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A study was ccnducted to assess the Potential operational practicality of

an Advanced Crew Escape -nd Rescue Capability, AERCAB. The AERCAB concept offers

the advantage of a fly-away escape/rescue capability for a crewecber following
conventional ejection from a fighter-type corbat aircraft. Five prir.ary

questions are additssed: Is an AERCAB system operationally effective?
operationally practicable? technically feasible? tecrl',icaily practicable?

cost effective?
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"A methodology fcr evaluatitg tne A•ERCA as ai esccN/rescue concept WS
established and formulated into a crteuter progra-. ?-4 effectiseness
evaluations were conducted in selected cosrat Scearits. It was determined that
the most Important AERCAB design parameter and its greatest asset Is range
capability. Analysis of an SEA scenario indicated that use of the AERCAB system
in conjunction with the Combat Search and Rescue 'L.ces would have ret. lted In
rae ejected air crewers being rescued and therfore fewer PO'ds LWd lower

crewmember replacement costs. Other corftt scenar.-s are developed and analyzed.

"" Analyses were conducted to determine AIRCRAFT/AErtM integration
compatibility and cornfiguraticn design informaetion necessary for evaluating
system effectiveness. performance. and costs. The JEhCB appears eore
practicable for new aircraft where retrofit design ;roteems and airrraft
modification costs are not a factor.
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FOR~EWORD

"This report was prepared by the Recovery and Crew Station Branch of

the Air Force Flight Dynamics Laboratory under Project 1961, 'Advanced

"Crew Escape and Rescue Capability (AERCAB)." This study was accocplished

at the direction of the Secretary of the Air Force for Research and

Develooment. Funds were provided by Hq USAF. The study was begun In

"September 197? and comipeted in October 1973.

Project management and technical and administrative rmsponsibhlity

iere in the Vehicle Equipment Division. Air Force Flight Dynamics

Laboratory, with Mr. R. Parley dalker. Jr. (AFFOLUFER) as Program

-ianager.

This report is a cocrplation of the accomplishments and findings of

"four work efforts conducted separately by three contractors and an AFFDL

technical team. An evaluation methodology, a corputer program. and an

effectiveness evaluation of the AERCAB concept were performed by the

Caywood-Schiller Division of A. T. Kearney. Inc.. 100 South Wacker Drive,

Chicago. Illinois 60606, under Contract F33615-72-C-1668. PO0002. A

Rigid Wing AERCAB configuration design effort was conducted by the Parsons

Corporation of California. A HITCO Ccnpany. 3437 South Airport Way.
Stockton, California under Contract F33615-73-C-3120. An Investigation
"to determine guidance, navigation, and contrul subsystem feasibility for

"the M•-CAB was conducted by The Analytic Sciences Corporation (TASC),

"6 Jacob Way, Reading, Massachusetts 01867, under Air Force Avionics
Laboratory Contract F33615-72-C-1787. A technical and preliminary cost

analysis of AERCAB configurations was conducted by engineers frco the

Phototype Division (AFFDL/PT). Technical reports were prepared giving

the details of the work conducted under each of these contracts, and

these reports are referenced thwrein. Special thanks are due to Ray E.
Fredette and Nathan L. Sternberger (AFFDL/PT) for thoir participation in

the in-house analyses and Capt S. Schwem, AFAL, for his assistance with

the Avionics study.
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Mr. Stephen R. Mehaffie. AFFDL/FER. assis'-ed in all technical aspects

of the program and personally organized SEA aircraft combat damage data
Into a meaningful rescue scenario.

The authors wish to acknowledge the attention and interest given this

study by LTC IW. Baird, AFSC/DLFF; LTC V. Dande', AFSC/XRLA; LTC H. Webb,

ASD/XRL; LTC J. Vallone and Major D. Adamson. MAC; Mr. T. Thomasson,

NASC: and Mr. Wi. Bollinger. KADC.

This report is published in two voltees. Volure I entitled,

"Study of an Advanced Crew Escape and Rescue Capability (AERCAB)' is

unclassified. Volume II (same title) is classified SECRET.

This report was submitted by the authors in ý,embzr 1973.
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SECTION I

INTRODUCTION AND SWRY

1. PROGRAM OBJECTIVE

This report docurents the results of an extensive analytical

"investigation conducted with the Pri-ory 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-away.
escape/se.f-rescte capability for tne crewenber following conventional

ejection from a fighter-type corbat airraft.

2. PROGRAM ACCOMPLISHKENTS

The AERCA. concept was analyzed in various combat environrents ad

"the results were compared to conventional escape and rescue capabilities.
The advantages of using the AERCAB system for pilot recovery were

defined.

The rescue envirorxent and functional require-ents for the AERCAB

were defined through selection of ,;::tic combat .cer.arios and

operational criteria established for the defined rescue envirorrent.
Capabilities of the AERCAB system when operating in selected scenarios

were determined. Tradeoffs were rerforced to select optirun operational

conditions 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

necluded.

Configuration design for a deployable rigid wing AERCAB vehicle -Z-.

developed and analyzed. A wethodology and associated r.rocedures and

techniques for accorslishing AERCAB effectiveness evaluations were

developcd. and a preliminary cost analysis is presented.

eli
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- Detailed guidance, navigation. and control tecniques applicable to

2,. an AERCAD system were defined. Relative costs are developed and compared

with projected G.. i, and C subsystem accuracies Previous AERCAB

- developments we-e atagorized and are presented ?ere relevancy exists.

3. BACKRO-UND

As a result of rescue deficiencies evident fron the SEA confl'ct,

new methods were scught which would increase tee probability of rescuing

.. aircrewmen forced to abandon their aircraft over er.-ny territory. To a

major extent, potential methods are based on the hypothesis that if the

""-" descent of the escaping aircrewran can be :elayec. or better, if he car.

" "De suspended out of snall arts fire rang. mic-,'- retrieval ard

evacuation ray be possible. This hypott*sis was reached from analyzing

"rescue statistics derived from operatiors in SEA. These statistics

(classified) were used in the analysis presentec n Appendix I of Vos,..

II of :'.is report. Statistical data for rescue opjerations in nostile

environments indicates aircreimen recovery rates ircrease with time
between aircraft hit and crewman ejecticn. and after a certain time

increment, all possible rescues are successfully acco.plished. Since

*' ti-e can be related to distance (through aircraft velocity) the distance

iris• ai'craft hit to ejection appears to be the significant factor.

The significance of distance is related to reaching a less populated and

defended inland area or the coastal region or sea where the likelihood of

rescue is greater. Thus, the "self rescue" or "fly away" escape concept

"evolved.

In 1967, the US Air Force and Navy showed considerable interest in

the potential of te self-rescue AERCAS. A ntmber of programs were

initiated 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 7.rntained to ensure the

* programs complemented each other. The feasibility evaluation was based

upon successful deployment, performance, and stability of the AERCAB

lifting surface subsystem. Consequentlj, initial test efforts were

2
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directed at acquiring tht technical data needed to select the wost
promising configuration 'or advaniced development. All subsystems were
"considered analytical'y in'd, where applicable, laboratory, wind tunnel,
and flight tests of fill-scale experimental models were conducted. A
synopsis of the test programs is presented in Section V. The exploratory
efforts to deronstrate technical feasibility of the concept have now been

concluded within the Air Force.

tMile the exploratory analytical and experimental investigations
denonstrate that the flyaway rescue concept is technically feasible.
two major unknowns remained: (1) Is the AERCAS technical.y practicable?;
and (2) Is tle AERCAB operationally practicable? The question regarding
operational practicabih1ty requires basically a cost-effectiveness
assessment, and teclnical practicability reqzires hard•are developmsent
and experimental tests of prototype systems. In September 1972, the
Air Force Flight Dynanics Laboratory was assigned the responsibility of
assessing the potential operatonal practicality of a deployed AERCAB

escape anJ rescue syster.

4. GUIDA•.CE

iHq USAF issued Program Management Directive. P-MB, (P-2PO32(2)/63205F),
"dated e7 June 1972, requesting several independent studies be conducted
to assess the potential operational practicality of the AERCAB concept.
In addition, it requested the analysis address itself to current Air

Force rescue capabilities and tactics, projected changes to these
tactics, threats for various theaters of operation, probability of
"rescue/survival with current equipment, definition of improved rescue
capabilities. and effective cost of current and improved rescue
capabilities.

0-q AFSC Program Direction (AFSC Form 56, dated 30 August 1972)

modified the guidance to pursue only that portion of the PMl) which
relates to the practisability of the AERCAS concept, since the Air

S-..
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Staff was initiatir.g a mission analysis of the coaat a•r rescue posture.
Accordingly, this study was prepared to answer five questions:

(1) Is an AERCAB operationally effective?

(2) Is an AERCAE operationally practicable?

(3) Is an ACRM technically feasible?

(4) Is an AERCAM technically practicable?

(S) Is an AERCAB cost effective?

5. ORGLI1ZATIMI OF THE S1lJf

The question of operational effectiveness is ssummrized in Section
"!; detailed documentation is presented in Reference 1. This work was
ecciomplshed urder Ccntract F33615-72-C-1668. PO0302 by the Caywwo.
Schiller Division of A. T. Kearney. Inc. Operational practicability was

assessed by th Vehicle Equipment Division of the Air Force Flight
Dynamics Laboratory by anplyzing AERCAB data gener-ted either prior to

"or during this investigation.

"Technical feasibility was addressed by considering complete
exploratory development orograms and two additional efforts accomplished
"-lo•g this investigation. The area of avionics subsystem feasibility

was evaluated by The Analytical Sciences Corporation under contract to
the Air Force Avionics Laboratory, and is documented in Reference 4.

Additional feasibility effort on the Rigid Wing AERCAS design was
1c-nucted by The Parsons Comoany of California under Contract ru33615-73- *1

C-3120 to AFFOL and is documented in Reference 3.

The question of technical practicability was partially addressed by

the Prototype Division in AFFOI and is beirg separately documented in v
detail in Reference 5. It is corcluded that a corplete technical or
engineering practicability assessment requires acconplishment of a

'hardare oriented effort' on the level of an Advanced Development

4
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The cost analysis was accomplished in-house, primarily by the

* Prototype Division. These costs are considered very preliminary; a
more-in depth analysis would increase the creditability.

All other contributors are referenced as they appear.

•-i 6. SMMY

The purpose of this analysis is to provide additional information
pertinent to the assesswent of the "fiyaway' concept as an operationally
feasible capability. The oujective in this analysis is to assess the
advantages of the corcept for ic;coving the current escape/rescue capability

and to determine the Impact of the ccncept on the mission aircraft. The
scope of this analysis is limited to a study of the "flyaway" concept as

- an Improved escape/rescue concept and how it could perform under corbat
operations. It does not include a tradeoff analysis of other concepts

for providteg Improved search and rescue capabilities. The approach
* taken in th's study Included: (1) establish a methodology for evaluating

the AERCAB: (2) determine the crew station com)atibility of AERCAB
conflguratitns with selected fighter aircraft configurations; (3) conduct
a weights and costs tradeoff analysis to evaluate penalties versus AERCA.B
performance; and (4) evaluate the AERCAB in various scenarios using the

developed methodology, aircraft compatibility. and tradeoff analysis

results.

One of the initial tasks undertaken was the development of a
methodology for assessing the effectiveness of the AERCAB. This task
Involved the fermnlation and progranning of a computer effectiveness
mdel to evaluats alternative AElRCAS configurations integrated in a
specified fighter aircraft and exposed to selected combat scenarios.
Background information on four AERCAB configurations and selected fighter

aircraft was Lied as a technical base for forculating concept effectiveness
assessment criteria. The operational effectiveness of the AERCAS was
evaluated as to its ability to provide core crewmemter candidates for
rescue. 'Safe" areas were identified within the scenario which, by

5 1 i
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definition, would provide a given probability of roscue of the crewman

if he successfully reached this area, regardless ef how he got there
(i.e.. AERCAB. flying mission aircraft. eject'ng into area directly).

