cargo • Capacity

4 logical base to the projected future requirements. _________ 
RCtrieval of Equipment • Precision Hover

OV.X • Intelligence • E ndurance
The specific emphases for revision in the FY78 u pdate of the plan —_______ El eCtroflic Warfare S Payload

- 
- (October 1977 publication date) were: SURNTOL • Intell igence S F orward Area Operat ion

S Electronic Warfare S Penetration Capability
— S 

S Realign programs with updated DA Science and Technology AAWS S Area and Point Target 
-
. Acquire~Destroy Targets

Objectives Guide (STOG-78) (CONFIDENTIAL). Suppression • Survivability
• Extended Area

Reconnaisianca
• Reappraise all near- and far-term objectives with resp ect to LAH • A rmed Reconnaissance S SurvivabilitySTOG-78, Catalog of Approval Requirements Document • Area and Point Targ et • Compatible with ASH

(CARDS), July 1 973 (SECRET), and DARCOM MBO Goals. 
_______ 

Suppression 
_______________

• - LUH • Troop Lift S All Weather Capability
• Update status of all Army airmobile systems discussed in the • Ut I lity Transport • Compatible with ASH

- - Plan. I TAV S Observation S Forward Area Operation
- 

- 
• Visual Reconnaissance • OperationlMasntenance

• Update status of technology sections. • Command and Control Simplicity

- i
• Discontinue publication of classified supplement to the Plan.

- The Plan seeks to explore all viable options f or f uture  systems resp ect to their impact on aircraft systems. Such studies are used
with the goal of providing a range of choices and a means for to identify those areas that appear to hold the h ighest potential.
selecting candidates for development when required. As the oper- Gaps in scientific disciplines or supporting technologies are identi-
ational dates become more distant , a larger number of options can fled. Such studies constitute a major and continuing function of
be pursued at a more fundamental level of research. The Plan is the Laboratories’ Advanced Systems Research Office.
intended to be a management tool to provide recognition of

- - acknowledged requirements and interdependence of necessary
S technological achievements. While the Plan establishes the basis for During the preparation of the RDT&E Plan, consideration was

progra mming, it is not in itself a program. It is not constrained by given to the relevant R&D programs of other Army organizations.
available resources in its stated objectives and corresponding R&D In particular , activities have been coordinated in the areas of
to implement them, human factors, avionics , ground handling, and weapons where

performance requirements necessitate the integration of these fac-
The Plan focuses RDT&E activities to guide the Army’s funds into tors into the total airmobile system, but where mission responsi-
areas of greatest effectiveness . Thus, R&D effort is directed bility for appropriate R&D is in another commodi ty command or
toward ensuring that the most advanced technology is available for corporate laboratory. Moreove r , RTL have recognized and main-
use in neat-term projects. For new systems further downstream , tam ed an interchange with those organizations that have been
the effort is directe d toward minimizing technical barriers, opti- designated as “Lead Laboratories” and whose charters encompass

S mizing key performance factors , and narrowing the options to the technologies important to Army aviation. For examp le . RTL have
most viable. Plans for development of new systems, technological activities and interests that relate directly to the work in Iluidics at
improvement objectives, plans to reach these objectives , and past Harry Diamond Laboratory, to the materials research at ArmyS trends are described in the document. Materials and Mechanics Research Center , and to the efforts of

U.S. Army Electronics Command’s Night Vision Laboratory in
Desired capabilities and Initial Operational Capability (lOC) dates night operations.
for most of the projected airmobile systems are based on currently
available documentation. For each of the Army ’s airmobile
systems, the mission , key factors , and salient characteristics that The RDT&E Plan clearly indicates that V’l’OL aircraft technology
determine its performance requirements are discussed in detail in can expect significant advances over the 20-year time frame .
the Plan. These considerations are summarized in Table I . The which , in turn , can affect the aircraft systems designed in the
missions and the key performance factors are based on current 1978-1997 time period. The precise magnitude of technolog ical
projections of the Army’s aviation needs. The threat is continu - improvement that can be achieved is governed by other than
ously analyzed and maintained. Conceptual and design studies are purely technical considerations , of which the most important are
conducted to assess advances in each area of technology with the necessa ry budgetary and schedule constraints.i;_ I — 7 —
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The Plan becomes the program when the required resources in (AN?). describes planned activities for a three-year period and
terms of funds , facilities, and personnel are provided for its imple- provides budgetary information and milestones for a five-year

S nsentation . Even if unlimited resources are available , it is not likely period.
that all the efforts would be pursued and all the goals achieved.
Therefore , it would be unrealistic to make an estimate of resource
re quirements that is based on the development of all the concepts OUTSIDE/INSIDE EXPENDITURES
for each of the projected systems. Moreover , the available options
and alternatives to perform a given task diminish rap idly with The distribution of FY77 program funds received by RTL as
time , so estimates of resource requirements are valid only on a presented in Table II is categorized under three basic headings:
relative ly short-term basis. Even more to the point , however , is the Industry or Academic, other DARCOM Labs, and other Govern-
fact that there are never enough resources to undertake all of the ment Agencies, for each of the prog ram categories ; i.e., 6.1, 6.2,
research projects that optimum planning would indicate; there are etc. Within each category , the amount for contract (outside) and
generally many more feasible technical alternatives available to the total amount for that category is listed. The ratio (percent) of
solve a particular problem than can be economically supported. the outside contract amount to the total amount for each program
Under conditions of limited resources, imposed economics, and category is obtained by subtracting the three contract expendi-
prescribed goals, a logical resource allocation methodology is the t ures from the total.
key to orderly progress. The Laboratories ’ Project Selection Pro-

• cess was developed to provide RTL manag ement a program selec- The contract monies under industry or academic institutions
tion means based on R&D objectives, priorities, and supporting include contracted efforts purchased through NASA procurement
rationale. This process is described in detail in the RDT&E Plan in direct support of the in-house research efforts at the three
with application to each of the RTL technology disciplines. Laboratories collocated with NASA Research Centers. In regard to

- 

S 
the outside/inside expenditures , Table H, it is important to note

- - The Advanced Systems Research Office of RTL, under the Air- that , of the total expenditures in 6.1 and 6.2 categories, $12.4
craft Systems Synthesis Project , directs the development of the million or 52.7% was spent in-house. On the other hand , of the

- 
- :- Army Aviation RDT &E Plan and is resp onsible for the develop- total RDT&E money, only $16.5 million or 39.3% was spent

ment and application of the project selection process (OPR). The in-house.
OPR procedure is the means to provide Laborato ry management
with the guidance necessary to tie prop erly the planning and As R&D efforts 5,rogress through exploratory development to
programming to budgeting, advan ced development , the hard ware required to conduct research

increases. This results in an increase both in dollar amount and
The development of the Laboratories ’ Proj ect Selection Process percentag e of contracted work , as reflected in the 6.3 category .
requires The largest portion of these projects is contracted by the Contrac-

ting Division at the Applied Technology Laboratory. In most of
S Clear definition of fundamental laboratory technical objec- these cases, the in-house operation costs applicable for contract

tives, administration are provided in the estimated cost to adn’.r’ister
S Priority of these objectives, column , Tabk II.

S Rationale supporting the technical thrust (effort). The policy of RTL has been to maintain a balance c” at least two
dollars out-of-house work to one dollar in-house for its entire area

The budget process is a recurring one in which the RTL and their of responsibility. This policy does no’ result from guidelines or
Headquarters , AVRADCOM and DARCOM are involved , The constraints from higher level , but rather is considered to be a
cycle begins with a five-year funding guidance document , the proper ratio in order to maintain both in-house expertise and
Command Schedule. Upon receipt of the Command Schedule , the responsiveness in the industry that supplies the commodities for
Laboratories prepare proposed programs and plans (AMC the Command. As reflected in Table II. the 6.2 category represents
Form 1534 — RDTE Program Data Sheet and DD Form 1634 a larger percentag e of RTL effort as compared to the 6.3 category.
Research and Development Planning Summary) in response to the In FY77 , 51.4% of RTL direct funds were distributed into the 6.2
guidance document. These programs and plans are then submitted category while in FY76/7T the ratio was 44%. The reduction in
to DARCOM thro ugh AVRADCOM for review, Guidance (AMC out-of-house to in-house ratio , due to this change , did not occur as

- 
- S 

Form 1006 — Program Directive/Program Change Request) from a result of change in policy or a shift in actual funds , rather it is a
S DARCOM is issued, which constitutes expected funding for the result of the continuing downward trend in Army Aviation ’s 6.3

next fiscal year. Proposed programs (AMC Form I 006A — Pro- Advanced Development program budget.
gram Directive/Program Change Request) are then prepared by the

S Laboratones, detailing specific efforts to be unde rtaken in view of It is the policy of the Laboratories to utilize the expertise and
this guidance, The cycle rep eats each fiscal year with the issuance specialized capa bilities of other DARCOM Labs /Installations to
of a new Command Schedule , conserve resources and prevent duplication of effort in accom-

plishing the RTL mission. During FY77 , a total of $2.9 million (or
To assist in the development of the above AVRA DCOM/ 7.9%) of the RTL direct prog ram funds were distributed to the
DARCOM program documentation , each RTL Laborato ry pro- DARCOM Labs /Install ations shown in Table III. It is the intent of
vides detailed program planning at the research element unit level, the RTL management that the above policy continue into the
The procedure , identified as RTL Annual Narrative Program future.

i ACCOMPLISHMENTS L 1

- : 
- PROGRAM BALANCE ation R&D Program, including reimbursable orders amounts to

- - $43.0 million , is a small percentag e of the Army ’s total RDT&E
The program structure for RTL in FY77 by funding allocations is budg et , and even smaller in comparison with the total resources
reflected in Table IV. The total RTL funding for the Army Avi- expended for airmobile systems development and procurement.
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TABLE II. FY77 OUTSIDE/INSIDE EXPENDITURES (AS OF 30 SEP 77)

INDUSTRY AND ACADEMIC OTHER DARCOM LABS OTHER GOVERNMENT ESTIMATED COST TO
TOTAL LAB EFFORT 

_________________ ________________ 
AGE 

ADMINISTER
contract Total” Ratio ~ontract Total” Ratio Contract Total” Ratio

RDTE FUNDS SIC SIC S SIC SIC S SIC SIC S SIC S
6,1 R sssrch 1414 4835 30.5 0 4435 0 0 4635 0 115 2.6
6.2 Exploratory

Development 9273 15949 48.9 241 18949 1.3 217 18949 1.1 2019 10.7
6.3 Advanced

D.vsiopm.nt
• 6.3. 10660 13277 79.5 4 13277 0 11 13277 0 1067 8.0

6.3b 3204 3798 84.4 1 3798 0 2 3798 0 183 4.8
- • 6.4 Engin..rinq

D.v.lopm.nt 492 693 71.0 0 693 0 0 693 0 98 14.1
6.5 M91&Supçiort 60 639 9.4 0 639 0 0 639 0 0 0
6.7 Op.. Systems 0 0 0 0 0 0 0 0 0 0 0

~~~~~~~~ .,j E. . - __________ _ _ _ _ _ _ _ _

S PROCUREMENT FUNDS
DARCOM 512 616 83.1 0 616 0 0 616 0 22 3.6
Non-DARCOM
totter Army) 0 0 0 0 0 0 0 0 0 0 0
Non-Army 0 0 0 0 0 0 0 0 0 0 0

~~ ~~~ US M S
OMA FUNDS

DARCOM 224 320 70.0 0 320 0 0 320 0 18 5.6
Non’DARCOM
tOtter Army) 0 50 0 0 60 0 0 50 0 0 0

i Non-Army 0 0 0 . 0 0 0 0 0 0 IL 0 0

C~~ TOTAL — ~~~~~~~~~~~~
‘ -

. 
_ __

IftM59 TOTM. - 

- ___ 4.”
‘Total expendutu.. for . Ji line; us. . 6.1 . 6.2. 155.

• “tn-house cuss for purely dsnlnutr atuve dutics , both technical and managerIal.

S 

TABLE III .  DARCOM LABS/INSTALLATIONS USED BY RTL among such projects are the developments of the Tilt-Rotor
__________________________ Research Aircraft at Ames Research Center and the Rotor Systems

DARCOM LABS/IN STALLATION$ PURPOSE Research Aircraft at Langley Research Center, These programs,
along with others , have both military and civil applications and

ARMY MATERIAL & MECHANICAL • Research iii Safety alid Survivability thus , improve the effectiveness of resource utilization on a
RESEARCH CENTER . ~~~~ in Alenefi Structures national basis.
BALLISTI r ;RE SEARC H CENTER S Researchin Sf . ty and $urvisablllty

• W.apom Tscltnolo y — Rocket The RTL Funding Summary ; Command Schedule , Direct Funding
MOBILITY EQUIPMENT R&D • ~~~~~~ Authority, and Obligationa l Authority, for the period of FY73
COMMAND through FY77 is presented in figure 8. With careful planning and

S management, RTL have obligated no less than 98.0% of its avail-
PICATINNY ARSENAL • Aircraft Wsepo,n TacM~.,y able program funds for each of these fiscal years. The 98.0%
ROC K ISLAND ARSENAL • ~~~~~~~ T.,~ Facility obligation rate for each fiscal year exceeds the DARCOM goal of

96%. Continued success in this area depends on careful program
WATERVL IET ARSENAL • Research on Structures management. The delay associated with late releases of funds
TRAINING AIDS ~~~~~~ 

could result in inability to define explicitly the work to be done
DEVELOPMENT CENTER and in proposal evaluation which are lacking in proper depth and ,

hence , could adversely affect the quality of the ultimate R&D
COMMAT SURVEILLANCE & • Mini’RPV Electronics TecIwsalo5y product.

-
S TARGET ACQUISITI ON

S NIGHT VISION LAB S Minl.RPV Electronics TseIinoIo y
The concept of single project/program element funding (SPF/
SPEF) has gained significant acceptani”e since its implementation .

The reimbursable prog ram for FY77 tota ls $6.3 million , a portion However, the advantage of the SPF/S~’EF progra m in providing
• of this amount was received from the OM A and PEMA funded broad local manage ment flexibi lr t ny removing some intra-

programs as shown in Table V. program element reprogramming re~ sictions results in a decrease
• in some individual project visibility at higher levels. As a result.

Joint participation agreements have enabled the Army and NASA additional reporting requirements have been imposed. It is
to enter into mutually beneficial research and development pro- believed that in order to obtain the optimum benefits from
grams which neither one could afford to pursue alone. Notable SPF/SPEF . additional reporting should be eliminated or reduced;
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TABLE IV. FY77 FUNDING FROM ALL SOURCES

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SUBTOTA L TOTAL
ROT E FUNDS DARCOM SOURCE

S 6.1 R search 4635 Hq, DARCOM 30690r5 6.2 Exploratory Development 18949 5225
6.3 Advanced Development 17075

• 6.3. 13277 Other DARCOM Customer 062
6.3b 3798 ____

64 Engrneering Development 693
6.5 Management & Support 639
6.7 Operational Systems 0 Non-DARCOM Customer

_ _ _ _ _ _ _ _ _ _ _ _ _  

(Other Army)

PROCUREMENT FUNDS (PEMA) Army Training end
DARCOM - Hq 0 Doctr Ine Command (TDI) 50

Other 816 _____________________________________

Non-DARCOM (Other Army) 0 ~~~~~~

Non-Army 0 NON-ARMY

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Navy 350

OMA FUNDS _________________________________

S 
DARCOM : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

Non-DARCOM (Other Army) 50

Non-Army 0

~~~~ ~~~~~~~~~~~~~ —~~FUNDS IN THOUSANDS OF DOLLARS
MODE OF FUNDING — APPROPRIATION 

____________________________________

TABLE V. REIMBURSABLE PROGRAM

SOURCE PROGRAM APPROPRIATION .fr 
45.2 - 

_ _ .S._ _ _ _. ~ARMY ~~~ 4 .  ~ AtS _ ...
TRADOC TDI Sssean OMA 

~ -AVRADcOM ~~ &T PEMA 8 ( ‘-~
AVRADCOM RPV ROTE - -

ROTE - v va sea ~“
A~~ RC ~~Iufl.I 5cals-Up AlP ROTE) 

~ 

-

P SRI. Sf10 Es..57 I..... AlP MDTE) 
S - S

— 2 -
• ,- Sf01 FisIdic Tad, Ies~~ ROTE -

TSAR COM D4.~uactic Proc... 05.57. - ____________ -
j r  - P$TC NsIicsuu45. VaIn Ross. OMA FY 73 PY 74 FY 75 FY55 FY 77

NAVY AaC aol-S
FIgure 8. Funding history — FY73- 77.

and minimum required information should be generated within The technological improvement objectives of the FY77 projects
• the existing budget , accounting, and prog ram reports , were consistent with the near-term objectives identified in the

S Army Aviation RDT&E Plan of October 1976.

