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X methcdology fcr evaluating ine ASRCAB as an esccdefrescue concept was
estadlished and fortulated into & corputer prograrm. 244 effectiveness
evaluations were conducted in selected combat scererizs. It was deteruined that

the most important ALRCAB destign parameter and its greatest asset fs range i
capability. Analysis of an SEA scerario indicated that yse of the AZR(AB systex H
in conjunction with the Combat Search and Rescue ‘i ces would have resclted in

rore ejected alr crewwesbers being rescued and ther:fore fewer PCi's 3ad lower
crewnesber replacecent costs. Other coadet scendri~s are develcped and analyzed.

Aralyses were conducted to determire AIRCRAFT/AZF(AB integration
compatibility and configuraticn design information necessary for evalusting
system effectiveness, perforrance, and costs. The AERCAB appears rore
Icracticable for new afrcraft where retrofft desigr probiems and afreraft
nodification costs are not a factor.
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FOREWORD

This report was prepared by the Recovery and Crew Station Branch of i
the Air force Fifght Dynaafcs Laboratory under Project 19€1, “Advanced
Crew Escape and Rescue Capadidity (AERCAB).® This study was accorplished
at the direction of the Secretary of the Air Force for Research and
Development. Funds were provided by Hq USAF. The study was begun in
Septerber 1972 and corpleted {n October 1973,

Project management and technical and adminfstrative responsibility
were in the Vehicle Equipment Division, Air Force Flight Dynanics
taboratory, with Mr. R. Harley dalker, Jr. (AFFOL/FER) as Progras
Manager.

This report fs a cocpilation of the accomplishments and findings of
four work efforts conducted separately by three contractors and an AFFDL
technfcal team. An evaluation methodology, a cocputer program, 2nd an
effectiveness evaluation of the AERCAB concept were performed by the
Caywood-Schiller Division of A. T. Xearney, Inc., 100 South Wacker Drive,
Chicago, 11linois 60506, wunder Contract F33615-72-C-1668, PO0002. A
Rigfd Wing AERCAB configuration design effort was conducted by the Parsons
Corporation of Californfa, A HITCO Ccmpany, 3437 South Afrport Way,
Stockton, Californfa under Contract F33615-73-C-3120. An investigation
to determine guidance, navigation, and contrul subsystem feasidbility for
the AZRCAB was conducted by The Analytfc Sciences Corporation (TASC),
€ Jacob Way, Reading, Massachusetts 01867, under Air Force Avionics
Laboratory Contract F33615-72-C-1787. A technical and preliminary cost
R analysis of AERCAB configuratfons was conducted by engineers from the '
- Phototype Division (AFFOL/PT). Technical reports were prepared giving
the details of the work conrducted under each of these contracts, and
these reports are referenced herein. Special thanks are due ¢o Ray E.

Fredette and Nathan L. Sternberger (AFFDL/PT) for their participation in

Syrgema
v —

105 the in-house analyses and Capt S. Schwam, AFAL, for his assistance with
RYA

SN the Avionics study.
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Mr. Stephen R. Mehaffie, AFFOL/FER, assisied 1n all technical aspects
of the program and personally organized SEA aircraft combat damage data
into & meaningful rescue scenarfo.

The authors wish to acknowledge the attention and interest given this
study by LTC W. Baird, AFSC/DLFF; LTC V. Dande~, AFSC/XRLA; LTC H. Webb,
ASD/XRL; LTC J. Vallone and Major D. Adamson, AC; Mr. T. Thomasson,
MASC: and Mr. W. Bollinger, NADC.

This report is published in two volumes. Volure I entitled,
*Study of an Advanced Crew Escape and Rescue Capability (KERCAB)® fs
unclassified. Volume II (same title) fs classified SECRET.

This report wvas submftted by the authors in n..embar 1973,
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SECTION |
INTRODUCTION AND SUMMARY

1. PROGRAM 0BJECTIVE

This report docurents the results of an extenstve analyticsl
investigation conducted with the primary objective being to assess the
potential operational practicality of an Advanced Crew Escape and Rescue
Capability, AERCAB. The AERCAB concept offers the advantage of a fly-amay,
escape/sef-rescve capability for the crewnenber following conventional
ejection from & fighter-type corbat atreraft,

2. PROGRAM AJCOMPLISHMERTS

The AERCAB concept was analyzed in varfous combat environments and
the results were corpared %0 conventional escape and rescue capabilities.
The advantages of using the AERCAB system for pilot recovery were
defined.

The rescue envirornent and functional requirevents for the AERCAB
were defined through selection of y;otiric combat scenarios and
operational criteria established for the defined rescue environment.
Capabilities of the AERCAB system when operating in selected scenarios
were deternined. Tradeoffs were parforced to select optirum operatfonal
conditfons and show the effects on probability of rescue. AERCAB
configuration performance tradeoffs were defined, and integration and
performance analysis with respect to the F-4 and A-7 aircraft were
included.

Configuration design for a deployable rigic wing AERCAB vehicle =2c
developed and analyzed. A methodology and associated nrocedures and
techniques for accorplishing AERCAB 2ffectiveness evaluations were
developed, and a preliminary cost analysis is presented.

- o
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Detafled guidance, navigation, and contro! teciniques appliceble to
an AERCAT system were defined. Relative costs are developed and corpared
with projected G, %, and C subsystem accuracies Previous AERCAB
developments were .atagorized and are presented mrere relevancy exists.

3. BACKGROUND

ks 3 result of rescue deficlencies evident fron the SEA conflict,
new pethods were scught which would increase tre prodability of rescuing

ajrcrewnmen forced to abandon their aircraft over 2r2my territory. To a
cajor extent, potentfal methods are based cn the hypothesis that if the
descent of the escaping aircrewcan can be Zlelayes, or better, if he car
pe suspended out of small arzs fire range, nic-:'~ retrieval ard
evacuation ray be possible. This hypothesis was reackeq from analyzing
rescue statistics derived from operatiors in SEA. These statistics
(classified) were used in the analysis presentec .- Appendix I of ¥oi.
1I of nis report. Statistical data for rescue cierations in nostile
environments indicates aircrewmen recovery rates ircrease with time
batween afrcraft hit and crewman ejecticn, and after a certain time
fncrezent, all possible rescues are successfully accomplished. Sinze
tive can te related to distance (through aircraft velocity) the distance
Toam afrcraft nit to ejection appears to be the significant factor.

The significance of distance is related to reaching a less populated and
defanded inland area or the ccastal region or sea where the likelihood of
rescue {s greater. Thus, the "self rescue” or "fly away™ escape concept
evolved.

In 1957, the US Air Force and Navy showed considerable interest in
the potential of the self-rescue AERCAB. A number of programs were
fnitiated to demonstrate concept feasibility, directed specifically at
the evaluation of various approaches to AERCAB. Close Air Force and
Navy coordination at the working level was T.intained to ensure the
progracs corplemented each other. The feasibility evaluation was based
upon successful deployment, performance, ard stability of the AERCAB
lifting surface subsysten. Consequently, initial test efforts were
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directed at acquiring the technical data neaded %o select the most
proaising configuration for advanced development. All subsystems were
considered analytically 1nd, where appliczble, laboratory, wind tunnel,
arnd flight tests of full-scale experimental models were conducted. A
synopsis of the test programs is presented in Section V. The exp'oratory
efforts to deronstrate technical feasibility of the concept have now been
concluded within the Air force.

While the exploratory analytical and experirental fnvestigations
desunstrate that the fiyaway rescue concept is technically feasible,
two major unknowns remained: (1) Is the ASRCAS technically practicable?;
and {2) Is t™e AERCAB operationally practicable? The question regarding
operational practicability requires tasically a cost-effectiveness
assessment, and technical practicability requires hardware developrent
and experinental tests of prototype systems. In Septesber 1972, the
Afr Force Flight Dynaaics Laboratory was assigned the responsibility of
assessing the potential operational practicality of a deployed AERCAS
escape and rescue Systec.

4. GUIDANCE

Hq USAF issued Program Management Directive, PMD, (P-2P032(2)/63205F),
dated 17 June 1972, requesting several independent studies be conducted
to assess the potential ojerational practicality of the AERCAB concept.
In addition, 1t requested the analysis address itself to current Air
Force rescue capabilities and tactics, projected changes to these
tactics, threats for various theaters of operation, prodability of
rescue/survival with current equipment, definition of improved rescue
capabilities, and effective cost of current and icproved rescue
capabilities.

. .

Hq AFSC Program Direction (AFSC Form 56, dated 30 August 1972)
modified the guidance to pursue only that portion of the P¥D which
relates to the practiradility of the AERCAS concept, since the Air

Y
.
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Staff was initfating a missfon analysis of the combat air rescue posture.
Accordingly, this study was prepared to answer five questions:

(1) Is an AERCAB operationally effective?

{2) 1s an AERCAE operationally practicable?

(3) 1s an AERCAB technically feasible?

(4) 1Is an AERCAB technically practicable?

(5} 1Is an AERCAB cost effsctive?

5. ORGANIZATION OF THE STULY

The question of operational effectiveness is sumarized in Section
1I1; detailed docunentation is presented in Reference 1. This work was
2 cocomplished urder Contract F33615-72-C-1668, PDOJ02 by the Caywuoe-

:'_: Schiller Divisicn of A. T. Kearney, Inc. Operational practicability was .
Y assessed by the Vehicle Equipment Division of the Afr Force Flight 4

el

Dynamics Laboratory by anrlyzing AERCAB data genersted either prior to B
or during this investfgaticn.

et

Technical feasibility was addressed by considering complete
exploratory development programs and two 2dditicnal efforts accomplished
diering this investigation. The area of avionfcs subsystem feasibility
was evaluated by The Analycical Sciences Corporation under contract to
the Afr Force Avicnics Laboratory, and is documented in Reference 4.
Additional feasibility effort on the Rigic¢ Wing AERCAB desicn was
conducted by The Parsons Company of Caliiornia under Contract £33615-73-
C-3120 to AFFDL and is documented in Reference 3.

-t e

t tessbhbin o

The question of technical practicability was partially addressed by
the Prototype Division in AFFDl and is beirg separately documented in €
detafl in Peference 5. It is corcluded that a cocplete technical or
engineering practicability assessoent requires accczplishment of 2
“hardware oriented effort” on the level of an Advaiced Developoent
Program,

|
'
ettt v
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:: The cost analysis was accomplished in-kouse, primarily by the : ::
.- Prototype Division. These costs are consfdered very preliminary; a - -
= more-in depth analysis would increase the creditability. X :,
E' A1l other contributors are referenced as they appear. !-‘ .
e 6. SUMMARY X
' The purpose of this 2nalysis s to provide additfonal information N -
. pertinent to the assesswent of the “fiyaway™ concept as an operationally ¥
" feasible capability. The oojective in this analysis is to assess the -
:': advantages of the corcept for icproving the current escape/rescue capability ; -
- and to determine the impact of the ccncept on the mission afrcraft. The , ‘:,'
S scope of this analysis is limited to a study of the "flyaway” concept as i ::
o an inproved escape/reszue concept and how it could perform under corbat t I
‘_,'.' operations. It does rot include a tradeoff analysis of other concepts : i
:: for providing irproved search and rescue capabilities. The approach ’ =
o taken fn th's study included: (1) establish a methodology for evaluating ; :-
kY the AERCAB: (2) determine the crew station corpatibility of AERCAB i A
- configurations with selected fighter aircraft configurations; (3) conduct |
:{ a weights and costs tradeoff analysis to evaluate penalties versus ASRCAB ! ::
::‘ performance; and (4) evaluate the RERCAB in varfous scemarios using the . 4
s developed methodology, aircraft cocpatibility, and tradeoff analysis . ::'
e results. % X
o H
::: One of the initial *asks undertaken was the developrent of a i by
j;: sethodology for assessiag the effectiveness of the AERCAB. This task g =
= {avolved the formulation and programing of a computer effectiveness t ::
2 mode] to evaluat: alternative AERCAB configurations integrated in H >
:'_: specified fighter aircraft and exposed to selected cocbat scenarios. : r
S‘; Background information on four AERCAB configurations and selected fighter : 3
:;: afrcraft was used as a technical base for forrulating concept effectiveness h
S assessment criteria. The operational effectiveness of the AERCAB was A
’.‘ evaluated as to its ability to provide core crewresber candidates for b
:: rescue. “Safe” areas were identified within the scenario which, by !
q 5 i :
::: ; f
+ - — N | :
! ;
:_: "
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definition, would provide a given probabflity of rescue of the crewman
if he successfully reached this area, regardless cf how he got there
(1.e., AERCAB, flying mission afrcraft, ejecting into area directly).
Consideratfon of the eavironment in which the 3ircraft is operating when
a crowmesber efects, the flight of the AERCAE to a "safe® area, and

subsequent probability of location and pick-up by Search and Rescue (SAR) H
forces was facluded.

Simultaneous with the developrment of an evalustfon methodology,
# technical analysis of the AERCAB configurations w2s undertaken.
Industry had originally designed four configuratians against a specified
set of performance criteria, most of whicn was criented toward a system
which would perform adequately in Southesst Asia. This study addresses
the operationa? characteristics of the AZRCAB concept fn other geographical
Tocations. Thus, without having pricr knowlecge of what performance
would be required of AERCAB in the different scera-fos, a technical
anslysis was uncertaken which would provize inputs to a cost effectiveness
model. The approach taken investigated <ne concept in two phases. Phase
1 consisted of: (1) evsluating the existing configuratfors with respect
to sircraft installation, weights, aerodynazic choracteristics, and
perforvarce; (2) resizino the configurations as necessary to achieve
realistfc designs and thereafter determine the degree of aircraft
modification neecad for installation; and {3) resizing the configura-
tions to achieve various ranges and check the stability characteristics
07 each. Phase Il involved considering ALRCAB designs which are devoid
of the dimensional constraints of current aircraft cockpits. These
designs seek maxism achfevable performance and flying qualities for
AERCAB vehicles and provide voluce and weight allowances that should be
consfdered in future aircraft designs. Thic phase concentrates on
system pofnt designs for a "best” capability based on results from the
effectiveness evaluation.