Consideration of the environment in which the aircraft is operating when
a •crcnfamher ejects, the flight of the AERCAB to a "safe' area, and

Subsequent probability of location and pick-up by Search and Rescue (SAR)

forces was included.

Simultaneous with the development of an evalurtfon methodology,
a technical analysis of the AERCAB configurations w.s undertaken.

Industry had originally designed four configuratirns against a specified

set of performance criteria, most of whico was criented toward a system
which would perform adequately in Southeist Asia. This study addresses

the operational characteristics of the ACACA concept In other geographical
locations. Thus, without having prior knowlecge of what performance

would be required of AERCAB in the different scera-ios, a technical
analysis was undertaken which would prov'de inputs to a cost effectiveness

model. The approach taken investigated ".e concept in two phases. Phase
I consisted of: (1) evaluating the existing configuratiors with respect

to aircraft installation, weights, aerodynamic churacteristics. and

performan.ce; (2) resizino the configurations as necessary to achieve
realistic designs and thereafter determine the degree of aircraft

modification needed for installation; and (3) resizing the configura-

tions to achieve various ranges and check the stability characteristics
of each. Phase I1 involved considering AERCAB designs which are devoid

of the dimensional constraints of current aircraft cockpits. These

designs seek maximu achievable performance and flying qualities for... AERCOLB vehicles and provide volume and weight allowances that should be

considered in future aircraft designs. This phase concentrates on

system point designs for a *best" capability based on results from the

effectiveness evaluation.

Prior to evaluation of the operational feasibility of the AERCAS in

a combat scenario, a parametric sensit;vlty analysis of the effectiveness
comp~uter maodel was conducted to determire the icd•rtance of various

S ...-.......... ---. ..-- - - -
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parameters in relation to each otner or to the expected results. Very
"simple scenarios were used to avoid unnecessary corplcxlty in analysis of
the results.J

"Subseqjently. the effectiveness of the AERCAB concept wis evaluated

"in three different scenarios. The geographical areas selected are
Identified. and the particulars of each scenario are discussed in
Volue II. In general, the effectiveness evaluation showed that with

the AERCAB system the probability is significantly g eater that an ejected
crew. er can be recovered from enemy territory. The range capability
provided by the flyaway system offers a greater overall advantage than

aly other factor in the effectiveness model.

A supplemental effort was conducted to provide design and performance
information on the Rigid Wing AERCM configuration. This information was
used in assessing the potential of this pIrticular configuration as
coL4ared to other AERCAB designs.

Successful aircrew recovery in a hostile environment requires core
than the abil4'.v to remain airborne; 't requires guidance, navigation,
and control (gWiC). The G!&C functions are a vital element in the AERCAB
safe area concept. An effort was conducted to evaluate various GHu
approaches against selected performance guidelines. The results of this
analysis indicate the expected accuracies and costs associated with the
various GIC& approaches. An automatic guidance, navigation, and control

system for the AERCAB vehicle is not cnly feasible, but will improve the
probability of successful crew retrieval over a strictly manual control

system.

A cost analysis was conducted to permit a cost-effectiveness
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.

7
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SECTION II

ADVA••E CREW ESCAPE A•D RESCUE CAPABILITY (AERCAB)

1. GENERAL

Ejection seats have been used successfully over the past 25 years as

a positive means for flight crewmembers to escape their mission vehicle

as irreversible emergencies arise. Technology advancement in the escape

area is expected to provide for ejection under previously deemed

*umrecoverable' conditions. i.e.. higher speeds, lower altitudes, adverse

"attitudes, etc. While advancemnts are being made in the crew escape area.

the escape/rescue concept for air cremen has remained unchanged for many

years, I.e.. following a successful ejection the crewmn descends to

earth on his parachute and is eventually picked up by a rescue team.

.- Post of the time, the rescue team uses a helicopter. If the ejection

his occurred in a coebat s!tuation over enemy-contro!ied territoty, the

"crewmn is usually captured. Under escape conditions such as adverse

weather. severe terrain, or nighttime. a long waft prior to rescue nay

severely tax the crewman's mental and physical faculties.

Within the boundaries of tie free world, on the high seas as well as

on land, the probability of speedy rescue is very high by vi.tue of mutual

International agreements and the highly efficient and effective organi- ....

zational net of the Air Rescue &,4 Recovery Services. In combat zones,

"particularly deep In enemy territty. 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 Increasingly hazardous when exposed to enemy ground

resistance, and are hopelessly inadequate in an environment nf eneqfo air

superiority. Failure in such rescue missions invariably results in the

capture or death of highly trained personne. and/or loss of critical

comat equipment.

-0 .
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"2. CONCEPT DESCRIPTION

lWhat is an AERCAB? A seconidary fliqht. vehicle contained in a
primary aircraft.

Who uses It? Crews of fighter aircraft.
"When is it used? Vhen the primary aircraft is no longer

capable of flying.

fhere Is it used? Primarily in hostile environments.

Wiihy Is it used? To save training dollars. lives, and prevent
.lprisonnmnt.

HIOW? By reroeing crew, from a high threat environ-
sent to a loe.- threat environment.

The flyaway' escaot -oncept provides the aircrewman with a secondary

nfligt vehicle capab e -.' jiir.ing or maintaining altitude and permits
him to assist ir his ow- rescue by navigating over a limited 'ange and

at a specifiel cru,s
t 

Tceed oujt of a hostile area towaad predetermined
*safe' sites where 1e cin be rescued dith the least jeopardy to all
perso-mel inv)lved. T7Js. the AEqCAB is a new dirension in airborne

escape. It represents -,- ext generation escape system by providing an
'aircraft witdOr an e•r:sft.

Any advancel escanelrescue concept must increase the time available
to the ejectee to be rescued and minimize the time required to perform
the rescue mission. The AERCAB Provides increased time for rescue by
allowing the ejectee to rer-In airborne and providing him with sufficient

maneuverability to fly to a more secure and accessible area for landing
ad pickup. In additi.= flying toward the r.scue forces reduces the

time required for rendezvous with the rescue forces.

Since the AERCAB system, for all practical purposes, is a small

aircraft, it must conta.n the various subsystems associated with the
major aircraft functions: Lifting Surface, Propulsion. Flight Controls,
Avionics, Aircraft Escape, and Airframe. Although some degree of
commonality exists in any vehicle comprised of these subsystems, there

can be considerable variation in configuration. In the case of the

9
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AERCAM. the basic and more pronounced variation occurs in the lifting

surface. From the initial evolution of O.e flyaway concept, a degree of

ucertainty has existed within the technical com•unity as to which of the
Proposed lifting surface configurations offers the best overall solution:

"the Parawing. Rotor. Sallwing. and a deployable Rigid Wing. Investi-

gations have been conducted on each to obtain sjfficient data on each
as an integrated configuration to evaluate its technic.

1 
feasibility.

"The feasibility would be mostly dependent upon successful deployment.

perfcruance. and stability of tke particular lifting surface subsystem

(see Figure 1).

3. AERCAB CONFIGURATIONS

iDurng earlier exploratory efforts. feasib,'ity studies were
conducted on AERCAB configurations incor;o-atin• ':le Parawing. Rotor.
Sailwing. and Rigid Wing lifting surfaces. In Viese studies each AERCAB

configuration had been designed and anal)zed in sufficient det-1l to
analytically assess feasibility. Each -as considered to morit further

Investigation. The particulars of each ,.nfiguration are discussed In

Appendix I of this report and in Refererce 6.

10
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SECTION III

AERCAB EFFECTIVENESS

I. GENERAL

Is the AERCA8 operationally effective? To prperly address this

question. we must understand the Comaat SAR rcle and the conventional
rescue operations, establish some gauge for neasuring AERCAB effective-
mes, and evaluate the AERCAB system In combat scenarios.

2. SEAMCH AND RESCUE ROLE

A. Oriein of the SAM Mission

Let us assume an F-4E aircraft with pilot and weapon system
operator takes off from home base on an interdict!on mission. As It

crosses the forward edge of the battle 3-ea (FEW)j. the aircraft is
"fired upon by outlying defenses, and tne fire tveomes ware determined

as the aircraft approaches the target. The F-4E delivers its ordnance
but Is lethally hit by defensive fire. The instent the aircrs.ft is
lethally hit narks the beginning of the Comat Ssarch and Rescue missioc:
"bhe safe return of aircrews from hostile environrtnts.

b. The SAM Problm

t he SM forces, knowing that an aircraft Is down. are tasked

(1) Locating the cremmbers.

(2) Protecting then from future injury. ]

(3) Treating them for any injury already sustained.

(4) Returning them to friendly control.

4. I
12
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The solution of this problem ranges from simple to complex,

"depending otn Oelocation of the downed crwman. If he is downed on the

friendlý i;ae of the FEBA. the SM mission may crnsist of sending a jeep

to pick him up. But if he Is deep in hostile territory, as many as
OM comat sorties may be required to recover him. if it is at all

"possible! The Impact of the AERCAB system on the SMR problem will
determine Its operational effectiveness.

c. Locating Downed Cre ers

At present a plethora of locating, signalling. ztc., devices

exists, but the effectiveness of these devices Is reduced in that the
cramn my be an.-Were In the area of operations. Additional iaformation
from radio tranmission pr'or to egress from the aircraft, wfngmm reports.

radar fixes. etc.. is reqJired to roughly locate the downed man. A
decision most be made early as to how to locate the man precisely and
establish linkup with the rescue forces. Is he in friendly. moderatelyI
hostile, or extrely hostile territory? What tactics must be used to

pimpoint the location? Do we have air superiority in that area? If not.

cam we establish It either permanently or temporarily? Do we have ground
superiority? Can grouad fire suppression operations be laid on? The

location of the man deteraines the tactics needed to rescue him.

d. Protection of the Man

The ¢eman mast be protected from ground threats to be rescued.

ý.Apim. depending on location, protectio my bea life reft or a major
:-�~--- combat suppression operation. The mnn mst be protected from capture.

ei- - etter by enwp regulars or civilian populace. -

e. "dcal Treatment

The man mast be treated for injuries; for this. the SM operation

requires speed to minimize the time between when he is injured and when

he is treated. This time is again directly dependent on the man's

location: If the location dictates 3 complex, multifaceted rescue
operation, the time could be quite lengthy; if it allows a relatively

simple straightforward operation, the time should be short.

13
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f. Safe Return to Friend.i: Control

The crewran 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 all over agar,. Air superiority
must be maintained. Again, location 0• the ere,me-bar is of utmost

importance. It is extremely hazardous to take a low-performance highly

vu-lnerable helicopter into the same environment where a high-performance,
low-vulnerability fighter aircraft was Just shot down.

g. SAR Wriving Force

.--- Again anJ again, the location of the dried crewman is seen to
control all aspects of the SAR operation. The t.:-eat level where the
sap is and the threats that the rescue forces must cross to reach him

S.. determine all tactics and decisions, even whether or not an attempt
will be made to rescue the aircrew.

"h. Safe Area Concept

Prior to a combat mission, an aircrew is told, "If you get

hit, try to get to such-and-such coordinates. it's a safe area.*

"hat is a safe area? How is it chosen? How is it used?

A safe area is an area loosely defined as possessing some or all

of the following properties:

(1) Low density eneaw troop concentrations.

(2) Low density Sostile civilian population.

(3) Possible local partisan support.

(4) Ease of access for SM flight.

(5) Favorable escape and evasion terral,.

(6) Friendly air superiority.,

(7) Shelter and food.

(8) Medical facilities.

14
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Obviously. hooe base Is a very safe area, but so is a Mungtain

Meadow. or 'feet wet.' dependln] on the scenario; in short. It is
any area where a crewran .an survive and SAR forces can operate with a
minimized risk.mo

____

SSafe areas may be per-manent (e.g.. home base)
*-or temorary (an Air Cavalry assault may establish a safe area for

6 hours).