TECHNICAL ACHIEVEMENTS The following summety of significant achievements of RIL during
• FY78 are presented under the following categories:

The principal RTL R&D goal is to maxi mize mission capabilities
and operational effectiveness of Army airmobile systems while C Research — 6.1
minimizing life-cycle costs. The FY77 program for the Labors- S Exploratory Development — 6.2
tories was responsive specifically to DA/DARCOM/AVRADCOM
identified goals and objectives as they effect air mobili ty research C Advanced Development — 6.3a

S and development. Table VI identifies some of the accom-
• plishments of the Laboratories in FY77 that are directly related to The published output of RTL in terms of in-house and contract

these goals and objectives, activity is documented in Appendix B.
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TABLE VI. REPRESENTATIVE FY77 ACCOMPLISHMENT S development of a technology for improving airfoil section aero-
d y n a m i c  characteristics for helicopter applications . Two-

SCIENCE&TECH NOLOG Y s-ro a~ p dimensional wind tunnel tests of industry and government-FY77 ACCOMPLISHMENTSOSJSCTIVE NUMBER ____________________________ developed airfoils were conducted and results disseminated at the
DEVELOP FIRE 5. FORGET 71-7.1 • H.ksopts. .l.fIon p1.m,omons 1.wmoi- airfoil workshop which has been established to expedite infor-
WEAPON$SYSTEM pWd ICr. .ock.ttn.i.ctoran. mation exchange. Tests included five industry and four

• T.n,Uo.I uo~ cta.y oon.ct,o.,
S nnmti~ ti.n ~~~~~~~~ government-developed airfoils. In support of the AAH SSEB, 2-D

• • MPV m.mani p.dIallns.y wind tunnel tests and analytical evaluations were made of a
______ 

n015i.gst.an mUmt.d baseline and a proposed alternate airfoil for one of the competitive
IMPROVEHELI cOP TER 77-7.2 • Iwaas. bsSIs*.c pros.ctaoc th,osO vehicles. In addition , the effects of Reynolds number on 2-DI
SURVIVABILITY Dm1 .5 bdI,.tIc 4.o~a,. tolsrant

c.001-bmo. ud ,.Io. characteristics of four rotorcraft airfoils have been investigated
• 1.1w... $501 11fnt7 400551. and results are being used to evaluate and improve the validity of

C..,tIno.bon .4 001 and 
~

• scale-model testing. Tests and analyses have also been conductedNM dmolopm.nt tatting.
• Rad.actlo.. .WctI.n*omop1.: to evaluate a series of government-developed airfoils which are

D.n.I.prs.nlof .Kn.o.r o.naspt designed to improve utility helicopter performance. These airfoils
_____________________ _______ 

$05 sofoolIt pIta... IR .appmulon.
_______ are based on analy tical design criteria and change as a functi on ofIMPROVE ADVERSE 77-7.3 • 0 .J_,__a-o of .dmoand I.. pco$sclinn

W EATHER MISsIoN ,~,mo.. s.s. n....., and ~~~~~~~~ rotor radial station. Preliminary results indicate highe r drag diver-
CAPABILITY concopt mis pml,s.ns.y 41557 ..Id gence Mach numbers than on other airfoils of comparable thick-
__________________________ 

Id,or.to.y onto ,flttt.t.d. ness and show favorable lift and pitching moment characteristics.
DEVELOP ON-BOARD 77-7.1 • AOUII.A I&•tISRPV syatam Ms
PASSIV E IMAGING p.O,.05d ~~ - of..... Figure 9 shows a test airfoil in the 6- by 28-Inch Transonic Wind
RSTA SYSTEM • T.dtn.Iogy da..I.p..ant of Miol-RPV Tunnel.
_________________ ______ 

csmpon.oto I. ca.tinorng.
DEVELOP I MPROVED 77-7 .7 • Cos.of.t.d .d.ntil.cat.on .5 .oonn.I
E X T E R N A L  CARGO WgO Oar.yiag cott05pt. fa. CH47 .nd S

~
HANDLING CAPABILITI ES Stock Hawk wj d, NOE Ii,mt.tiom

fltaMnltad
• Gondol. syitan. his s.ov.,..d 174.5 *

d..ign .54 f40ioatio.. and , in
F..obiiity D.n,on.t,at,on T.nt
E..Iostiost pO.ass.

DEVELOP EFFECTIVE 77-7.5 • F.aoibdity of Contain.. Lift D.,.c Is.
SHIP-TO-SHOR E CARGO aaquurln , D.n.ps.tlng and d.Iiwing
DELIVERY SYSTEM MIL-Von contain.n witltos.t pround

ooppofl hat Noon dsm.nanal.d.
REDUCE HELICOPTER 77-7.11 • Continomtio., of t.c$mology and concoct

__  

1~~~~~

•i

LIFE CYCLE COSTS dansloptnant to n.doc.Iif.cycl .c.nt, In ~~ .
all I.ehn.caI dis.iplinm with, .mp$tooi. onI

• Parfo.m.nc.
• P..puI.ion
S Rd ability and m*intain.bIIlty. 

____________________________

DEVELOP ADVANCED 77-7.12 • Dondopn..nt of adnonc.d coonpotits
STRUCTURAL MATERIALS .1.5db. for rotors and altO,.... to.

,.doc.d r~I mroMuity to hootil.
anironutant.

REDUCE ROTARY-WING 77.7 13 S D.t.,mm.tion of siNaI , ,not ion , and
PILOT WORKLOAD hmoon ..tq.n.arinq raward, ,aqulre Figure 9. Test airfoil in 6- by 28-Inch Transonic Tunnel.

mont, for Integration into $tlp1tt ,in,sI.-
to. program . canilnaing

IMPROV E MAN- 77-7.16 5 Dan.n.t,ation of kin..th.tal4 s.~.aI Rotary-Wing Airfoil Dynamic Stall — During maneuvers at high
MACHINE I N T E R F A C E  dUptoy to. helicopter cydic and ~ouac- forward speed conditions , large unsteady airloads are applied to
_________________ ______ 

tine aontsoit condact.d by Amty phloto. the rotor blade because of dynamic stall of the retreating blade.
VEHICLEIMISSION 77-7.17 S Siatsitotor .wioo.m.nhn to. men-rn-hooP This phenomenon has been investigated by means of wind tunnel
SIMULATORS .lms.I.tlon of hilicopta. Ri Ot In dsyI

.101 ~~~~~~~~ NOE ~~~~~ 
tests of properly scaled sinusoidally oscillating airfoils. This

caP.b.ltty Cootlnwn5. separation mechanism in causing dynamic stall. The goal of this
• Dmolopnt.n t of R&D ,imolato. research has demonstrated the true nature of the boundary layer

research is to supply a satisfactory dynamic stall load prediction
method for the helicopter industry. An associated objective is to
identify the process by which dynamic stall is initiated , and from

AIR MOB ILI TY PR OGR AM CATEGORY 6.1 this , develop a technique for modifying the dynamic stall. Theo-
retical analysis efforts are direc ted at extending computations for

RESEARCH IN AERODYNAMICS incompressible potential flow about a steady airfoil to produce
exact solutions for arbitrary incide n ce angles and extensions, in

A detailed understanding of the aerodynamics of helicopters is order to provide compressibility corrections and potential applica-
tion of unsteady corrections. Exp erimental effort s are proceedingparticularly difficult to achieve because of the complex time-

varying flow field in which a helicopter rotor operates. Helicopter in several areas. Fabrication of models for sinusoidal unsteady

performance , aeroelastic stability, vibration , static and dynamic testing of six currently used helicopter rotor airfoils has been
loads, handling qualities , agility and acoustic signature are all completed. These airfoils will be tested in the Ames 7- by 10-Foo t

Wind Tunnel in FY78 to measure the dynamic stall characteristicsdirectly related to the nature of the helicopter aerodynamic flow of these advanced sections. In a relate d effort , an operationalfield. demonstration at the Pitch Rig in the Langley Tr ansonic Dynamics
Tunnel has established the capability of helicopter rotor blade

2-D Airfoil Sections — The m~ or efforts in airfoil section develop- dynamic stall research at realistic Mach number s . The Pitch Rig, as
ment have traditionally been oriented toward fixed-wing aircraft shown in figure 10 . accommodates airfoil models up to 6 ft in
applications. The un ique flow field of the helicopter rotor requires span and 26 in. in chord. The diamond- shap e d boxes contain
a different set of airfoil characteristics than those desirable for rotary hydraulic actuators that set the mean angle of attack (up to

S 

- fixed-wing aircraft . Significant prog ress has been made toward 20° ) and drive the blade in pitch about the quarter chord point.

S
~~
i. 

~ 
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- understanding of basic phenomena. Consideration Is being given to
stability of the isolated rotor blade , mounted on a fi xed hub , and

- 
to Stability characteristics of the coupled rotor-bodied systems .