Prior to evaluation of the operational feasidility of the ALRCAB in
a combat scenario, & paracetric sensitivity analysis of the effectiveness
computer sodel was conducted to determire the icpcrtance of vartous
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parameters in relatfon to each otaer or to the expected recults. Very
sirple scenarios were used to avoid unnecessary compioxity fa analysis of
the results.

Subsequently, the effectiveness of the AERCAB concept was evaluated
in three different scenarfos. The gsagraphical areas selected are
fdentified, and the particulars of each scenario are discussed in
Yolume II. 1n general, the effectivenress evaluation showed that with
the AERCAB systen the probability is significantly g eater that an ejected
crewmenber can be recovered from enemy territory. The range capability
provided by the flyaway system offers a greater overall advastage than
any other factor in the effectiveness model.

o

R supplemental effort was conducted to provide design and performance
informatfon on the Rigid Wing AERCAB configuration. This information was
used in assessing the potentfal of this particular configuration as
copared to other AERCAB designs.

Successfuyl afrcrew recovery in a hostile environment requires rore
than the abil¢2y to remain airborne; " regquires guidance, navigation,
and control (GNEC). The GNSC funciions are a vital element in the AERCAB
safe area concept. An effort was conducted to evaluate varfous GNBC
approaches against selected performance guidelines. The results of this
analysis indicate the expected accuracies and costs associated with the

o,

)
(Al -~ B8

_';.:: ; varfous GKBL approzches. An automatic guidance, navigation, and control k
::',:: 1 system for the AERCAB vehicle is not cnly feasible, but will improve the E
.::.: ' probability of successful crew retrieval over a strictly mamsal contrel

“‘- systes.

o ; [
3:':; A cost analysis was conducted to pernit a cost-effectiveness 1
W assessment of the concept. A cost model was developed and computerized

to support this analysis. The cost model was kept sevarate from the
effectiveness model because many of the parametric variations of interest
in the effectiveness model have little or no effect on cost.

— ———————ee e~ © m—————yd
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SECTION 11
ADYANCED CREV ESCAPE AND RESCUE CAPABILITY (AERCAB)

1. GENERAL

Ejection seats have been used successfully over the past 25 years as
2 positive mears for flight crewmesbers to escape their mission vehicle
as frreversidle emergencics arise. Technology advancement in the escape
area §s expected to provide for ejection under previously deened
®unrecoverable® conditfons, f.e., higher speeds, lower altitudss, adverse
attitudes, etc. While advancenents are being rade in the crew escape area,
the escape/rescue concept for air crewnen has remained unchanged for many
years, f.e., following a successful ejection the cremman descends to
earth oa his parachute and {s eventually picked up by 2 rescue team.
Most of the time, the rescue team uses a helicopter. If the ejection
has occurred in a combat s:tuation over enemy-controlied territory, the
crewman is uysually captured. Under escape conditiosns such as adverse
weather, severe terrzin, or nighttime, a long wait prior to rescue may
severely tax the crewman's mental and physical facvltias.

Nithin the boundaries of the free world, on the high seas as well as
on Tand, the probability of speedy rescue is very high by vi, tue of mutual
international agreements and the highly efficient and effective organi-
zatfonal net of the Afr Rescue id Recovery Services. In combat zones,
particylarly deep in enemy territivy, this probability drastically
decreases s a functic- of distance and population density. Rescue
techniques with helicopter aircraft are greatly impaired in severe terrain
environments, become {ncreasingly hazardous when exposed to enemy ground
resistance, and are hopelessly fnadequate fn an environment of enemy air
superiority. Failure in such rescue missions invariably results in the
captyre or death of highly trained personne! and/or loss of critical
costat equipoent.
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2. COMCEPT DESCRIPTION

What §s an AERCAS? A seccadary flight vehfcle contained in a
priary aircraft. [RR

¥ho uses 12? Crews of fighter afrcraft.

then is it used? When the prizary afrcraft is no longer
capable of flying.

Where is it used? Primarily in hostile environments. H

Why is it used? To save training dollars, lives, and prevent
imprisonment.

How? By reroving crews froe a hich threat environ-
ment to 3 lowe:~ threat environment.

The "flyaway” escaps -oncept provides the aircrewman with a secondary
flight vehicle capab e <€ »niring or raintaining 21titude and permits
him to assist ir his owr rescie by navigeting over 2 l{mited range and
at 2 specified crus2 cceed out of 2 hostile area toward predetermined
“safe® sites where Pe c2n de rescusd «fith the least jeopardy to all
persomel invalved. Thuc. the ASREAB is a new dinension in atrborne
escape, It represents - -axt generation escape system by providing an
“afrcraft withir an airc-2ft=,

L A ity e s drtts § ra

Any advarced escape/rescue concept sust increase the time available
10 the ejectee 2o be rescued and minimize the time required to perform
the rescue mission. The AERCAB orovides increased time for rescue by
allowing the ejectee to recxin airborne and providing him with sufficient :
maneuverability to fly to 2 more secure and accessible area for landing
a7 pickup. In additizn, flying toward the rescue forces reduces the
time required for rendezveus with the rescue forces.

b armat mavmren st sy bt se & e e 2 v

Since the AERCAB system, for all practical purposes, is a small
afrcraft, 1t must contaln the varfous subsystems associated with the .
major atrcraft functions: Lifting Surface, Propulsion, Flight Controls,
Avionfcs, Afrcraft Escape, and Airframe. Although some degree of
comxonality exists in 2ny vehicle comprised of these subsystems, there
can be consfderable variation in configuration. Irn the case of the
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AERCAB, the basfc and more pronounced varfation occurs in the lifting
surface. From the initial evolution of the flyaway concept, a degree of
wncertainty has existed within the technical compunity as to which of the
proposed 14fting surface configurations offers the best overall solution:
the Parawing, Rotor, Satlwing, and a deployadble Rigid Wing. Investi-
gations have been conducted on each tn obtain sufficient data on each

as an integrated configuration to evaluate its technice?l feasibility.

The feasidility would be mostly dependent upon successful deploywent,
perfersance, and stability of the particular 1iftirg surface subsystem
(see Figure 1).

3. AERCAB CONFIGURATIONS

During earlier exploratory efforts, feasfdb "1ty studies were
conducted on AERCAB configurations incorpo-atinc e Parawing, Rotor,
Sailwing, and Rigid Wing 1ifting surfaces. In these studies each AERCAB
configuration had been designed and analjzed in sufficient det»il to
analytically assess feasibility. Each -2s considered to merit further
iavestigation. The particulars of each winfiguration are discussed in
Appendix 1 of this repor: and in Refererce 6.
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SECTION 111
AERCAB EFFECTIVENESS
1. GEMERAL

Is the AERCAB operationally effective? To prcperly address this
question, we must understand the Combat SAR rcle and the conventioral
rescue operations, establish some gauge for measuring AERCAB effective-
ness, and evaluate the AERCAB system in combat scenarfos.

2. SEARCH AND RESCUE ROLE
a. Origin of the SAR Mission

Let us assume an F-4E afrcraft with pilot and weapon systems
operator takes off from home base on an interdiction mission. As it
crosses the forward edge of the battle s-ea (FEBA;, the afrcraft is
fired upon by outlying defenses, and tne fire tecomes more determined
as the afrcraft approaches the target. The F-4€ delfvers fts ordnance
but s lethally hit by defensive fire. The instent the atrcraft is
lethally hit marks the beginning of the Combat Scarch and Rescue missicn:
The safe returr: of aircrews from hostile environrents.

o~ b. The SAR Problems
The SAR forces, knowing that an aircraft 1s down, are tasked
with:
{1) Llocating the crevmesbers.
{2) Protecting them from future nfury.
{3) Treating them for any {njury already sustained.
{4) Returning them to friendly control.

12




o L e L e s Loty o CP i e A s s A

17
4
i
_ 3
3
i
i
AFFOL-TR-74-22 ]
Volume I K

The solutfon of this probles ranges from simple to complex,
depending on the location of the downed crewman. If he 1s downed on the
f=tendly sige of the FiBA, the SAR mission may consist of sending a Seep
- to pick him up. But if he 1s deep In hostile territory, as many as
300 combat sorties may be required to recover him, {f it is at all
possible! The {mpact of the AERCAB system on the SAR problem will
. deternine 1ts operational effectiveness.

s o

€. Locating Downed Crewnesbers
At preseat a plethcra of locating, sfgnalling, stc., devices
exfsts, but the effectiveness of these devices 15 reduced in that the
crewman may be anvwhere 1n the area of operations. Additional {aformation
from radio transmission prior to egress from the aircraft, wingms reports,
i radar fixes, etc., is required to roughly locate the downed man. A »
. decision must be made early as to how to locate the man precisely and
estadlish linkup with the rescue forces. Is he {n friendly, moderately
hostile, or extremely hostile territory? What tactfcs must be used te
L piapoint the location? Do we have afr syperiority in that area? If not,
i | can we establish it either permanently or tesporarily? Do we have ground
- superfority? Cam ground fire suppression operations be lafd on? The
Tocation of the man deternines the tactics needed to rescue him.

.
- —————

d. Protection of the Man

The crewman sust be protected from ground threats to be rescued.
-, Mgain, depending on location, protection mey be a life raft or a major
. - cosbat suppressfon operation. The man must de protected from a’m.
" . “efther by enemy regulars or civilian populace. -

G-Q_«szsﬁ

The man must be treated for injuries; for this, the SAR operation
requires speed to minimize the time between when he s injured and when
he is treated. This time is again directly dependent on the man's
Jocation: {f the location dictates 3 complex, multifaceted rescue
operation, the time could be quite tengthy; 1f it allows a relatively
sisple straightfcrward operation, the time should be short.
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f. Safe Return to Friendl: Control

R

The crewwan must be safely returned to friendly control. This
dictates that the SAR operations be secure so that the SAR helicopter
is not shot down, starting the problem al) over ajain. Air superfority
aust be mafntained. Again, Tocation of the cre.me~ber is of utmest
jmportance. 1t is extremely hazardous to take @ low-performance highly
wlnerable helicopter into the same environment where a high-performance,
Tow-vulnerability fighter aircraft was just shot down.

9. SAR Driving Force
Again and again, the location of the dowied crewman fs seen to
control all aspects of the SAR operation. The th:cat leve? where the
san s and the threats that the rescue forces must cross to reach him
determine all tactics and decisions, even whether or not an attespt
will be made to rescue the afrcrew.

h. Safe Area Concept

Prior to a combat mission, an afrcrew is told, "If you get
hit, try to get to such-and-such coordinates, {:'s a safe area.”
What is & safe area? How is it chosen? How is 1t used?

A safe area {s an area loosely defined as possessing some or all
of the following properties:

(1) Low density enemy troop concentratiors.
{2) Low density hostile civilian population.
{3) Possible local partfsan support.

{4) Ease of access for SAR flight.

(5) Favorable escape and evasion terrafna.
(6) Friendly air superiority.

{7) Shelter and food.

(8) Medical facflities.

1L
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Obviously, home base is a very safe area, but so is a mountain
neadow. or “feet wet,” depending on the scenario; in short, it is
any are? where & crewran (an survive and SAR forces can operate with a
aininized risk. UGNl
R e SARSIaeey:
- -~ ]
AUISMRASTARAERNE. Safe areas may be perwanent (e.g., home base)
or temporary {an Afr Cavalry assault may establish a safe area for
6 hours).

The safe area is used when an aircraft recefves a Tethal hit. The
pilot attespts to guide the crippled afrcraft so as to maximize his
chances of rescue. If he 1S deep in enemy territory, he will attespt
10 g0 to & designated safe area to fincrease his probabiiity of rescue.,

3. EFFECTIVENESS ANALYSIS

». M¥ethodalogy

One of the in:t1al tasks was to develcp a ~wthn.dology for
assessing tne effectiveness of the AEPCAB. This task involved the
foreulation ard programing of a compute~ effectiveness rocei to evaluate
aiternative AERCAS configurations integrated in specified fighter aircraft
and exposed to selected comdat scenerfos. Background information on the
AERCAB configurations and selected fightar aircraft was used as 2
technical base for formulating concept effectiveness ascessment criteria.
The operational effectiveness of the AERCAB was evaluated as to fts
adb{lity to provide more crewmember candidaies for rescue. “Safe” areas
were fdentifiad within the scenario, which by definition would provide
a glven probability of rescue cf the crewman if he successfully reached
this area, regardless of the manner fn which he got there (j.e. AERCAB,
flyirg missfon aircraft, eiecting into area directly). Consideration of
the envirorment in which the aircraft 1s operating when 2 crew mester
ejects, the flight of the AERCAB to a "safe™ area, and subseauent
probability of iocation and pick up by Search and Rescue (SA«) forces
was Included.

15
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b. Effectiveress Model

A cosputerized combat evaluation model was developed to assess
the fmpact of an AERCAB syssem in the operational environment. The model
had to be responsfve to those inputs whichwereava‘lable at the early
stages of an AERCAB development. The model was developed based on
extensive knowledge of Southeast Asfan aircraft canage and loss experience,
wilnerabtlity/survivability studies, and on the HAVE LIME study,
{Reference 8).

RN
g AP

ENENNNNS
d

o

The cosputer sodel, Evaluating the Survival cf fraw 323 Alrcraft
Penetrating Enemy Environments (ESCAPEE) calculatas the probability of
a pilot surviving a sortfe. The survival may be via the safe return of
Ms afrcraft cr, {if the afrcraft is letrally hit iy enemy defenses,
then via an escape mode and subsequent estraction ty SAR forces. In the
model the atrcraft flies zlong an input flight pa:r consisting of several
doglegs. Various enemy defenses may shoct at the afrcraft and at the
AERCAB when the pilot uses such to escape “rom the lethally hit aircraft
to fly to a safe area. The enemy defensec are sca’ed by the model such
that the attrition of the nominal afrcrafe is equat! to an fnput value.
Al calculations are probebilistic.