-: ,."The safe area is used w-hen an aircraft receives a lethal hit. The

pilot attempats to guide the crippled aircraft so as to maximize his
chanices of rescue. If ho is deep In enemy territory, he will attempt
to go to a designated sife area to increase his probability of rescue.,

3. EFFECTIVENIESS ANiALYSIS

a. Method-il ogy

One of the Initial tasks was to develcp a -~th';dology for
assessing the effectiveness of the AED.CAB. This task involved the
formulation ard prograsiing of a compuite- effectiveness radei to evaluate

* a&;ternstlve AERCAfi configurations integrated in specified fighter aircraft
and exposed to selected combat scenarios. Background information on the
AERCAS configurations and selected fighter aircraft was used as a
technical base for foriuilating concept effectiveness assessmnt criteria.
The operational effectiveness of the AERCAB was esaluated as to its
ability to provide more crewamember candidates for rescue. "Safe" areas
were identified within the scenario. which by definition would provide
a given probability of rescue Gf the crewman if ho successfully reached
this area, regardless of the manner in which he got there (i.e. AER.ABI.
flyirg mission aircraft. ejecting into area directly), Consideration of
the enviroreent in which the aircraft is operating when k crew memer
ejects, the flight of the AERCAB to a 'safe" area, and subseowent
probability of location and pick up by Search and Rescue (SAK) forces
was included.

9.1 is
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b.. Effectivepess Model

A computerized combat evaluation model was developed to assess

the Impact of an AERCAS sysem in the operational environment. The model

had to be responsive to those inputs wtichwereava 4
Iable at the early

stages of an AERCAD development. The model was de,eloped based on

extensive knowledge of Southeast Asien alrcaft •erage and loss experience.
vwlanrability/survivability studies. and on the HAVE LIK study,

(Reference 8).

The cputer model. Evaluating the Survival c Crew and Aircraft
"Penetrating Enemy Envir onemts (ESCAPEE) calculatas the probability of
"a pilot surviving a sortie. The survival my be via the safe return of
his aircraft Cr. if the aircraft is letally hit ty ene defenses,
them via am escape mode and subsequent efftraction ty SMR forces. In the
modal the aircraft flies along an input flot pa: consisting of several

doglegs. Various ene defenses my shoct at the aircraft and at the
"ERCA8 when the pilot uses such to ecape -rom the lethally hit aircraft

to fly to a safe area. The a *M defense- are scaled by the model such
that the attrition of the nominal aircraft Is equal to an Input value.
All calculations ar probabilistic.

The flight path is broken into Incrments for purposes of nmrical

Integration. At each Inminet the probability the aircraft is lethally
hMt is calculated. Given a lethal hit, the probability Ve pilot could

successfully reach each safe area via each possible escape node is
"calculated. The probabilities are combined with the input (assmed)
extraction probatllities from the safe areas, and the best escape node

eod area are used as the optimum (Reference 2). By integrating the
probabilities over the total flight path the probability the pilot
returns to how base Is obtained.

The penetration of e m" defenses begins at the FEBA (see Figure 2).
The aircraft traverses three defense re.ior.: the inbound area, the
target area, and the outbound area. In -. ch such region a different mix
of defenses my be deployed at random. The fligt path of the aircraft

16
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Consists Of legs (straight line segments) between .-.y-points. which way
be thought of as navigation check points. Between defense regions the
aircraft flight profile may change. Thus. inbound. for instance. the
aircraft nay fly at 35,000 feet and 400 kts. desce-A to 1.000 feet and
6W kts in the target area,. and cliodi to 40.OCO feet and 4S0 Its outboun'5.
The legs of the nlight path may avoid known concuscrations of defenses.
The outbound path nay differ from the inbound -oAe. A single aircraft

*pentrates the enemy defense:.

Ike aircraft entry point at the FEBA (X-axis) is the origin of the
* norid mate system 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 thme enwm side of the FEBA are several safe areas ,dme e a pilot

(or' crew m~emr) m~y land after his aircraft is sr.;t down. wad wereSM forme my be expected to extract hlip with an assumed probability,
Each safe area is a circle and Its center and radiis are specified.

The computer radt] was used to evaluate the AERCA3 on both, a
rneptual and a real world basis. Conceptually, the AERCAS is perfectly

reliable. It can be cmaaged by enemy defenses. but it cannot fail through
Wintert reliabilities. The real world AERCAB has been modeled to reflect
onservative hardware associated reliabilities. The method of determining

* tMe effectiveness of an AERCAB was to answer the question. "If 100
atecraft were lost in a scenario. how many crews; are rescued malte anmd
without aw AEWAB system?" Of secondary importance are:

4-hat are the important design paramters for an AERCAB system?
4Umat is the status, and why, of the remaining (nonrescued) aircrews?

c. Scenario Evaluations

Three scenarios were selected for evaluating the AERCAS system.
*The details of these scenarios and their derivations are classified and

are containe in Volume I11, A general description and tesults of the
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evaluation are presented -ere. The three scenarios represent past,
"present, and future combat operations.

(1) Historical Southeast Asia

"A scenario based on a statistical derivation of U.S. Air

Force experience in S3A (see Volume II) was included as past combat

operations. The statistical analysis was computer modeled at shown in

Figure 3. In the target area. the probabibty of rescue was zero and
In a large area of W" to 50 miles cff target ce.ter, the probability

was very low (0.08). Beyond 50 miles. the probability of rescue rose to
0.80. where it remainec out to 110 miles off target center. The
scenario was analyzed to determine the impact of an AERCMB system had it

been available. Figure 4 shows the percentages of crew•an in each

category as the result of actual combat. the cowputer modeling without

AERCAO, and the iwpact of an AERCIh system of increasing range.

According to this analysis, if an AERCAB system had been available for

use in conjunction with the SAR forces, 471. more crewme could have
been rescued. The A-RCAS range was found to be the most powerful design
parareter. This comparison is for the real-world rel

4
ability AERCAB

system; en AERCAB mechanism with zero range capability would reduce the
rescue percentage because it would be substituting a more complex
mechanism (the AERCAB) for an ejection seat. The percentage rescued
rises sharply with AERCAB range until a plateau is reached at about
50 miles. If the AERCAS range is increased so that it is possible to

fly fram the target all the way to the FEB (see Figure 3). the
percentage rescued will again increase sharply, but additional AERCAS

range has no payoff.
(2) U. S. Naivy Scenario

The Naval Air Developmnt Center. Harmister, Pa.. provided

a scenario representative of present diy combat operations. This
! scenario Is shown in computerized foriat in Figure 5 (for details see

Volume II).

19
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In this scenario. 3N :-tirations of altitule and sped. for a

variety of AERAS rar~es .ere ar.aljzed. Without an AFRCAS system, the

percentage of aircrew. roccued is preoicted to be 26%; with an AERCAB

system. this predictiOn rises to 63%, At ranges beyond about 45 on,

- a larger AERCAB woake be required, which makes it more vulnerable to this

particular defensive -eapon mix and decreases the percent rescued

slightly (see Figure 6). The spread in probability of rescue for a given

SACA range (".preseeted by the narrow band of cross hatched area)

reflects a sl-g.t dif'erence in capability due to a particular

combuiation of speed and altitude. The hi;her speed and lower altitude

co•blinations tend to be near tee upper portions of the band and the

lower speed. Mgher alt'tcde configurations near the lower part of the

band.

(3) Air Force Scenario

"A scenaric representative of future combat operations as

generated by the Air Force Flight Dynamics Laborato-y in conjunction

with several other Air Force organizations. The deta.'s of this

scenario are shown in io1re I. The computerized forrat of this

scenario is shorn in Figure 7.

The same 38 cortinations of altitude and speed for a variety of

AERCA ranges as were analyzed in the USN scenario were run in the

Air Force scenario; the results are shown in Figure 8. The predicted

percentage of aircrews rescued without an AERCAB system is about 1O0.

With en AERCAB system, this prediction rises significantly. With an

MEICAB having a range of 220 na, the predicted nercentage is 67%.

and for a range of 100 m. is 501.

d. Fate of the Crews

The AERCAB system uas been shown to increase the percentage of

"aircrews rescued. The question remains what happened to the aircrews

that were not rescued and why? For the case where the mission aircraft

"Is lethally hit at the target and the aircrew has a 95 nm range- ACA,

9'.°"23
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the S•tats for tie Nav, and Air Force scenarios is shown In Figure 9.
This cannot ".e coepared directly to the previoes scenario evuluation

because of differences in the distribution of attrition along the flight

path.

The category of Nb;c is show, as less than 1i and is the result of
arw convoluted logic paths than shown here (e.g. the AERCAR was shot down
buat tee crewnan was still rescued). The AERCAB was not necessary in

those cases where the mission aircraft could fly to a safe area with a
high probability. The AERCAB was necessary if the mission aircraft could

omt reach any safe area. The status of 'Crew not rescued from safe area"

Is caused by the assumed SAR probability of rescue of 0.7 for some safe
areas. Thirty percent of the aircrews reaching the safe area were
assmed as not being able to link up with the rescue force and so were
not rescued. Note that the Navy c.enario does not have this status

because a 95 min AERCAB has sufficient range to reach the FEBA where the
probability is 1.0.

The category of personnel chute failure is considered a reliability
factor of the overall sequence of parachuting to earth. The extrerely
high reliability of canopy opening is degraded because of historic losses
occurring at ground contact. Unfavorable terrain, inadequate training!

proficiency. and previous personnel injuries contribute to the degradation
.-.. of this reliability, An qERCAS system will allow the creimmber some

choice of when to parac•,t. to earth. 11-ang him to avoid lakes.
"rivers. karst. cliffs. etc., but this impre ed reliability cannot be

- < "quantitatively analyzed. For conservatism the Iimrovement in this
reliability has been ignored.

IMu status of "AERCAB Unreliable" includes the product of two

reliability factors: (1) the reliability 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.

O* 27
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"The status "AEPCAP Sho. Down' deronstrates the effect of different
-': ~scenario weapon mixes. T-e Navy scenario weapon mix was especially

effective against AERCAB's; note that these AERCAB's have to fly through
the target area.

Theuechanisns that killed crews In the aircraft were considered to

be the same that lethally damaged the aircraft (e.g.. they were not
trapped by a faulty eject

i
an seat).

To evaluate the AERCAD conceptually (perfectly reliable), the

expected percentage of c-c€•s saved becomes 581 for a 95 im AERCAB in the

Air Force scenario and 57% In the Navy scenario.

The respective fifu-es for a real world AERCAB (not perfectly

reliable) are 465 for both scenarios (by coincidence).

The effect of AERCAS altitude and velocity on AERCAB attrition was ' -

investigated. Increasing .elxcity was found to always d-crease attrition.

At altitudes above 30L0 feet, increasing altitude decreases attrition.

Both of these effects, however, are secondary to range. The effects are

directly related to the weapon mix involved In the scenarios. The
analysis in the Navy scenario is shown in Figure 10 and Figure 11.

4. RDWRKS ON EFFECTIVENESS

"TMe AERCAB system has been shown to be operationally effective:

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

b. It reduces the SAR force losses because the SAR operations can

be conducted in lower threat level areas.

c. The effectiveness analysis and scenario evaluations are

documented in detail in Reference I.

-. • 29
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SECTION IV

OPERATIONAL PRACTICABILITY

1.G

Is an A*ECAB operationally practicable? To answer this question.

we must consider factors important to the using command. namely. could
the using cmmnd's mission accommodate the system. and could It be

operated and maintained by the resources either currently or potentially

available to the coand?