- 
For the isolated rotor blade , analyses include simplified rigid-blade S

- - representations, as well as more elaborate uniform and non-

~~~~~~~~~ 

uniform elastic-blade models. The work emphasi zes low frequency
stability characteristics in hovering (light , where structural

~~ I 
coupling phenomena of bending and torsional motions can be

- ., 
— important. This result is especially true for advanced bearingleas

rotor configurations. The Flex Beans Air Resonance (FLAIR)
- program has been used to pr edict stability characteri stics for the

Bearingless Main Rotor (BMR ). and analytic results have shown
excellent agreement with model tests conducted at Boeing Vertol.

- 
Figure 12 shows the comparison of FLAIR analysis results with
wind tunnel data in the prediction of air resonance stabili ty as a
function of rotor RPM for a BMR test configuration. This program

S has been provided to the helicopter industry and is being used in
• FI gure 10 Pt tch rig in Ti’ansonlc Dynamics Tunnel. their IR&D programs. Together, the FLA I R program and the

• Program Rotor Body (PRB) analysis provide a very good caps-
- 4 l’he test used a CH-54B blade section. Operation over the design bility to determine rotor sensitivities to instabilities. They also

envelope , 30 Hz at 12° peak to peak oscillation with a fully stalled provide a physical understanding and the detailed analysis required
- - 5 airfoil , was achieved. The capability to reproduce any waveform in to predict rotor stability boundaries.

this envelope , either sinusoidal or a simulation of oscillations
encountered in flight , will be possIble. Another feature of the -
Pitch Rig is to remove some of the limitations of low-aspect-ratio
wind tunnel tests. By using freestanding endplates, independent of
the tunnel walls, aspect ratios from one to five can be explored. -

The Pitch Rig will also allow testing of full-scale blades at realistic -

• Reynolds numbers and up to 0.5 Mach number. - 0 0 0 o o ~
S Helicopter Missile Pod Drag — In support of the AAH SSEB, 

ErAgLE

full-scale wing/pylon and two missile configurations for each of o
S the two AAH aircraft were conducted in the V/STOL tunnel. The ~ 0 BOEING TEST

S objective of the program was to establish actual drag values for ~ — FLAIR PROGRAM

• each configuration in order to obtain valid performance assess-
S ments of each proposed aircraft and to investigate the feasibility -

of drag reductions on the HELLFIRE missile systems, figure I I .  
I I I 

R~~ 
I I I I

_  

FIgure 12. AIr resonance stability vs. rotor speed for
• 

- ig flight.

Acoustic Measurements — The majo r effort required this year was
- 

S to make noise measurements in conjunction with the acoustic
- 

• S evaluation of both the U’ITAS and AAH competitor aircraft. In
addition to providing direct support to the UTTAS and AAH PMs.S 
the data obtained provided an excellent data base for comparison
with theoretical work which has materially advanced the under-
standing of rotor acoustic properties and mathematical modeling
of acoustic phenomena. The primary data in these tests were taken
in flight , using the upgraded In-Flight Far-Field Impulsive Noise
Measuring Concept. A YO-3A quiet airplane , with microphones

S installed on the wing tips and the vertical tail, was flown in
formation with the test aircraft as shown in figure 13. Data were

FIgur e 11. Helicopter missile pod dnig test for HELLFIRE. ~~~~~~~~ - .  
S 

-

Subsequently, full-scale wind tunnel investigations were conducted
to evaluate means of reducing the drag on the M 200AI and
HELLFIRE rocket launche r systems. With incorporation of a 

__________________________________________________

ring-cowl on the nose of the M200AI pod , parasite drag reductions
of 80% were demonstrated. In support of the HELLFIRE and
YAH-64 Proj ect Offices , wind tunnel tests were conducted to

S demonstrate the modifications which are necessary in order to
- reduce the HELLFIRE launcher drag to less than 1.2 sq ft.

-- 
- Aeroeleatk Stability Analysis - Dynamic stability of rotors, in FIgure 13. In-flIght me.ss.rement of UTTAS acoustic

• 
S general , and hinpeless rotors, In particular , need more detailed ch aracter istIcs.
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taken at different positions relative to the test aircraft over a full silicon-nitride shapes. In-house work directed at improving the
range of operating conditions. Ground measurements were taken technology of transmission , englne , and turbine tip seals is under-
to provide additional information which will now be examined for way.
further insight into acoustic phenomena , test procedures, and
acoustic signature reduction techniq ues. -

S RESEARCH IN STRUCTURES

RESEARCH IN PROPULSION Research in the aircraft structures technology base is , primarily,
committed to developing new ways of safely and economicallyThis project consists of basic research, conducted jointly by the transmitting loads throughout an aircraft with minimum weightPropulsion Laboratory and th e Lewis Research Center of NASA , penalty. The effort is largely one conducted by the SL ,U ~tures

S aimed at advancing the technology of propulsion and drive train Laboratory, with support from Watervliet Arsenal .components and systems. The work is directed toward the solving
of special problems involved in the development of small gas
turbines (airflow less than 20 Ib/sec), and the investigation of Analytical Techniques for Complex Structures — The RTL have

continued to participate in IPAD development. This compute radvanced concepts in mechanical devices employed in drive trains.
S system, being developed under a NASA funded contract with The

Compresso,r — Performance reports have been published on a 6:1 Boeing Company, is designed to handle the information processing

conventional backswept impeller with vane and vaneless diffusers requirements of aerospace design and manufacturing interface.
and on a 6: I tandem bladed impeller with cascade and vaneless Tasks to define the baseline aerospace design process and manu-

facturing interfaces are essentially complete , and conversion of the
S 

diffusers (NASA TM X-3552 and TPI 091). The tandem bladed results into information processing requirements is underway.impeller is shown in figure 14. Several diffusers have been designed
for use with the conventional impeller to determine the effect of Research is being conducted to determine the feasibility of using
diffuser parameters on range an d efficiency. Progress is continuing minicomputers for graphic support and data base manipulation.
on the deve lopment of theoretical 3-D viscous flow solutions for This research has shown that the minicomputer can be a cost
centrifugal impellers. A solution has been obtained for an effective tool for interactive graphic support for engineering anal-

-S 8: I impeller on planes normal to the streamlines to complement a ysis and design. In addition , research is being conducted on the
previous blade-to-blade solution. The results are being analyzed to feasibility of building a specialized minicomputer /microprocessor 

S

determine the direction of further research, for use in finite element analys is. The approach has been to
decomp ose the finite element meth od of structural analysis into

- • can be done more effectively with especially tailored computer
hardware. A pape r reporting the potential application of micro- •

S f processing to finite element analysis has been presented at the
5 ASME winter meeting.

, 

kernels of parallel activities and determine if selected functions

r i S Fatigue and Fracture Mechanics — During the past year research
was focused primarily on fatigue of laminated compositeS 
materials. The objective of the research was to develop a realistic S

fatigue model which could be used both to predict composite S

S fatigue behavior under realistic service conditions and to improve

S ment of a fatigue model was to determine the complicated fatigue

S composite laminate designs. A fundamental step in the develop-

process in composite laminates. Recent results showed that theFIgure 14. Research 6:1 backswept tandem bladed fatigue process in boron /epoxy laminates was triggered by matrix 
SImpeller, degradation in off-axis plys , followed by fibe r breaks in those plys ,

and finally failure of the load carrying plys. As a parallel effort ,
S 

- of liner cooling techniques, effect of wall and boundary layer the significance of environmental factors of fatigue of laminates
: Combustors — In-house prog rams unde rway include investigations

temp erature on pr emixing fue l and air , and methods of va r ying was being studied. A unique outdoor fatigue testing facility was
geometry to maintain optimum airflow split between prima ry and put into operation and laminates were tested in real time under
dilution zones over wide power ranges. realistic spectrum loadings in an outdoor environment. As of this

date three thousand real-time aircraft flights have been simulated .
Results of t his study will be used to make the proposed fatigue

Turbines — Part of an in-house prog ram to improve the predict- model as realistic as possible. In addition , research to predict
ability of cooled blade and vane metal temperatures and perf or- fatigue behavior of metal systems that were reinforced with

S mance was rep orted in NASA TP I 036. Testing of a 6-in, radial composite materials was being conducted. Results of this effort
turbine with thick blades to allow for internal cooling is un der- are forthcoming.
way. Aerodynamic design of a 5-in , axial turbine with a contoured
end wall sta tor is about 75% complete. In the fatigue of bonded joints prog ram, three areas of progress S

S have been made. The initial work was rep orted in NASA
TN D-8126. This work showed the relationship between strainMaterials — Current in-house research results on materials tech- energy release and cyclic debond rate for different adhered thick-S nology were rep orted in NASA TM X-3429 , NASA TM X-73,586, nesses, elastic mod uli , stress ratios, and type of adhesive. An SEM

NASA TN 8383 , and NASA TM X-73,59I .  Cur rent research analysis of the failure surfaces was also given. The second area of
S S efforts to improve the impact resistance of silicon nitride and progress has shown that the “peel-ply cloth” used to facilitate

S silicon carbide has demonstrated imp act strengths i n excess of handling of composite laminates can cause an order of magnitude
• 20 in ./lb; the prog ram goal was 12 in./lb. Research is continuing to difference in the cyclic debond rate. This work is continuing with

S 
obtain consistent , thermally stable results. A program has been the aid of the Lockheed-Georgia Comp any. The third area of

S S initiated on a new concept for producing pressure less sinterin g of progress concerns the modification of an advanced version of the

1 3 -
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S - finite element program used to determine th. state of strees in experiment which established the spatial and temporal pressure
bonded joints. This computer program has the capability of u sa- distribution on a model rotor. Figure 15 illustrates a typical corn-
lyzing the stress field under thermal loading and of changing the parlson of predicted and actual blade pressures.
boundary conditions at the failure surface. With this analysis we _____________________________________________
expect to determine which local stress, peel or shear stress, is the
principal mechanism causing cyclic debonding. This work will aid ~us in designing better fatigue resistant joints. V C

-1 N
Advanced Materials Application to Helicopters - The bearingless

S S rotor concept offers sigeifican t improvements over conventional .
articulated rotors in maintainability, reliability, and structural ..~ MACSI N(~~5ER •
efficiency, by eliminating critical bearings In the rotor hub . The CP *ovas ca RATiO • v/can • as

- use of composite materials may provide a breakthrough in the ASPECT RATIO R~~~ LI
- development of bearingless rotor concepts. Composite materials • ~~~~~~ AZIMUTH * -

-S provide the necessary axial strength and stiffness for rotor blade PREDICTION
S S spars and yet can be easily twisted to attain different blade 0 EXPERIMENT

pitches. Although composites have been used and verified for ZIC
beazing1es~s tail rotors, their use in main rotor spars has not been , 

~~• verified. A joint Army/NASA program has recently been corn- ~ • •

pleted which included the design, fabrication, and fatigue teat of
critical components in a composite bearlngless main rotor system
The program involved full-scale and half-scale test of critical corn-

• ponents such as the hub and blade attachment fittings.

S One of the present drawbacks to composite applications to heli-
copter structures is the lack of a solid histo ry of successful flight a I ________________

service experience as a guarantee against unanticipated material ‘
S problems. The only remedy is to put a composite secondary 

_____________________________________________
S structure into extended flight service use and monitor it for

unforeseen problems. One application that charactetistically sees FIgure 15. Comparison of predicted and actual blade pres sures.
particularly severe treatment is the cargo loadin g ramps on ClI-53 S

S and CH-47’s. The skin materia l frequently is in contact with rocky The presence of feedback or functional loops in the design of
S 

and uneven terrain during heavy cargo loading operations and ~ mechanical or electrical equipment can often make trouble-
S often penetrated and later repaired or replaced. For this reason ~ 

shooting and diagnosis of malfunctioning hardware a challeng ing,
Kevlar aft skin is being installed in a CH-53 which will be returned if flat UflpOedble , task without replacing the entire piece of equip-
to regular service during this year. The present plans call for five men t. A theorem established during FY76 concerning optimal
years of regularly scheduled inspections at decreasing frequencies. fault detection technique for loop-free systems has been extended

to cover physical systems containing functional loops. It was
- A testing program of 1/4 diameter fasteners in Graphite-epoxy found that the conclusions of the theorem for loop-free systems

S composites was completed with the final report, CR-l44899 . M remain valid for systems containing loops, only if each loop can be
in-house test prog ram of 7/ 16 and 5/8 diameter fasteners in degenerated into a functional enti ty which is not a terminal point;

S Graph ite-epoxy has also been completed. These test specimens had and if the degeneration Is a terminal point , then modification by
- similar E/D and W/D ratios to the 1/4 diameter holes specimens, adding an additio nal test point in the loop is required.

S to determine the effect of scale up in fastener size on the joint
strength Results are currently being analyzed. Decision Risk Analysis — Source selection process evaluates com-

petitive proposals for a development prog ram. If a particular
developmental program is of high risk , then one technique to

S 
RESEARCH IN MA THEMATICS reduce the risk and assure a better chance for program success is to

S award multiple contracts for parallel developments. Of course , the
The basic mathematical research efforts of RTL are directed , immediate effect is the increase in development costs to fund the
primarily, to the general domain of aerodynamics, propulsion , multiple sources. The key question is how one should approach

S structures, and design analysis. The end results of these efforts the problem in deciding whether or not multiple de~dopments
contribute to filling the technological needs and requirements of should be pursued. If the answer is affir mative , the next question
advanced airmobile systems. Mathematics and computers are daily is how to choose the contractors. The former question is a mana-
tools used in R&D efforts. The RTL program on mathematical pen al problem concerning time and fund constraints. The latter
sciences and computing includes research in applied analysis, question must establish the optimum number of contractors and
parallel computation , decision risk analysis, and preliminary design determine which contractors are worthy of consideration. A
computational methods. mathematical treatment of the latter question has been completed ,

S and the existence of an optimal solution to the two-contractor S
Applied Analysis — a general two-dimensional ADI scheme for source selection has been established.

S solving the unsteady transonic small disturbance equation has been
developed and used to compute some high speed rotor flows.
Good comparison with experimental rotor data has been achieved. AERONAU TiCAL TECHNOLOGY —

A similar two-dimensional code, using a variable artificial time PROGRAM CATEGORY 6.2
S step, has yielded a very fait means to obtain steady solutions. The

result was presented at the Second European Conference on AERODYNAMICS TECHNOLOGY S

S Rota ry Wing Aircraft and Powered Lift. Also, this AD! scheme has S

been extended to obtain three-dimensional unsteady non-lifting The Laboratories’ effort in exploratory development of aero-
solutions. The results compare favorably with those of a recent dynasties foliows the 6.1 techno4o~ subdisciplines of fluid
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mechanics, dynamics , flight control , and acoustics and is con- hub /rotor wake in the vicinity of the empennape, the formation of
ducted by the Aeromechanics, Applied Technology, and Structure the ground vortex and its relation to hub loads and fuselage loads
LaboratorieL during transition , and the occurrence of vibratory air pressures

from the blade passing over the fuselage. Only portions of the
Blade lip Ft anform Effects on Hover Performance — As the wind tunnel test data were reduced and anaiysed during the
performance spectrum of the helicopter has been expanded , flight-test program of the Boeing-Vertol UTI’AS aircraft.
seve ral advanced rotor tip shap es, such as the Opec tip and the

S swept tip, have been developed experimentally . Previous analytic
techniques based on lifting line and momentum theories are incap- S S

S able of accounting for the effect of advanced tip shapes on rotor
S performance. An analytic technique for hover performance pre-

diction based on lifting surface theory has been developed , a step -

which should provide a considerable improvement in prediction
capability for rotors with advanced tip shapes. The lifting surface - -
hover analysis features a user-specified panelling or a program- S

,

generated cosine panel spacing. The wake may be prescribed, fully S
relaxed, or an initial calculation of the inner wake sheet with S

further calculation iterations on the t ip vortex. Curved line vortex
elements are used. Compressibility and boundary layer effects are
included . A simple aeroelastic model is used for blade bending and
twisting. Figure 16 shows the features of the lifting surface hover •
analysis. S~ 

• 

/
/

co~~asssrniirrv 3-0 T~ EFFECTS S

S 

RADIAL FLOW FIgure 17. U7TAS model tested in V/STOL Wind TunneL
BOUNDARY LAYER EFFECTS

STAL L EFFEC TS 
WAK E VISCOSITY A program is underway to complete the analysis of the data to

understand more completely the aerodynamic interactions that are
LIFTING SURFACE involved and to formulate instructions for the guidanc e of

BLADE REPRESENTATION - 
MORE C~~~ LETE SET OF designers with respect to these interactions. The results of these

S S 
WAKE PARAMETE R studies will be applicable to existing and future single rotor/tail

rotor helicopters. The data have been segregated according to
- 5 - aerodynamic interactions and associated phenomena/problem

areas. These are shown in figure 18 , with a listing of the key
I,.ASCE WAKE IN~~~~~ TION variables that have been exercised. From this body of knowledge .

a generalized set of design guidelines meaningful to the single rotor
______________________________________________________ 

helicopter concept formulations will be developed.

FIgure 16. Features of the Lifting Surface Hover Analysis. 
________________________ _______________________

INTERACTION LOOP PRO$LEM ANALYZEDInvestigation of Flow SeparatIon Models for Helicopter
Applications — An analysis pro cedure capable of predicting t wo- ROTOR/GROUND I F.~,u.tism mE rosad sn,m

S ~
‘ S and three-dimen sional aerodynamic characteristics of helicopter • IGE .islm ,sw, ps.s,

- . S ICE ItwO t~~ .s mmd s,mmmWfuselage configurat ions having separated flow regions has been 
~~ TORIT ~~~E~~ GE S Vl~~ tsiy pr~~~rm• S S developed. The general analysis procedure consists of a potential • Fs,sIsg. Ics~flow calculation , a boundary layer analysis, and a model of the • Ross,pc.u,

separated flow. The analysis begins with the creation of planar ROTOR/FU$ELAOE/GROUNO • ICE fusWsp dsmm~Is.d
surface panels from fuselage cross-section data input by the user. S ICE f~.ssIsg, ~ s~~ rs

The inviscid flow field about this configuration is determined by ROTOR/EMPENNAGE (TAIL ROTOR . • Rs,mi i Om iWBiliSs, liii p~4s..
S . . - PYLON, AN D STABILIZER) • WiN. sIn.cRm.

S the potential flow program. A senes of streamlines are then 
• ~~~~~~~~~~calculated over the configuration surface , providing information • TiN ,s.s,/ ~~~ e raWi WI~~required for the boundary layer methods. Laminar , transition, and •

S turbulent boundary layer characteristics (including the separation ROTOR/S ENNAOE/GROUND S ICE BI.~~~.P
point , if separation is present) are determined along each stream-
line , as are the source distributions representing the attached flow FIgure 15 Intera ctlonal aerodynamics for single rotor helicopters

S viscous effects. The separation points are used to map the separ-
ated flow region on the configuration geomet ry from which the S

vorticity shear layer leave s the surface. A new potential flow Full-Scale Rotor Testing — Two rotor tests have been performed
calculation is made with the inclusion of both the separation in the Ames 40- by 80-Foot Wind Tunnel using the Rotor Test
model and the boundary layer sources. The result is a predicted Apparatus. The first of these rotors was a Multicyclic Controllable
pressure field for the entire body of attached and separated flow. Twist Rotor (MC ’rR). This rotor system uses an aerodynamic

control surface located on the outboard section of a tors ionally-
Interactiona! Aerodynamics for Single Rotor Helicopters — In soft rotor blade to vary the twist of the blade collectively and

• 1975 a wind tunnel test program was conducted in the Boeing- cyclicly. The multicyc lic concept varies the twist at frequencies S
Verto l 20-Foot V/STOL Wind Tunnel on a 1/5th -scale IJTTAS above the primary rotor frequency to provide beneficial higher
model (figure 17) to investig ate and find solutions for several harmonic loading conditions on the blades. The tests showed that
aerodynami c problems encountered during the UTI’AS flight- the MCTR has the potential to substantially reduce blade Stresses
testing. Specifical ly , these tests focused upon the structure of the and vibrato ry loads.

-— 
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The second rotor tested was an advanced four-bladed rotor system diffuse the tip ~~ tex Flight testing of both rotors indicates that
designed and built by Sikorsky Aircraft. This rotor system pro- the strong impulsive noise signature of the standard rotor can be

-
~~ vided for operation with various rotor tip planforn*. Four tip reduced with the Ogee tip. Forward flight performance was signifi-

S shapes were tested , and data obtained from these tests will be cantly improved with the Ogee configuration for a larg e number of
released in mid-I 978 in accordance with a previous agreement flight conditions, and rotor control loads and vibrations were
with Sikorsky. Figure 19 shows the Sikor sky advanced rotor reduced. Full-scale tests are continuing on high-performance 

S

system in the tunnel , aspects of the Ogre tip rotor and of a modified Ogre tip rotor. 
S

S High Energy Rotor Systems — The High Energy Rotor System
S 

(HERS) progra m has provided data for the study of the effect of
rotor inertia on flight safety, performance , and control ; the reduc-
tion or elimination of the height-velocity operating restriction

- • (deadman ’s curve); simplification of autorotation landings; and
S S ~~ • improvement in nap-of-the-earth maneuver performance. An

• OH-58 was used as a test bed at Bell Helicopter Textron. Standard
OH-S 8 rotor blades were modified by installing 55 pounds of tip
weight per blade and adding blade stiffening with a 3-inch trailing

S edge extension and stiffener plates along the quarter chord. Tip
weights were removed for testing of alternate inertias. The results
of extensive height-velocity autorotation testing are shown in
figure 21, including comparison with the standard OH-58. In the

S high inertia configuration (55 pounds) of tip weight per blade the
low speed deadman ’s curve was eliminated.

S Figure 19. SIkorsky advanced rotor system In Ames 40- by 80-
• Foot Wind TunneL MAXIMUM PERFORMANC E WITH 2 SEC S

400 TIM E DELAY FOLLOWING THROTTLE CHOP
- - . GW/o — 3100 lb

S Ogre Tip Testing — The Ogre tip concept involves a variation in
rotor blade tip planform to diffuse the rotor blade tip vorte x , as
shown in figure 20. Diffusion of the tip vortex may be desirable P40AN~ OH-58A

for reducing noise and loads due to blade vortex interaction , and , -

for some blade and aircraft configurations , result in an improved 
j  ~~~ 

• HERS LOW INERTIA CONFIG
loading distribution and improved performance. Full-scale tests of 1b -

a rotor with Ogee tips were conducted to investig ate their effect w
S on acoustics , performance , and loads. Both whirl towe r and flight

tests of a modified UH-l H rotor were accomplished. The test HERS MID INERTIA CONF IG

matri x for hover on the whirl tower included rotor th rus t values N - ~~~~ iIus.ft~

from 0 to 10 ,000 pounds at various tip Mach numbers for both 100
S standard and Ogee tip rotors. Flight testing on the UH- l H covered 

~ INDICATES TEST POINTS FOR
the major portion of the flight envelop e for that aircraft. Near- , HERS HIGH INERT IA CONFIO
field acoustic measurements as well as far-field layover data were _ ....“ I 7 11*412

S 
• obtained for both the Opec and standard rotors. Analysis of the S S S

whirl-tower test data shcws that the Ogee tip does significantly 0 20 40 E0 50

ENTRY INDICATED AIR MP EED (knots)

S ~~~~~~~~~~~~~~~~~~ TIP FIgure 21. HeIght-velocity profile.

• STRUCTURES TECHNOLOGY

encompasses improving load prediction and analysis method-
ologies; considering both internal and external loads; improving
structural design criteria , manufacturing methods and testing tech-
niques , with a particular focus on the advanced composite

• materials ; and app lying t hese advanced mate rials and structural

~~~~VSNTIONAL concepts to helicopter components.

~~~~~~~~~~~~~~~~~~~~~~~~ The &2 research and development effort in Structures Technology

OUARE TIP

Rotor Blade Dynamic Response and Ballistic Damage Surviv-
ability — The Applied Technology Laboratory is conducting a
program with Bell Helicopter to develop an analysis methodology S

for evaluating the effect of ballistic damage to the helicopter ’s
S main rotor blades , up to and including 23 mm HEI-T projectiles.

Designing the helicopter main rotor blade to survive this threat has
S been a desired objective in several of the Army’s recent blade

S ‘ development progams; but up to the present , the methods
FIgure 20. Rotor blade tip shapes. employed to achieve this objective have been largely empirical S
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ones based on the results of ball istic tests The current program
consists of four majo r tasks : S

S • The development of the analytical tools to perform ballistic, isvencovsn
S dynam ic, and structural analysis . orno ,osrrs - ISO

SLSMEMTS ME

S • The application of this analysis in existing helicopter configu-
rations.

I • .~ • The experimental verification of the analysis throug h ballistic( and structural tests.
- 

• The development of a ballistic survivability design guide. 5MG GEAR
S GEID PUWITS 2IS S

ELEMENT S- ME
The basic analysis methodology developed for this program is
referre d to as the helicopter Survivability Model (SURVIV).
SURV IV is a workable toot that can be used to predict the
23 mm H~ l-T ballistic damage to a rotor blade , the dynamic

S S resp onse of the rotor system and helicopter as a result of this
S damage , and the residual structural strength of the blade. This

model enables the designer to compare the merits of competing
blade designs on the basis of ballistic survivability. SURVIV has cast

S been used to analyze the AH- I G helicopter for main rotor blade
damage from a 23 mm HEI-T projectile impact. Both the Bell

- Helicopter Textron (BHT) 540 metal blade and the Hug hes Hell-
copters multi-tubular spar (MTS) composite blade have been S

examined.

Finite Element Analysis for Complex Structure — This research Figure 22. Finite element model of the CH-47 forward rotor

program was conducted be t ween the Applied Technology Labora- transousslon housing.

tory and Boeing Vertol to develop and dei~~~~ ra~~~ comprehen-
sive finite element technique using NASTRAN to determine the and ease of reliable fabrication. Structural analysis and experi-
operational characteristics of a helicopter transmission housing. mental verification have substantiated the structural efficiency and
The technique develop ed can be used to improve and optim ize the damag e tolerance of the composi te hub. Static and fat igue tests

S design of housings made of metal and /or composite materials. A were performed to demonstrate strength and stiffness both on a
- 

CH-47C forward transmission housing was utilized to investigate series of composite plate element specimens containing typical
stress and deflection due to static and dynamic loads , load-path 

-~

S definition , dynamic response , thermal distortion and stress , and .9 ‘
~

design optimization by the control of structural energy distribu-
tion. The analytical results were correlated with test data and were t~ ?‘ <~.-
used as a design tool in developing a concept that reflected ‘4

~.._!

redu ced weight and improved strength , service life , lailsafety , and
reliability of the transmission housing. The finite element model

S - of the transmission housing used for this work is depicted in 
-

figure 22. A preprocessor program (SAI L I I )  was used for the I
s- 

7~~~
automatic generation of grid point coordinates and structural ‘•

~
—.:.~

i’ S

S ele ment connections. Work under this prog ram was completed in
FY77 , This NASTRAN technique is being utilized in the conduct S

of a follow-on Applied Technology Laboratory and Boeing Vert ol
progra m.

Composite Main Rotor Hub — The Army ’s efforts to reduce 
~~~~~~~~~ —~~ —helicopter costs and to exploit the benefits of structures made 7 7 ’  - __

~~~~~~~~~~~~~~from composite materials have resulted in the design , fabrication , y - 

S

and testing of a rotor hub constructed from composite materials in I is~~’
S a program conducted between the Applied Technology Labora- - ..

S tory and Ka ma n Aerospace. Although helicopters of all weight ‘
~ 

-

S classes should benefit from composite rotor hubs, the need is
S greatest for larg e helicopte rs w’.cre the size of a conventional hub

approaches the limits of forging feasibility . Accordingly , a -
S graphite -epoxy main rotor hub was designed, using the CH- 54B as

a baseline (see figure 23). The hub configuration consists primarily
- of an upper , a pan-shaped middle , and a lower plate, which are ________________________ : S

4 
I 

- 
gr aphite epoxy with quasi-isotropic fiber orientation (60/0/60). ‘ .

I Together , they provide high structural efficiency , since major 
- .

- ‘ loads are transmitted primanly by in-plane direct stresses and, 
- . - ,. 1 ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ INNshears; high fa llsafety and ballistic survivability due to diffu se and

redundant load paths; ease of inspection for detection of dama ge ; Figure 2~ CH~54 composite plate main rotor hub.
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meta l laminate reinforced joints and on a one-half scale CH-54 hub Combustors and Fuels — The objective of the Combustor Design
assembly specimen. Demonstrated advantages of the composite Criteria Validation program initiated in FY76 was to ref ine exist-

- S hub in comparison to the baseline titanium CH-54B hub are 24% log combustor anal ytical design techniques to significantly reduce

~h savings , 52-78% cost savings, and 3 8-93% reduction in radar the design and development time of small gas turbine combusto rs .
S cross sec*Ion. The relevancy and potential benefits of the tech- Within the first year of this program the contractor , AiResearch

nology demonstrated in t his program are now being pursued by a Manufact uring Compa n y of Arizona , found that the computerized
current Applied Technology Laboratory effort with Sikorsky Air- design techniques were very effective in designing other company

~ craft to perform a preliminary design and analysis of a composite combustors. The ARPA NAVSEA Ceramic Eng ine Combustor , the
main rotor hub for the Black Hawk. NASA 1-1 Emissions Reduction prog ram , the 1-76 Uprate Com-

bustor , and the TFE-73l and TP E-331 Combustors have all bene-
fited from extensive use of these math models. Under this pro- S

Advanced Technology Landing Gear — The main strut for ~ gram, two advanced cycle , reverse-flow annular combustors of
5 15 ,000-pound class helicopter (see figure 24) has been fabricated approximately 3 pps were designed and rig tested d urin g FY77 ,

of composite materials and successfully tested in the lab or atory . with excellent results.
One of the prime objectives in this prog ram was to design the strut

S to meet the crashworthiness standards of MIL -STD- l 290, as well Turbines — The turbine tip cleara nce measurement programs were
as the landing and ground loads strength requirements of completed in FY77. The operating tip clearance of the first stage
Ml L-S-8698. Drop tests were performed to assess the strut ’s turbine rotor of the PLT-34 (Lycoming STAGG) was measured

S dynamic properties , which de monstrated its capability of satis- and recorded , using a laser-optic probe , while the clearance of the
S fying the landing impact requirements of these standards. ‘I’he T700 first stage t urbine rotor was measured using a high-response

strut was subsequently tested to an ultimate load of 2. 1 times touch probe. Sufficient data were generated under each effort to
limit load (44 ,000 pounds ). Graphite (Thornel 300) fiber and allow comparison with tip clearance calculations , using the con-
APCO 2434/2340 epoxy resin /hardware were selected as the tractor ’s clearance prediction technique. The program also showed
structural materials , and the wet filament winding process was that (for cantilev ered shro uds) therma l distortion of the shroud S

used to fabricate a trailing arm for the Hughes YAH-64 helicopter , (out-of-roundness) was as severe as the clearance changes due to
the baseline vehicle . The result ing graphite arm proved structurally differential growth of the blades and shrouds.

- 
5 viable , thereby demonstrating the practicality of employing

composite structures in the construction of high energy attenu- Engine Rotor Dynamics - A Squeeze Film Bearing Damper
- ating landing gear components. The final weight of the graph ite Analytical prog r am has been developed by Pratt & Whitney ’s

trailing arm proved to be 7% lighter than the baseline steel arm , Government Products Division. As a result , the response of
but an estimated weight savings of 25% could be expected if a squeeze film damp er configurations can now be accurately pre-

S 
special winding machine were to be developed for fabricating the dicted and better control over engine rotor shaft vibrations can be 

Scomposite strut , obtained. Development of this analytical program has include d the
I successful simulation of a blade loss at both subcritical and super-
I 

critical operating speeds to verify the resp onse of the squee ze film

Transmis.sion Noise and Dynamics — A NASTRAN analysis has
been developed by Boeing-Vertol which predicts the resp onse of
gearbox housings to internal gear and shaft excitation. This