The flight path is broken into increments for purposes of numerical
integratfon. At each incremeat the probability the afrcraft ts lethally
it is calculated. Given a Tethal hit, the probability the pilot could
successfully reach each safe area via each possidble escape mode is
calculated. The probabilizfes are combined with the input (assumed)
extraction probabdilities from the safe areas, and the best escape code
and ares are used as the optisum (Reference 2). By integrating the
probabilities over the total flight path the prcbadility the pilot
returas to home base s cbtained.

The penetration of enemy defenses begins at the FEBA (see Figure 2).
The afrcraft traverses three defense regions: the inbound area, the
target area, and the outbound area. In 2och such region a different amix
of defenses may be deployed at random. The flight path of the afrcraft

1
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b consists of legs (strafght Tine segments) batween ray-points, which may

- be thought of as navigation check points. Between defense regfons the
o~ afrcraft flight profile may change. Thus, fnbound, for instance. the g
afrcraft may fly at 35,000 feet and 400 kts, cescead to 1,000 feet and

600 kts in the target area, and climd to £0,0C feet and 450 kts outbouns.

The legs of the flight path 23y avoid known conzentrations of defenses. %
The outbound path may differ froe the inbound -oute. A single aircraft

penetrates the eneny defense:.

A

o The aircraft entry point at the FEBA (X-axis) is the origin of the

o coordinate systea with the positive Y-axis in the direction of the enemy,
:;; The target area is described by a circle with the target at the center.,
= On the enemy side of the FEBA are several safe areas where a pilot
:::: {or crew member) ray land after his afrcraft is srot down, and where

o SAR forces may be expected to extract him with an 2ssused probabdility,
i Eack safe area is a circle and its center and radiss are specified.

>

The computer model was used to evaluate the RERCAS on both a
conceptual and a real world dasis. Conceptually, the AERCAB is perfectly
velfable. It can be camaged by enemy defenses, but it cammot fail through
Taherent relizdilities. The real world AERCAB has been modeled to reflect
~onservative hardware assocfated reliabilities. The method of determining
the effectiveness of an AERCAB was to answer the qQuestion, “If 100

L2

'
te

. —1 -
:.; afrcraft were lost fa a scemario, how many crews are rescued wita and ,
S without am AERCAB system?® Of secondary importance are: . .
= ¥t are the irportant design parameters for an AERCAB syste?

-ihat s the status, and why, of the remaining {nonrescued) aircrews?

€. Scemarfo Evaluations

e,

Three scenarios were selected for evaluating the AERCAS system.
The details of these scenarios and their derivations are classified and
are containcd in Volume II. A general description and resuits of the
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evaluation are presented nere. The three scenarios represent past,
present, and future combat operations.

(1) Mistorical Southeast Asia
A scenario based on a statistical derivation of U.S. Afr
Force experience in SIA (see Volume I1) was included as past cosbat ;
operations. The statistical analysis was computer modeled az shown in

\ Figure 3. In the target area, the probability of rescue was zero and

; :\ n 2 large area of u to 50 miles cff target center, the probability

0N was very low (0.08). Seyond 50 miles, the probability of rescue rose to

e 0.8, where it resainec out to 110 miles off target center. The .
-_": scenario was inalyred to determine the fmpact of an AERCAB system had it

~._ been available. Figure 4 shows the percentages of crewsun in each

category as the result of actual cosbat, the computer modeling without
AERCAS, and the impact of an AERCAB system of increasing range. ~
According to this analysis, if an AERCAB system had been availadle for
use in conjunction with the SAR forces, 477 more crewcen could have
been rescued. The ALRCAS range was found to be the mcst powerfyul design
paraveter. This comparison is for the real-world rel<ability AERCAB
system; an AERCAB mechanism with zero range capability would reduce the
rescue percentage because 3t would be substituting a more complex
mechaniss {the AERCAB) for an ejection seat. The percentage rescued
rises sharply with AERCAB range uatil a plateau is reached at adout

50 miles. If the AERCAB range is increased so that it is possible to
fly from the target all the way to the FEBA (see Figure 3), the
percentage rescued will again increase sharply, but additional AERCAB
range has no payoff.

{2) U. S. Navy Scemario

The MNaval Air Development Center, Warmister, Pa., provided
a scenarto representative of present day cosbat operations. This
scenario {s shown in computerized foraat in Figure 5 {for detatls see
Yolume 11).
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3'3:- In this scenario. 3¢ -ombirations of aititufe 2nd speed for a :

)_:: variety of AERCAB rarjes aere aralyzed. Without an AERCAB system, the

' percentage of aircrew. reicued is preaicted to be 267; with an AERCAB

system, this prediction rises to 63%. At ranges beyond about 45 ne,

a larger AERCA3 woul¢ be required. which makes it sore vulnerable to this
particular defensive «eapon mix and decreases the percent rescued
s1ightly (see Figure 6). The spread in probability of rescue for a given
AERCAB range frapresented by the narrow band of cross hatched area)

[RPET

A reflects a s1'ght diféererce in capability due to a particular i
> combiration of speed and altitude. The hijher speed and Tower altitude

;:j: cosbinations tend to be near tne upper portions of the band and the

1{: Tower speed, Mgher altetute configurations near the lower part of the
e dand.

3 {3) Air Force Scenario

':.. A scenaric representative of future combat operztions was

:: generated by the Air force Flight Dynamics Laboratory in conjunction

with several cther Air Force organizations. The deta:'s of this
scenario are shown in Yolure II. The computerized forrat of this
scenario ts shown fn Figure 7.

The same 38 corbinations of altitude and speed for a variety of
AERCAB ranges as were analyzed in the USN scenario were run in the
Atr Force scenarfo; the results are shown in Figure 8. The predicted
percentage of aircrews rescued without an AERCAB system is about 102.
With an AERCAB system, this predicticn rises significantly. With an
AERCAB having a range of 220 na, the predicted oercentage is 67%,
and for a range of 100 om, is 507.

d. Fate of the Crews

The AERCAB system aas been shown to increase the percentage of
afrcrews rescued. The question remains what happened to the aircrews
that were not rescued and why? For the case where the mission afrcraft
s lethally hit at the target and the aircrew has a 95 nm range AERCAB,
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the status for the Navy and Afr Force scenarfos is shown fn Figure 9.
This cannot e compared directly to the previous scenario eviluation
decause of differences in the distribution of attrition along the flight

\

\

path.

Yo v A v kst ¢ 4 e hm aom

The category of Misc is shown as less than 1% and is the result of
sare convoluted Yogic paths than shown here (e.g. the AERCAR was shot down
but tne crewan was still rescued). The ALRCAB was not necessary in
those cases where the mission afrcraft could fly to a safe area with a
high probability. The AERCAB was necessary if the mission aircraft could
wot reach any safe area. The status of "Crew not rescued from safe area® ;
1s caused by the assumed SAR probability or rescue of 0.7 for some safe 4
areas. Thirty percent of the afrcrews reaching the safe area were E
assumed as not being able to link up with the rescue force and so were
aot rescved. Note that the Kavy .cenario does not have this status A
Secause a 95 nm AERCAB has sufficient range to reach the FEBA where the

probability is 1.0.

The category of personnel chute failure is considered a relfzbility
factor of the overall sequence of parachuting to earth. The extrevely -
high reliability of canopy opening is degraded because of historic losses
occurring at ground contact. Unfavorable terrain, tnadequate training/ \\,
proficiency, and previous personnel tnjuries contribute to the degradation -
of this rel{adility. An AERCAS system will allow the crewmember some 4
4355 choice of when to pirachute to earth, allzwing him to avoid Takes, A
rivers, karst, cliffs, etc., but this fepro ad relfability cannot be -
- quantitatively amalyzed. For conservatism the hvrovenent in this a
relfability has been fgnored. e - )

The status of "AERCAB Unreliable” includes the product of two
rel{ability factors: (1) the relfability of ejection from the aircraft :
{similar to the ejection seat specification reliability/confidence levels);
and (2) the reliability of the AERCAB mechanism deploying. Both of these .
reliabilities have been considered to be 95% for conservatism. ..
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Figure 9.  Fate of the Afrcrew, USN and USAF Scemarios
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The status “AEPCAR Sho. Oown® deronstrates the effect of different
scenario wespon mixes. Tre Navy scenario weapon mix was especially
effective agefnst AERCAB's; note that these AERCAB's have to fly through
the target area.

The mechanisns that killed crews in the aircraft were considered to
be the same that lethally damaged the afrcraft (e.g., they were not
trapped by a faulty ejection seat).

To evaluate the AERCAB conceptually (perfectly reliable), the
expected perceatage of c-exs saved becomes 53% for a 95 nm ALRCAB in the
Afr Force scenario and 57% in the Mavy scenario.

The respective fiqu-es for a real world AERCAB {not perfectly
relfable) are 46% for both scemarios (by <ofncidence).

The effect of AERCAS altitude and velocity on AERCAB attrition was
investigated. Increasing velacity was found to always decrease attrition.
At altitudes above 3000 feet, increasing altitude decreases attrition.
Both of these effects, however, are secondary to range. The effacts are
directly related to the weapon mix involved in the scenarfos. The
analysis in the Navy scenarfo is showr {n Figure 10 and Figure 11.

4, REMARKS OM EFFECTIVENESS
The AERCAB system has been shown to be operationally effective:

a. In conjunction with SAR forces, afrcrews using AERCAB can be
saved which would otherwise be lost.

b. It reduces the SAR force losses because the SAR operatfons can
be conducted in Tower threat level areas.

¢. The effectiveness analysis 2nd scenarfo evaluations are
documented in detail in Reference 1.
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SECTION IV
OPERATIONAL PRACTICABILITY

>
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T. GENERAL

Is an AERCAB operationally practicable? To answer this question,
we must consider factors important to the using commsnd, namely, could i
the using command®s mission accomodate the system, and could 1t be :
operated and maintained by the resources efther currently or potestially
svatlable to the command?

a %
KR AEAAN

1l

2. MISSION IMPACT

One effect of an AERCAB system on 2 fighter 2--craft is that it
A incresses the weight of the ejection seat subsysiva. This increase in N

- subsystem weight may be expressed fn terns of efé:it on afrcrafe afssfon
" as iacreased gross takeoff w:ight, reduced range, reduced maneuversdility,
. reduced ordnance load, etc. A more detailed tree:inent of this elfect s
> presented fn Volume II.
i
- The addition of fuel in the cockpit for the F.3(AB does not mete i
o stgnaificant change In the vulnerable area of the -4 aircraft; tiis is
2 supported by the rationsle that the area required for the 100 pousds or
) Tess of fuel for the AERCAB is negligible comparec to th2 area vequired
1 for the 12,954 pounds of JP-4 currently carried internally fn the F-4.
‘-’{' The fact that fuel is in the cockpit, however, does require spectal h
G - - stteatfon to minimize the danger of fires or explosions. Some protection
X fs provided by the aissfon afrcraft since the AERC is stowed so that
» memy .f §ts components, Including the fuel tanks are shielded by the
e atrcrafy compenents. Safety in stowing and handling, and protection ‘
f-: against fire or explosion due 2o small ares fire can be maxinized by N
- using self-sealing foam-Filled tanks and fuel “scrubbing.” A cockpit i
2 five-suppression system sensitive to “hits” should be considered to ¢
F> preveat flash fires in the event o fuel seepage diring the few seconds ‘
o required for the sealant to act. !
x N -
X .
2 £ K !
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focket catapults and pyrotechnic ejection seat stabflization systems
" are presently incorporated in baseline atrcraft. Thus, vulnerability is .
- not changed by these items being required as AERCAB components.

3. PILOT TRAINING

The amalytical flying qualities of an AERCAB vary between lifting

" surface configurations. The feasibility hardware work completed to

i date (Section ¥} indicates that an AERCAB shoyld be reasonably sisple to

o fly manually. The normal rode of operation is automatic, but a manual

override capability {s desirable. Ground trainers or sieulators will be

required to faniliartize pilots and nonpflot rated back seat afrcrew-

- menbers with controls, instruments, switches, etc. Flight training

\ procedures should be sinilar to checkout in a single engine Vight plane.

The abserce of takeof-s 1landings, and high performance maneuvers should

. S8 greatly sinpli€y training requirements. Nonpilot rated personrel may

- require slightly more training than rated personnel. Urdergraduate pilot
trafning, together with simulator or ground trainer time and an under-

L standing of the purpose, capadbilities, and limitations of an AERCAB,are

expected to be suffizient for manual operation of the vehicle.

MO

O

G

4. MIRTENANCE

Meintenance for a deplosad AERCAB system will be greater then for
existing ejection seats, primarily because of the propulsion and
avionics subsystess and their assoicated cospoments and interfacing
equipsent. Maintenance is required for not only the basic engine and
GRLC equipment, but for the electrical equipment, instrumentation, fuel

M cells, etc. Although these subsystems have not yet reached the breadboard
stage, we anticipate that they would become strzightforward applications
of existing technology in the timeframe of an operationally deployed
system. These subsystems .re not subject to continuous Jse and are i
designed for one-time, high-reliability, short-service-life, long-shelf-
1ife applications. Periodic checking of circuitry, displays, and
Tubrfcation levels, in addition to normal pyrotechnic system checking, :
should be satisfactory for ccatinued operatioral readiness. The
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i
TN

v
N \I\ 4




57N

3 AFFDL-TR-74-22
- Yolume 1
,":: maintenance requirements should be well within the provisions of MIL-S-
";: 94798, "General Specification for Seat Sy<tem, Upward Ejection, Afrcraft.*
o
&> If the sissfon scenario requires GIiC and other functfons to be

performed following the ejection wittout pilot assistance, then two
important conclusions may be reached: (1) The increased scope of logical
functions is best handled by general purpose digital logic (in addition
to any primary GNRC requirement for digital cemputation).. Simple and
Tow-cost analog autopilots arve available for low-speed general-purpose
atrcraft, and some may belfeve that such systems are sufficfent for a
fully automatic AERCAB system; however, the capabilities of these
sutopilots are extremely limited, and manual intervention is necessary
for their use. (2) The entire AERCAB GNIC system sust be turned on,
warmed up, and fnitialized prior to ejection from the aircraft. At least
some portion of the system, e.g., navigational lcgic elesents, as

'?: certain inforsstion {present coordinates, wind speed, azimuth to the
safe area, etc.) must be continually updated. For fully aytomatic
operation, gyroscopes must be spun up and erected, crystal oscillators
be temperature-stabilized, and so on. Reliability, performance, and
operational lifetime of the system are affected by the accumulated
on-time and the nusber of power switching transients, with each

R ALY
AT
A

> components resgonding to the resulting electrical, thermal, and
_' mechanical stresses in a different way.
Y
:‘3 Fully avtomatic GNSC allows a significant reduction or simplification
e 4n pilot display requirements and “bare airframe® handling qualities.
= The pilat is relfeved of tracking and control tasks with the automatic
= system.