2. NISSION IMPACT

One effect of an AERCAI system on a fighter a-craft is that it I
Increases the meight of the ejection seat subsysts. This inc•ease in

sabsystoo weight way be expressed in terns i.f Wef'it on aircraft mission
as Increased gross takeoff wu..ght. reduced range, reduced maneuverability.
r&dPced ordnance load. etc. A more detailed treannt of this e.fect is

presented in Volme 1I.

The addition of fuel in the cockpit for the ALQW does not make a
significant change in the vulnerable area of the 1-4 aircraft; this is
supported by the rations'e that the area required for the 100 pousn or

less of fuel for the AERCAB is negligible comparec to Via. are required
fer the 12.S94 Powis of JP-4 currently carried nrernally in the F-4.
11e fact that fuel Is in the cockpit. however, does require special

attentio to minlmize the danger of fires or explosions. Some protection

is provided by the mission aircraft since the AERZA8 is stowed so that
me .f Its componemts. including the fuel tanks are shielded by the

aircraf%. componts. Safety in staving and handl n, and protectiona

against fire or explosion due to small arms fire can be maximized by
usiag self-sealing foam-filled tanks and fuel =scr-Jblng." A cockpit

fire-sUplression system sensitive to *hits' should be considered to
prevent flash fires in the event o. fuel seepage daring the few seconds

"required for the sealant to act.

*% * ---
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Rocket catapults and pyrotechnic ejection seat stabilization system

are presently incorporated in baseline aircraft. Thus, vulnerability is

not changed by these items being required as AcALC components, .

"3. PILOT TIRIIING

The analytical flying qualities of an AERCA8 vary between lifting

surface configurations, The feasibility hardware work completed to

date (Section V) indicates that an AERCAB should be reasonably simple to

fly manually. The normal ode of operation is automatic. but a manual

override capability is desirable. Ground trainers or simelators will be

""reqired to familiarize pilots and nonpilot rated back seat aircrew-

"members with controls. instru•ents. switches. etc. Flight training
procedure; s•o-ald be siM..ir to checkout in a single engine light plane.
The absence of takeof-s lr.dings. and high performance maneuvers should

greatly simplify training requirements. Nonpilot rated personrel may
require slightly more training than rated personnel. Undergraduate pilot
training. together with simulator or ground trainer time and an under-
standing of the pur•ose. capabilities, and limitations of an AERCABare
expected to be suffi:ient for manual operation of the vehicle.

4. IMINTENVKCE

Ibinteeance for a deployed AEMCAU system will be greater than for

existing ejection seats, primarily because of the propulsion and

avionics subsystems and their assoicated comonents and interfacing

equipment. IMintenance is required for not only the basic engine and

USC equipment, but for the electrical equipment. Instrumentation. fuel
cells. etc. Although these subsystems have not yet reached the breadboard
"stage. we anticipate that they would become straightforward applIcations
"of existing technology in the timaframe of an operationally deployed

system. These subsystems ,re not subject to continuous ise and are
"designed for one-time, high-reliability, short-service-life, long-shelf-

* Blife applications. Periodic checking of circuitry, displays, and

lubrication levels, in addition to normal pyrotechnic system checking,

should be satisfactory for ccitinued operational readiness. The

9 33
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maintenance requirements should be well within the provisions of NIL-S-
""M79. 'General Specification for Seat Syt.tem. Upward Ejection. Aircraft.-

"If the mission scenario requires GiAC and other functions to be
performed followint. the ejection without 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 GR&C requirenent for digital computation), Simple and

:. low-cost analog autopilots are available for low-speed general-purpose

aircraft, and some may believe that such systems are sufficient for a

fully automatic AM U system; houever. the capabilities of these
autopilots are extrmely limited, and manual intervention is necessary

for their use. (2) The entire AEROM G01K system mast be turned on.
%armed up. and Initialized prior to ejection from the aircraft. At least
some portion of the system. e.g., navigational logic elemnts. as
certain Informtion (present coordinates. wind speed. azimuth to the

safe area. etc.) must be continually updated. For fully automatic

operation. gyroscopes u.st 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 nmber of power switching transients, with each
"components resFonding to the resulting electrical. thermal, and
mechanical stresses In a different way.

Fully autmattc MW allows a significant reduction or simplification
in pilot display requirements and 'bare airfrae° handling qualities.
The pilot is relieved of tracLing and control tasks with the automatic

system.

S. REMTS ON OPEtRATIONAL PRACTICABILITM

An operationally deployed AMRCAU system appears to be a practicable

system In view of:

(a) Impact on the mission aircraft

(b) Personnel training and proficiency required

oil 34
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(c) Projected maintenance requirements

Further, It appears that no insurmountable problems exist to prevent a
deployed AERCAB system from being practical for using commands.

35
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SECTION V

TECUICAL IEASIBILITY

1. GEERAL

Is an AERCAB technically feasible? This qu-st'om was originally
addressed In late 1967. when the first Investigat on of tihe flyaway.
self-rescue. escape concept was initiated. S--bsequent to the ccppletion

of that first feasibility study, nmmerous exploratory developnt
programs have been conoucted by the Air Force and Kivy not only to
substantiate the initial conclusion that the AEfRAB concept is technically
feasible. but to establish a good technical base from which an equitable

comarison of proposed configurations can be madt

2. AERCAB EXPLORATORY DEVELOPHENT EFFORTS

As indicated by the outline presented In this section. sufficient
data has been obtained during the exploratory dev-1opmnt to assure the
feasibility of each .f the four concepts (Parawir~q. Rotor, Sailwing.
Rigid Wintg). 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

to any elimination. The following comleted exploratory dmvlogPmet
efforts sponsored by the Air Force Flight Dynamics Laboratory (AFFOL)
or the Naval Air Development Center (NAVAIROMVEN, form a solid techniical
foundation for this feasibility assessment. These ;Pr-j 4 rm are
discussed below.

a. Parawing

(1) Integrated Aircrew Escape/Rescue System Capability (AFFOL)..
This study effort has been comleted and resulted in the generation of

S specific operational and design criteria for an integrated aircrnw
escape/res~ue system capability; op)erational and per-formance limits
were defined and it was analytically shown that the AERCAB concept using
a pam-awing/jet engjine/ejection seat is feasible and me-its continued
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study. experimental testing, and development. The study used a new

ejection seat and assumed tne development of a new high bypass ratio.

btin turbofan engine to package the system in the available aircraft

space. A modular design was evaluated which permits the system to operate

,. as an independent escapelrecovery system or as an integrated escape
rescue system. This pragram was started in April 1968 a&.d was completed
In October 1968 (Reference 9),

(2) Half-Scale Parating Wind Tunnel Program (AFTOL). This

effort was completed to determine the aerodynamic and static stability
"characteristics of a I/2-s:ale model of a Parawing AERCAb configuration.

The data was used to compare with free flight data of a similar full-scale
AERCAS configuration. The data compared extremely well with the free ....

flight data and proved irialuable in predicting the stability characteristics

'- . of the full-scale vehicle. This program started in September 1969 and

"was completed it April 1970 (Reference 10).

(3) AER-AU Experiwmental and Feasibilit, Testing (AFFDL). This

effort has been completed and resulted In the experimental demnstration

of a powered, rigidly coupled Parawing ejection seat/engine configuration.
"Aerodynamic performance data, longitudinal and lateral stability data
"over a range of cg variation, and the in-flight control and turning

capabilities of a rigid nonarticulated Parawing system were obtained

- uwinder both powered and unpowered flight conditions, The practicability

of creim'f er bailout from a flying seat was dIns trated under this

program as an anthropomorphic dmmn with a personnel parachute wais
released from an AERCAS vehicle in a stable gliding descent r-de. The
dmmy and AERMAB carrier vehicle were both recovered separately and
Intact. This program started in Narch 1069 and was completed in

Decmer 1970 (Reference 11).

(4) Jet-Car Testing (AFFOL). This experimental effort has
been completed. An articulated test Parawing model -as deployed on the

jet car at the Naval Air Test Facility, Lakehurst, New Jersey,
Preliminary deployment characteristics of the deployable/erectable

9w 37
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full-scale Parawing were obtained. This effort was completed in
"January 1971.

(5) Articulated Parawing AERCAB Wind 'unnel Program (AFFDL).
This effort was conducted to determine the aerd) anmic. stability. ard

deployment characteristics of a deployable/ere, table AERCAB full-scale
model. The wind tunnel aerodynamic and stabilr/ results were coVared
to available free-flight performance characteristics to validate the
flight performance. The Parawing articulation chaýacteristics were
determined from dynamic deployment/erection tests. which dnstrated

the feasibility of deploying and erecting the Paaing from a stowed
configuration Into an AERCAB flight configuratic.. This program started
In September 1970 and was completed in rebruary i7.

(6) Articulated PrinARC ArDrr Tests (AFFDL . This

program evaluated deployment and erectia of an !ticulated Parawing
".?- *from its stoaed position and determined the transition dynamics from the

"posteJection mode to the unpowered glid; -g mode i n a free flight
envir aownt. This program started in Jr.,ary 1971 and was comleted in
April 1971 (Reference 12).

b. Notor
(1) hator Discretionary Descent System (aff1() . This In-house

has been completed and resulted in the preliminary design of a

rotary-wiag self-rescue system and the establislmet of a performnce

-- envelope. It was concluded from this effort that a teetering type rotor

system employing the telescoping blade technique, when combined with a
smll engine pripulsion system, provided a high degree of potential as

am escape/rescue flyaway concept. This program was started in July 1968
"and was cmleted in Decer 1968.

(2) Rigid Rotor Experimental Test Program (AFFOL). This effort
is completed. Investigated under this program was the feasibility of
using a rigid rotor system to provide a glide and maneuver capability
during descent from altitude. Flight tests were conducted to evaluate
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a sliding, descending, unpoowered type rotor capabili.y with that of a
powered, "flyaway' syster. The 'flyaway" system proved to be the more
"promising approach fo- satisfyin7 the overall AERCAS obje-tive. This
program was started in January 1968 and completed in April 1969.

(3) Catholic University 9ERCAB Conceptual Study (NAVAIRtiVCq).
This study effort is completed. The results of the study indicated the
feasibility of a packageable. deployab:- autogyro polered by a small
"tUrbofam engine for accomplishing the AERCAB objectives. Results of
this study have been used in follow-or auiogyro development efforts.
This program was started cn Noverber 1968 md was completed in June 1969
(fleference 13).

"(4) Rctary Wing AERCAB Feasibility Study CIAVA*RDEVCEN . This
study effort by Kaman Ae-uspace Corporation has been completed. The
purpose of the study wis to evaluate the feasibility of using an auto-
gyro as an AERCAB vehicle. Rotor selection was based upon performance
analysis. Design and integration studies indicated that the autogyro
AERCAS can te stowed in the cockpits of the A-7 ard F-4 aircraft with
only minor uodifications. It was concluded that this concept is

feasible, that it should be studied rare extensively, and tmat an
experimental modei should be fabricated and tested. This program was
started in December 1968 and completed in June 1969 (Reference 14),

(5) Mtu•r• ing AERCAB Feasibility Testing (HAVAIRDEVCEN).
"The purpose of this program is to verify the conclusions of the
feasibility study by demonstrating the flight performance with a
fall-scale experimental vehicle. More extensive testing of this model
"will be conduct-d during Phase I to advance the state-of-the-art and to
ascertain that the optimu lifting surface is selected for final
"development. The following paragraphs discuss the various phases of
the Feasibility Testing.

(a) Jet-Car Testing (IAVAIRDEVCEN). This experiveental
,: effort has been completed. The rotor was tested on the jet car at the

Naval Air Test Facility at Lakehurst, New Jersey. Rotor perfo-tnance
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* was demnstrated and tentatively optimum values we-e selected for blade
• "pitch and blade coning angles. Extension of the t.lescoped blades and

rotor spin up and deployment from a trailing, coned position were

demanstrated. It was concluded that the autogyro ýERd e-_ ready for
full-scale wind tunnel testing. This program was started in May 1970
and was completed in September 1970 (Reference 15).