- 
~~~~~~~~~~~~~~~~~~ damp er under these conditions.

analysis has led to design techniques which have , to date , resulted
S in a 7- 10db reduction in noise level on a CH-47C forward trans-

S mission , and demonstrated a potential for greater noise reduction S

in future transmissions/gearboxes through selective stiffening of
the transmission housing.

Inlet Protection Devices — A separator scavenge system , designed
p

and fabricated based on recently established design criteria and
desig’s guide technical information , has demonstrated its at ility to
operate under icing conditions and to scavenge a variety of ‘oreign
objects without damage to itself. This same scavenge systt -n had
previously demonstrated a factor of five improvements in life in an
erosive sand and dust environment. Based on the success of this
system, a system of similar design is being used on one of the
800 SHP Advanced Technology Demonstrator Engines.

Overrunning autch - The high speed (20,000 RPM) 1500 HP
Overrunning (fr ee-wheeling) Clutch prog ram is nearing com-
pletion. The Design Guide and Final Report are ready for pub lica-

Figure 24 Advanced technologs helicopter landing gear tion. This program was launched in 1974 to demonstrate that
weight and , therefore , cost savings could be realized if free-

S wheeling clutches were designed to operate on the highest speed
PROPULSION TECHNOLOGY shafts of helicopter transmissions. This objective has been accom-

S phshed. It has been demonstrated that freewheeling clutches
S Technology activities in propulsion , which include both engines designed for high speed and power are feasible and will save

S and drive trains , cover the development and testing of components weight. The weight and cost savings study part of this program
4 of engines and of drive trains. The 6.2 propulsion activities are indicates that , if the present location of the freewheeling clutch S

conducte d by the Applied Technology Laborato ry and the Pro- was chang ed to the 20,000 rpm input shaft , a substantia l weight
pulsion Laboratory . savings would be reali zed. In the case of the spring clutch , this

- IS-

-

-
S I

5 

I

I-f — 

~~~

——  
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~



savings would amount to 36.6 pounds per aircraft and for a fleet
of 1 .106 aircraft t his would be 40,480 pounds with a fleet effec- . -

tive cost savings of 4-5 million dollars . This cost savings is almost
entirely due to aircraft life cycle cost savings resulting from
reduced weight.

Advanced Coupling — In 1974 , an Advanced Coupling Program
S was initiated with the objectives of demonstrating high speed ,

lightweight , large deflection coupling technology. The initial
objectives were to demonstrate 20,000 rpm at 1 500 lip. These
objectives have not been met to date but significant progress has I --

been made. The most recent coupling design (see figure 25) has
been successfully operated at 16 ,000 rpm , 1200 hp and 1.50 con-
tinuous misalignment. ‘l’hi s interim step was achieved through -

the application of advanced composi te material which minimizes
the previously encountered fretting and failure of the flexures.
The coupling weight of approximately 3/4 pound is particularly
impressive when considered in conjunction with the demonstrated
speed , torq ue , and deflection capabilities. A significant interim Figure 26 Infrared suppressors installed on T63-A- 700
step in high speed , lightweigh t coupling technology has been helicopter engine
demonstrated under this program.

and equipment with improved military operational capability for
Army aircraft through improved reliability and maintainability

~~~~~~P 

characteristics. The 6.2 R&M effort is conducted by the Applied
Technology and Propulsion Laboratories.

I 
Logic Model Test Set — The design of a Laboratory developed
Logic Model (LOGMOD) test set has been completed. The
LOGMOD concept functions as an engineering design evaluation
tool and provides the basis for advanced trouble-shooting and
diagnosis. A scale model helicopte r demonstration unit has been
fabricated and Army aircraft hardware , such as the ARC-5 1B
helicopte r radio set , have been modeled. Presently a joint Army

S and Air Force evaluation of the test set on the AN/APN-l 47 radar
is underway, Other on-going evaluations of the LOGMOD concept
include: the Naval Training Equipment Center; the Naval Under-
water Systems Center; the Naval Electronics Command; and the

,
~~~ 

Army Missile R&D Command. The LOGMOD fault isolation tech-

S 

. nique is illustrate d in figure 27 .

S FIgure 25. Advanced technology coupling with composite LOOMOO DEPENDENCY DIAGEAM
TP.O At TP.I AS A-3 -a A-4 1P3

fr flexure straps. PAOSLCM OMEEVE
ACTUATOA OUINfl P*OSI.EM

S 
Small Turbine Engine Research — Many areas of research can be
more efficiently investigated in full scale engine investigations than
in component rigs. Several such areas are planned using such
engines as the T63, 1702, and T700 as experimental vehicles for

S conducting research investigations. The first of these used the TP TE$T POIN I A-ITEM

T63-A-700 to investigate the effect of IR (Infrared) suppressors on
engine shaft power and fuel consumption. Results showed no
measura ble difference between standard exhaust stacks and the lR
suppressors shown installed on the engine in figure 26. A technical —

publication reporting these results is in preparation. ~~~~~~~~~~~~~~~

0000 SAD
Seals — Several programs are underway to improve technology for vs,~~ us
transmission seals, high speed engine seals, and abradable turbine 0000

seaLs. Notable progress has been made in spiral groove mainshaft resi asr~~suaoa 0000 SAD

seals. In the first known application of spiral groove geomet ry to O1~~tAY SE~~~0E TEST Tv- i

self-acting seals, demonstration tests at sliding speeds of 800 fps SAD

(greater than required for small turbine engine application) were aee.aca aEPI AcE S

highly encouragin g. This concept is being designed into the AVCO
Lycoming version of the 800 HP ATDE. S

FIgure 2 .  LOGMOD fault Isolation technique.

RELIABILITY AND MA INTAINABILITY
S ARMS Model Analysis — The Aircraft Reliability and Maintain-

The basic R&D effort in this are a is to conduct those exploratory ability Simulation (ARMS) model was used to conduct sensitivity
de velopment pro grams necessa ry to develop advanced technology analysis on the SOTAS airborne radar surveillance system for the
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UH-60A and UH-l H aircraft. Two additional aircraft , the OH-58B techniques to the much smaller tail boom of the OH -58 was
and AH -lS , have been added to the ARMS analysis. ARMS II , the investigated. Preliminary tests indicate that the major damage

S advanced version of ARM S, has been completed for the AH- lG causing mechanism on this boom is the overpressure caused by the S

and CH-47 aircraft for future analytical efforts. functioning of the 23 mm HEI projectile. Blast overpressure
S caused some damage in the larger tail booms but is catastrophic in

Oil Wetted Components Monitoring — Advanced chip detector and the smaller size.
oil filtration investigations have documented that on-site diagnosis S
for oil wetted components can be performed. Modifications to Another area of ballistic protection R&D, is the joint USAF/Army

I incorporate advance d particle separation with full flow through test program for 23 mm HEI combustion threat potential and S

S burn’off chip detection utilizing disposable filters have been pro- evaluation of “Explosafe ” as an explosion suppressor. This test
posed for helicopter engines , transmissions, and gearboxes. program is conducted at the Ballistic Test Range to determine the

S blast and ignition response of the 23 mm H !  projectile in dry
bays and fuel tanks. Baseline data was obtained on the blast and S

SAFETY AND SUR VIVABILITY combustion overpressur e as a function of volume , combustible gas
content , m d  kve l of inert gases of nitrogen and ‘!alon 1301. The

S Survivability means the ability of an aircra ft to continue func- damage effect was assessed based on pressure alone without theS tioning after being hit by projectiles or fragments from air-to-air compounding effects of fragments. The performance ofand ground-to-air guns and missiles. Flight safety concerns itself ‘ Explosafe ” in reducing the terminal effects of the 23 mm HEI
S S with the reduction of operational hazards. The basic thrust of will be esaluated.these programs is to combine the best capabilities of government

- 
and industry to accomplish the design of airc raft with inherent A study to compare the conventional AH-l primary flight controlsurvivability and fligh t safety. The program consists of research system to a ballistic damage tolerant (BDT) system using astudies , materials development , engineering, testi n g, analysis , and 12.7 mm API tumbled projectile threat was completed. The tech-

S ~
• . systems safety and survisabiity design. These efforts are con- -niques of uiing composite materials , incorporating multi-pathducted by the Applied Technology Laboratory . loads , improving component support , improving connecting points S

and bearing areas , and using tougher metals were applied to
S S Ballistic Protection — The program to establish test data on the existing critical components to develop preliminary subsystem

S impact of 23 mm HEI-T projectiles on Army helicopter tail booms design layouts containing BDT components as illustrate d inhas been very helpful in selecting a practical design concept for figure 28. The results of the design study indicated a significantreducing the ballistic vulnerability (23 and 30 mm) of UH- I H and reduction (compared to conventional contract) in vulnerability, inAH-l G/S tail booms. Preliminary ballistic testing conducted by lower weight and cost components, in minimum installation- the Ballistic Research Laboratories indicated that the UH-l heli- changes , in equal or better reliability , in maintainability, and incopter tail booms and , to some extent the AH- l tail booms , were system safety characteristics.
vulnerable to the 23 mm HE! threat. Studies were initiated to

S j define failure mechanisms and to develop a vulnerability reduction

I 
design. As a result of this effort , two designs were fabricated and Signature Reduction — The air mixer concept for infrared (1k)
tested which were applicable to both the UH-I and AH-i type suppression of engine exhaust has been tested. This concept inte-
helicopters. These techniques were effective in lessening major grates both hot parts and engine exhaust plume into one design .
structural damage , but did not address the tail boom drive shaft or Tests show that significant results have been achieved , particularly
flight controls in the boom area. Additional ballistic testing was in the area of plume suppression.

S conducted on the All-I S production-type tail boom which m di-
S cated that the basic structure could survive two hits , in some cases; The analytical protcdure for prediction of the radar cross section

however the control system and tail rotor drive shaft suffered (RCS) of helicopters has been improved with additional capability
S considerable damage. The possibility of applying similar design to predict RCS of absorber type materials . RCS reduction

S ROTATI NG COMPONENT S TAIL R OTOR YOKE
MAIN ROTOR PITCH LINKS TO HAVE REDuNDANT
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LINKSI SWASHPLATE

PILOT IMPROVED LAR GERE NDT U
CONTROLS - SCISSORS FITTINGS

S 
JACKSHAFT SERVO ACTUATOR ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ AILIMPROVED HYDRA ULIC

ROTORGu NNER /OBSERVER ROTATING
CONTROLSS COMPONENTS

CLEVIS a
BRG JOINTS

IW’ x .025” GRAPHITE OR
W A L K I N G  BEAM lW x .0Z” AL TUBES

IWECTION COMPONENTS NOT HEAT ED (STO)

LEGEND

COMPOSITE MOLDED
BEI.L CRANKS
AND IO LER S BALLISTIC DAMAGE TOLERANT

CONTROLS tAN TITO RO U E ,S 
COLLECTIV E. CYCLIC . AND
MAIN ROTOR ROTATINGS 
COMPONENTS)

• FIg ure 28. AH-1 S preliminary design ballistic damage tolerant single primary f l ight controls.
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evalua tion has contin ued with m easurement of shaped helicopter
S - fuselages and field evaluation of low RC S main rotor blade hard- $TA 202

ware. The All-I G main rotor hub cover has been fabricated , static
tested for RCS levels , and is being qualified for limited flight

WI. IISSevaluation.

Laser countermeasu ring investigations have continued with corn-

STA2 I t B

pletion of high energy laser pro tection concepts. These concepts
include materials for reflecting and absorbing energy . Aerosols and
dispe n ser systems concepts for use with helicopters to provideS protection in the areas of laser and visual acqwsition are being
developed. 102MM CG S

HOWITZER

S Flight Saf. ty — The crashworthy pilot/copilot seu’t under consider- FIgure 29. UTTAS tandem hook beam concept.
S ation by the contractor for installation in prod ~.iuo n versions of

the UH-60A (Black Hawk) helicopter was subjected to a series of S

vertical drop tests at the Naval Air Development Center facility in S

S a joint Army/Navy/Industry program. The seat successfully met
the dynamic (vertical) test criteria contained in TR 7 1-22 and
MIL-S-58095. Subsequent testing will utilize 5th and 50t h per-

S centile anthropomorphic dummies to obtain data relative to
energy absorber .behavior t hroughout the size rang e of 5th to 95th
percentile Army aviators.

Accident Infornvjtion Retrieval System — Preliminary design and ____________________________

S 
analysis of the Accident Information Retrieval System (AIRS) was 

~~S accomplished. The AIRS is a low cost , low weight system that will _______________________________
record flight and crash impact data ; and , if installed in Army

i~
!’
~ll~ 

I((J~i~~ j !Ihelicopters, has the potential to reduce accidents and improve
S crash survivability by

S • I~apid identification of crash causing system failures. __________________________________________________________

I FIgure 30. CH-47 load snubbing concept.
• Enhancing validity of accident investigations while reducing

their time and cost.
Helicopter Ground Mobility Systems — Concept formulation ,

S S Timely identification of unsafe opera tions. selection , and defmition analyses were completed on a common
S ground mobility system for the YAH-64 AAH and UH-60A Black
- • Providing the basis for improved crashworthiness design Hawk helicopters, Additionally, a skid helicopter adapter was

criteria, designed for use on all UH/AH- I , OH-58 , and OH-6 series heli-
copters. The objective of this effort is a highly mobile air and

MISSION SUPPORT ground device which will provide rough terrain ground mobility to
S tactical helicopters for combat area concealment and maintenance

Mission support technological development effort is directed related movement purposes. Contracted fabrication of test models
S toward the equipment which will enhance the effectiveness of was initiated to provide hardware for concept and performance

I military operational capabilities of Army aircraft , particularly in verification using applicable aircraft at Army test and operational
the forward areas. This effort is conducted by the Applied Tech- sites.
nology Laboratory .

Advanced Technology Ground Power Unit — Concept selection
Cargo Handling — Army aviation mid-intensity warfare doctrine in and def’mition work was completed for an aircraft ground power
the presence of an enemy with a high quality air defense threat unit which will provide all necessary ground powe r for the
will dictate that helicopters in use for supply/resupply missions YAH-64 AAH, UH-60A Black Hawk , and YCH-47 Modernized
must utilize terrain flying for survival. This doctrine represents a Chinook from one compact , lightweight , and highly mobile
departure from present techniques and requires the exp loration , ground unit. The ground power unit will be air transp ortable and
assessment , and analysis of innovative approaches to enable the can be sling-carried for a IJH- l , UH-60A, CH-47 or CH-54 hell-
utility helicopter to perform its mission requirement . copter. The unit will have rough-terrain , self-prop elled ground

mobility for movement aro und combat area maintenance sites.
The CH-47 and UTTAS performance characteristics have been Procurement of test models for concept verification and perform-

S analy zed with respect to this role and baseline performance and ance assessment was initiated.
limits defmed. The CH-47 contractor is working on a preliminary
design of a device to “snug” loads up to the airframe ; this would AIRCRAFT SYSTEMS SYNTHESIS
reduce overall height and prevent pilot-induced shifts and load S

oscillations with the least impact on maneuver ability and perform- Aircraft systems synthesis has as its objectives the definition of a
ance . The U11’AS contractor is investigating the use of a two-hook firm technology base that meets projected Army aviation require-
kit which will also reduce and control oscillations and reduce the ments through exploration of new scientific knowledge. The over-
overall height, These improvements will also improve the night and all approach involves:

- inst rument flight condition capabilities by improving handling
qualities. The U11’AS concept is shown in figure 29 and the • Ascertaining the needs and requirements of advance d
CH-4 7 load snubbing concept is sh6wn in figure 30. airmobile systems.
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• Identification of advanced aircraft concepts having high Mckel-Cadmlum Battery — The Ni-Cad battery has a history of
potential based on proj ected Army aviation roles and explosions, tires, and accidents in the fleet of Army aircraft. This S

missions. battery is best suited to a constant current typ e of charge and the
Army application has always the batte ry directly on a con-

• Assessment of potential gains which could accrue from tech- stant voltag e b uss. ~Aging or unba lanced cells, excessive compa rt-
nological advances in aerodynamics , propulsion , safety and ment temperatures , and poor maintenance can increase the
survivability, R&M , and structures and materials , probability of thermal runaway of the Ni-Cad with resulting

battery destruction and possible in-flight fires. There are several
S Identification of technology voids and risks, well-documented aircraft losses caused by Ni-Cad battery failures.

I

• Conduct continuing reviews of the Army aviation R&D A BlU (Batte ry Interface Unit) is presently being investigated
programs, develop recommendations and provide inputs for which will have universal application to all aircraft with Nj-Cad
the definition of a balanced and unified R&D program. batteries. Three flight configuration prototypes have been built S

and are being tested to verify the application and concepts. These
• Impro ve the in-house capability to assess the applicatio n of units are capable of operation from either an ac or dc electrical

new technology and advan ced airmobile concepts to ~~~~ 
system and are successful in preventing thermal runaway and

aviation needs, reducing batte ry maintenance requirements.

This effort is jointly accomplished by the Applied Technology Helicopter Ice Pro tetik, ’, — R&D efforts to date have established
Laboratory and the Advanced Syste ms Research Office , RTL. meteorological ice protection design cnteria for helicopters and
Some support , particularly to Project Managers and for assess- have concluded that technology capable of providing satisfactory

S S ments of proposed product improvements programs, was provided ice protection syste ms for current and future Army helico pters
S by the Systems Research Integ ration Office , St. Louis. A listing of exists with the exception of rotor blade protection. Weigh t

the principle accomplishments for FY77 is presented in penalties attendan t with rotor blade ice protection are significant
Table VII. for larga helicopters and prohibitive for smaller helicopters such as

the OH-SB , AH-IG, and UH-IH.
S TABLE VII. AIRCRAFT SYSTEMS SYNTHESIS MAJOR In an effort to overcome this techn ology void , R&D efforts haveFY77 ACCOMPLISHMENTS.

S been initiated to investigate the feasibility of microwave and
ARIAS OF EFFORT F Y•71 ACCOWUI*MINTS vibrato ry rotor blade ice protection concepts. Both analytical and S

S experimental investigations have been conducted into this study.
EVALUATION OF ADVANCSD • R.RMI MI ,,.p.,,MI N-R ,,.. d.Nr —d ~~~.n .R.S AIRCRAFTCONCEpT$ The analytical work was conducted in an effort to establish the

feasibility of this concept in its application to helicopter rotor
— ~~~ — blades. Recently completed laborato ry experimental investigations

S I • 1dM 0 ,M Rd., d. ,pI,1dd

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ have verified the microwave theo ry and its application to the ice
S 

• DARceM-,oTas ,Rdl,~~s,,~~~~ — 
removal problem. This work has shown the microwave ice protec-
tion concept to be viable for Army helicopters and one whichS AIIALY SIIOI’ ARMY AVIATION • S~~~~ d d. .iI. s ~ Rp d — MI..PN. ..i,.

S R&D PROGNAMI ____ warrants pursuit into the 6.3 area. The investigation into the
vibratory ice protection concept was analytical in nature and

• AMyMI NNPR RRR N~~~~~~v MH I, (ATOS I
S investigated the feasibility of such an application as well as theS • C~~~~ sd Ad. y1  I., ATOS . IRd~dM

• ~~~~~ MI OI4MIIMI MIIW(Ad.~~~~~~~.H potential areas of impact on the aircraft and its components. A
- ___ — number of schemes for introducing the vibrato ry motions into the

PROJECT MANAGER SI~ PORT • ASH — .5 J~~ _. rotor blades were investigated. It was concluded that the vibrato ry
S • AY~I - DR.I1.p.d pMIIMd dM ,  MI ~~~~~~~~~ ice protection concept is feasible and should be pursued into the

F’”-c~~~ j  — .~~~~~~ ,j.. , ,  .~ a.,. ~~~ dynamic test phase,
Rd MI d~~~~~~~ , qMI, MI

• WE. d .d .. ... I_.._ MIMIII’N .MI~~~ ~.p t f .
11 H. E .M AAH RP V SUPPORTING TECHNOLOGY

ORDERLY PLNSIIING AlSO • PI.n~..d MI , R d M I  ,15 N I~ ,. Id, . IMIt NASA/A.,,.,
PROGRAIMING OF ARMY — ,~~~~~~ MI~~dM , . d .  F’.SI

activities are conducted by the Applied Technology Laboratory;
AVIATION R&D • P A V R A O O G M . 5 . . M y . .Mid.MIy The explorato ry development RPV technology development

______ 
the programs seek to eliminate the technological voids in air

• PMIAP NR N MIlASINA, MI dM.~.SOM ...5

______ 

mobility which hamper the development of mini-RPV ’s (less than
200 pounds) for milita ry app lications. The key air mobility disci-

• C..IpI.Nd Rd. MW .4 WIy AN.W ROTNA r,...
• ~~~~~~~ ~~~~~ ~~~~~ 

plines necessary to the development of mini-RPV’s are : propul-
sion, launch and recove ry, survivability /vulnera bility , RPV conlig-

FOCAL POINT FOR ARMY • OJWPRd M I I,~ y ..dI’,MI ,. W.,, . MI F’d.MI
AIR NGSI L I R& D ~~~~~~~~~~~ .4IMI uratio n , structures , and flight control.

• ~~~*MId IR WE,R! .tMv ..IdI SI. Rh,, MI~ C.~~~~~d
- 

— ~~~~~~~~~~ Pr opulsion — The 20 hp mini-RPV demonstrator engine progra m
• SMMI.d IMdt y MI MI,MItY R&D ~ .pMI.

S ________________ S has as its objectives the demonstration of an engine technology
5 5 base for future Army Mini-RPVs. It is to provide flight-weight

- AIRCRAFT SUBSYSTEMS engines in the 15-20 hp class which address current problems of
high vibration levels, short life , high SFC and cost, and to provide

S This project provides visibility to the technological development the Army with a future source of supply for these engines . The
efforts of aircraft subsystems that have been overshadowed in the approach to these objectives is to develop a twin-cylinder, two-

- past by subsystem R&M programs and/or off-the-shelf equipment . stroke engine addressing known problem areas, while retaining
S The objective of the project is to advan ce the state-of-the-art for maximum utilization of high production rate small engine corn-
• Army aircraft subsyste ms such that significant improvements in ponents. l’he twin-cylinder approach reduces the vibration. The

- 
operational effectiveness and /or reduction in life cycle costs can two-stroke approach reduces weight. The use of high production

S be achieved, rate components reduces the overall cost.
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Launch and Recovery — A survey study of recovery systems for which Army pilots flew , hovered, and manuevered a simulated
Army use has been completed and, as a result , the testing of low helicopter by means of information transmitted solely by the
altitude parachutes for tactical recovery and system safety backup touch sense mod ality as illustrated in figure 31.
is underway to obtain definitive data. Several other recove ry
system improvements are being monitored which could improve
the present recovery systems size and mobility. Launch concepts
and associated systems are also being investigated for possible
application to future RSPV systems. The str’dy will evaluate