S. REMARKS ON OPERATIONAL PRACTICABILITY

An operationally deployed AERCAB system appears to be a practicable
system in view of:

(a) 1lspact on the mission aircraft

{b) Personnel training and proficiency required

»
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(c) Projected maintenance requiresents
Further, ft appears that no fasurmountable problems exist to prevent a
deployed AERCAB system from being practical for using commands.
\
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SECTION ¥
TECHNICAL FEASIBILITY
1. GENERAL

Is an AERCAB technfcally feasidble? This quast’on was originally
addressed fn late 1967, when the first investicat on of the flyaway,
self-rescue, escape concept was inftiated. Scobsequent to the completion
of that first feasibility study, numerous exploratory development
programs have been conaucted by the Air Force and Xavy not only to
substantiate the initial conclusion that the AERCAB concept §s techmically
feasidle, but to establish a good technfcal base from which an equitadle
cosparison of proposed configurations can be made

———atamien o w o

2. AERCAB EXPLORATORY DEVELOPMENT EFFORTS

As indicated by the outline presented in thic section, sufficient
data has been obtained during the exploratory dev-lopment to assure the
feasibility of each uf the four concepts (Parawirg, Rotor, Saiiwing,
Rigid Wing). However, not all of the concepts have reached the same
stage of development so that an equitable comparison can be made.
Consequently, in-flight deployment and transition to steady state flight ,
has been selected as the milestone to be achieved by each concept prior s
to any elimination. The following completed exploratory development !
efforts sponsored by the Afr Force Flight Dynamics Lzboratory (AFFIL)
or the Naval Afr Development Center (RAVAIRDEVCENM, form a solid technical
foundation for this feasibility assessment. These oro rams are
discussed below.

2. Parawing .

(1) Integrated Atrcrew Escape/Rescue System Capability (AFFDL).
This study effort has been completed and resulted in the generarion of
specific cperational and design criteria for an integrated aircrew
escape/rescue system capability; oyperational and performance limits
were defined and 1t was analytically shown that the AERCAB concept using
a parawing/jet engine/ejection seat is feasible and merits continved

Caen v A
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study, experimental testing, and development. The study used & new
ejection seat and assumed tne development of 2 new high bypass ratfo,
tein turbofan engine to package the system in the availadle aircraft
space. A modular design was evaluated which permits the system to operate
as an independent escape/recovery system or as an integrated escape
rescue system. This program was started in April 1968 and was completed
in October 1968 (Refereace 9).

(2) Half-Scale Parawing Wind Tunnel Program (AFFDL). This

effort was completed to determine the aerodynamic and static stadility
characteristics of a 1/2-sz2le model of a Parawing AERCAB configuratfon.

The data was used to compare with free f1ight data of a siaflar fyll-scale
RERCAB configuration. The cata compared extremely well with the free

flight data and proved irsaluable in predicting the stability characteristics
of the full-scale vehicle. This program started {n Septesber 1969 and

was completed in April 1970 (Reference 10).

(3) AERCAB Experimental and Feasibility Testing (AFFOL). This

effort has been completed and resulted in the experimental demonstration
of a powered, rigidly coupled Parawing ejection seat/engine configuration.
Aercdynamic perforwance data, longitudinal and lateral stability data

over a range of cg variation, and the in-flight control and turning
capadilities of a rigid nonarticulated Parawing systems were obtained
under both powered and unpowsred flight conditions. The practicadility

b S 2otttk W —— b oY o
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‘::’\‘: of crewmenber baflout from a flying seat was demonstrated under this

.}:: program as an anthropomorphic dummy with a personnel parachute was
&,

released from an AERCAB vehicle fn a stable gliding descent r—de. The
dumxy and AERCAB carrier vehicle were both recovered separately and .
intact. This program started in March 1969 and was cospleted in
December 1970 (Reference 11).

W,

(4) Jet-Car Testing (AFFDL). This experimental effort has
been completed. An articulated test Parawing model s deployed on the
Jet car at the Naval Air Test Factlity, Lakehurst, New Jersey.
Prelimfnary deployment characteristics of the deployable/erectable

7
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full-scale Parawing were obtained. This effort was completed in
January 1971,

(5) Artfculated Parawing AERCAB Wind “unnel Program (AFFDL). i
This effort was conducted to determine the aer-dy amic, stability, ard
deployment characteristics of a deployable/ere: tatle AERCAB full-scale
model. The wind tunnel aerodynauic and stabilits results were conpared
to avaflable free-flight performance charicteristics to validate the i
flight performance. The Parawing articulation characteristics were .
deternined Trom dynamic deployment/erection tests, which demonstrated !
the feasidbility of deploying and erecting the Paraning from a stowed
configuration into an AERCAB flight configuratica. This program started
in September 1970 and was completed in February i371.

(6) Articulated Parawing AERCAZ Air Drer_Tests (AFFDL). This
program evaluated deployment and erectica of an 2-ticulated Parawing
from {ts stowed position and determined the transition dynamics from the
postejection sode to the unpowered gliding mode n 2 free flight
environment. This program started in Jeriary 1977 and was completed in
April 1971 (Reference 12).

b. Rotor

(1) Rotor Discretionary Descent System (AFFDL). This ia-house
effort hes been completed and resulted in the preliminary desfgn of a
votary-wing self-rescue system and the establisiment of a performance
envelope. It was concluded from this effort that a teetering type rotor -
system employing the telescoping blade technique, when combined with a
small engine propulsion system, provided a high degree of potential as
an escape/rescue flyaway concept. This program was started in July 1968
and was completed in December 1968.

{2) Rigid Rotor Experimental Test Program (AFFDL). This effort
{s completed. Investigated under this program was the feasidility of
using a rigid rotor system to provide & glide and maneuver capability
during descent from altitude. Flight “ests were conducted to evaluate
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a gliding, descending, unpowered type rotor capabili.y with that of a
powered, “"flyaway" syster. The “flyaway" system proved to be the more
promising approach for satisfying the overall AERCAB objective. This
program was started in Janvary 1968 and completed in April 1969.

(3) Catholic University AERCAB Conceptual Study (NAVAIRGEVCEN).
Tnfs study effort is completed. Tre results of the study indicated the
feasibility of a packageable, ceployab:s autogyro powared by a small
turbofan engine for accomplishing the AERCAB objectives. Results of
this study have been used in follow-or auiogyro development efforts.
This program was started :n November 1968 ind was completed in June 1969
{Peference 13).

(4) Retary Wing AERCAB Feasibility Study (YAVAIRDEVCEX). This
study effort by Kaman Aeruspace Corporation has been completed. The
purpose of the study was to evaluate the feasibility of using an auto-
gyro 2s an AERCAB vehicle. Rotor selection was based upon performance
analysis. Design and integration studies indicated that the autogyro
AERCA8 can te stowed in the cockpits of the A-7 ard F-4 aircraft with
oaly minor modifications. It was concluded that ths concept is
feasible, that it should be studied more extensively, and that an
experimental mocei should be fabricated and tested. This program was
started 1n December 1968 and conpleted in June 1969 (Reference 14).

(5) Rotery Wing AERCAB Feasibility Testing (NAVAIRDEVCEN).
The purpose of this program is to verify the conclusions of the

feasibility study by demonstrating the flight performance with a
full-scale experimental vehicle. More extensive testing of this model
will be conduct:d during Phase 1 to advance the state-of-the-art and to
ascertain that the optimm lifting surface is selected for final
development. The following paragrzphs discuss the various phases of
the Feasibility Testing.

(a) Jet-Car Testing (NAVAIKDEVCEN). This experimental
effort has been completed. The rotor was tested on the fet car at the
Maval Afr Test Facility at Lakehurst, New Jersey. Rotor perfo-mance
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» was demonstrated and tentatively optimm values we-e selected for blade
N pitch and blade coning angles. Extension of the telescoped blades and h
rotor spin up and Jeployment from a trailing, coned postition were 1
demonstrated. It was concluded that the autogyro *ERC'S8 »-. ready for . :
- full-scale wind tunnel testing. This program was started in May 1920 s
and was completed in September 1970 (Reference 15).

..,
.

;7 (b) NMASA Ames Wind Tunne) Tests (NAVAIRDEVCEN). This
\ effort has been completed. The rotary-wing AERCAR vas tested ir the

- 40 x 80-foot wind tunnel at the NASA Ames Research (enter. More extensive
. rotor performance tests were completed and 1t was cancluded that the rotor
2 thryst is more than adequate for the prescrided ri.ssfon. Vehicle
serodymmic data was gathered, and staged deploy-:at of the complete
vehicle wvas demonstrated. The remaining effort d.ring feasidility
testing will be directed toward actual flight dem>ystration. This
< program was started fa June 1969 and completad ir Sctober 1970
1 (Neference 15).

{ (c) Mind Tunnel Testing (NAVAIRDEV.TH). This effort has ’
T -

been compreted. The rotary-wing AYRCAB vehicle rc-el was tested in the
Naval Ships Researc* and Development Center's 8 x 10-foot wind tunnel )
for 2 total of S0 data runs. Aerodymamic characteristics were jnitially
obtained for the seat plus man less rotor configuration. Comparative
data wvas then collected by varying tafl fin sfze, doom length, ur both.
The influence of varfous nose fairings on the drag and stability of the
basic rotorless vehicle was also evaluated. The resultant aerodynamic
data when coupled with espirical rotor data was used to predict lateral,
Tongitudinal, and directional stability characteristics of the rotary-
wing AERCAB manned flight test vehicle. This 'progrm was started in
October 1970 and completed in February 1971 (Reference 16).
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() Flight Testing. Manned flight tests of the AERCAB J
vehicle equipped with a 16-foot diamater rotor were conducted in
January 1972 to assess the influence of a relativeiy nigh disc loading.
following sztisfactory demonstration of flight cac cility under these
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' conditions, the 14-foot drameter telescoping blades were substituted 3; § E
ot to successfuily demonstrate flight performance of the configuration !

:_3 which would ultimately be Integrated in operatfonal afrcraft. These ’ . ;
- tests were corcpleted in January 1972 (Reference 17). i
N ¢
(e) Laboratory Testing. Static and dynamic laboratory s ‘ ——
:,j' tests and rotor oversseed tests were conducted to demonstrate the o . -
:I‘_ structural adequacy of the experimental vehicle previous to entering i ’
L the wind tunnel. These tests were started §n April 1970 and were :” :

conpleted in June 1972, IR ;

= A p
. c. Saflwing :3_,r__; 4
.::: €¥) Satlming AZRCAB Feasibility Investication (NAVAIRDEVCEN). H =
> This study effort conduzted by Fairchild Tndustries has been completed. ‘; ’

. “ “he Satlwing concept, which is similar to a Tight conventional aircraft, i} .

. wis fnvestigated for its feasibility and practicality as a highly i K
"{ : ~fficient configuration potentially applicable to the AERCAB escape/ f !. 3
-::_ . ~rscue operational envirorment. Each wing is formed by a rigid Yeading 1S
i . 1;¢ spar and a trafling edge cadble with fabric stretched between them. ’\

Toe leading edge spar {s designed to fold in two sections to permit the AN,

- vehicle 2o be stowed in the cockpits of the A-7 and F-& afrcraft without \

'::: major mcdiffcation. Perforwmance analysis and trade-off studies were . \ R
also performed. The results of the analytical study indicated that the o
< : Sailwing AERCAB 1s feasible and merits further investigation. These ;
£ tests were started in Decesber 1968 and completed in July 1969 (Reference .

N § < e nis 1) el e e - - R
\::. §£ o N PR > REERE ez Nre DR R - - AL -,;:_.b#
> o (2) Saflwing AERCAB Feasibility Testirg (NAVAIRDEVCEN). The PN
A v purpose of this program was to verify the conclusions of the feas:bility 1 °

. study by demonstrating flight performance with a full-scale model. More <
extensive testing of this model will be conducted in Phase I to advance ’t‘

Y the state-of-the-art and ascertain that the optimum 1{fting surface is / .

. selected for final develcpment. The following paragraphs discuss the s
. various phases of the feasibility testing (Reference 19). A
< E
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{a) Quarter-Scale S2%iwing Nind Tunnel Pregram
NAVAIRDEVCEN). This program has been completed. A quarter-scale model
of the Saflwing AERCAB was evaluated in the wind tunnels at the NASA
Langley Research Center and at Wright-Patterscn Afr Force Base. The
tests were conducted to verify the predicted values of aerodynamic loads
and moments acting cn the AERCAB. From the tes-s we concluded tnat the
full-scale vehicle should be longitudinally and directionally stable
and that spoflers located on the upper surface of the wings at the
leading edges could provide sufficient Yateral control. This program
vas started in September 1969 and was completed in November 1369.