/

(b) NASA Ames Wind Tunnel Tests (NAVAIRDEVCEN). This
effort has been completed. The rotary-wing AERC-e *as tested Ir the
40 x 80-foot wind tunnel at the NASA Ames Research Center. Mare extensive
rotor performance tests were completed and It was :.ncluded that the rotor

thrust Is more thin adequate for the prescribed r-.,sion. Vehicle
aerodynamic data was gathered, and staged deplor-ent of the complete
vehicle was demonstrated. The remaining effort d.ing feasibility

,* testing will be directed toward actual flight den-wstration. This
"* program was started in June 1969 and completed ir •ctober 1970

(Weference 15).

(c) Wind Tunnel Testing (NAVAIRDEVW-!'I). This effort has
-t keen competed. The rotary-wing AERCAB vehicle m.el was tested In the

"Naval Ships Resear., and Development Center's 8 x IO-foot wind tunnel
for a total of SO data runs. Aerodynamic characteristics were initially
obtained for the seat plus man less rotor configuration. Comparative
data was then collected by varying tail fin size. boom length. %r both.
The Influence of various nose fairings on the drag and stability of the
bas~c rotorless vehicle was also evaluated. The resultant aerodnmtic

data Wben coupled with empirical rotor data was used to predict lateral, "
longitudinal, and directional stability characteristics of the rotary-
wing AERCAB mnned flight test vehicle. This "program was started in

October 1970 and completed in February 1971 (Reference 16),

(d) Flight Testing. Manned flight tests of the AERCAB
vehicle equipped with a 16-foot diameter rotor were conducted ir
January 1972 to assess the inflience of a relatively high disc loading.

Following sctisfactory demonstration of flight cat. cility under these
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"conditions. the 14-foot diameter telescoping blades were substituted

to successfully demonstrate flight performance of the configuration
which would ultimatelj be integrated in operational aircraft. These

tests were completed in .January 1972 (Reference 17).
.1

(e) Laboratory Testing. Static and dynamic laboratory .
test, and rotor overs~eed tests were conducted to demonstrate the

structural adequacy of the experimental vehicle previous to entering
the wind tunnel. These tests were started In April 1970 and were

completed in June 1973.

C. Sailuting

"(I) Sallbing AERWAB Feasibility Investigation (NAVAIRDEVCEN).
This study effort cordu:ted by Fairchild Tndustries has been completed.

7Me SallTing concept. which is similar to a light conventional aircraft.
-kis investigated for its feasibility and practicality as a highly

-fficiemt coofiguratior. potentially applicable to the AERCAB escape/

-scue operational envirorient. Each wing is formed by a rigid leading "
,..e span and a trailing edge cable with fabric stretched between them.

T.e leading edge spar is designed to fold in two sections to permit the
"vehicle to be stowed in the cockpits of the A-7 and F-4 aircraft without
major modification. Performance analysis and trade-off studies were

also performed. The results of the analytical study indicated that the

Sallwing AERCAB is feasible and merits further investigation. These

tests wane started in December 1968 and completed in July 1969 (Reference

(2) Sail•ing AERCAB Feasibility Testing (HAVAIRDEVCEN). The .

purpose of this program was to verify the conclusions of the feasibility

study by demonstrating flight performance with a full-scale model. More
"extensive testing of this model will be conducted in Phase I to advance U

the state-of-the-art and ascertain that the optimum lifting surface is /
selected for final developeent. The following paragraphs discuss the

* various phases of the feasibility testing (Reference 19).
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(a) Quarter-Scale S-fwiwnq Wind Tunnel Prcgram
(KAVAIROEVCEN). This program has been completed. A quarter-scale model

of the Sailwing AERCAB was evaluated in the wind tjnnels at the NASA

Langley Research Center and at Wright-Patterson Air Force Base. The
tests were conducted to verif) the predicted values of aerodynamic loads
and moments acting on the AERCAO. From the tes'- ý.e concluded that the

full-scale vehicle should be longitudinally and directionally stable
"and that spoilers located on the upper surface of the wings at the
leading edges could provide sufficient lateral control. This program
was started in September 1969 and was completed in November 1969.

(b) Smispan, Wind Tunnel Tests (NAVAIRDEVCEN). This

phase of the program has been completed. A singl. wing and the semispan
vehicle were tested in the 8' x 10' tunnel at the %aval Ships Research

and Development Center. The c.bjectives of these tests were to investigate
vehicle deployment In an airstream, to investigite wing performance

characteristics, to determine the optimun trailirng edge cable tension,
and to evaluate wing spoiler effectiveness. The testing indicated that
the spoiler provided adequal- control forces and that the wing Is an
efficient aerodynamic surface. Some difficulties, however, were
encountered during deployment. The wing mechantsa had to be revised
prior to further testirf. This program was started in February igiO
and was completed In May 1970.

"(c) NASA Langley Wind Tunnel Tests (NAVAIRDEVEN). This
phase of the program has been completed. The complete full-scale model
was tested in the wind tunnel at the NASA Langley Research Center at
velocities up to 80 knots. The purpose of the test was to further
evaluate the performance characteristics of the Sailwing and the '. -

deployment capability of the AERCAB. Results of the aerodynamic test
were generally good, but investigation of wing and fuselage flow
patterns in future wind tunnel tests was recommended to assist in
fairing 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 170.
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"(d) NASA A.-s Wiind Tunnel Tests (NAVAIRDEVCEN). This

phase o- the program has -een completed.. Wind tunnl tests were

performed with the fLll-s:ale model at the NASA Arts Research Center.,

"axiiAm velocities for the aerodynamic and deployment portions of the

tests were 150 and 70 k-ots. respectively. The vehicle was tufted for

some of the aerodynatic tests to determine the flow pattern around the

wing and fuselage. Carter reversal of the lower wing surface was

erperienced at approximately 120 knots. The deployment test was

suspended due to the failure of the wing deployment cable. Demonstration

of deployment by truck will he required before any additioral wind

tunnel test is scheduled. Vehicle aerodynaric data was recorded on the

fully deployed vehicle. This program was started in June 1969 and was

"completed in October 1970.

(e) Gliding Flight Tests (%AVAERORECFAC). These tests

at the Naval Aerozpace Pecovery Facility have been suspended following

structural failure experienced during the Initial free flight. A

full-scale model of the Sailwing vehicle was lifted in its deployed

configurstion by a helicopter and transitioned 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 failure occurred before the vehicle recovery system

could be actuated. The instability was attributed to vehicle cg

shift and lack of control. This program was started in October 1970

and was completed in February 1971.

(f) Laboratory Tests. Static and dynamic laboratory

tests were cornucted to demonstrate the structural adeqvacy of the

experimental model, Initial deployment T-sts of the vehicle when not

subjected to dynamic pressure were also conducted prevyous to entering

the wind tunnel. These tests were started in Decmber 1969 and were

completed in April 1970.
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d. Rigid Wing

(1) Laboratory Tests (APFt. Statk arr dyna-ic laboratory

tests were tonducted to demonstrate the structural adequacy of the
experimental wing semispan. Repetitive deploj5n'r tests of the semispan
when not subjected to dynamic pressure were coj•.ted --evious to
entering the wind tunnel. These tests startei 'in Decenwer 1970 and were
"completed In April 1971 (Reference Z0).

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

wing semispan at the Naval Ships Research and 3ev'elpment Center 7 x 10-
foot tunnel has been comleted. The objectives of these tests were to

investigate wing deployment under dynamie. pressLte, to record wing
aerodynamic data, and to evaluate aileron effectiveness. The estirg
revealed that the aileron provides adequate control forces and that che
deployed wing is an eflicient aerodynamic surface Difficulties were
encountered in consistently locking the semispar. dir .'Id"eloyments at
angles of attack above 9 degrees. This program was started in May 1971
and completed in June 1971 (Reference 20).

(3) NASA Ames Wind Tunnel Tests (AFFOL• Testing of a fill-
scale deployable rigid wing in the NASA Anes 40' x dO' wind tunnel have
been coempleted. Wing deployment at velocities up to 135 knots was

successfully demonstrated. Aerodynamic data or 3 full-scale AERCAB
configuration was recorded. This program was started in February 1972

and comleted in June 1973.

(4) Rigid Wing AERCAB Design (AFFM). 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 4ERCAS
configuration. The AERCAB configuration resulting froc this analytical
effort represents the most compact stowed arran-er•ent and lightweight
system yet achieved using a rigid wing as tne lifting surface. AFFOL-
TR 73-134 (Reference 3) documents this worK.
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e. Lifting Surface Subsysten Remarks

The most critical subsystem for this concept, from a technical

risk standpoint. is the lifting surface. Wde need a lifting surface that

is 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 efllciency of the lifti•q surface subs) em. The

propulsion Subsystem requirements cannot be defined until the liftir.,
surface has been selected. At this point, none of the candidates being
studied for the AERCAB lifting surface have demonstrated either superiority

or Inferiority to the other devices. Table I is presented tr reflect

the progreýs achieved.

TABLE t

DEVELOPMWE mILESTOSEs
RICOD

PAIAIWU SAfLJJDS ROTM SII
SMEIFICAUUIO x x x I

FEASIBILITY STUDY II I

H=n FAMIcATsON x x

LABOaXMM TESTS I x

TL4aMITIGAL DEFI.OIUTJT I

AEWAZ VClISS x

-::
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3. AVIONICS AND FLIGHT CONTROL SUBSYSTEMS INVESTIGATION

Successful aircrew recovery in a hostile environment requires care

than just the ability to remain airborne; it requires guidance,
navigation, and control (GQ&C).. The GN&C functicns are a vital element
"in the AERCAB safe-area concept. An emergency situation in a hostile
"environment is neither the time nor place for a recreation of the

S-legendary wrong-way Corrigan."

a. Guidance. Havigationoand Control. Perfor-ance guidelines

.ecessary for the operational functioning of the GIAC system are:

(1) Aumatic Functioning. For the extreme case of an

"Incapacitated cremn. the AERCAB system should perform all necessary

functions required to reach the safe area "hands off " Additio ..'ly,
"manmal overlde control aist be available at all times.

(2) Secure Safe Areas. The GHC system should operate with a

safe area that has no signature detectable to hostile forces (e.g., no

ioming beacon).

(3) Secure Navigation. The navigation technique employed

should be autonomous and resistant to electronic countermeasures.

"(4) Accuracy Requirements. The accuracy required of the LIU
system Is directly related to the size and ranges of the safe areas.
-eCawrsely. In future operations, the size and ranges of the safe areas

will be directly related to the accuracy achievable by the ARlCAN.

"A stedy was conducted by The Analytic Sciences Corporation under
contract to the Air Force Avionics Laboratory investigating tGuida1ce,
-o"igation, ar•d Control Concepts for a Flyable Ejection Seat." AFAL-
,1TR73-396. A wide spectrum of GMIC approaches was investigated,

Including the following navigation techniques:

iUnided Dead Reckoning Ground

Brmad Rased Direction Finding

46



AFFOLUTV-74-22

Vo'ume I

Airborne Direction Finding

WOR

LORAN tHyperbolic)

Direct Ranging LORAN

"Short Range Hyperbolic System

V Doppler

SStar/S$r T _ike

• •.•Optical Correlator

"Radar Correlator

Ground Based Radar Tracking with Data Link

.°".-b. Feasible Approach

(1) flight Control Subsystem.s Automatic control suggests

that AERCA8 mnual modes be Fly-by-Wire for the spectrum of lifting
surface configrations. In addition to lowering overall systet weight
and cost, potential conflict between the automatic (electrical) and

manual (mechanical) control elements is eliminated. Handling qualities

"could be improved through the electronic "shaping" of pilot commlds f
and the decoupling of hand controller forces from aerodyndm•c loads and

actuaction mechanisms. The fly-by-wire requires a source of electrical

"por for control wnder engine off conditions. A small, high mperaqe.

short-life battery is included.
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"(2) Autopilot & Guidance Subsystems. A general purpose digital
"computer is proposed for the logic function of this subsystem. The
autopilot requirements and any stability augmentation requirements are
dependent on the ae-odynamic characteristics of a Darticular AERCAB
configuration. The guidance system requirements. which can best be

Z. performed by digital logic, are:

(a) Monitor and assess navigation data.