~~~~~~~~~~~~ ION 1S~~~~~~~~~~~~~~~~~~?~~~~~~~~~~~~~~~~~~~~~~~ 3.

launcher designs and provide a ranking for further selection , design
and testing.

Sw’vivubiliz / Vulnerability — Test data on the radar cross section NULl. POSIT ION ERRO R DISPLAYED INPUT TO CORREC T
NO ERROR PRESENT SENSED BY TOUCH COLLECTIVE CONTROL

of the AQUI LA RPV have been obtained , and three methods of INITIATED DISPLAY ERROR
treating the AQUILA to lower the RCS were investigated. The DECREASES

abil ity of vario us threat radars to track the AQUI LA has been
ana lyzed , and the data is being examined for impact on RPV F igure 31. SIngle-channel kinesthetic-tactual display adapted to
survivability. Methods of reducing the propeller noise are being helicopter collective control grip (concept has been applied to a
investig ated to determi ne the optimum pro peller configuration 2-channel cyclic control grip) .
with resp ect to both performance and noise considerations.

AIRCRAFT WEAPON TECHNOLOGYRPV Configuration — The completed aircraft configuration studies
have investigated a number of design matri x considerations. The
studies have , in general , shown that RPV performance is relatively The Army aircraft weaponization progra m provides the capability
independent of the type of RPV (all wing, conventional or delta), of delivering ordnance to destroy, neutralize , or suppress those
but that the selection of the fixed pitch prop eller is crucial to targets jeopardizing ground or airborne forces in the conduct of
obtaining good performance in low speed climb and medium speed the land comba t role. This capability depends on the adequacy
loiter , and timeliness of the aircraft weapons technology. Within the

AVRADCOM mission requirement to develop aviation systems,
S Structures — The applicability of an advanced structure (Space- including the interface of aircraft subsystems and aerial armament

wind) was investigated in a contractual study and determined to subsystems, RTL have the responsibility to advance the tech-
be a promising, lightweight , low cost concept. The results of ~~~ 

nological base for aircraft weaponization applications. Primary
study will be integrated with the results of an Air Force program performing Army activities for R&D of aerial armament systems

include the ARRADCOM , MERADCOM , and AVRADCOM.to investigate low cost RPVs, and a final report covering all efforts
S

will be written.
S Separate Loaded Amnwnirlon — The Separate Loaded Ammuni-

Right Control — A family of electromechanical actuators suitable tion (SLAMMO) concept consists of a thick aluminum , reverse
S for mini and lar ger RPVs have been designed , fabricated , and will tap ered , case which contains the propellant and is enclosed with

be ready for qualification testing early m FY78. an environmental seal. The projectile is separate from the case
gaining an additional advantage of being able to employ different
types of projectiles , such as armor piercing and high explosive. The
SLAMMO case is 50% lighter than that for a comparative conven-

S MAN-MACHINE INTEGRA TION tiona l case and 30% lighter than a comparative telescoped case . In
addition , the total concept , when assembled for firing in the

Exploratory development in aviation human engineering methods weapon , requires 50% less space than a conventional round , and
S and technology became a formal part of the RTL 6.2 program slightly less than that for a telescoped round. SLAMMO also offers

during FY77. The goal of this technical area is to provide an additional benefit in ballistics since action time is minimized
advanced methods with proven effectiveness for use by and a t wo-step ignition systems is not required as is for the
AVRADCOM in performing the system integration functions dur- telescoped concept. From a standpoint of cannon mechanism
ing design, development and testing of Army air mobility systems. design , reduction in case length allows reduction in cyclic stroke

which provides for smaller and lighter total gun systems configura-
tions. Work to fabricate a SLAMMO firing fixture was performedEfforts in this discipline are aimed at improving design procedures , dimng FY77.engineering methods , technical design data , system analysis and

prediction procedures , and test or verification procedures for III GAD Demonstration - The High Impulse Gun Airbornecockpit and other man-machine interface elements. Demonstration (HIGAD) is an explorato ry development that
involves the integration of several programs to demonstrate that a

During FY77 staffing and joint planning was accomplished to powerful automatic cannon (150 lb-sec impulse ) can deliver pre-
initiate work at the Aeromechanics Laboratory. The NASA cision fire at a range of 3,000 meters or greater. There are several
collocated facilities provide an excellent research environment for expected benefits from the effort including definition of integra-
experimental studies emphasizing analytical , simulation , and tion proble ms, identification of error sources, and the demonstra-
behavioral testing of both hardware concepts and man-machine tion of potential development areas where advanced development
integration methodology. Significant support was provided to the should concentrate. The effort will be directed to adapting exist-
flight simulator development task in the areas of visual and motion ing hardware assets for the system demonstration in FY19. The
display requirements, computer generated imagery development AMCAWS 30 automatic cannon that fires telescoped 30 mm

S and evaluation , and facility planning. Interagency research was ammunition will be installed in a hydraulic constant recoil contro l
jointly conducted with U.S. Army Human Engineering Laboratory unit and tested to confirm that its IS O lb-sec impulse can be

S S - (HEL) and with U.S. Army Avionics Laboratory. The HEL project averaged over the entire firing cycle. If this test is successful , the
is focused on mathematical modeling for computer sided task gun and recoil unit will be installed in a limited flexibility gimbal
analysis. Joint development of a kinesthetic-tactuat display con- for mounting on the multiweapon fire control COBRA helicopter

S S 
cept with Avionics Laboratory resulted in a demonstration in (see figure 32).
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S F igure 33. XV-15 Aircraft No. 1.

ROTOR SYSTEMS RESEARCH AIRCRAFT

IWON INPuI. The Rotor Systems Research Aircraft (RSRA ) prog ram, a join t 
S

GUN CONFIOuRATIOa Army/NASA effort , will provide flight research capability to

• Evalua te promising new rotor concepts,

• Verify nume rous supporting research technologies, and
FIgure 32 H/GAD system test bed • Test product improvement rotors.

Under contract , Sikorsky Aircraft has completed fabrication of
MillImeter Wave Radar — A radar design effort has been performed both RSRA. Figure 34 shows the first aircraft in the helicopter
to address the development of signal processing techniques which configuration in flight. Figure 35 shows the RSRA in the corn-

S will allow the AN/APQ- 1 37 radar to be used in the air-to-ground pound configuration during recent ground tests. First flight of the
role for fire control purposes. Also, the ability to address air-to-air RSRA occurred on 12 October 1976 at the contractor’s facility.
targets has been considered. This development is intended to Helicopter and helicopter with compound lower horizontal tail
provide a long-range targ et acquisition capability , flights have been completed for a total of 32 flights and 23. 1 flight

“~~ ‘~L-_~~~~_~~~~~ ~~~~~ -

ADVANCED TECHNOLOGY DEMONSTRATION — .‘
~~‘. 

-PROG R AM CATEGORY 6.3 • .. 

: ‘
~~~

‘

TILT-ROTOR RESEAR CH AIRCRAFT *1 ‘
~~~~

S - 
~~~~~~~~~~~ Bfl~~~~~~~~~~

The Tilt-Rotor Research Aircraft is a j oint Army -NASA prog ram ~~~~~~~~~~~~ 
‘

S to demons trate , in flight , the attainment of the technology S

S required to implement the tilt-rotor concept. The concept unites
the speed and economy of fixed-wing turboprop aircraft with the 

. - . 
-VTOL capabil ity of the helicopter. Figure 34 RSRA In helicopter configuration In flight

- -

The first of the two aircraft to be built for the pro gram was rolled
out at the contractor’s Fligh t Test Facilities in Arlington , Texas,
on 22 October 1976. Among the attendees at the rollout were 

______

MG i. Lauer , HQ DA; Mr. R. E. Smylie , NASA HQ; and Congress- ________
men J.Wnght , D. Milford , and 0. league of Texas. ~~~~~~~ ~~