{b) Semispan, Wind Tunnel Tasts (NAVAIRDEVCEN). This
phase of the program has been completed. A singla wing and the semispan
vehicle were tested in the 8° x 10’ tunnel at the Maval Ships Research
and Davelopment Center. The cbjectives of these tests were to investigate
vehicle deployment 1n an airstream, to investigste wing performance
chavacteristics, to determine the optimum trailiny edge cable tension,
and to evaluate wing spoiler effectiveness. The testing indicated that
the spofler provided adequai. control forces and that the wing s an
efficient aercdynamic surface. Some difficylties, however, were
encountered during deployment. The wing mechanisc had to be revised
prior to further testiry. This program was started in February i5/0
and was completed in May 1970.

{c) MASA Langley Wind Tunnel Tests (NAVAIRDEVCEN). This

phase of the program has been completed. The compiete full-scale model
w3 tested fn the wind tunnel at the NASA Lanaley Research Center at
velocities up to 80 knots. The purpose of the test vas to further
evaluate the performance characteristics of the Sailwing and the
deployment capabflity of the AERCAB. Results of the aerodynamic test
were generally good, but investigation of wirg and fuselage fiow
patterns in future wind tunnel tests was recommended to assist in
fafring optimization. Deployment was improved, but we encountered
difficulties again, which required additional design changes. This
program was started in April 1970 and completed in August 1570,
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(d) MASA 2-es Wind Tunnel Tests {NAVAIRDEVCEN). TVhis -
phase o7 the pragram has “een completed. ¥ind tunnal tests were
performed with the full-s:ale model at the NASA Amec Research Center..
Maxirum velocities for the aerodynamic and deployment portions of the
tests were 150 and 76 knots, respectively. The vehicle was tufted for
some of the aerodynanic tests to determine the flow pattern around the
wing and fuselage. Camber reversal of the lower wing surface was
erperienced at approxisately 120 knots. The deployment test was
suspended due to the failure of the wing deployment cable. Demonstration
of deployment by truck will be required before any additioral wind
tunnel test §s scheduled. Vehicle aerodynaric data was recorded on the
fully deployed vehicle. This program was started in June 1969 and was
- completed in October 1970.

'-"'- '-r;.‘.:,!:. O -

-
o (e) Gliding Flight Tests (NAVAEPORECFAC). These tests
;::: at the Naval Aerozpace Pecovery Facility have been suspended £2)lowing
::‘: structural failure experienced during the initial free flight. A

. {‘:’-j full-scale model of the Szilwing vehicle was lifted in its deployed

configurition by a helicopter and transiticned to stable tow at the
release speed. Upon its release from tow, the vehicle exhibited short
duration stable flight prior to entering a dive and exceeding design
speed. Structural faflure accurred before the vehicle recovery system
could be actuated. The instability was atiributed to vehicle cg
- shift and lack of control. This program was started in October 1970
oy and was corpleted in February 1971,

Ca)

(f) Laboratory Tests. Static and dynamic laboratory
tests were corducted to demonstrate the structural adequacy of the
experimental model. Inftial deployment 7ests of the vehicle when not
subfected to dymamic pressure were also conducted previous to entering
the wind tuanel. These tests were started in December 1969 and were
completed in April 1970.
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d. Rigid Wing
(1) Laboratery Tests (AFFDL). Static arc dynaric Yaboratory
tests were tonducted to demonstrate the structyral adequicy of the
2xperimental wing semispan. Repetitive deplo,mnT tests of the semispan
when not subjected to dynamic pressure were cenducted previous te
entering the wind tunnel. These tests started in Decemrer 1970 and were
completed in April 1971 (Reference 20).

T

2P

(2) Wind Tunnel Tests (AFFDL). Testing of a deployable -igid

wing semispan at the Maval Ships Research and Develapment Centar 7 x 10-
foot tunnel has been completed. The objectives of these tests were to
investigate wing deployment under dynamie pressive, to record wing
aerodynamic data, and to evaluate aileron effectiveness. The .estirg
revealed that the aileron provides adequate contrcl forces and that .he
deployed wing fs an eficient aerodynaric surface Difficylties were
encountered in consistently locking the semispar <irira desloyments at
angles of attack above 3 degrees. This pregram was started in May 197
and coapleted in June 1971 (Reference 20).

(3) MASA Ares Wind Tunnel Tests (AFFOL; Testing of a full-
scale deployable rigid wing in the NASA Ares 40’ x 30°' wind tunnel have
been completed. Wing deployment at velocities up w0 135 knots was
successfully demonstrated. Aerodynamic data an A full-scale AZRCAB
configuration was recorded. This program was started in February 1972
and completed in June 1973.

(4) Rigid Wing AERCAB Design (AFFOL). A preliminary and a
detail design phase was initiated and completed in FY 73. The primary
purpose was to substartiate the viability of the rigid wing AERCAS
configuration. The AERCAB configuration resyliting froc this analytical
effort represents the most compact stowed arranserent and lightweight
system yet achieved using a rigid wing as tne 11fting surface. AFFOL-
TR 73-134 (Reference 3) documents this work.
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e. Llifting Surface Sudbsystem Remarks

The most critical subsystem for this concept, from a technical
risk standpoint, is the 1ifting surface. Ve need a Tifting surface that
1s as efficient as possible while still being stowable within the confines
of the seat, and which can be deployed at AERCAB velocities. The thrust
required to attain the performance goals of the AERCAB concept is directly
related to the ef”iciency of the lifting surface subsy ‘em. The
propulzion subsystec: requirements cannot be dafined until the Tiftir,
surface has been selected. At this point, none of the candidates being
studied for the AERCAB 1ifting surface have demonstrated either superiority
or inferiority to the other devices. Table I is presented tc reflece
the progrecs achieved.

TABLE 1 :

DEVELOPMENT MILESTONES i

PARAVING SAILVING ROTOR ;g::n .
SPECIFICATION x x x x
FEASIBILITY STUDY X x x x
DESICK x x x x
MODEL FABRICATION x x x x
LABOATORY TESTS x x x x

WIND TOMNEL TESTS b 4 b X x i

SLED IESTS b b 4 {

FLICET TESTS x b !

TRANSITIONAL DEPLOYMEWT x
AERCAS ECRESS x
t
i
- - . .
|
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3. AVIONICS AND FLIGHT CONTROL SUBSYSTEMS INVESTIGATION

Successful atrcrew recovery in a hostile environment requires sore
than just the ability to remain afrborne; it requires guidance,
navigation, and control (GNEC).. The GNIC functicas are a vita) elecent
1n the AERCAB safe-area concept. An emergency situation in a hostile
environment s neither the time nor place for a recreation of the
legendary “wrong-way Corrigan.”

a. Guidance, Kavigqation,and Control. Perforrance guidelines
recessary for the operational functioning of the CNEC system are:

{1} Automatic Functioning. For the extreme case of an
incapacitated crevman, the AERCAB system should perform all zecessary
functions required tc reach the safe zrea "hands off * Adaitfo :'ly,
manual overide control must be available at all times.

(2) Secwre Safe Areas. The GNEC system should operate with a
safe area that has no signature detectadble to hostile forces (e.g., no
homfng beacon).

(3) Secure Mavigation. The navigation technique employed
should be autonomous and resistant to electronfc counterseasures.

(8) Accwracy Requirements. The accuracy required of the EN&C
systen is directly related to the size and ranges of the safe aress.
Conversely, in future operations, the size and ranges of the safe areas
will be directly related to the accuracy achievable by the AERCAB.

A study was conducted by The Analytic Sciences Corporation umder
contract to the Air Force Avionics Laboratory investigating “Guidance,
Mavigation, ard Control Concepts for a Flyable Ejection Seat,” AFAL-
TR-73-396. A wide spectrum of GNSC approaches was fnvestigated,
including the following navigation techniques:

Unatded Dead Reckoning Ground
Ground Based Direction Finding

46
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- Arborne Direction Finding
N YOR
m o
- TACAR
> cEc
3 LORAN {Hyperbolic) :
\ Direct Ranging LORAR
2 Short Range Hyperbolic Systems
3 .
3. Doppler 1
o Satellite
Star/Sur Tracker
N Optical Correlator k
= fadar Correlator :
Ground Based Radar Tracking with Data Link
‘ Iy
- d. Feasible Approach
L
o (1) Flight Control Subsystess. Automatic control suggests s
- that AERCAB manual modes be Fly-by-Wire for the spectrum of 1ifting
~ surface configyrations. In addition to lowering overall systex weight
e and cost, potential conflict between the automatic (electrical) and
j-::‘ wmnual (mechanical) control elements is eliminated. Handling qualities
:-:\ could be improved through the electronic "shaping® of pitot commands §
and the decoupling of hand controller forces from aerodynamic loads and i p
= actusction mechanisms. The fly-by-wire requires a source of electrical H .
. power for control under engine off conditions. A small, high amperage,
short-11fe battery is included. : K
i
.
3
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j:: (2) Autopilot & Guidance Subsystems. A general purpose digital
‘,_ computer s proposed for the logic function o€ this subsystem. The
::- autopilot requirements and any stability augmentation requirements are
" dependent on the aerodynamic characteristics of a particular AERCAB
o configuratfon. The guidance system requirement., which can best be
::' performed by digital logic, are:
:: (a) Monitor and assess navigation data,
N ®) Generate autopilot cocmands,
- {c) Management of minimum time/maximm range criise
X policies.
'-.: (3) Mavigation Subsystem. The rost feasitle state-of-the-art
] mvigation techaique mas determined to be hyperbolic LORAN. An additional
:'\* concept using Direct Ranging LORAN also appears feasible and may be
{}' destrab’e for its higher accuracy. For example, if a hyperbolic LORAN
::: mavigation system were used and if a safe area were to be located at
o coordinates (500, +500) in Figures 12 and 13, then the minimum safe
{ area radius (corresponding to the radial error) would be approximately
o 10,000 feet. 1If a Direct Ranging LORAN navigation system were used,
::: Rowever, this radius woula be approximately 1200 feet. Thus, greiter
:::' system accuracy has reduced the safe area needed from 11.3 square afles
- to 0.162 square mile. Differences in terrain alone (e.g., desert vs.
o Jungle) may require or negate this increased accuracy.
~
¥ & ROWAKS OX TEGIMICAL FEASIBILITY
:‘{ The exploratory programs conducted to date have indicated the
> technical feasibility of the AERCAB concept and substantiated the
] citainment of fts capability. A void exists in the technical data base
for cosparatively evaluating the assets of the individual AERCAB
configurations in that achfevement of all preestablished technical
milestones has not been accomplished for each configuration. The
T ] parawing configuration successfully completed all phases of {nitfal
o feasibility testing while the rotor, sailwing, and rigid wing
2 e
A
-
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NAUTICAL MILES

-1000

PROPAGATION ANOMALY SCALE FACTOR = 107
ANGE DEPEMNDENT RECEIVER NOISE

e

MADIAL ERROR
CONTOUR LEVEL. WALLES
A= 1000 F = 10,000 tt -
8 = 2000 ft 6 = 20,000 f1 J
€ = 3000 ft H = 30,000 fr
0 = 3000 ft | = 40,000 tt
E= " J = 50,000 tt

Figure 12.  Radial Error for LORAN Navigaifon
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configurations hase limited testing remaining. The fact that not all of
the concepts have reached the same stage of development is mot a
reflection on the capabiliity of a particular configuration but s more
indicative of the level of effort applied to each.

Ne concluded that an automatic Guidance, Navigation, and Control
system for the AERCAB vehicle is not only feasible, but that it would
be highly desfrable since it improves the probability of successful
crew retrieval, particularly fn cases where the pilot is iajured, by
optimizing the flight performance of the vehicle and providing navigation
to a safe area.

Reference 3 contains the detailed documentation of a feasible Rigid
Wing AERCAB design conducted during this study. Reference 4 contains
detailed accuracy and cost analyses of feasible GNAC approaches.

s :
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SECTION VI
TECHNICAL PRACTICABILITY

1. GENERAL

Is an AERCAB technically practicable? The ultimate answer to this
question cocld best be determined by conducting an Advanced Development
Program. HWithout the benefit of prototype experimental results, a
complete assessment of the engineering practicability of the AERCAB
concept is not possible. However, some useful information can be
gained through analyses.

2. APPROACH

An iavestigation was conducted within the AFFOL to provide AERCAB
vehicle configuration inputs for a system effectiveness analysis. The
approach employed involved:

(1) An analysis and evaluation of available AERCAB data to
establish a data base for forsulation of vehicle configurations and to
examine the state-of-the-technology in this area;

(2) A parametric development of configurations cubseauently used
in the effectiveness analysis; and

(3} A peint design definition of an AERCAS vehicle that offers
solutions to any performance and/or afrcraft integration problems
wncovered in previous analyses. .

3. AWALYSIS OF PREVIOUS DESIGNS

Previous feasibility and design study results of varfous AERCAB
configurations were reviewed. Evaluation procedures were employed
which involved detailed checking of the available engineering drawings.
Particular attention was directed to structural assesblies in terms of
weights and drag estimates.
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a. Meights. In each configuration analyzed (Parawing, Rotor,
and Saflwing), larger gross weights were calculated than quoted in
previous analyses. Much of the discrepancy between the calculated
configuration w2ights of this study and those developed previously was
in the wefghts of crewman, seat assembly, and survival kit, Component
weight estimates zre shown in Tables II, 111, and IV. These estimates
are corpared with -“ose previously quoted in Feference 5.

Escalating component weights requires that propulsion, 1ifting,
stabilization, and control subsystems be scaled upward. Resultant
vehicle designs will be heavier and larger, and thus add additional
complexity to the already difficult task of retrofitting the AERCAB
system into existing afrcraft without major structural modification.