1b) Generate autopilot coanands.

"(C) Management of minimum time/maxim. range cruise
policies.

(3) Navigation Subsystem. The most feasible state-of-the-art

mavigation technique was determined to be hyperbolic LORAN. An additional
concept using Direct Ranging LORAN also appears feasible and may be

desirab!e for its higher accuracy. For example, if a hyperbolic LORAN
avigation system were used and if a safe area were to be located at

coordinates (+SO0. SO0) in Figures 12 and 13. then the minimu safe
area radius (corresponding to the radial error) would be approximately
10.000 feet. If a Direct Ranging LORAN navigation system were used.
lowver, this radius waulo be approximately 1200 feet. Thus, greater
system accuracy has reduced the safe area needed from 11.3 square miles
to 0.162 square mile. Differences in terrain alone (e.g.. desert vs.
Jungle) my require or negate this increased accuracy.

4. FWPN ON TECHNICAL FEASIBILITY

The exploratory programs conducted to date have indicated the
technical feasibility of the AERCAB concept and substantiated the
,ttainment of its capability. A void exists in the technical data base
for comparatively evaluating the assets of the Individual AERCAB
configurations in that achievement of all preestablished technical
milestones has not been accomplished for each configuration. The
parawing configuration successfully completed all phases of initial
feasibility testing while the rotor, satlwing. and rigid wing
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configurations haie limited testing remaining. The fact that not all of

the concepts have reached the same stage of development is not a

renection on the capability of a particular configuration but ;s more

Indicative of tMe level of effort applied to each.

"Me concluded that an automatic Guidance, Navigation, and Control

Ssystem for the AERCAB vehicle is not only feasible, but that it would

be highly desirable since it improves the probability of successful

crew retrieval, particularly in cases where the pilot is injured, by

optimizing the flight performance of the vehicle and providing navigition

to a safe area. I
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 MGC approaches.
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SECTION VI

TECHNICAL PRACTICABILITY

1. GENERAL

Is an AERCAB technically practicable? The ultimate answer to this
question cocld best be detemined by conducting an Advanced Development
Program. Without 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 investigation was conducted within the AFFOL to provide AERCAB
vehicle configuration inputs for a system effectiveness analysis. The

"approach mployed involved:

(1) An analysis and evaluation of available AERCAB data to

establish a data base for formulation of vehicle configurations and to
examine the state-of-the-technology in this area;

(2) A parametric development of configurations :ubseauently usea

in the effectiveness analysis; and

(3) A point design definition of an AERCAB vehicle that offers

solutions to aiqy performance and/or aircraft Integration problem

s:covere dIn Previous analyses.-.

"3. ANLYSIS OF PREVIOUS DESIGNS

Previous feasibility and design study results of various AERCAB
c-.figurations were reviewed. Evaluation procedures were employed

which Involved detailed checking of the available engineering drawings.
"Particular attention was directed to structural assemblies in term of

weights and drag estimates.
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a. Weights. In each configuration analyzed (Parawing, Rotor.

and Sailwing). larger gross weights were calculated than quoted in

previous analyses. Much of the discrepancy between the calculated

configuration ,zights of this study and those developed previously was
in the weights of crewman. seat assaembly. and survival kit. Component

weight estimates are shown in Tables 11. 11. and IV. These estimates

are compared with "9ose previously quoted in Peference S.

Escalating component weights requires that propulsion, lifting,

stabilization, and control subsystems be scaled upward. Resultant

vehicle designs will be heavier and larger, and thus add additional

"complexity to the already d
i
fficult task of retrofitting the AERCAB

system Into existing aircraft without major structural modification.

The integration of AERCAB configurations into new aircraft where cockpit

volume is not already constrained is considered very practicable.

b. Aerodynamics Evaluation. Drag and lift analyses were accomplished

for the Parawing and Sailwing using the aerodynamic prediction methods

doct-ented in Reference 5. Aerodynamic characteristics appear in
-• Figurei 14 and 15. Maximumn system lift and drag ratios (L/D) are

approx1rately 3.7 and 2.7 for the Sailwing and Parawing AERCABs,

respectively. These L/D values are lower than earlier analytical studies

predicted, although improvements may be possible if packageability

constraints are removed (i.e.. not designing to ro-trofit). The largest

"contributor to the LID differences were found in the estimates of

"m.nlifting system drags.

c. Performance Evaluation. A performance analysis of Lhe Parawing

and Sailwing configurations was accomplished. The Sailwing weight and

aerodynamic 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 lbs with

the original 45 lbs of fuel. To achieve the design condition of W0

nautical miles, a flying gross weight of 715 lbs was found to be

"necessary. This vehicle would require an engine of 318 lbs SLS thrust

and 75 lbs of fuel.
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?AUMIING AflCA2 WJEIGUTS (LBS.)

PAIM1M 13.9

PROPULSIO 37.0

c OT1eS 15.6

FUNSIG 138.3

I3STRUUITS 21.6

FUEL 53.0

uIw? 225.0

ROM0 AERCAB WEIdlirS (LBS.) F.

'.--

S0103 GROUP 62.

TAXI.u 19.9

.31.9

FUMSINGSK 130.6

13.4

.XI.-. RAZYAMI 13.9

_•"L 1" 0.0

PILOT 225.0

uuLYNG GlOSS vi. 768.5
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SAI~M1 AERCAS E FIGHTS (B

"aIL GROUP. FAIRINSC, MISC. 57.1

PROPULSION 56.8

CN•ROLS 21.5

1U3SMIS IGS 132.8

47.0

PIEW.O 225.0

MENG~ GRSS WEUQ~ 652.8

Si.multaneous application of recalculated weights and aerodynamics
estimates to the Parawing AERCAB also resulted in lower performance.

For the flying gross weight of 623 lbsthe c-uise range is estimated at
40 nautical miles. To cruise the design goal of 50 nautical miles, the

flying gross weight would have to be increased to approximately 675 lbs.

T1ese existing designs are judged to be marginal with respect to

performaner achievable versus perfo mance desired. Greater engine size,
.fel volume. and wing area appear necessary to achieve established

performance goals; however, the effectiveness analysis, as discussed in
Section II. demonstrates that any range capability is always better than

a norange capability.

To upgrade the txisting designs to meet the establiahd performance
goals implies an increase In stowed volume whic.' is already critical for f

F-4 and A-7 Installations. For AERCAB flight range exceeding 50 nautical
miles. major cockpit modifications would have to be made to the F-4 and

A-7 aircraft.
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4. PA, NAIETRIC SYNTHESIS

"Synthesis of Paraiing and Sailwing configura•ions were completeo and
inclided in the effectiveness evaluation of the AERCA3 as described in
Section III of this reoort. Aerodynamic analysis techniques, weights
scalirS equations, and engine sizelperformance data described in Reference
S were used in the parametric synthesis of these designs. Some of the
results are presented in Figures 16 through 22.

S. POINT-DESo I SOLUTION

.be prevailing general design philosophy employed for AERCAB has been
a sizeable wing area :ollapsed into a greatly reduced volume for stowage.

This approach was found to have several major shortcomings: (1) the types
of lifting system that are superior from a stowage point of view, are
inferior from an a-rodynamic efficiency standpoint; (2) the resulting

low wing lIding is unnecessary irasmuch as drag due to lift is a small
fraction of total systet drag and low speed flight can be obtained with
developeent of high lift coefficient. L; and (3) the aerodynamic
Inefficiencies accrue to produce higher thrust and fuel flows that induce
still larger stowed volumes.-

An alternate design philosophy emerged from the study in which smaller
"a"mouts of more efficient wing area c', be used. Wing design objectives
would be to attain high L/D at high CL,. le determined that these

"-" objectives can be met with efficient airfoil sections as applied to a
-rgid" wing.* A wing weight penalty results. but weights comarable to

""Vow for the Parawing and Sailwing designs are achievable. The best
technological approach to rigid wings has not been determined, but several
candidate systems are available which offer considerable freedom in airfoil

shaping.

S*A *Rigid' AERCAS wing is one that retains a constant aerodynamic shape
regardless of flignt attitude arnd dynamic pressure. A "Rigid" wing may
be in a collapsed condition when stowed but attains and retains its
aerodynamic shape and efficiency afte' deplcy-ent into its 'light
configuration.

SS
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Sy changing console configurations in the F-4 and A-7 cockpits,

. they can accomodate an AERCAB stowed width of up to 26 inches. The

changes will affect only such components as nonload-bearing structure,
"plumbing. electrical wiring, and controls placement. There is a
possibility of attaching the AERMAB wings to the sides of the seat;

by allowing 18 inches for the pilot's seat pan, we could use approximately

4 Inches of width per side for the stowed wings, In addition, up to

-- 110 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

-. er regions of the seat structure are utilized. In this design,

space has been used to the best advantage by employing an 'Alverez-
"Caledron' wing concept in which outer wing panels are hinged and tucked

arde 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, a deployed wing span of 17.1 feet can be realized.

For a design flying gross weight of 700 lbs. a stall speed of 67 kts

at sea level (equivalent to the Stratos-Uestern basic sailwing design)

_..-.. requires

C " ""-q 45.5 sq. ft.

Were

lift flying gross wt. (lbs)

q d dynamic pressure (psf)

By designing the basic wing with a Fowler type wing c,.ard extension
(which may also be used an an aileron and flap by providin, a double
hinge action) a ratio of flap area to wing area of 0.35 can be achieved;

, this, in turn, is worth an increcntal maxima lift coefficient increase

(CL-a, ) of approximately 1.8. Starting with a flat-bottomed airfoil

66
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(to facilitate the Alverez approach) with a C x of 1.2S. at the low

max"'eynolds Numers involved here, a total C, of over 3.0 is possible.ooL..

This is the Ctx required to achieve a stall speed of 70 knots at sea

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

Using an airfoil thickness ratio of 191 results in a maxinarn 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 (bit) can be tolerated; in this case,
bit - 108. Such a large b/t value will necessitate a certain level of
stiffness, which might be achieved with cow'asites or thick aluminum

"skins.

Of the 48.5 lbs of total fuel, 40 lbs is available for cruise.

Cruise lift coefficients between 1.02 and 1.06 are required at 100 knots
and 5000 ft altitude, which lead to lift-to-drag ratios of 9.5 to 9.9.

Very small powerplants can be used with resultant low fuel flows, A
cruise range of 78 nautical miles is estimated.

6. RENMAS ON TECHNICAL PRACTICABILITY

Although the current AERCAM configuration designs, based on analysis

oaly, are marginal with respect to performance achievable versus

performance desired, performance can be improved if higher LID ratios
can be achieved. This my be impractical with some or all 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 rs-uce the high system drags.

The most critical dimensional constraints imposed by the F-4 and A-7
aircraft are those between the rear extremities of the AERCAM and the
aircraft cockpit aft bulkhead. A forward displacement of only 3 inches

.0, of the design eye position will enable a 50-nautical-rile AERCAB to be
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"installed. Any fore or aft displa.ement Of the seat. however. would

., •, affect the pilot's relationship to control stick, throttle. instrument
panel. rudder pedal;. etc.

Feasibility and operational analyses and exploratoy hardware
programs have progressed to the point where the niiltary potential and
functional characteristics of the AERCAB concept as an integrated system

must be demonstrated to further assess its technical practicability..
-*'• An advanced development program to demonstrate engineering practicability -

through flight evaluation of an AMRCAB prototype is considered the next
logical step. Details of the AFFIX in-house vehicle design analysis are

presented in Reference 5.