~~~~~ No. 1 made fts first hover test flight __________

3 May 197 7. A total of three flight hours were completed with 
~~
(‘ ..~~

~~~~~~~~~~~ d ~~ ~~~~~~ ,- - and 10 knots rearward. The aircraft’s flight handling qualities were /

judged satisfactory within the speeds covered.

Aircraft No. I will be tested in the Ames 40- by 80-Foot Wind
Tunnel during FY78 following completion of its scheduled gemaid
tiedown testing and teardown inspections. Construction of Air-
craft No. 2 is near completion. flgw,e 35. RSRA Sn compound conf tgisratt of t

1 
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test hours. In preparation for engineering development flight tests tive to rotor drag reduction , tail /rotor aerodynamic interference,
in the compound configuration , RSRSA Numb e r I was fe rried to and different control configurations. A I/S scale wind tunnel
Wallops Flight Center on 2 1 July. Full-up compound flight tests model of the ABC in the compound configuration is shown in
are scheduled to start by mid November. Aircraft shake tests have figure 36.
been completed on Air craft Numbe r 2 with the Active Isolator !
Balance System installed. Firs t flight on Aircraft Number 2 with
Active Isolator installed is expected to occur the tast week in

4 Ot-tobe r 1977 . Upon completion of a contractor demonstration
prog ram , the RSRA will be accepted by the govern ment for an

1 extensive rotor research program.

ADVAN(’ED ROTOR TECHNOLOGY

Beoringless Main Rotor Concept - In an effort to reduce heli-
copter rotor complexity and costs, a prog ram was initiated in June
1976 with Boeing-Verto l to evaluate a Bearingless Main Rotor
( B M R )  concept. This concept eliminates both the bearings and
hinges in the main rotor blade retention system (pitch bearings,
flapping and lead/lag hinges) by using a composite hub assembly
flexible enough to accommodate normal blade pitch and flapping
motions. Also included in this program is the updating of analyses FIgure 36. 1/5 scale model of the ABC compound configuration.
for accurately predicting the dynamics and structural performance
for this new concept where high structura l flexibility is a necessary Second Generation Comprehensive Helicopter Analysis System —

S characteri stic. Wind tunnel tests have been conducted on a The objective of th is R&D task is the development and demonstra-
Froude-scale model (1/5.8-scale) of the BMR / BO-l 05 helicopter. tion of an analytical model to accurately predict the aeroclastic- 
Correlation of wind tunnel results with analysis was good. Non- stability, stability and control , performance , loads and acoustics
rotating natural frequency bench tests have been performe d, with characteristics of rotary wing aircraft , figu re 37. Once developed ,
results similar to the predicted values . Static strain survey and the system will reduce engineering development cost and risk for

S deflection tests have been conducted. The test specimen flap, new helicopters, prevent delay in deployment of new aircraft ,
chord and torsional stiffn esses indicate the beam assembly struc- provide the Army with a reliable evaluation tool , reduce reli-

S tura l properties are compatible with the desired stiffness dist r ibu- ability, maintainab ility and safety problems of operat ional air-
tions. The beams showed no sign s of failure when subjected to craft , and solve technical problems restricting operational

S loads in excess of the limit load condition , capabilities. The specific needs for the syste m have been defined
S 

and the development approach has been established . AFinal evaluation of the BMR concept will come from flight-test Government/Industry working group has participated in theresults of the BMR on a 80.105 helicopter in July 1978. Success- planning in an advisory capacity. Ms initial development plan andful completion of the program will enable the U.S. Army to initial Type A System specification has been written. A three-develop rotor systems that offer substantial improvements in contract predesign effort will improve the initial Type A Systemmaintainabi lity and reliability while reducing cost , weight and specification , define the feasible system capabilities , design thecomplexity, System, produce an associated set of Type B5 development speci-
fications , and produce a baseline development plan.

Advancing Blade Concept — The Advancing Blade Concept (ABC) S
is a coaxial , counterrotating. hingeless rotor system. The main

S advantages of this rotor are: alleviation of re t reating blade stall , 
~~~~ I I I I I [

~..uuu~ I
which provides improved maneuverabili ty at high advance ratios

____ 
_s_n I r$ I

in safety, compactness , vulnerability, noise , handling qualities , and
hove r performance . The prog ram is under contract to Sikorsky

S and altitudes; and deletion of the tail rotor with attendant benefits

Aircraft .
cOu,~sNENsuvs

HELICOPTES
On 9 March 1977 , the basic helicopter flight-test prog ram was
completed. The aircraft had been flown 67 hours at speeds up to

analysis SYSTEM

196 KTAS and load factors to 2.55g.  Flight testing confirmed
i -~~~~ Iadvantages of this concept and identified some shortcomings. IBlade stall boundaries were encountered only at high advance “

~~
‘
~~~~~ I I ~~~~~ I I I ~~~~~~ I i ‘~~ -‘“ I

ratios and high altitudes. The aircraft demonstrated ra pid control
resp onse about all three axes with a minimum of cross-coupling. P05

The benefit of not having to power a tail rotor was verified during I p tIMfl~J~Ry I DETAI%.ED
hover performance . A low noise signature , attributed to a rela- I DE$~~N DESIGN RESEARCH

tively low blade tip speed and lack of a tail rotor was noted.
Structural loads in the rotor and control systems ranged from low Figure 37. Second generation Compreien.clve Helicopter

S to moderate indicating potential for substantial weight reduction. Analysis System.
S Weak directional control power in partial power descents and

S autorotation was observed. ADVANCED AIRCRAFT STRUCTURES S

Under a joint Army/Navy/NASA program, the aircraft is being Structural Integr ity Recording System — Fatigue lives of AH-1G
equippe d with two 3,000 pound thrust turboje t engines for high dynami c components are presently calculated based on the fatigue
speed flight testing. In addition to the flight tests, furthe r testing strength as determined from component tests; the loads and
in the Ames 40- by 80-Foot Wind Tunnel will provide data rela - stresses occurring in flight as determined by a strain survey; and an
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estim ated percent of time that the helicopter will be operated in • Demonstrate impr oved reliability, maintainability, and
each of the fl igh t conditions investigated during the Ilight strain survivability characteristics.
5Lll’Ye~f .

S 
- • Quantify engine cost factors and identify areas where future

The Structural Inte gr ity Recording System (SIRS) is being development cost and acquisition cost savings can be made
4 

developed to accurately m easure the time spent in cacit ~~~~ 
without compromising the engine’s capability.

condition . This subsequently permits a separate fatigue damag e TABLE VIII .  800 SHP AIDE DESIGN ANDS calculation to be made for each aircra ft based on actual usage. The CONFIGURATION DATA.
SIRS consists of an airborne recorder and transducer installation DS$4UN PARA TIP 

- S

C44ARACTIRI *TIC REMASKIkit; a data retrieval unit; and a fatigue da mage assessment system assa iso PLT 34A1 , (FDAS) software package for calculating fatigue damage. The data f ~~~~~~~~~ .isiI, •na.,. •.000ftN’P
S is processed by the FDAS software progra m at a data processing

center and re port s generated which calculate cumulative fatigue •525 1,p •S25 P

damage for the critical dynamic components. 
~~~~~~~~ • iSlES IMTh~ A, •O JSO IMft*-t.~ • ~~~~~~~ .‘ C.~~~

C0484.*VTIO*4 (IP Ct

The SIRS has successfully completed an environ mental test pro- WEIGHT •~~~~4b •flOS

gram which included dust , vibration , temperature-altitude, O ThJT DEID •n 5na 4P* •~~~SSOIW •V ~~~~~~ ES
-l’s

temperature-altitude-humidl ty , acceleration , explosive atmo- INTE GN AL LUSS SYSTEM • r., • Y41
S sphere , humidity, and EM! testing. IN T IGW ALINLE T P AAT I CL S •V.~ •V..
S iSPASATOR

~~S O5(NT*.Flight test of the prototype SIRS was conduc ted on an All-I G at
~~~~~RIUOW STAGE S •2  C.I~WS.p •2 A..N,

Ft. Rucker , Alabama , in May I 977. The data from onboard
S S oscillograph records were processed manually to determine time in HP TUR SINE ilaGli 2 A~I4I .2 A41 • C~~4~~

S each flight condition and compared against the time recorded by LSP .TUR INE •2 A ~~~ •l A~~ •(M...4.d
PUSL CONTROL • C .  • EI...4... • F,dI A~~~~ ,Iy .454

S the SIRS. Good correlation existed for essentially every fligh t 
________________ _________ _________ ____________

-condition. During the fourth quarter FY77 , SIRS was installed on DESI GN L IPE .s.eoo ho •L0lE 45,

five AH- lG aircraft at the U.S. Army Aviation School , Ft. Rucker , ~~~DULSi 57 •4 
_____________

Alabama , in preparation for the five-month operational evaluation
of the SIRS.

CARGO HANDLING EQUIPMENT 
S

5 1 800 SHP ADVANCED TECHNOLOGY DEMONSTRATOR Cargo Acquisition — The technical feasibility of a helicopter
S 

- ENGINE transported Container Lift Adapter (CLAH) for acquiring, trans-
- 

porting, and delivering standard 8x20-foot M I LVAN containers

I Basic and explorato ry development prog rams have provided a firm without the aid of ground handling personnel or prerigging has

-

~~~ 1 basis for the advanced development demonstrator gas generator / been demonstrated. A complete , detailed design for a lightweig ht , S

engine programs. Two successful programs that have used this flightworthy , functional militarized version comp lete with inter-
I “building block” philosophy are the I 500 HP Demonstrator facing components and subsystems has been completed. The all-

Engine program and the Small Turbine Advanced Gas Generator electric CLAH is powered from the aircraft and controlled by the
(STAGG) program. The 1500 HP Demonstrator Eng ine prog r am flight crew. A follow-on prog ram calls for fabrication and flight
identified the capabilities and limitations of an advanced engine in test evaluation for operational variation.
that size class. An engineering development prog ram (T700) Gondola Systems — Two gondola systems for the external t rans-

S followed . The T700 is the power plant for the Army ’s Black Hawk port by helicopte r of nonconta inerized cargo (vehicles , weap ons
S Helicopter and Advanced Attack Helicopter. In reviewing the systems, equipment , breakbulk) were fabricated and contractor S

S Army’s future propulsion needs it has been determined that the static/ground tests completed (figure 38). Force Developmentgreatest potential improvement in future aircraft systems can be
realized throug h technology verification in an engine of appro xi-
mately 800 hp. ~~~—.... -
Cancept Caaracteristics — In determining the pe rformance objec- ~ 1

I~
I 

~~~~~~~ .‘

* tives for the 800 SHP AIDE, consideration was not only give n to
the achievable thermodynamic performance , but also to all other -

S aspects of an engine in its operational environment. The engine
demonstration program will consider operational constraints , the ~~‘

.-

environment in which the engine would be required to operate
(sand , dust , hot day, altitude , hostile action taken against the
engine/aircraft , etc.), the maintenance syste m to be utilized , and S

any other outside influence which could compromise the actual
S technology demonstrated. Since various component configurations

can be utilized to arrive at a given level of performan ce , it has been
decided that two separate approaches should be taken in the
AIDE program , Design and configuration data for the 800 SHP
AIDE ’s is shown in Table VIII.

S Ob/ectives — Specific goals of the AIDE prog ram are to

• Demonstrate improvements in specific fuel consumption of
17-20% and in specific horsep ower of 25-35% as compared to Figure 38. Gondola system for external tra nsport of

S current turboshaft engines in this power class , bulk equlpmens.

‘ S  I
p I 26
5 j.1~,
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I Testing and Evaluation (FDTE ) for operational suitability was
initiated , and various cargo loads and con figurations, methods of
loading/ unloading, and comp atibility with material handling
equipment and cargo helicopters were demonstrated. Operation al 

________

flight tests with dual hook CH-47 helicopter and eval uation of the
gondolas in various FAARP configurations, with ordnance .
vehicles, and other types of cargo is nearing completion. ~~~
results of FDTE will be utilized in a design analysis and assessment ,4,_~ 

-

~~~~~~ 
- 

- S

of advanced technology, lightweight , mission-configured gondolas
followed by detailed design, fabrication and acceptance testing. 

-

S R EMOTEL Y PILOTED VEHICLES

AQUILA — The AQUILA Remotely Piloted Vehicle (RPV) Pro- ~~~~~~~~~~ 

- S

S gram is being funded through the RPV Development Manag ement 
‘•~~~•“~~••• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-
~~~~~~~~

—

S Office of AVRADCOM and contracted with the Lockheed Missiles
and Space Company throug h RTL. This RPV system will enable S

S the IRA DOC to evaluate the capabilities of mini-RPV 5 throug h Figure 39. AQUILA RPV (XMQM — 105) system. S

“hands on ” testing so that an ROC can be established if
warranted. This is the first Army prog ram utilizing a Letter of simulation system, the Ottawa (Canada) Spray Rig, and natural

- - Agreement (LOA) manag ement structure between the developer icing condition tests at Ottawa. The testing was conducted to

S - and user commands. Figure 39 depicts an AQUILA RPV optimi ze rotor deicing system control parameters and demonstrate
(XMQM-I05) system. proper icing shedding characteristics. To date, a total of 63.3

productive flight-test hours have been accumulated in the simu-
lated and natural environments. A total of 5.3 hours have been

HELICOPTER ICE PROTECT/ON accumulated “in-cloud” in natural icing testing. Tests have
S 5 included the full spectrum of icing severity including a tempera-

A helicopter ice protection program was initiated in July 1973 for ture range of 0°C to -20°C and liquid water content of Jthe development of advanced anti/deicing systems for Army heli- 0.1 g./m 3 to 0.8/gm3. During t hese tests, preliminary evaluation of
S 

copters, present and future. This R&D effort has resulted in the the engine IR suppressor and the M-200 (2.75 mm) rocket system
‘4 establishment of meteorological design criteria applicable to both were conducted. Coordination with the organizations responsible

military and commercial helicopters and the determination that for those subsystems has been continued , as well as with U.S.
rotor blade ice protection for Army helicopters can only be met Army Training and Doctrine Command (TRADOC). Fede ral
with advanced technology concepts. An advanced cyclic , electro- Aviation Administration , and U.S. Air Force Air Weather Service .S 
therma l concept was designed and installed on a UH-l H test An updated Joint DARCOM /TRADOC position on helicopter ice
helicopter for engineering icing flight test purposes. The test protection requirements is being prepared. Plans are underway for
helicopter has been subjected to simulated icing tests , using the continued artificial and natural flight testing at Ottawa during the

S U.S. Army Aviation Eng ineering Flight Activity helicopter icing 1977-7 8 winter test season . S

i ACTIVITY INDICATORS I

S 5; PUBLICATIONS Service Award . And finally, the 34-year-old Chappell received the

During FY77 , the Army Research and Technology Laboratories H. B. Gibson , Jr ., representing the Army Material Development
DARCOM handicapped award of the year from Major General

orig inated a total of 248 reports , papers, and presentations. The and Readiness Command. The Feder al Civil Service recognition for
S total number of rep orts was I 27 of which 67 were prepared “exceptional job performance” is given annually to ten of the

(entirely or in part) by RTL employees and 60 were published Nation ’s outstanding handicapped Federal employees. By high-
S under contracts. A complete listing of these publications and lighting the valuable contributions they have made , the govern- -

presentations is contained in Appendix B. ment focuses public attention on the importance of using all of
our human resources effectively.

HONORS AND AWARDS Messrs. Timothy D. Evans , Robert A. Hall, and Gary Newp ort ,
assigned to the Reliability & Maintainability Technical Area of

S Mr. John A. Chappell , Jr., an electronics engineer with the Applied Technology Laboratory, were selected as recipients of the
Applied Technology Laboratory , Ft. Eustis , Virginia , received a Annual Army Research and Development Achievement award for

S plaq ue signed by The President of the United States in recognition 1977 . The individuals were nominated for their outstanding team
of his selection as one of the Ten Outstanding Federal Handi- efforts in developing and applying a new analysis methodology
capped Employees of 1977. The presentation was made by Mrs . that uniquely highlights the operational capabilities and defi-
Rosalynn Carter , the First Lady, and the Honorable Ersa H. ciencies of candidate helicopters under consideration for procure-
Poston , Commissioner of the U.S. Civil Service Commission. Mr. ment to fill the Army ’s requirement for a utili ty helicopter of the

S Chappell has been paralyzed in both legs fro m the hips down since 1980- 1990 time frame . This improvement in the capability to
the age of nine because of a reaction to a rabies inoculation. In select the most cost and operationally effective candidate results
addition , Mr. Chappell was named the Army’s No. I handicapp ed from the precision of the data developed in a simulated evaluation

S employee by Secreta r y of the Army aifford L. Alexander , who of companies of aircraft performing typical Army mission in
S also presented Chappell with the Army ’s Meritorious Civilian combat scenarios.
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In 1976 , DARCOM established the Annual Energy Conservation • Society of Automotive Engineers
Award for individuale and geoups. Personnel from the APPlied • Subsonic Aerodynamic Testing Association
Technology Laboratory were nominated for both the group award

S 5 and the individual award . The Applied Technology Laboratory • U.S. Civil Service Commission
S 

nomination was subsequently selected for the poup award , which
cited the specific achievements of the group in execution of the
Small Turbine Advanced Gas Generator Program (STAGG) and SPECIAL ITEM

S the attendant projected fuel savinp of millions of gallons of fuel.
S In April 1977 , LTG Georg e Sammet , Jr., Acting Commanding

General , DARCOM, visited the Applied Technology Laborato ry 
A VRADCOM ESTABLISHEDand awarded Messrs. Jan Lane, Kent Smith , Allen Royal , Ed ward

Johnson , Albert Easterling, Grayclon Elliott , LTC Millard
Pedersen, and Robert Langworthy individual citations and On July I , 1977 AVSCOM was reorganized and merged with
plaques. TROSCOM as two new commands were established in St. Louis.

The new organizations are now known as the Aviation Research
Messrs. I. E. Figge, B. L. Karp , J. W. Sobczak , E. I. Young, and and Development Command (AVRADCOM) unde r the command
L D. Bartlett received a suggestion award for developing an of M~~or General Story C. Stevens , and the Troo p Support and
improved rotor blade re pair method . Aviation Materiel Readiness Command (TSARCOM), unde r the

command of Major General Thompson. AVRADCOM is comprise”Mr. C. H. Carper received Suggestion Award No. 52-7T, in of the research and development elements of AVSCOM, plus the
April 1977 , on the subject of “Reduced Requirements for Avionics Laboratory of the U.S. Army Electronics Command ,
Employee Performance Evaluations.” Fort Monm outh , N.J. which will remain in place. TSARCOM was

formed by merging the logistical readiness elements of AVSCOM
with TROSCOM. TROSCOM is now located at the Federal Center

S on Goodfe llow Boulevard , St. Louis, MO , and AVRADCOM is
PATENTS expected to move fro m the Mart Building to the Goodfellow S

S address as soon as building renovations are completed. Major S

Mr. P. J . Haselbauer , Applied Technology Laboratory , received General Story C. Stevens and Dr. Richard M. Car lson , Director of
patent number 4,020,205 for his development of a continucus t his Laboratory, discuss the reorganization and the name change in
ribbon method of fabricating tetra -core. A $100 suggestion award front of RTL Headquarters (figure 40).

S was also received by Mr. Haselbauer.

OTHER AC~~WTIES

The American Helicopter Society national and regional officers
include the following RTL personnel:

Andrew W. Kerr - Director at Large 
. 
. -

Frederick H. Immen — Western Region Director

RTL is well represented on governmental and nongovernmental, :
technical and scientific committees of both national and in ter- -

national stature. The following is a listing of the organizatio ns in
which employees of the Laboratory participate as officers and/or
members (a complete listing of committees , affiliation , and - S ~individuals is presented in App endix C): -

S .
,~~~ -~~~

• American Helicopter Society .~~~~ •,~~ S

• American Institute of Aeronautics and Astronautics
• American Mathe matical Society Agure 40 Ma/or General Story C Stevens and Dr. Richard M.
• American Society of Mechanical Engineers Cw’Ison In front of RTL Headquarters.
• Defense Atomic Support Agency

• Department of Defense
S • Department of the Air Force APPLIED TECHNOLOGY LABORA TOR Y DIRECTOR

• Department of the Army
S 

• Institute of Electrical and Electronic Engineers Colonel Emmett F. Knight was named Director of the Applied
Technology Laborato ry, Ft. Eustis , Virginia , formerly known as• National Acaden w of Sciences the Eustis Directorate. Colonel Knight succeeds Colonel George W.

• National Aeronautics and Space Administration Shal lcross who was app ointed Project Manag er of the Advanced
• National Research Council Scout Helicopter Program. Colonel Kn ight is a Master Army

Aviator and is a rated pilot in both fixed wing aircraft and
• Nort h Atlantic Treaty Olian ization helicopters. He was named Aviator of the Year in 1963 by the
• Society of Aeronautical Weight Engineers Army Aviation Association of America.
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] FACILITIES ‘

S The facility comple x available to the Army Research and Tech- SMALL TURBINE ENGINE TEST CELL
nology Laboratories is unique within the Government. It repre-
sents a special blending of both Arm y and NASA facilities which The Propulsion Laboratory has activated a test cell at the NASA-
can be utilized to meet the R&D needs of the Army as well as the Lewis Research Center, for conducting research programs using
overall aviation community . l’he major facilities that are available helicopter engines as the test vehicle. The test cell itself is capable
to the Laboratory are indicated in Table IX. of handling engines up to the size of the 155 although the power

S absorption system would require modification before engines
S 

larger than the T63 and 1702 could be operated. Check out of the
- S TABLE IX. MAJOR FACILITIES AVAILABLE FOR R&D facility was carried out by performing tests on the T63-A-700

S ________________________________________________ engine investigating the effect of 011-58 JR suppre ssors for the

• *5caustic.l t.st facility S ILLIAC ~ 
ASE PM . The next planned investigation is a joint NASA-Army

• cargo p~..drng sytt.m iiti~~at,~ tact rig • i.tanar ‘ nasr facility program to evaluate an eddy current turbine crack detector
• Combustion riswch facility • I~ W aII laboratorY concept in an operating engine. S
• Engmn. romamclt facility • Structacul ,iiiorcti Ill
• En,i,onmantal list facility • StIuCtU~i5 tistimig 1~~ . . - . . -

S Fli~st ,.i.~ cit f ~~~~~a, S v~l,,.n.aili*y both , ~~~~~~~~~ The test cell is equipp ed with instrumentation for monltonng
4 • Ground bu d  afatulitlo., f.c,litrn • Whirl loom facility engine operating variables and controlling load by means of a

• H u t  transfir facil,ty S Wind tunitik water brake. Data is acquired on the NASA-Lewis CADDE syste m,
an on4ine digita l data acq uisition system which is tied in with the
central system computer. Turn around time for redu ced data at

S 
Facilities that have become available or are being expanded to the test cell term inal depends on user load during tests but is
assist the R&D engineer in the advancement of the technology normally less than three minutes. S

S 

base are briefly described below.
S 

WALLOPS FLIGHT CENTER NONDESTRUCTIVE TEST/INSPECTION FACILITY

The Wallops Flight Cen ter and its attendant test ranges (figure 4 1) The Applied Technology Laboratory is developing a compre-
uniquely enhance the flight research effort of the Langley hensive nondestructive test (NDT)/nondestru ctive inspection

S Research Cente r. Because it is NASA-owned and controlled , it can (NDI) capability resp onsive to Army aviation needs. With the
S provide unencumbered access, and provide facilities for obtaining Increasing introduction of advanced composite materials ,

S tracking information and aircraft noise characteristi cs in all modes super-alloy metals , and ad vanced design concepts in Army aircraft,
- of flight. These capabilities are an integ ral part of research pro- the need exists for the development of advanced NDT/NDI tech-

grams dealing with rotorcraft external noise and acoustic footprint niques and procedures for use during the research and develop-
definition. The Aerortautical Research Radar Complex , Wallop s ment , manufacturing and fleet operation phases of the new air-

S Flight Center , provides aircraft position measurements with a mobile syste m. The NDT/NDI techniques with the greatest poten-
one-foot precision using the FPS-l 6/Laser Tracking System. The tial application to Army aircra ft structures and components have

S 
- 

tracking system provides omnidirectional coverage , permitting the been selected by an AVRADCOM committ ee and , where possible ,
investigation of complex trajectories and selection of any desired off4he.shelf equipment for each techniq ue is being procured . A

S -
t wind direction relative to the final approach heading. A two-way listing of the NDT/NDI cap ability being established at the Applied

S fr data link that operates between radar pulses is used to transmit Technology Laborato ry includes
- aircraft state and other infor mation to the Flight Display Research

Syste m. The remotely ope rated acoustic rang e at the Wallop s • Portable X-Ray,
S Flight Center is capable of providing d irectly the ground noise
- footprints from helicopters inflight for a rang e of operating con- • trasomc,

ditions. All of these facilities will be available and used in the S Eddy Current ,

- 

flight operations of the Rotor Systems Research Afr~~ ft . • Ima ge Enhancement ,
S 