The integration of AERCAB ccnfigurations into new aircraft where cockpit
volume 1s not already constrzined fs considered very practicable.

b. Aerodynamics Evaluation. Drag and lift analyses were accomplished
for the Parawing and Sailwing using the aerodynamic prediction methods
doc.. ented in Reference 5. Aerodymamic characteristics appear in
Figures 18 ard 15. Maximem system Vift and ¢rag ratios (L/D) are
approxirzately 3.7 and 2.7 for the Sailwing and Parawing AERCABs,
respectively. These L/D values are lower than earlier analytical studies
predicted, althcugh improvements may be possible {f packageability
constraints are resoved (i.e., not designing to ratrofit). The largest
contributor to the L/D differences were found in the estimates of
nonlifting system drags.

c. Performance Evaluation. A performance analysis of lhe Parawing
and Saflwing configurations wac accomplished. The Sailwing weight and
aerodynaric revisions were considered, and a range performance of
30 nautical miles was calculated for flight at a 500 foot altitude and
100 knots. Flying gross weight for this revised design is 685 1bs with
the original 45 1bs of fuel. To achieve the design condition of 50
naytical miles, a flying gross weight of 715 1bs was found to be
necessary. This vehicle would require an engine of 318 1bs SLS thrust
and 75 bs of fuel.
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TABLE 11

PARAWING AERCAB WEIGHIS (LBS.)

PAZAVING 2.9
PROPULSION 37.0
CONTROLS 15.¢
FURNISHINCS 138.3
INSTRUMENTS 2.6
. $3.0
PILOT 225.0
FLYING GROSS WT. 6044
TABLE 11X

ROTOR AERCAB WEICHTS (LBS.)

ROTOR GROUP 82.7
TAIL GROUP 1%.9

2 PROPULSION ”n.s
CONTROLS 31.9
FURNISKINGS 180.6
INSTRUMENTS 3.4
MISC. WARDMARE 1.5
FUEL 100.0
PILOT -225.0
FLYING GROSS WI. 8.5

4
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TABLE IV L -'.l
SAILWING AERCAB WEIGHTS (LBS.) Y
£o
SAILVING CROUP 62.6 ‘-.‘,_ f
TAIL GROUP, FAIRINCS, NISC. 57.1 X B
it
PROPULSION $6.8 T e
v COMTROLS 2.5 i
FURNISRINGS 182.8 § 2
FUEL 4.0 i N
PILOT 225.0 {
FLYING GROSS VEIGHT 652.8 i i
o gi
c - Simultaneous application of recalculated weights and aerodynamics H i -
{- estimates to the Parawing AERCAB also resulted in lower performance. f '.__
For the flying gross weight of 623 1bs, the cruise range is estimated at f .
40 nautical miles. To cruise the design goal of 50 nautical miles, the Ty
. flying gross weight would have to be fncreased to approximately 675 lbs. :
2 These existing destgns are judged to be marginal with respect to
X performance achievable versuys perfo wance desired. Greater engine size, Hi
.fuel volume, and wing area appear necessary to achieve established b
performence goals; however, the effectiveness amalysis, as discussed in j \ .
Section [1I, demonstrates that any range capability is always better than b ]
2 no-range capability. B T
1 -
To upgrade the «xisting designs to meet the established performance N\ \
goals {mplies an increase in stowed volume whick is already critical for f
" F-4 and A-7 installations. For AERCAB flight range exceeding 50 nautical -
o ailes, major cockpit modifications would have to be made to the F-4 and '
L A-7 afrcrafte. -
b7
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4. PARAMETRIC SYNTHESIS

Synthests of Parawing and Sailwing configurazions were completes and
inclided in the effectiveness evaluation of the AERCAB as described n
Section 111 of this revort. Aerodynamic analysis techniques, weights
scalirg equations, and engine size/performance data descrided 1n Reference
S were used in the parametric synthesis of these designs. Some of the
results are presented in Figures 16 through 22.

S. POINT-DESIGN SOLUTION

The prevailing general design philosophy erployed for AERCAB has been
2 sfzeable wing area zollapsed into a greatly reduced volume for stowage.
This approach was found to have several major shortcomings: (1) the types
of 1ifting systems that are superior from a stowage point of view, are
inferior from an asrodynamic efficiency standpoint; (2) the resulting
low wing leading is unnecessary irasmuch as drag dye to i€t is a small
fraction of total systee dray and low speed flight can be obtained with
development of high 1ift coefficient, 5 and (3) the aerodynamic
inefficiencies accrue to produce higher thrust and fuel flows that induce
$till larger stowed volumes..

An adternate design philosophy emerged from the study in which smaller
amounts of more efficient wing ares c2a be used. Wing design objectives
' would be to attain high L/D at high CL We deterxined that these
o objectives can be met with efficient airfoil sections as applied to 2
*rigid® wing.* A wing weight penalty results, but weights comparable to
those for the Parawing and Sailwing designs are achievable. The best
technological approach to rigid wings has not Leen determined, but several

o

[ candidate systems are available which offer considerable freedom in airfoil
_\.‘;‘ shaping.
o
B
'_::.'
';' “R *Rigid™ AERCAB wing is one that retains a constant aerodynamic shape
= reqardless of fligat attitude ard dynanic pressure. A “Rigid"” wing may

be in a collapsed condition when stowed but attains and retains its
aerodynamic shape and efficiency after depliyrent into its €light
configuration.
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?_’_{' 8y changing console configurations in the F-4 and A-7 cockpits,
S they can accommodate an AERCAB stowed width of up to 26 inches. The
:::: changes will affect only such components as nonload-bearing structure,

by plumbing, electrical wiring, and controls placement. There is a

passibility of attaching the AERCAS wings to the sides of the seat;

by allowing 18 inches for the pilot's seat pan, we could use approximately
& tnches of width per side for the stowed wings. In addition, up to

10 inches of wing chord can be used without interfering with the rear
bulkheads in the cockpits.

Four feet of stowed wing span (per side) can be obtained if the

T wpper regions of the seat structure are utilized. In this design,

55 space has been used to the best advantage by esploying an “Alverez-
Caledron® wing concept in which outer wing panels are hinged and tucked
wnder bigger, inner wing panels. The inner panels are, in turn, hinged
to an 18-inch span section fixed to the top of the seat. With this
arrangement, & deployed wing span of 17.1 feet can be realized.

For a destgn flying gross weight of 700 1bs, a stall speed of 67 kts
at sea level (equivalent to the Stratos-Western basic sailwing design)
requires

"
X --:—5-,729‘-45.5 sq. ft.

where
’ Ve ® flying gross wt. (1bs)
q = dynamic pressure (psf)

By designing the basic wing with a Fowler type wing c.ord extension
(which may also be used an an aileron and flap by providin, a double

-
hinge actfon) a ratio of flap area to wing area of 0.35 can be achieved;
0z this, fn turn, is worth an incremental maximum 1ift coefficient increase
5 (Cl ) of approximately 1.8. Starting with a flat-bottomed airfofl

o,
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(to factlftate the Alverez approach) with a € of 1.25, at the low
max

Reynolds Numbers involved here, a total CL- of over 3.0 s possible.
X

This s the C required to achieve a stall speed of 70 knots at sea

X
level. The flap extended for crufse flight merely acts as additional wing
area and brings the total platform area to 22 sq. ft.

Using an afrfoil thickness ratfo of 193 resylts in a maximum wing
thickness of 1.9 inches. If the wing deployment mechanism serves as a
wing strut brace when the wing is unfolded and locked in place, then a
large wing span to thickness ratio {b/t) can be tolerated; in this case,
b/t = 108. Suzh a large b/t value will necessitate a certain level of
stiffness, which might be achieved with comrisites or thick aluminun
skins.

Of the 48.5 1bs of total fuel, 40 lbs is availadle for cruise.
Crufse 1ift coefficients between 1.02 and 1.06 are required at 100 krots
and 5000 ft altitude, which lead to 1ift-to-drag ratios of 9.5 to 9.9.
Very small powerplants can be used with resultant Tow fuel flows. A
cruise range of 78 nautical miles is estimated.

6. REMARKS ON TECHNICAL PRACTICABILITY

Although the current AERCAB configuration desfgns, based on analysis
oaly, are marginal with respect to performance achievable versus
performance desired, performance can be improved if higher L/D ratios
can be achieved. This may be impractical with some or 21l of the existing
designs, particularly when retrofitting into existing aircraft. More
efficient airfoils could be selected as the lifting surface, and fairings
could be used more effectively to reduce the high system drags.

The most critical dimensional constraints imposed by the F-4 ard A-7
afrcraft are those between the rear extremities of the ASRCAB and the

afrcraft cockpit aft bulkhead. A forward displacement of only 3 inches
of the design eye position will enable a 50-nautical-rile AERCAB to be

67
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installed. Any fore or aft displacement of the seat, however, would 1 .
affect the pilot’s relationship to control stick, throttle, instrument L
panel, rudder pedals;, etc. {
.,
Feastbility and operational analyses and exploratory hardware 17
programs have progressed to the point where the nilitary potential and '
functional characteristics of the AERCAB concept as an integrated system ..
must be demonstrated to further assess its technical practicability. .
An advanced developeent program to demonstrate engineering practicability !
through flight evaluation of an ASRCAB prototype is considerad the next '
Togical step. Details of the AFFDL in-house vehicle design analysis are i
presented in Reference 5. cE
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¢ SECTION VI1
' COST EFFECTIVENESS
1. GENERAL

Is the AERCAB a cost-effective systam? This is a most difficult
question to answer because many aspects involved (morale, husanitaricn,
etc.) cannot be quantifiad, and were not facluded in the analysis;
thus, these results reflect only partially the true value of an escape/
rescue concept. Nevertheless, there 1s a dollar value which s
seasurable -- the costs involved in training replacement personnel. If
the training replacement costs are kncwn, or can be reascnably estimated,
A thea ft s possible to determine a dollar value for achieving a specified
recovery rate. Savings of these costs can then be compared with cost
estimates for developing, acquiring, operating, and maintairing the
AERCAB systes. In this section we will not attempt to make am absolute
- Judgement about AERCAB cost effectiveness, but rather to provide cost
analysis information (preliminary at best) which miy be used tc r=~iiste
- subjective judgements about the relative merits of the AERCAB . _e=.

2. CREW REPLACEMENY TRAINING COSTS

The following information was used in arrivirg at a representytive
.,-:. value for replacement training costs for Air Force crew mesbers {Source -
R AFX 172-3, Chapter 22, 27 Oct 1970):

=
SASIC =y 2
& - e T .

Undergraduate Pilot Training - $85,970 L )
_ Undergradeate Mav-training - $38,750 LT L

b+ oa Ayl

[
"*'.;'

- SPECIALIZED (additive to basic costs)
.{f « Afrcraft Commander Meapca Systems Officer
o B0 s23,140 -
R F-105  $440,780-4£8,190 -
o, F-100 $241,480-244,280 .
< F-4 $102,460-147,060 $82,470-139,500
:::::
(]
£
h Tree—
,; BY i \\ . ,"; \ ~\\ Y B ”, . . A /
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Naval Air Development Center information concerning Haval crew
replacement costs was provided in a classified mecorandum 1dentifying
specific Navy costs. Desired information is presented in Appendix II.
Only the Air Force training costs were used in this analysis. Total cost
to the government when a highly trained crewmember is lost, however,
would fnclude cost considerations in addition to crew training replacement.

The actual computer model inputs used per F-4 crew were $411,300 for
the Navy and $439,150 for the Air Force. These values are based on Air
Force training cost information and on the assumption that all Mavy F-4
crews consist of a pilot and a navigator, »nd that half of the Air Force
crews consist ot two pilots and half of one pilot and one navigator.

3. SSCATEE COST MODEL

The cost parameters and related estimates for the AERCAB system were
developed by AFFDL personnel. The cost parameters were used as a basis
for development of the ESCAPEE cost rodel.

ROTE cost estimates were assumed to be the same for both weight
classes of AERCAB configuration. Analysis indicated the difference in
total RDTE cost was less than 2%; thus, the model was written to assume
that ROTE cost was constant with respect to the weight of tne AERCAB.

Acquisition cost estimates were generated for four procurement
quantities, The actual production costs of the AERCAB were such that
they could be closely approximated by a curve of the form anb. where N
is the procurement quantity, and & and b are constants. Figure 23
desonstrates how a graph of the production cost estimates was used to
develop the constants a and b, The fit shown resulted from values of
88.4 and 0.9 for a and b, respectiveiy. OCther components of the
acquisition cost {production support, AGE, spares) also varied with the
number of AERCABs procured. Valuves for these iaputs were determined by
Tinear interpolation frum the availadle data, including the cost of
initial ALRCAB training in the acquisition cosi, in terms of the training
cost per sircrew mesber.
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The cost estimates for afrcraft modification were generated in the
form of kit costs, required manhours, and cost per manhour. From these
estimates, the total radifications cost can be computed on tne basis of
the nusber of AERCABs to be procured.

The annual peacetime operating and maintenance costs were estimated
on the basis of hours of maiaten:nce required per year and cost per
menhour. Mo attespt was mace to estimats wartime costs.

The estimates of AERCAB replacement and crew replacement costs were
made on the basis of one thousand sorties fiown. The number of ASRCABS
to de replaced is then readily calculated given the aircraft attrition
rate. The cost of replacing this number of AERCABS is considered to be
the production cost takan between appropriate points on the cumulative
production cost curve. The crew replacement cost is calculated as a
negative number which represents the savings ‘ m the return of crews
who would %ave been lost without the AERCAB. The nusber of crews saved
is generated by the c¢ffectiveness model for a particular scenario. The
amount saved per crew is considered to be the cost of training a new
crew. This is an input and may represent the cost of training two pilots
or one p*lot and one navigator.

4. COST AMALYSIS

A Tisting of actval f{nput data and output results for one run of the
<cst mode? appears in Reference 1. By combining the results of cost
model runs for various procurement sizes, it was possidble to produce
graphs such as Figures 24 and 25 which show, respectively, the cumslative
cost ard average cost per AERCAS plotted against the buy size.