6.
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COST EFFECTIVENESS

1. GENERAL

"Is the AERCAB a cost-effective system? This is a most difficult
question to answer because many aspects involved (morale, humanitaricn,
etc.) cannot be quantified, and were not iftcluded in the analysis;
thus, these results reflect only partially the true value of an escape/
rescue concept. Nevertheless, there is a dollar value which is
measurable -- the costs involved in training replacenent personnel., If
the training replacement costs are kncmi, or can be reascnably estimated,
them it is 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 maintaining the
AEKCAB system. In this section we will not attempt to make an absolute
Judgemnt about AERCAB cost effectiveness, but rather to provide cost
analysis information (preliminary at best) which may be used te ir',:'te

.-.* sjsubjective judgents about the relative merits of the AERCAB .. .e'.

2. CREW REPLACEIMENT TRAINING COSTS
.- °-

--.- The following information was used in arriving at a representitive
v alue for replacemnt training costs for Air Force crew nmers (Source -

. AFM 172-3, Chapter 22, 27 Oct 1970):

BASIC

" l•Mdergradimte Pilot Trai ning - 85,970 " -" ..- --
" - -:. NiAe•eradmte NMa-training - 538.750 -

- SPECIALIZED (additive to basic costs)

Aircraft Commander Weapc;s Systems Officer

IF-1O1 $213,140

F-lOS S440,780-4&8.190 *

. F-1O0 5241 .480-244,280

F-4 $102,460-147,060 S82,470-139,500
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Naval Air Development Center Information concerning tNaval crew

replacment costs was provided in a classified emorandun identifying
specific Navy costs. Desired information is presented in Appendix 1I.

Only the Air Force training costs were used in this analysis. Total cost
to the government when a highly trained crei-meeer is lost, however,

would include 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 Navy F-4

crews consist of a pilot and a navigator, -nd that half of the Air Fo-ce

crews consist ot two pilots and half of one pilot and one navigator-

"3. ESCArEE COST MODEL

The cost parameters and related estimates for the AERCAB system were
developed by AFFOL personnel. The cost parameters were used as a basis

-. for development of the ESCAPEE cost mdel.

"AROT cost estimates were assumed to be the same for both weight
classes of AERCAB configuration. Analysis indicated the difference in
total ROTE 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. Were N
Is the procurement quantity, and a and b are constants. Figure 23

demonstrates 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 a4d b, respectiveiy. Other components of the

acquisition cost (production support, AGE, spares) also varied with the
-number of AERCABs procured. Values for these Inputs were determined by
linear interpolation frtm the available data, including the cost of

* initial AERCAB training in the acquisition cost, in terms of the training

cost per aircrew mesiwer.
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Figure 23. Cumulative Production Cost
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The cost estimates for aircraft modification were generated in the
form of kit costs, required manhours, and cost per manhour. From these

estimates, the total modifications cost can be computed on tnM basis of
the number of AERCABs to be procured.

The annual peacetime operating and maintenance costs were estimated

on the basis of hours of minten-nce required per year and cost per
manhour. No attempt was maee to estimat! wartime costs.

The estimates of AERCAB replacement and crew replacement costs were

made on the bas's of one thousand sorties flown. The number of AERCABs
"to be 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 taken between appropriate points on the cumulative
production cost curve. The crew replacement cost is calculated as a
negative nuber w+Ich represents the savings ' m the return of crews
who would •ave been lost without the AERM. The number of crews saved

Is generated by the effectiveness model for a particular scenarlo. The

amuant saved per crew is considered to be the cost of training a new

craw. This is an input and may represent the cost of training tw pilots

or one pilot and one navigator.

4. COST ANALYSIS

A uisting of actual input data and output results for one run of the

cost model appears in Reference 1, By combining the results of cost
"model runs for various procurement sizes, it was possible to produce

graphs such as Figures 24 and 25 which show, respectively, the cumlative
cost va average cost per AERCAB plotted against the buy size.

%I particular, the upper curve of Figure 25 is obtained by plotting
"" the total of RDTIE, acquisition, operating 4nd maintenance, and aircraft

modification costs. Thus, for 1000 AERABs the average cost is

$182,000.00 over a ten-year period (see Figure 25). The lower carve is
obtained h:. subtracting the aircraft structural modification cost from
the upper curve. T.us. for 1000 AERCABs the average cost is $91.g0C 00
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over a 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 components of the cost.

S. REf•PAS ON COST EFFECTIVENESS
"The cost analysis canducted under this study does not provide a true

and absolute answer to 'he question; Is AERCAB a cost-effective system?
* " This study was limited to the development and analysis of AERCAB system

costs traded-off against crew replacement training costs. Some indication
for the relative merits of the system may be gained through this approach;
however. a more conclusive iudgement could best be formulated by

conducting an economic ana'.isis which would identify the most efficient

"means of securing a particular objective from among several alternate

uses of resources.

This analysis does show that for new aircraft tle AERCAB may be

considered cost-effective in a narrow sense, the 10-year-life-cycle cost
(includiPg prorated WISTE, production, and 10-year peacetime operation
costs) of an /ERCA3 is $91,000.00. In long-range operations (penetration

on the order of 200 he) AERCABs could save 571. of the crews of aircraft
shot down and %to would otherwise be lost. Relating this to the cost
per man used in this study (approximately S220,000.00) means a S129.000.00

savings per man saved. This more than offsets the total cost of the
""RCAR equipment expended, including those units which do not contribute

to a successful recovery of a crem•embr. A rescue and return of at
least 421. in any scenario under these cost conditions will result in a
"straight dollar for dollar tradeoff (i.e.. dollars saved equals dollars

spent). Rescue and return of a higher percentage would result in wore
dollars saved than spent.

For the case where the AERCAB is to be retrofitted into an existinr ,

"". •aircraft and the module cannot be installed without a major structural
"-odification, then the dollar tradeoff becomes a different story. Even
though the cost of structurally modifying an existing aircraft and
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Installing AERCAB's and operating such for 10 years Is less than the
"cost of replacement crew training ($182.000.00 versus $220.000 per man).
the AERCAB must begin to show a retuni of better than 80% of the crews
shot do- before the total cost expended equals the dollars saved in
crew rt. acement training. An 805 rescue rate is not beyond reason if
"the SAR forces are capable of recovering dose to lDO0Z of all cre emeers
"ho reach designated safe areas. In this study the SM force successful
rescue capability was assumed to be 7OZ.

Possible SMAR ost savings were not considered in this study nor was
the cost savings which my 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 AERCAB cost
analysis are presented In Reference 1. Reference 4 contains AERCM
UKC cost estimates.
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SECTION Vill

OVERVIEW AND CONCLUDINSG IDEIAcS

1. OVERVIEW

This study has been co Jucted to provide additional information
hilch Is pertinent to the assessment of the 'fly-away" escape/rescue

"co c•et 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 concepts for providing improved Search
and Rescue capabilities, The approach taken was to provide useful
'-formtion by specifically addressing the five primary questions listed
sad discussed below

a. Is the ACAk. Operationally Effective?

The AERrA8 is shown to be an effective escape/rescue concept in
"operational environments. An analysis of SEA statistics indicates that
itf an AECA system had been available for use in conjunction with the
SAt forces, an increase of 471 rescued could have been realized. Future
cmbat rescue operations are predicted to be less successful tMh
experienced in SEA If improved capabilities are not available; losses
on the order of 901 of ejected creembers could be expected in some
scenerios with the current escape, search, and rescue capability. The
EMACA in conjunction with SAN forces would save some of these. It

=ould also reduce the SAl force losses by permitting the SN force to

operate In lower threat level areas.

"-* - b. Is the AERCA Operationally Practicable?

An operationally deployed AERCAB system appears to be a
practicable system in view of: (a) impact on the mission aircraft.
(b) personnel training and proficiency required, and (c) projected

-.. maintenance requirements. 7e Impact of the AERCAB on the mission
aircraft is primarily to increase the weight of the ejection seat
subsystem. Several alternatives for ebsorbing this additional weight
ere available (the weight increment uill vary vith the desired AERCAB
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range), but each will result in some compromise in aircraft capability.

The lesser penalty, depending on the mission, appears to be in off-loeding
"uel; this will redce the aircraft's combat radius somewhat. but most

missions either do not require maxciw design range or do provide for
midair refueling.

Having fuel in the cockpit for the AERCAB system does not significantly
change the vulnerable area of the F-4 aircraft. It does require that

special attention be given to minimizing the potential of fires and
explosions !n the cockpit. Self-sealing fodm-filled tanks, fuel
"scrubbing, and a cockpit fire suppression system are potential solutions.

"Other important items to the using command, such as maintenance and
pilot training requirements, are not considered prohibitive. More
maintenance will be required due to the propulslon and avionics

subsystems and associated components and equipment. The increased
maintenance requiremnts would be primarily in the categories of
specialized training and mare tire. The pilots and non-pilot rated
backseat creretbers ray need sore additional training over and above
that now received. Undergraduate pilot training together with simulator
"or ground trainer time and an understanding of the purpose, capabilities,
and limitations of an AERCAB is expected to be sufficient.

C. Is the •EIAB Technically Feasible?

The ARB concept has been sham to be technically feasible
- troug successful exploratory programs. Individual AERCAB configurations

have achieved various levels of dewistrated capability; the extent of
development has been determined nere by the amuat of funding alloted
rather than to any great differences In technical complexity or
configuration limitations. A void exists in the technical data base in
that all preestablished milestones have not been acctwplished for each
-*"CAS configuration, but the experimental results of the exploratory

* programs indicate the "fly-ahay" concept is technically feasible.

.. : 78
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An automatic guidance, navigation, and control approach for AERC.B

was analyzed and determined to be within the current state-of-technology
and producible at a reasonable cost. We expect that Including an

"automatic GN&C system in AERCAB will improve the probability of successful

crew retrieval by easing the workload of injured pilots. optimizing
flight performance, and providirg navigation to a safe c-ea.

d. Is the AERCAB Technically Practicable?

The technical practicability of the AERCAB has not been completelyv

determined. Feasibility and operational analyses and explorat2ry
hardware programs have prcgressed to the point where the military

potential and functional characteristics of the AERCAB concept as an
integrated system must be demonstrated to further assess Its technical

practicability. An Advanced Development Program to dmonstrate

engineering practicability through flight evaluation of an integrated
AUICAS 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 performance

were re-analyzed during this study. the shortcomings of the current

AERCAB designs are mainly in the area of poor lift-to-drag (L/0) ratios,
which lead to higher fuel consumption. Higher L/D is desirable and is

determined to be achievable with more efficient "hardwing" designs.

Critical dimensional constraints ifiosed on the AERCAB by the F-4 I
a-nd A-7 aircraft suggest that if AERCAB flight ranges are to exceed

50 nautical miles. costly major cockpit modifications to these aircraft

must be accomplished. Accmodation of AERCAB's with flight range in

excess of 50 nautical miles can be accomplished if AERCAB systen L/D

ratios of 10:1 are achieved.
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Voim e. Is the AE1CAS Cost Effective?

The cost analysis conducted under this study does not pemit a

complete and uqquestionable determination of the cost effectiveness of
the AERCAM concept. It does. however, provide a limited tradeoff analysis

of tme AERCAB system costs against crew replacement training costs.

"The cost amalysis shows that the AERCAB may be cost effective for a

"mew aircraft. The 10-year life cycle cost (including prorated RDT&E,
production, and 10-year peacetime operation costs) of an AERCAS is
S1.000.00. In the scenarios described in the effectiveness analysis of
this study. the AERCAB increased :he percentages of crew saved by

amppoximately 251 to 601, depending on the conditions of the scenario.