~~~~~~~~~~~~~~~~~~~~~~~~~ ,. - .-~ •
..
~ 

• Boroscope,
S S ______ • Remotely Articulate d Fiberscop e,

S -~~~~ -- S Dye Penetrant , 
S

S Neutron Radiography, and
-, - • Infrared Radiography .

During FY77 , the capability for performing x-radiography, S

S ‘ acoustical holography, and image enhancement were added to the
Laboratory. Familiarity with the new equipment and associated
operating techniques in gddition to the existing ultrasonics and
eddy current techniques is being developed, and prelimina ry

... ~~~~~~~ 
.1 assessments of the mspectability limits of the advanced composite

materials/components are being made. In addition , a neutron
radiog raphy syste m will be installed in the laborato ry during early

S 
FY78. Acceptance test ing of the n-ray equipment was completed

5 ’ FIgure 41 Instrumented flight range at Wallops flight Center late in FY77.

1 -.. 29 — 
5

S 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ S _~~~~~~ -5



r 5 5 5 ~ 5 5 ~~~~~ ~~~~~ 5 .5 - - ~5~5 •~ ~~~
_

~~~~~~~~~ 5 5 -~~~~~~~5 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘
S

ANECHOIC ROTOR TEST SYSTEM DATA TRANSLATION SYSTEMS S

The Aerodynamic/Acoustic Rotor Test Chamber at the Aero- The objective of the Data Translation Systems is to provide the
mechanics Laboratory consists of an 800 sq ft test chamber and a Applied Technology Laboratory with the capability to translate
twostory contr ol room providing an additional 800 sq ft of space, and process analog and serial digital da ta from a broad rang e of

tape formats and tape speeds to a wide variety of output media .
S The test chamber is 26- by 32- by 28-in high and is acoustically The signals can be recorded on one of the more conventional

I treated with foam wedges. The air inlet area at the top of the test analog output devices (oscilloscope, osdillograph , or X-Y plotter)
chamber is acoustically treate d to attenuate external noise and or processed by one of three digital systems. Data may be routed

S isolate inlet flow from external winds. The test chamber has a through an analog process such as filtering or envelope detection SI
F vertically movable work platform /rotor wake ejector system and before entering one of the output trans lation systems. Data signals

an acoustic wedge platform, can be captured in either the time domain (4 channel waveform
recorder of 8 channel analog-to-digital-converter) or in the (re-

Test rotors operate in the center of the chamber with air drawn in quency domain (real-time spectrum analyzer). Captured data , now
through the acoustic inlet and the wake captured by the movable in digital form, can be transferred into one of the data processors
platform ejector system and ducted out of the chamber. Rotor (HP 2100 computer or TEIC4O5 I graphic calculator) for tram-
aerodynanic performance and acoustic signature can be measured lation into engineering units and/or formatting for the required
on hovering rotors up to 8 ft in diameter. output device. The interactive processors provide the capability of

listing, graphing, editing, storing, analyzing, comparing, format-
ting, and finally outputting the inform ation. The output may be inI form of a plot , printout in digital magnetic tape , or IBM com-
patible for further processing by IBM 360 via the Laboratory ’s
COPE terminal.

I!
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APPENDIX A

RTL FY77 TECHNICAL PROGRAM STRUCTURE

6.1 RESEARCH 6.2 EXPLORATORY DEV ELOPMENT 6.3 ADVANCED DEVELOPMENT
CATEGORY Project ‘Tech Area Titl e Proj.ct - Tech Area Ti lls Project . Task Titl e

- Fundi : Amount’S” of 6.1 for FY77 Funds: Amount ’S” of 6.2 for FY77 Funds: Amount .%” of 6.3 for FY77

I FLIGHT 1L161102AH45.TAI 1L262209AH76.TAI 1L2632flD157-Taak 11 & 12
DYNAMICS Rich in Aarodynamici Aerodynamics Technology Advanced Rotor Tech

2265/49% 2303/72% 1780/14%
1U62209AH75.TAX 1L263211D157.Task 18
Fligin Simulation Comp I4slicoptsr Analysis
1030,8%

VEHICLE 1 L161 102AH45.TAII 1 L262209AH76-TAII 1 L26321 1 D841
DESI GN Rich in Propulsion Structures Technology Advanced Structures

1030/22% 2980/77% 5397/4%
1 L161 102A H45.TAlll 1 L262209AH76-TAIII I L263201D447

S Rich in Structures Propulsion Tachnology Demonstrator Engines
1725,74% 2915/16% 2774/23%

1 L262209AH76-TAIV I L263201D872
S Reliability & Maintainability Propulsion Components

- 7830/70% 8597,7%S 
1L262209AH76.TAVIII

5 Aircraft Subsystems5 5 440/2%
- 1L262209AH76.TAXI

Man-Machine lnte~ ation
750/ 1%

MILITARY I 1262209AH76.TAV 1 L263209DB33
APPLICATION Safety & Survivability Cargo Handling Equipment

2070/12% 737/70%
1L262209AH76.TAVI 1 L2632090109
Mission Support Helicopter Anti/Descing
674/4% 403/2%
1L762732AF34 S

RPV Supporting Technology 5

1402/7%
262201DH96
Aircraft Weapons Technology
1586/9%

SUPPORT 1L161102AH45.TAIV 1L262209AH76-TAVII
Mathematics Aircraft Systems Synthesis

- 65/2% 7030%5%
.~~ IL IR  tLab Indep Rich)

150/3%

ADVANCED 1L263213DB36
S TECHNOLOGY Rotor System Rich Aircraft

S DEMONSTRATION 7809/16%
S 1L2632120674

Tilt Rotor Aircraft
2393/19%
1L263211D157.Task 17
Advancing Blade Concept
867/7%

in Thousands

“Percentages of RTL R&D funds allotted to each identified Project/Tech Area/Task level as applied to total of either 6.1 , 6.2 or 6.3 RTL R&D funds.
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APPENDIX B
BIBLIOGRAPHY OF PUBLICATIONS

AND
PRESENTATIONS IN FY77

PAPERS AND PRESENTATIONS Bement , L. J. , “ RSRA Canopy Explosive Severance/Fracture ,”
presented at Sym posium on Explosives and Pyrotechnics, 9th ,

Acurio,0 J., and Kailos, N., Edwards V., “Engine-Airframe Philadelphia , PA, 15- 16 Sept. 1976 , and proceedings Franklin
S Integration — Current Practices and Future Requirements for Institute Research Laboratories , 1976.

Army Aircraft ,” prese n ted at the Project Squid Workshop U.S.
Naval Academy , Annapolis , MD , 1 1-12 May 1977. Riggers , James C., Lee , Albe rt , Orloff , Kenneth L. , and Lemmer,

Opal 3., “Measurements of Helicopter Rotor Tip Vortices ,” AHS
Adams , Richard I., and Kitchens , Phyllis F., “Simulated and Preprint No. 77.33-06, presented at the 33rd Annual National
Natural Icing Tests of an Ice Protected UH -lH ,” presented at the Forum of the AHS. May 1977.
33rd Annual Forum of the American Helicopte r Society,
Washington , DC, May 1977. Bill ,0 R. C., “Fretting of AISI 9310 and Selected Fretting Resis-

tant Surfac e Treatments ,” NASA TM X-73 ,591 Technical Paper to
Alston ,’ William B., “Nitr ile Crosslinked Polyphen ylqu inoxaline/ be presented at the Annual Meeting of the American Society of
Graphite Fiber Comp osites,” NASA TM X-73456 , presen Led at Lubrication Engineers, Montreal , Canada , 3-4, May 1977 .
Eighth National Symposium and Technical Conference of the
Society for the Advancement of Material and Process Engineering, Bill , Robert C., and Wisande r , Donald , “Recrystallization as a

5 
5 Seattle , WA , 12-1 4 Oct. 1976. Controlling Process in the Wear of Some F.C.C. Metals ,” Journal

Article — Wear , 4I , J an. 1977.
Andre ,’ W . L., guest speaker , 155th Attack He licopterCo.,
Presidio , Monterey, 29 Apr. 1977. Bingham,’ Gene 3., “Status of Current Two-Di mensional Heli-

copter Airfoil Research,” Slide presentation for the Helicopter
Andre ,’ W. L., and Wong,0 3. 1., “Logic Mode l Test Equipment Program Coord inating Meeting, Langley Research Center , 19 Apr.
for Maintenance and Training,” presented at the Second Biennial 1977.
Maintenance Training and Aiding Confere nce in Orlando , FL , May
1977. Bousman , William G., “An Interpretation of the Army Standard

Hot Day in Operational Terms,” Reprint from Journal of the
Ballhaus ,’ W. F., and Goorj ian , P. M., “Implicit Finite Difference AilS, Jul. 1977.
Computations of Unsteady Transonic Flows about Airfoils ,

S 
Including the Treatment of Irregular Shock Wave Motions ,” AMA Brat t , 0 Howard M., “Simulation Aided Field Exp erimentation ,”
Pap er 77-205 , presented at AIAA 15th Aerospace Sciences Meet-
ing, 24-26 Jan. 1977. 

presente d at the U.S. Army Operations Research Symposium XV ,
Fort Lee, VA , 28 Oct. 1976.

S Ballhaus ,’ W. F., and Gooij ian , P. M. , “Compu tation of Unsteady
Transonic Flows by the Indicial Method ,” AIAA Pap er Brat t ,~ Howard M., “(I) The Tn-Service Commonality Analysis;
No. 77447 , presented at the AI AA Dynamics Specialists Meeting, (2) The Maintenance Effectiveness Analysis ; (3) The Arms
Mar. 1977 . Model ,” lecture at UCLA , 18 Nov. 1976.

I’-
Ballhaus ,a W. F., and Gooij ian , P. M. , “Efficient Solution of Bre tt ,0 Howard M. , “Optimizing Logistic Supp ort (ILS) Resources

5 
Unsteady Transonic Flows about Airfoils ,” AGAR I) Structures to Support Milita ry Tasks ,” presented to the Virg inia Beach
and Mater ials Meeting, Lisbon , Portugal , Apr. 1977. Chapte r of the Society of Logistic Engineers , 5 May, 1 977.

tational Treatment of Transonic Flow About Swept Wing s,” Bre tt ,0 Howard M. , “Optimizing Logistic Supp ort (ILS) AnalysisBalihaus ,’ W. F., Bailey, F. R., and Frick , 3., “Improved Compu-

Proceedings of I 3th Meeting of Society for Engineering Science , Resources to Support Militar y Tasks ,” presented at the 12th

Vol. 4, Nov. 1976. International Logistics Symposium , San Diego , CA , 16-17 Aug.
1977.

Ballhaus , W. F., Jameson , A., and Albert , 3., “Implicit
Approximate-Facto r ization Schemes for the Efficient Solution of Bro wn ,0 LTC James H. , Jr.,  and Edenborough,’ H. Kipling,
Steady Transonic Flow Problems ,” AIAA Pap er No. 77.634 , Jun. “Evaluation of the Tilt Rotor Concept—The XV-1 S’s Role ,” Pap er
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Method for Measuring Rotor-Induced Vibrato ry Loads Using Cancro ,’ Patric k A., Harris , Frank , and Dixon , Peter , “Bearingle ss

S Fuselage Accelerations and Dynamic Calibration Da ta ,” presenta- Main Rotor System Concept .” presented at the Association

tion at Third Structures Loads Meeting, Ft. Eustis , VA , Aug. Aeronauti que et Astro nuatique de France, Aix-en -Provence,
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- 

B-I

- - S



5 S ~~~~~~ .:: ~~: 
-- ‘~~~~~~~ S~~5 - ‘S~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

SS s S 
~~~~~~~~~~~~~~~ -- -

. 4 .
Chen . Robert T. N., and Talbot ,’ Peter D., “An Exploratory Haselbauer ,’ Philip, “Low Velocity Impact Resistance of
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tics,” AIAA Paper No. 76-79 , presented at AIAA 14th Aerospace Hodges,’ Dewey H., “An Experimental-Theoretical Correlation
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- . Figge ,’ I. E., “Composites Development for Army Airmobile Hodges ,’ Dewey H., “A Simplified Algorithm for Determining the
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Helicopter Rotor Models,” presented at a gr aduate seminar , Foru m, Washington , DC., 9-I l May 1977 .
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Space Engineerir.~ Board , Aeronautics Assessment Committee, Symposium, Denver , CO. 15-16 Nov. 1976.
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tary Composites, Langley Research Center , 15-18 Nov. 1976.Mazza , L. T., “Composite Tail Section for AH-iG Helicopter and
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17 Aug. 1976.
Shallcross ,’ COL G. W,, “Command Briefing,” presented at the

S Eust is Directorate Ladies Day, Fort Eustis, VA , 28 Jun. 1977. Singley,’ George T., Ill , and Mayerj ak , Robert 3., “Fail-Safe
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25 Math and Science Students from the York High School , at Fort
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1977.