In particular, the upper curve of Figure 25 s cbtained by plotting
the total of RDTRE, acquisition, operating and maintenance, and afrcraft
wodification costs. Thus, for 1000 AERCABS the average cost 1s
$182,000.00 over a ten-year pericd (see Figure 25). The lower curve is
obtained by subtracting the aircraft structural modification cost from
the upper curve. Tms, for 1000 AERCABs the average cost is $91,05C 00
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T over 2 10-year period. It should be noted that the curves of Figure 25
- are not straight lines; the second derivatives of these curves are

- negative due to learning curve effects on several cosponents of the cost.

5. REMARKS ON COST EFFECTIVEMESS

The cost analysis conducted under this study does not provide a true
and absolute answer to the question; Is AERCAB a cost-effective system?
This study was limited to the development and analysis of AERCAB system
costs traded-off against crex replacesent training costs. Some indication
for the relative merits of the system may be gained through this approach; :
however, & more conclusive judgement Could best be formulated by
conducting an economic analssis which would identify the most efficient
weans of securing a particular objective from among several alternmate .~
uses Cf resources.

L S VU,

This analysis does show that for new aircraft the AERCAB may be
considered cost-effective in a narrow sense, the 10-year-life-cycle cost
(tncluding prorated ROTSE, production, and 10-year peacetime operation
costs) of an AERCAB is $91,000.00. In long-range operations {penetration
on the order of 200 ne) AERCABS could save S57% of the crews of aircraft -
shot down and who woulé otherwise be lTost. Relating this to the cost
per man used in this study {approximately $220,000.00) means a $129,000.00
savings per man saved. This sore than offsets the total cost of the -
AERCAB equipment expended, including those units which do not contribute i
to 2 successful recovery of a crewmesber. A rescue and return of at
Teast 42% in ary scenario under these cost conditions will result in a
straight dollar for dollar tradeoff (i.e., collars saved equals dollars
spent). Rescue and return of a higher percentage would result in more
dollars saved than spent.

- —
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For the case where the AERCAB is to be retrofitted into an existing
afrcraft and the mocule cannot be installed without a major structural
modification, then the dollar tradecff becomes a different story. Sven
though the cost of structurally modifying an existing aircraft and
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installing AERCAB's and operating such for 10 years 1s less than the
cost of replacement crew training ($182,000.00 versus $220,000 per man),
the AERCAB must begin to show a retum of better than 80% of the crews
shot down pefore the total cost expended equals the dollars saved in
crew 1, dcement training. An 80X rescue rate is not beyond reason if
the SAR forces are capable of recovering ciose to 100% of all crewmesbers
who reach designated safe areas. [In this study the SAR force successful
rescue capability was assumed to be 70%.

Possible SAR cost savings were not considered in this study nor was
the cost savings which may be realized due to fewer crews missing in
action or becoming prisoners of war.

The details of the cost model and sample results of the AERCAS cost

amalysis are presented in Reference 1. Reference 4 contains AERCAS
GMIC cost estimates.
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SECTION VIII
OVERVIEW AND CONCLUDING REMARKS

1. OVERVIEM

This study has been coi Jucted to provide additional informatioe
which s pertinent to the assessment of the “flye.awdy” escape/rescue
concept as an operationally practica, approach. The scope of the study
was limited to an analysis of the AERCAB concept and did not include a
trade-off with other methods or eoncepts for providing {mproved Search
and Rescue capadbilities. The approach taken was to provide usefyl
information by specifically addressing the five primary questioas listed
and discussed below

2. 13 the AERCAS Operationally Effective?

The AERCAS {s shown to be an effective escape/rescue concept in
operationa] environments. An analysis of SEA statistics indfcates that
1f an AERCAB system had been availadle for use in conjunction with the
SAR forces, an increase of 47T rescued could have been realized. Ffuture
combat rescue operations are predicted to be less successful thaa
experfenced in SEA 1f improved capabilities are not available; losses
on the order of 30% of ejected crevmesbers could be expected in some
scenarios with the current escape, search, and rescue capability. The
AERCAR n conjunction with SAR forces would save some of these. It
wuld also reduce the SAR force Jesses by permitting the SAR force to
eperate 1n Tower threat level aress.

1
) j %
b. Is the AERCAS Operationally Practicable? k

An operationally deployed AERCAB system appears to be a
practicadle system in view of: {a) impact on the mission z2ircraft, -~ -
(b) personnel training and proficiency required, and (c) projected
mintenance requirements. The fmpact of the AERCAB on the afssion
afrcraft is primarily to increase the weight of the ejection seat
subsysten. Several alternatives for cbsorbing this additional weight
2re available (the weight increment uill vary with the destred AERCAS
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range), but each will result in some compromise in afrcraft capability.
The lesser penalty, depending on the mission, appears to be in off-loading
‘uel; this will red.ce the aircraft's combat radius somewhat, but most
aissions either do not require maxirum design range or do provide for
nfcair refueling.

Having fuel in the cockpit for the AERCAB system does not significantly
change the vulnerable area of the F-& aircraft. It does require that
special attention be given to minimizing the potential of fires and
explosions in the cockpit. Self-sealing foam-filled tanks, fuel
scrubbing, 2nd a cockpit fire suppression system are potential solutions.

Other important itexs to the using command, such as maintenance and
pilot training requirements, are not considered prohibitive. Maore
mintenance will be required due to the propulsfon and avionics
subsystems and associated components and equipment. The increased
mintenance requirements would be prinarily in the categories of
specialized training and more time. The pilots and non-pilot rated
backseat crewcesbers may need some additional training over and above
that row received. Undergraduate pilot training together with simulator
or ground trainer time and an understanding of the purpose, capabilities,
and Yimitztions of an AERCAB is expected to be sufficient.

c. Is the AERCAB Technically Feasible?

The AERCAB concept has been showmn to be technically feasible
through suctessful exploratory programs. Individual AERCAB configurations
have achieved various levels of demcastrated capability; the extent of
development has been determined more by the amouat of funding alloted
rather than to any great differences in technical complexity or
configuration limitations. A void exists in the technical data basa in
that all preestablished milestones have not been accomplished for each
AERCAB configuration, but the experimental results of the exploratory
programs indicate the “fly-amay" concept is technically feasible.
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An aytomatic guidance, navigation, and control approach for AERCAB
was analyzed and determined to be within the current state-of-tzchnology
and producible at a reasonable cost. Ne expect that including an
automatic GNAC system in AERCAB will improve the probability of successful
crew retrieval by easing the workload of injured pilots, optisizing
flight performance, and providir g navigation to a safe crea.

d. 1s the AERCAB Technically Practicable?

The technical practicability of the AERCAB has not been cospletely
determined. Feasibility and operational analyses and exploratary
hardware programs have prcgressed to the point where the military
potantial and functional characteristics of the AERCAB concept as an
integrated system must be demonstrated to further assess its technical
practicability. An Advanced Develcpment Program to demonstrate
engineering practicability through flight evaluation of an integrated
AERCAB vehicle is considered the logical way to fully address this
question.

Although assessing technical practicability would normally be
concluded by hardware evaluation, some indication can be gained through
analysis. Crew station compatibility and AERCAB system perforsance
were re-analyzed during this study. The shortcomings of the current
AERCAB designs are mainly in the area of poor lift-to-érag (L/D) ratios,
which Yead to higher fuel consumption. Higher L/D is desirable and is
determined to be achfevable with more efficient “hardwing” designs.

Crittcal dimensional constraints fuposed on the AERCAB by the F-4
and A-7 afrcraft suggest that {f AERCAB flight ranges are to exceed
50 nautical miles, costly mjor cockpit modifications to these aircraft
must be accomplished. Accomodation of AERCAB's with flight range in
excess of 50 nautical miles can be accomplished if AERCAB system L/D
ratios of 10:1 are achieved.
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e. 1s the AERCAB Cost Effective?

The cost analysis conducted under this study does not pemit a
complete and unquestionable determinatfon of the cost effectiveness of
the AERCAB concept. 1t does, however, provide a limited tradeoff analysis
of the AERCAB system costs against crew replacement training costs.

The cost amalysis shows that the AERCAB may te cost effective for 2
new alrcraft. The 10-year life cycle cost (including prorated RDTSE,
procduction, and 10-year peacetime cperation costs) of an AERCAS is
$91,000.00. In the scenarfos described in the effectiveness amalysis of
this study, the AERCAB fncreased :he percentages of crews saved by
approximately 252 to 60%, depending on the conditions of the scenarfo.
Relating the cost of the AERCAB to the cost per man, $220,000, means
a $129,000 saving per man saved. Using these costs, for any combat
condition from which the AERCAB fncreases the rescue and return
percentage by at least 42% would provide a straight dollar saved for
dotlar sgant tradeoff.

The case where an AERCA3 retrofit program would require major
structural modification of existing atrcraft, the breakeven point would
be increased to better than 80% because the cost has doubled due to
afrcraft sodification. This success rate was not achfeved by AERCAS
ia the scemarfos evaluated in this study. One factor s that the SAR
force extract™am capability was assumed to be Tess than perfect (only
0% of those crews getting to a safe ares were assumed to be picked wp by
the SAR force).

Possidle cost savings for the SAR operations when interfaced with
the AERCAB were not evaluated in this study. A more conclusive judgement
as to the cost effectiveness of the AERCAB concept could be reached
through conducting an economic analysis, which would identffy the sost
efficiest seans of securing a particular objective from smong several
alterratives.
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2. COMCLUDING REMARKS

The AERCAS concept represents & radical departure from conventional
ejection, escape,and rescue tactics. It is unique in that it provides
a means for both escaping from a Tethally damaged afrcraft and escaping
{flying) from the particular locale where the ejection tock place. This
capability by 1¢self is desirable; however, the vehicle to accomplish
1t involves complex 2ngineering and the implementation of the concept
into the inventory requires significant changes to the established
methods of performing rescue. Operational tradeoffs should be conducted
to provide a bztter evaluation of the advantages and disadvantages of
the AERCAB as compared to other approaches for achieving the same or
siaflar capadility.
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APPEMDIX 1
ALRCAB CONFIGURATIONS

Feasibility studies have been conducted on proposed AERCAB
configu-ations incorporating the Parawing, Rotor, Saflwing, and Rigid
Wing 1ifting surfaces. AcRCAB/a’reraft integration studies were
accomplished whick indicated that installation from a volume and weight
standpofnt was potentially feasible for an AERCAB with performance §
capadilities of 50 nautfcal-mile range and 100-knot airspeed. In addition,
any proposed AERCAS configuration must be capable of automatically
controlled flight to rescue incapacitated pilots.

Following the feasibility studies, models wer: “ab-~jcated and
experinental tests of the four configurations were concucted.

1. PARAWING CONFIGURATION

Based on an extensive parametric design/performance analysis,
we decided a conical parawing AERCAS configuration as shown in Figure 26,
a feasible approach. The wing is formed by a telescoping center keel
and two telescoping leading edge booms covered with a nylon fabric
1ifting surface. The parawing 1s rigidly coupled to the ejection seat,
with an articulated 1inkage for stowage and deploywment. A face-down
flight attitude was selected for the pilot because it offered the
advantages of reduced system drag and winimum engine thrust, simplified
parawing Ceployment, and safe separation of the crevman from the seat
at anytime during the flight. Due to the flight attitude, the engine
can be rigidly attached to the seat back in its fiight position, thus
elininating the need for engire deployment. The fuel cells are mounted
on the outboard sides of the seat structure. The retracted and folded
parawing structure is stowed behind the seat. Figure 27 is a cross
section of the stowed paraming >ystem. When the parawing AERCAB {s
ejected from the aircraft, a drogue parachute deploys to provide
stabilization and deceleration. A drogue bridle is then released and
the drogue force rotates the seat into its face-down flight attitude.
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After a preset time, the parawing fs e ected above the back of the seat
and the telesconing keel and leading edge booms are extended via
compressed afr and preumatic actuators. Flight control is achieved by
regulating the wing angle in pitch and rcll to control altitude and
direction. Speed can be controlled by throttling of the engine.

The eiperimental tests conducted on the Parawing configuration have
included one-half-scale wind-tunnel aerodynamics, full-scale powered
flights, Jet-car deplosuents, full-scale wind-tunnel deployments, and
afr drop deployments. The combined results of these test programs have
proven the technical feasibility of the parawing AERCAB configuration.
The complete sequence of events for an operational parawing ATRCAB has
been demonstrated with the excepticn of the aircraft ejection phase.
This was not attempted due L0 lack of a sufficiently sized, readily
available rocket-catapult system. This phase of the AERCAB sequence is
not considered critical to the feasibilit) evaluation of a particular
configuration.

2. ROTARY WING CONFIGURATION

The rotarv wing approacr to the AERTAB .oncept s a compa.t.
deployabile autogy-c (see Figure 28). The rotor is a two-bladed, two-
section telescoping systen wh’Ch stuws behind the seat. The propulsion
cystem (turbo fan) stows behind the seat headrest, between the rotor
blades and the seat. A self-sealing fuel tank is under the seat pan.

A cataoult thruster and a sustainer rocket are inst:1led in a continuous
tube which is mounted to the seat back and serves as the primary structure.
The two vertical tafl surfaces stow at the cides of the seat bucket.

The stowed rotary wing configuration is shown n Figure 29.