Taylor ,’ Marion K., “Safety and Survivability Overview with
Shalicross,’ COL G. W., “Command Briefing,” presented to the Emphasis on Safety,” presented to the Army Aviation Safety
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— So .iety, Williamsburg, VA, 18 Jun. 1977. Committee at Watertown , MA , 4-5 Nov . 1976.

Singley, ’ George I., Jr., “Command Briefing, ” presented to the Young,’ Harvey and Simon ,0 Duane , “ABC Rotor Program,”
members of the Australian Embassy , Fort Eustis , VA , 1 Apr. presented to the AGARD Flight Mechanics Panel , Moflett Field.
1977. CA, l 8 M a y l9 7 7 .

I
4:I



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ . -_. _._
~ . ~~~~~~.

I 
- S -
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~ A. D., “A Tabulation of Pipe Length to Diameter Ratios as a
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Design Criteria Subgroup Member Mr. Stephen Poci luyko

Flight Controls & Hydraulics Subgroup Member Mr. Stephen Pociluyko

Fuel Systems Subgroup Member Mr. Charles Pedriani

f Laser Countermeasures Subgroup Member Mr. Earl Gilbert S

Methodology Standardization & Analysis Panel Member Mr. D. J. Merk leyS Personnel & Aircrew Protection Committee Member Mr. James T. Robinson

Propulsion Syste ms Subgroup Member Mr . Harol d Holland

Simulation Technology Coordination Group
(DOD/NASA) Member Dr. David L. Key

Survivability Assessment Subgroup Member Mr. E. V. Merritt

Joint Technical Coordinating Group on Fluid ics

‘ Aircraft & Fabrication Subgroup Membe r Mr. George W . Fosdick

Subpane l on National Aeronautics Facilities Member Mr. H. Andrew Morse

Tn -Service Coordinating Committee on o. I Research Member Mr. John Acurio

Tn -Service & Leads to NATO Aircr ew Station
- Standardization Panel Membe r Dr. Richard S. Dunn

I Tn -Service/NASA Aincre w Workload Measurement
- : Coordinating Committee Member Dr . Richard S. Dunn
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COMM ITTEE AFFIUATION INDIVIDUAL I
DEPARTMENT OF DEFENSE (CONTINUED)

Tn -Service Propulsion Committee on Small $ I
S Engine Technology Member Mr. John Acuno S

Tn -Service Structures Technology Coordinating Paper Member Mr. L. Thomas Mazza

TI CP Action Group HAG-2 (Engine Health Monitoring) Member Mr. S. Blair Foteate , Jr.

TrCP Action Group HAG-3 (Helicopter Icing) Member Mr. Richard I . Adams 4
TTCP Action Group HAG-4 (Aerodynamics & Dynamics) National Leader Mr. Andrew W. Kerr

.1 Subgroup H Member Mr. Herman I . MacDonald S

S Member Mr. Donald J. Merklcy -

Member Mr. Aithur E. Ragosta

TTCP Technical Panel H-3 (Aeronautica l Vehicle Fatigue) Member Mr. Robert S. Berrisford

1TCP Technical Panel H’FP-4 (Helicopter Operations
Technology) National Leader Mr. Thomas U. Coleman

DEPAR TMENT OF THE AIR FORCE
- 

. - 
- 

Combat Damage Information Center Member Mr. Vincent U.J. Di Rito

DEPARTMENT OF THE ARM Y

- AAH System Safety Group Member Mr. Richard E. Bywater s S

— - Member Mr. George T. Singley, III
Member Mr. Vincent L i .  Di Rito
Alternate LTC Dwain T. Moentmann

S Air Vehicle Ad Hoc Working Group for Ev~-hange
- of RPV Data (w/Uni ted Kingdom) Mem ber Mr. Gary N. Smith

- Member Mr. Russell 0. Stanton

S Ai-my Research Office

Univ. of Calif. Berkeley Contracts for Planning &
- Control Under Risk & for Adaptive Approxi mation
- Techniques in Optimization Scientific Liaison Dr. Harold Law

Camoutlag e/Countersurveillance Program Representative Mr. Earl C. Gilbert

Cooperative Research Project in Aircraft Vulnerability 
S

Reduction (w/tJ nited Kingdom) Member Mr. I . E. Figge

~
- Cooperative Research Project in Helicop ter Dynamics

(w/France ) Project Officer Dr. Irving C. Statl er

- . Flight Safety Board Member Mr. Vincent L.J . Di Rito

Information Exchange Program in Fuel Systems
S Vulnerability (w/Unite d King dom) Member Mr. Charles M. Pedriani

Joint Combat Development Command /Ajmy Mater ial 
S

5 - Development & Readiness Command Working Group for - S

Aviation Ground Support , New GSE Acquisition Panel Member Mr. Solomon G. Riggs

- - Mobile Sources En vironmental Control Program Membe r Mn. Kent F. Smith
4 1
~‘- I Patent Evaluation Committee Member Mr . I.  E. Figge

Subscriber Committee for DARCOM Midwest Regional
Scientific & Engineering Compu ter Center Member Mn. William M. Sessoms

C3



- -r’~~~~ --5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —--— -~~-,, -~~ -- -—-, -~~~~ ~~~~~~~~~ ~~~~~~~~ -,,---~,--. ,— - -- —---- 

- - -

I COMMITTEE AFFIUATION INDIVI DU AL 1
DEPARTMENT OF THE ARM Y (CONTINUED)

Tn -Service Manufacturing Technology Advisory Group

Metals Technical Subcommittee Member Mr. Albert E. Eastenling

Nonmetals Technical Subcommittee Member Mr. L. Thomas Mazza
Alternate Mr. Philip 3. Haselbauer

U.S. Army Aviation Research and Development Command

AV RADCOM Committee for Nondestructive Testing Member Mr. William L. Andre
Alternate Mr. Philip I. Haselb a uer

Production Engineering Measures (PEM) Review Board Member Mr. L. Thomas Mazza
S 

- Alternate Mr. Ph ilip 3. Haselbauer
- 

- Aircraft Operation and Test Procedures Board Member LTC 1. K. Wrig ht

S U.S. Army Mate riel Development and Rea diness Command

AAMRC Army Symposium on Solid Mechanics
S Committee Member Dr . Raymond E. Foye

S 

- 
- Government Fluidic Coordinating Working Group Member Mr. George W. Fosdick -

Mechanics of Materi als Technical Working Group Member Mr. Arthur J. Gustafson

- S Production Engine ering Measures Review Board Member Mr. Frederick H. Immen
Member Mr. Everett E. Bailey

Scientific & Engineering Computin g Council Member Mr. H. Mike Kodani
Alternate Mr. Willi am M. Sessoms

Ter minal Homing Data Sank Committee Member Mr. Joe D. Ladd

Vulnerability Analysis Team Chie f Mr. E. V. Merritt
Member Mr. Charles M. Pedniani
Member Mr. Richard E. Bywatens
Member Mr. W. U Peterson
Member Mr. Earl C. Gilbert
Member Maj. E. Hathaway

U.S. Army Mathematics Steering Committee Member Dr. Harold Law-
- Member Dr. J ames 1. Wong

Operations Research Subcomm ittee Member Dr. Harold Law

Probability Subcommittee Member Dr. James T. Wong

INSTITUTE OF ELECTRICAL AND
ELECTRONIC ENGINEERS

Mrospace & Electronic Systems Committee Member Mr. Richard E. McFarland

Automatic Controls Committee Member Mr. Richa rd E. McFar land

NA TIONAL ACADEMY OF SCIENCES

Transportation Research Board Aviation Subcommittee Member Mr. Francis P. McCourt
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f l  COMMITTEE AFFILI ATION INDIVIDUAL

NATIONAL AERONA UTICS AND SPACE ADMINISTRATION

Ad Hoc Commit~ee for the Review of Structural Dynamics
Technology for Wind Power Turbines Member Dr. Robert A. Ormiston

L Ad Hoc Committee for Structural Dynamics
I Long Range Planning Member Dr. Robert A. Ormiston

Aviation Safety Reporting System Review Group Member LTC 1. K. Wright

Composites Interdependence Panel Executive Committee Member Mr. Frederick H. Im men

- Helicopter Theme Team Member Mr. H. Andrew Morse

R&D Simulator Advisory Committee - Member LTC T. K. W righ t

Research & Technology Advisory Council (RTAC) Member Mr. Frede rick H. Immen

Committee on Aeronautical Propulsion Membe r Mr. John W. White

- 

S 
Informa l Committee on Rotorcraft Technology Member Mr. John W. White

RSRA Project Review Panel Cochairman Mr. John L. Shipley

NATIONAL RESEARCH COUNCIL

~~~; National Materials Advisory Board Committee
on Control of Fretting-Initiated Fatig ue Member Dr. Robert C. Bill

NOR TH A TLANTIC TREATY OR GANIZA TION

i— I- Advisory Group for Aerospace R&D
U.S. National

fligh t Mechanics Panel Coordinator Member Dr. Irving C. Statler

Fluid Dynamics Panel Member Dr. William J. McCroskey

- Propulsion & Ener getics Panel (PEP) Member Mr. Charles M. Pedniani
• Member Mr. John Acur io

WG/06 Subgroup A Member Mr. Hen ry L. Morrow

Structures & Materials Panel Member Mr. Robert S. Berr isford

Mutual Assistance Camouflage & Concealment
Working Party Member Mr. Earl Gilbert

S 

-~ SOCIETY OFAERONA UTICAL WEIGHT ENGINEERS

Government-Industry Committee Member Mr . William H. Man n

SOCIETY OF AUTOMOTIVE ENGINEERS

Aerospace Control & Guidance Syste ms Committee Member Mn. Richard L. Scharpf
- 

-
5

- Aerospace Secondary Power Systems Committee Member Mr. Roger Furgurson
- Aircraft Engine Monitoring (E-32) Committee Member Mr. S. Blair Poteate , Jr.

Aircraft Environmental Control Systems Committee Member Mr. Richard I. Adams

Eng ine Transient Performance Committee Member Mn. Paul Chewer
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‘- I  - COMMITTEE AFFILIATION INDIVIDUAL

SOCIETY OF A UTOMOTIVE ENGINEERS (CONTINUED)

Gas Turbine Engine Committee Member Mr. Henr y U. Morrow

Helicopter Powerplants Committee Membe r Mr. Le Roy Burrows

SAE-5B Fuel Pump Panel Member Mr. Roger Furgurson

SUBSONIC AERODYNAMIC TESTING ASSOCIATION Representative Mr. Patrick A. Cancro
Representative Mr. John E. Yeates

-~ -4 Representative Mr. Frank A. Lazzeroni

STANFORD/NASA INSTITUTE FOR AERONAUTICS
AND ACOUSTICS Member Dr. Irving C. Statler

Member Dr. Fredric H. Schmitz
Member Dr. Robert A. Onniston
Member Mr. William 3. McCroskey
Member Mr. David L. Key
Member Mr. H. Andrew Morse

U. S. C! VIL SER VICE COMMISSION

Third Region Civil Service Rating Panel for
Engineers/Scientists Membe r Mr. Arthur I. Gustafson

Member Mr. James T. Robinson
Member Mr. Herman P. Simon
Member Mr. Marion K. Taylor
Member Mr. James P. Wailer
Member Mr. John W. White

- - Member Mr. John E. Yeates

San Francisco Region Civil Service Rating Panel for
Senior Level Announcement Member Mr. Frederick H. Immen
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APPEND IX D
- 

S LIST OF ABBREVIATIONS

AAH Advanced Attack Helicopter FLIR Forward Looking Infrared S

AAWS Advanced Aerial Weap ons System FORSCOM (U.S. Army) Forces Command
S 

ABC Advancing Blade Concept FPS or fps Feet Per Second
S ADI Alternating Direction Implicit FSAA Flight Simulator for Advanced Aircraft

S AEFA Aviation Engineering Flight Activity ft Feet
* - AGARD Advisory Group for Aerospace Research and FY Fiscal Year

- S Development
- AIF Army Industrial Fund g Gravity

AIRS Accident Information Retrieval System - gm Gram
S AMC (No w DARCOM) GS General Schedule (Grade Level)

AMCAWS Advanced Medium Caliber Aircraft Weapon

- ‘ System HE High Explosive
AMRDL (No w RTL) HE I High Explosive Incendiary —

ANP Annual Narrative Prog ram HE I-T High Explosive Incendiary-Tracer
S APB I Advanced Planning Briefing for Industry HEL (U.S. Army) Human Engineering Laboratory

API Armor-Piercing Incendiary HELLFIRE Helicopter Launched Fire and Forget Autitank
APU Auxilia r y Power Unit Missile Syste m

- ARMS Aircraft Reliability and Maintainability HERS High Energy Rotor System
- Simulation HIGAD High Impulse Gun Airborne Demonstration

ARPA Advanced Research Project Agency HUH Heavy Lift Helicopter
ARRADCOM (U.S. Army) Armament R&D Command HP or hp Horsepower
ASA Army Security Agency HQ Headquarters

- ASE Aircraft Survivability Equipment HZ Hertz
ASH Advanced Scout Helicopter

- 
ASRO Advanced Systems Research Office IBM International Business Machines

- ASTD Advanced Structures Technology Demonstrator IFR Instrument Flight Rules
4

S 
- AIDE Advanced Technology Demonstrator Engine IGE In-Ground Effect

AUTOCUE Automatic Target Cueing System IOC Initial Operational Capability
AVLABS (U.S. Army) Aviation Materiel Laboratories IPAD Integrated Program for Aerospace-Vehicle Design

-, AVRADCOM (U.S. Army) Aviation R&D Command IR Infrared
AVSCOM (Now AVRADCOM) I R&D Inde pendent Research and Development

ITAV Individual Tactical Aircraft System
S 

BDT Ballistic Damage Tolerant
BHT Bell Helicopter Textron KTAS Knots True Air Speed

- BIU Battery Interface Unit
BMR Bearingless Main Rotor LAH Light Attack Helicopter

lb Pound
- CADDE Control Automatic Digital Data Encoder LLNO Low Level Night Operation

S 

CLAH Contain er Lift Adapter Helicopter LOA Letter of Agreement
COEA Cost and Operational Effectiveness Analysis LOGMOD Logic Model
CONUS Continental United States LUH Light Utility Helicopter
COPE Name of the Remote Job Entry Terminal LV Laser Velocimeter
CTR Controllable Twist Rotor

mm Millimeter

~ I DARCOM (U.S. Army) Material Development and MCTR Mult icyc le CTR
DA Department of the Army MBO Manag ement By Objectives

- 4 Readiness Command MERADCOM (U.S. Army) Mobility Equipment Research andS 

- 
dB Decibel

- dc Direct Current 
Development Command

MIRADCOM (U.S. Army) Missile R&D Command
DCSOPS Deputy Chief of Staff for Operations and Plans MM&T Manufacturing Methods and TechnologyS 
DCSRDA MOU Memorandum of Understanding

- MQT Material Qualification Test
- DOD Department of Defense MRB Main Rotor Blade

S 
- MTBF Mean Time Between Failure

E&S Eng ineer and Scientist
E/D Edge Distance NASA National Aeronautics and Space AdministrationS - EEO Equal Employment Opportunity NASTRAN NASA Structures Analysis
EMI Electromagnetic Interference NATO North Atlantic Treaty Organization

ND! Nondestructive Insp ection
FAA Federal Aviation Administration NDT Nondestructive Testing
FAARP Forward Area Rearm/Refuel Point NiCad Nickel -Cadmium S

I FCS Flight Control System NOE Nap-of-the-Earth
FDAS Fatigue Damage Recording System
FDTE Force Development Testing and Evaluation ODCSOPS Office of the Deputy Chief of Staff for
FLAIR Flex Beam Air Resonance Operations and Plans
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OMA Operation and Maintenance . Army SLAMM O Separate Loaded Ammunition
OPR Objectives . Priority and Rationale SOTAS Stand-Off Target Acquisition System

SPEF Single Program Element Funding
PRB Program Rotor Body SPF Single Project Funding 

-
PEMA Procurement of Equipment and Missiles . Army SR1O Systems Research Integration Office S

S PlO Pilot In duced Oscillation SSEB Sou rce Selection Evaluation Board
~~~ i . STAGG Small Turbine Advanced Gas GeneratorS Project/Product Manage r ~~. . - -

* 
PM-TRADE Project Manage r . Training Devices STOG-77 ~~ience and Technology Objectives Guide —

PSI) E Preliminary Systems Design Engineering 1977 (Confidential)
psi Pounds per Square Inch SURVIV Survivability Model

SUR/VTO L Surveillan ce/Vertical Takeoff and Landing
Aircraft System

S 
R&D Research and Development
R&M Reliability and Maintainability IDI Training and Doctrine Institute
RAM Reliability, Availability and Maintainability TILO Technical Institute Liaison Office
RCS Radar Cross Section TIMS The Institute of Management Sciences
RDM Rotor Dynamics Model TMI Terrain Manag ement Institute
RDT&E Research , Development , Test , and Engineering TRADOC (U.S. Army) Training and Doctrine Command
RFP Request for Proposal TRADS Transportation Research and Development S

RFQ Request for Quote Support
RIO Return on Investment TRADSCOM Transportation Research and Development
ROC Required Operational Capability Command
RPM or rmp Revolution s Per Minute TRASANA TRADOC Systems Analysis Activity
RPV Remotely Piloted Vehicle TRECOM Transportation Research and Engineering
RSRA Rotor System Research Aircraft Command

S RSTA /D Reconnaissance , Surveillance , Target Acqui cit ion
and Designation USAF United States Air Force -

RTA Rotor Test Apparatus UTTAS Utility Tactical Transport Aircra ft Syctem
RTL (U.S. Army) Research and Technology (Black Hawk)

Laboratories (AVRADCOM)
VR Vulnerab ility Reduction

S&T Science and Technology V/STOL Vertical/Short Takeoff and Landing
sec Second V/STOUAN D V/STO L Advanced Autopilot System
SFC Specific Fuel Consumption VIOL Vertical Takeoff and Landing
SHP - Shaft Horsepower
SIRS Structural Integ r ity Recording System W/D Width /Hole Diameter Ratio
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