After the AERCAB is ejected and rocket-boosted to clear the airc-aft,
o dr.gue parachite deploys and pulls the rotor blades and rotor support
arm aft and upward to a trail positior, while the seat 15 mtated .7t
to & horizontal attituce. After the deployment latch bolt explodes,
the drogue parachute act’vates a lirkige which cones the teetering/
flapping hinges outward and gives the trailing blades sweep and prtch.
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"’ As aerodymamic force spins up the rvotor, centrifugel action extends the
two-section blades to their fu?l length. The system decelerates to a :
lower velocity, the coning restraint is released, and the rotor is
allowed to cone at a Yower equilibrium angle. Further deceleration
occurs and tne vehicle pitches into vertical descent. The stowed engine,
the tail surfaces, and the rotor support arm are then deployed to thefr
20 flight positions with a pyrotechnic device, completing the transition to P
X : an autogyro flight vehicle. Figure 30 f1lustrates the deploymeat '
N sequence, which fs simtlar for all configurations. h
“a i
. The rotor is a direct tilt, two-bladed rotor with cofnciding :
:_,; teetering/flapping hinges and secondary delta-3 flapping hinges whick i
\'_:\ are used for deployment and for inftial governing in the coned cenfig- H
{f:: wratfon. The two-section telescoping blades are aluminum alloy bonded %
e with epoxy resin. The rotor dimeter is determined by the space avaflable 3
. behind the ejection seat for stowage. A tradeoff exists between the i
k- advantages of a larger diameter and the cosplexity of telescoping the {
._.:j blades. For montelescoping blades, the largest diameter possible is !
Py 8 feet, which results in a disc loading even higher than that sonaally
3 wsed for helicopters. High descent rate and critfcal handling aske this
' diameter wnacceptable for AERCAB. The 14-foot-dianeter rotor selected
i for ALRCAB fs the largest that could be stowed within the cockpit when
J:; wsing two-section blades. The maximum chord size is 8 inches, which is
:,:: wsed for the {ndoard dlade. The outboard blade is 7 inches. The votor
is designed for a normal operating speed of 920 RPM, whi~h gives a tip |
] speed of 675 feet per second. Basic control is provided through pitch
o and lateral direct tilt of the rotor and weathercocking of the vertical
XN tati surfaces.
s'_i_:.-
N The experimental tests conducted on the rotor AERCAS fnclude full- ;
scale wind tumnel, and jet-powered manned free fiight. The experimenta) ’
x5 tests have demonstrated:
o .
:;:‘: {a) Decelerator mode rotor operation at speeds up to 180 knots. !
’i {b) Wocor deployment and operation on the seat at 160 knots. 2
)
= !
:: ] 4
o




g sapes mas

RUINDIS JudAO deg

INIQHYT TE0KIVUYd
#04 NOLLIDITE

A\

300 ¥30119/8040¥

A b e SR U W R b P Rutas sy

e aev o v e, yr—

"0¢ Bandjy

1008 0¥a9010Y

ININAOY4I0

¥ol0¥

114%30) L~y

§011423¢03

INIHAOYAIG 1090K0

Pt A 00 LD

.-.




A

v 0
NN

o]
O
o -"‘-‘

“

i

2

a.':

2,

) QIR

AFFOL-TR-74.22
Yolurme 1

{c) Conversion from deceleretor to flight vehicle configuraticns.
(d) Autogyro mode roto~ operation at speeds up to 110 knots.

{e) Predicted prelininary design perfcrmance.

(f) Manned flight of the rotor 1ift system.

{9) Stable controllable rotor and vehicle behavior.

{h) Rotor }ift capability of 700 pounds - 145 over design need
(i) Flight at above normal autogyro disc loading - 4.6 vs. 2.0
(j) Flight of trainer prototype

With these flights, this AERCAB vehicle became the world's first manned
turbine-powered autogyro and the first autogvro to fly with telescoping
rotor blades.

Demonstration of full-flight deployment and transition is being
prepared, which 1s the final experimental feasidility demonstration phase.

3. SAILMING “NFIGURATION

The Saflwing configuration consists basically of a seat, tail booms,
wing, fet engine, and an inflatable nose fairing. The seat forms the
basic structure for the entire vehicle. Figure 31 {1lustrates the
deployed Satlwing and Figure 32 shows the sawme system stowed.

The nose fatring is 2 double-walled inflatable structure that stows
when deflated under the pilot's legs against the front of the seat. The
seat is of conventional design, including catapult thrusters and sustainer
rockets. A high-bypass fan-jet engine, which stows under the seat, is
used for propulsfon. The wing folds cnce at the midpoint of the semispan
and then hinges at the wing root to fold c3ainst the tail boom assembly.
The tafl Soom assenbly consists of three telescopic tubes, of which the
inner tube is the empennage assembly. The tail boom s attached dy a
hinge to the lower rear portion of the seat and is cupported by a folding
diagonal brace attached to the upper rear portion of the seat. The
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assezbly stows by telescoping to a 4-foot rneight and folds against the
back of the seat.

The rose fairing protects the occupant from the airstrear and
presides & low drag profile for the vehicle. The fairing for=s a closed
e38-shaped nose for the fuselage and is supported by a tubular frazework
that extends forwaro from the seat. The closed atr space in the fabric
is inflated with pressurized afr from a tank in tha seat to provide shape
and rigicity.

The seat structure is of convertional ejection seat construction and
forms tie basic structure for the vehicle. Attachment points are
provided for the catapult tubes, the pivot points for tne engine frame
and torque bar that drives the nose fairing structure and the attachment
pofnts for the tail boon assembly. The space betwees the side members
15 open on the front side and will be filled by the pilot's parachute.
The space above the upper cross mesber forms the headrest into which the
drogue chute fs stowed,

The tat) boom consists of three tubular telescoping sections that
allow the boon to fit within the confines of the afrcraft cockpit when
retracted and position the tatl surfaces far enough aft for aerodynamic
stability when extended. The tail structure is of conventional
configuration, dut uses the Princeton sailwing concept.

L e e man,

The wing is designed after the Princeton saflwing principle. The
structure 1s supported on the leading edge and tip by a rigid spar and
along the trailing edge by a tensioned wire; 1t {is covered over on the
top and bottom with a dacron sailcloth fadric. Ming 1ift is gained from
the predictable deformation of the fabric between the leading edge and
the tensioned trailing edge catenary. The main supporting structure of
the wing is the spar which forms the contour of the leading edge. This
spar folds in the middle ard is hinged at the root, which allows it to
fold fmard and backward, parallel to the fuselage centerline. The
fnternal volume of the leading edge spar a~d tip is used for fuel storage.
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The experimental tests conducted on the Saflwing configuration have
tncluded structural and functional testing i+ the laboratory, saflwing
senfspan wind tunnel testing, full-scale vehicle wing tunnel testing
(serodyraxic and ceployment) and full-scale deployments from a soving
truck. Powered ranned flight tests and air-drop deployrent tests are
planned.

4. DEPLOYABLE RIGID WING CONFIGURATION

The deployadle Rigid Wing AERCAB configuration (see Figure 33)
erploys 2 unique technique for folding and stowing the all-metal liftirg
surface. The cocplete vehicle consists of the same basfc subsystess as
are found on the other configurations; the primary differences appear
in the lifting surface and projulsion system. The wing is formed by
three sections of approximately equal Tength, the root, center, acd tip.
Each section consists of two segments, a leading edge [-spar and a hinged
tratling edge. This unique design allows the deployed spanwise dicension
of 84 inches to be reduced to 49 Incies when stowed, and the deployed
chorduise dimsiouf 30 faches to be reduced to 14 inches when stowed,
which are reductions of approximately 42 and 53 percent, respectively.
These reductions are accomplished by folding the trailing edge segeents
outboard to . pusition adjacent to the rear edge of the D-spar. The tip
section and its trailing edge segments then slice into the D-spar of the
center sectfon. Both of these sections then slide into the D-spar of the ,
root section. ¢

The wing is deployed by means of pneumatic actuators. Detent leck
pins are enployed at the two spamwise wing joints in each semispan to
lock the wing in full deployment position once that condition fs achieved.

Amther unique feature of this wing fs that an afleron fs fncluded

as part of the telescoping tig sectfons. The afleron is mechanically
and structurally capable of plus or afnus 25-degrees def ection.

95




3 pakordaq Suin PIByy  ‘cc BanBLY ,

R,
A A
AR




LI

%) *
'."‘" :’;'4\:'

o
o

3. 4

AFFUL-TR-74-22
Yolume 1

The propulsion system is composed of the engfae installation,
pusher propeller unit, and dri.2 train assesdly. A rotating comdbustion
engine {s erployed in this desfign. It is a two-bark liquid-cooled,
gasoline-fueled engine, and rotates at 10,000 RPM. The pusher propeller
fs a three-blaced foldirg unit. A brake is activated to stop the
propeller prior to man/seat separation at the completion of the AERCAB
Tlight,

The tatl assembly of the Rigid Wing AERCAB {s coecprised of the tail
doom unit, propeller hud and transmission, seat-to-booe fairings,
fnverted V-tafl surfaces, drogue chute, and the tafl unit deployment
cable assesbdly. A fabric tafl boom fafring is provided to isprove
propeller efiicfency as well as reduce seat drag. Tie two taid surfaces,
whick corprise the expennage, ewmploy the same folding trailing edge
structure as does the wing. These tafl <urfaces are movable and capadle
of differential and/or collective control input for the rudder and
elevator functions, respectively. A drogue chute {s connected o the
deployment cable ascemdbly and is usec to deploy the tail unit and actuate
wing deployment.

Linited experimental testing of this configuration has been
accomplished. A wing semispan was tested in a low speed wind tunne)
subsequent to extenstve functional and structural testing in the
Laboratory. A full-scale Rigtd Wing AERCAS was tested in a wind tunnel
for acquisition of flight configuration serodynamics. Successful
deployments have been achieved under wind tinnel test conditions up to
150 knots airspeed. Plans are formulated to continue investigation of
this configuration through coopletion of free flight and afr drop
deployment testing.
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APPENDIX 11
RAVAL PLICT REPLACEMENT COSTS

This aopendix 15 & shortened version of a rerorandum from the haval
£ir Sevelopment Center, Ai- Vehicle Yechnology Departrent, in respcrse
to & request for Informatior corcerning pilot replacerent costs.

T' 2 cost to the government of losing the pilot from an artack or
fighter afrcraft is the sum of the costs for replacing hiz with another
equally qualified pilot for attespting to rescue him, and 3ssoclated
with his dea*’. or irnterment. The amounts and description of %aval Pilot
and Flight Officer trainfng costs are reauily available in “Officer
Personnel Corts,” Kaval Personnel Research and Development Latoratory,
W0S 71-4, J. M. Clary and J. 7. Creaturo, March 1971. This cata
represents the total cost through 4-1/2 years after a pilot s desigrated
as Kaval Aviator, or 3-1/2 years after flaval Flight Officer. At this
poirt, a pilot will have completed Primary Flight, Basic Jet, Advanced
Jet, and Combat Readiness Afr ding (CRARX) trafning plus training in
operational squadrons. The cost jiven for an A-7 pilot updaied to 1973
dottars fs $651,870. Table V gives the cast breakdown for an NRGTC-R
pilot for 3n A-7 aircraft, and Table VI for pilots of other dircraft.

The annual cost of manning an established operstional Mavy pilot
billet fs obtainadle from “Kavy Military Manpower Billat Cost Dats for
iffe Cycle Planaing Purposes.” NAVPERS 15163, Personnel System<
Research Branch, Personnel Research Diviston, Apral 1972. PVanpower
costs are computed from initial procurement to the end of retirement
and rhavged to an active duty base of 25 operational billet years.
“Down” costs of prisoners, who are in a nonoperatiomal status, are
included but are difficult tc separate due to the method fn which they
are charged 20 the active billet duration. Certzinly the salaries for
prisoners of war rust be included in overall costs, in addition, future
costs such as retirement, rehsbilitation, and medical treatrant should
be inzluded. They were not included ‘n this study, so the costs cited
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- TABLE ¥
.-\;- NROTC-R A-7 PILOT REPLACEVENT COSTS
Y
-+
?-'- Precosmissioning Costs
%
4 Procurement $ 62
e Irayel 812
Subs, Training Pay, Clothing, FICA 5135
College 9162
! Total Precommissioning Costs $15,1n
oy
Y Postcomissioning Costs
o d
:;' Training
. Primary Flight & Flight Sys $ 4,157
- Basic Jet 45,633
5 Mvanced Jet 17,317
o CRAR 426,625
Y =
-'.‘,f_ Yotal Training $553,732
> Pay & Allowances
: Pay, BAS FICA, Flight ?a
Primary Flight & Flight Sys $ 1,702
Basic Jet 5,451
Advanced Jet 4,091
Sther than Traint 607
r than Training
Total Pay R
Clothing Allowance 320
Total Pay & Allowances $ 19,
Transportation
Training to Ist Opsqn $1.277
1st to 2nd Opsqn 1,593
5 Total Transportation $2,870
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TABLE V {contd)

Hedical $735

Total Postcomnisstioning Costs $636,699

Total Cost through 4-1/2 yr period

after designation as Naval Aviater $651,870
TABLE V1

USN PILOT REPLACEMENT COSTS

Total cost through 4-172 years after designation as Naval Aviator for
NROTC-R pilots.

NC TOTAL COST {1973%)
A-3 $421,034
A-4 441,345
RASC 638,762
A5 603,280
£2 355,156
F4 575,310
13 485,975
3 235,549
$2 244,197
SH3A 250,094
100
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here wiil be on the low side. Assuming that the pilot is a Lieutenant
(USk) with over four years of service, and that he remains a POM for
three years, his salary will tota) $52,230 (in 1973 dollars).

Costs of search and rescue attempts should also be included. These
costs were assessed in "Cost Effectiveness of the Combat SAR System®
study conducted by USAF/ARRS. This effort quartitized the average cost
per save as $57,140 (1969$) which updates to $70,510 {19738). Some of
the lost pilots will be down in locations from which no rescue is
attespteé. Many will be down in contested areas, resulting 1n large
numbers of rescue forces being committed to the rescue attempt and costs
far in excess of the average. Therefore, the average cost for
unsuccessful rescues s assumed to be the saxme as tor successful rescues.

This ratiorale indicates that the cost of a pilot becoming a prisoner
of war i{s on the order of $775,000. These costs are real, tangible, and
can be approximated. In Southeast Asia, however, the intangible, but
real, costs of POM pilots dwarfed these, since the prisoners of war
became a political issue. If a rescue system had existed which could
have prevented our aircrewmen from becoming prisoners, the war might
have terminated much earlier. From this point of view, the cost of lost
afrcrewm weuld be staggering.
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