Relating the cost of the AERCAS to the cost per man, $220,000. wares

a •129.000 saving per mrn saved. Using these costs, for any cobat
conditiom from which the AECAS increases the rescue and return

percentage by at least 42Z would provide a straight dollar saved for
"dollar spent tradeoff.

The case whee an AERCAS retrofit program would require micr
structural modification of existing aircraft, the breakeven point would
"be increased to better than 80W because the cost has doubled due to

"aircraft mdification. This success rate was not achieved by AERCAB
"to the scemeries evaluated in this study. One factor is that the SMR
fere eztrwtom capability was assued to be less than perfect (only

170 of tiose cre getting to a safe area were assuied to be picked UP by

tM SM force).

"Possible cost savings for the SAE operations when interfaced with

the 51KM were not evaluated in this study. A more conclusive judgennt

"as to the cost effectiveness of the ARCXAB concept could be reached

throuO conducting an economic analysis. which would identify the most
efficient mans of securing a particular objective from mng several

-lterertives.
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2. CONCUWING R.DALrS

The AERCAM concept represents a radical departure from conventional

ejection. escape~and rescue tactics. It is unique in that it provides
a means for both escaping from a lethally damaged aircraft and escaping
(flying) from the particular locale where the ejection to*k place. This
capability by itself is desirable; however, the vehicle to accomplish
It involves complex engineering 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 better evaluation of the advantages and disadvantages of
the AERCAS as comared to other approaches for achieving the same or

"similar capability.
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APPENDIX I

A-•CAB CONFIGURATIONS

Feasibility studies have been conducted on proposed AERCAB

configu-ations incorporating the Parawing, Rotor, Saliwing. and Rigid
Wing lifting surfaces. AcRCABia'rcraft integration studies were

accomplished which indicated that installation from a volume and weight
standpoint was potentially feasible for an AERCAB with performance
capabilities of 50 nautical-wile range and 100-knot airspeed. In addition,
any proposed AERCAB configuration must be capable of automatically
controlled flight to rescue incapacitated pilots.

Following the feasib.lity studies, models wert t
ab-icated and

experiwntal tests of the four configurations were concucted.

1. PARAMING CONFIGURATION

"Based on an extensive paramtric 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
"lifting surface. The parawing is rigidly coupled to the ejection seat,
with an articulated linkage for stowage and deplojment. A face-down
flight attitude was selected for the pilot because it offered the

advantages of reduced system drag and Minimm engine thrust, simplified

parasing deployment, and safe separation of the cremn from the seat
at anytime during the flight. Due to the flight attitude, the engine N
can be rigidly attached to the seat back in its flight position. thus

eliminating t•.e need for egire deployment. The fuel cells are mounted
on the outboard sides of the seat structure. The retracted and folded
parawing structure is stowed behir,d the seat. Figure 27 is a cross
section of the stowed paraiing .ystem. When the parawing AERCAB is

* -. 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 is e ected above the back of the seat
and the telescoolng keel and leading edge booms are extended via
compressed air and pneumatic actuators. Flight control is achieved by
reulating the wing angle in pitch and roll to control altitude 3nd
directlon. Speed can be controlled by throttling of the engine.

The e~perfmental tests cond-,cted on the Parawing configuration have
Included one-half-scale wind-tunnel aerodynamics, full-scale powered
flights, Jet-car deploycents, full-scale wind-tunnel deployments, and

air drop deployments. The combined results of these test programs have
"proven the technical feasibility of the parahing AERCAB configuration.

The complete sequence of events for an operational parawing AcRCAB has
been demonstrated with the exception of the aircraft ejection phise.

This was not attempted +je to lack of a sufficiently sized, readily
available rocket-catapult system, This phase of thE AERCA. sequence is
not considered critical to the feasibility evaluation of a particular

configuration.

2. ROTARY WING CONFIGURATION

The rotarv wing approach to the AERCAB .oncept is a corpa.t.
deployable aitogyri (see Figure 2e). The rotor is a two-bladed, two-

section telescoping systen wo'ct stts behind the seat. The propulsion
system (turbo fi,) 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 -re inst:lled in a continuous

"tube which is motunted to the seat back ani serves as the primary structure.
The tio vertical tail surfaces stow at the sides of the seat bucket.

The stowed rotary wing configuration is shown in Figure 29.

"After the AERCAB is ejected and rocket-boosted to clear the airc.aft.
dr.g.e parachite deploys and pulls the rotor blades and rotor support

am aft and upward to a trail positior. while the seat is rotated ..t
to a horizontal attituoe. After the deployment latch bolt explodes.
the drogue parachute act-vates a li-kige which cones the teetering/
flapping hinges outward and gives the trailing blades sweep and pitch.
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figure 29. AutCIgyY Staoied
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As aerodynamic force spins up the rotor. centrifugel action extends the

boo-section blades to their full length. The system decelerates to a
lower velocity, the coning restraint Is released, and the rotor is

"allowed to cone at a lower equilibrium angle. Further deceleration

"occurs and the vehicle pitches into vertical descent. The stowed engine.
the tall surfaces, and the rotow support am are then deployed to their
nflght positions with a pyrotechnic device, cocpleting the transition to
"an autogyro flight vehicle. Figure 30 illustrates the deployment

sequence. which is similar for all configurations.
A!

The rotor Is a direct tilt. tbe-bladed rotor with coinciding
teeteringfflapping hinges and secondary delta-3 flapping hinges which

are used for deployment and for initial governing in the coned cmmfig-
station. The tbo-section telescoping blades are alominm alloy homded
with epoxy resin. The rotor diameter is determined by the space available
bind the ejection seat for stowage. A tradeoff exists between the

advantages of a larger diameter and the complexity of telescoping the
blades. For nontelescoping blades, the largest diameter possible is
8 feet. which results in a disc loading even h!gher than that normally
used for helicopters. High descent rate and critical handling make this
dimeter unacceptable f.ar AE1•A8. The 14-foot-diameter rotor selected
for AENCM is the largest that could be stowed within the cockpit when

using tmo-section blades. The maxima chord size Is 8 inches, which is
used for the inboard blade. The outboard blade is 7 inches. The rotor
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
and lateral direct tilt of the rotor and weathercockino of the vertical

1tal surfaces.

The experimental tests conducted on the rotor AERCAB include full-
scAle wind tunnel, and jet-powered manned free flight. The experimental

tests have demonstrated:

(a) Decelerator node rotor operation at speeds up to 180 knots.

(b) Mocor deployment and operation on the seat at 160 knots.
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(c) Conversion from decelerstor to flight vehicle configuratiens.

(d) Autogyro mode roto- operation at speeds up to 110 knots.

(e) Predicted preliminary design performance.

(f) Manned flight of the rotor lift system.

(g) Stable controllable rotor and vehicle behavior.

(h) Rotor lift capability of 700 pounds - 14' over design need

(i) Flight at above normal autogyro disc loading - 4.6 vs. 2.0

-9_

Fl) ight of trainer prototype

Wi1th these flights. this AERCAB vehicle became the world's first manned
turbine-powered autogyro and the first autogyro to fly with telescoping
rotor blades.

Demnstration of full-flight deploymient and transition is being
prepared. which is the final experimental feasibility demonstration phase.

J.-

3. SAILUIKG V4IIGJRTION

The Sallwing configuration consists basically of a seat, tail booms.

* wing, jet engine, and an inflatable nose fairing. The seat forms the
"basic structure for the entire vehicle. Figure 31 illustrates the

deployed Sailwing and Figure 32 shows tie sa-w system stowed.

The nose fairing is a dotole-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 propulsion. The wing folds once at the midpoint of the seeiispan
and then hinges at the wing root to fold s;ainst the tail boom asse.bly.

The tail boom asseebly consists of three telescopic tubes, of which the

inner tube is the empennage assembtly. The tail boom is attached by a

hinge to the lower rear portion of the seat and is supported by a folding

diagonal brace attached to the upper rear portion of the seat. The
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asse-bly stows by telescoping to a 4-foot r~eigvt and folds against the
b3ck of the seat.

"The rose fairing protects the occupan: from the airstrear and

pr;,,ides a low drag profile for the vehicle. The fairi-.9 forms a closed

egg-t'haped nose for the fuselage and is supported by a tubular framework

that extends forwaro from the seat. The closed air space in the fabric

is inflated with pressurized air from a tank in the seat to provide shape

and rigidity,

The seat structure is of conventional ejection seat construction and

form 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 attach:*nt

points for the tail bom- assembly. The space betwee's the side members

Is open on the fropt side and will be filled by the pilot's parachute.

The space above the upper cross member forms the headrest into which the

drogue chute is stowed.

The tail boom consists of three tubular telescoping sections that

allow the boom to fit within the confines of the aircraft cockpit when

retracted and position the tail surfaces far enough aft for aerodynamic

-* stability when extended. The tail structure is of conventional

configuration, but uses the Princeton sailwing concept.

The wing is designed after the Princeton sailwing principle, The

structure is supported on the leading edge and tip by a rigid spar and

along the trailing edge by a tensioned wire; it is covered over on the

top and bottom with a dacron sailcloth fabric. Wing lift is gained from

the predictable deformation of the fabric between the leading edge and

the tepsioned trailing edge catenary. The main supporting structure of

the wing is the spar which forts the contour of the leading edge, This

spar folds in the niddle ard is hinged at the root, which allows it to

fold inward and backward, parallel to the fuselage centerline. The

Internal volume of the leading edge spar and tip Is used for fuel storage.

--- -- -- --
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The experirental tests conducted on the Sllwing config.ratloi have
included structural and functional testing P. the laboratory. salilwing

semispan wind tunnel testing, full-scale vehicle wind tunnel testing

(aerodyr3-iic and deploynent) and full-scale deployments from a moving

truck. Powered nanned flight tests and air-drop deployment tests are

planned.

4. DEPLOYAMLE RIGID WhAG CONFIGURATION

The deployable Rigid Wing AERCAB configuration (see Figure 33)

"ernploys a unique technique for folding and stowing the all-netal liftirg

surface. The complete vehicle consists of the same basic subsystems as

are found on the other configurations; the primary differences appear

in the lifting surfac:e and proFulsion system. The wing is forced by
three sections of approximately equal length, the root, center, ad tip.

Each section consists of two segeents. a leading edge 0-spar and a hinged

trailing edge. This unique design allows the deployed spanwise dimension

of 84 inches to be reduced to 49 inches when stowed, and the deployed

chordwise dimension of 30 inches 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 segments

.-• outboard to . pqsition adjacent to the rear edge of the u-spar. The tip

section and Its trailing edge segments then slide into ths 0-spar ef the

center section. both of these sections then slide into the D-spar of the

root section.

The wing is deployed by means of Pneumatic actuators. Detent lock

pins tre employed at the two spanwlse wing Joints in each senispan to

lock the wing in full deployment position once that condition is achieved.

Another unique feature of this wing is that an aileron is included

as part of the telescoping tip sections. The aileron is mechanically

* and structurally capable of plus or minus 25-degrees defection.

*1 -•.• 95
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The propulsion system is compsed of the engine Installation.

pusher propeller unit, and dri.e train assembly. A rotating combustion
engine Is ervloyed in this design. It is a two-bank liquId-cooled,

gasoline-fueled engine, and rotates at 10.000 RPH. The pusher propeller
is a three-bladed folding unit. A brike is activated to stop the

propeller prior to ran/seat separation at the completion of the AERCAB

flight.

The tail assembly of the Rigid Wing AERCAB Is comprised of the tall
Sboom unit, propeller hub and transmission, seat-to-booo fairings.

inverted V-tall surfaces. drogue chute, and the tall unit deployment
cable assembly. 4 fabric tail boom fairing Is provided to improve

propeller efficiency as well as reduce seat drag. The two tail surfaces.

which comprise the empennage. employ the same folding trailing edge
structure as does the wing. These tall ,urfaces are movable and capable

of differential and/or collective control input for the rudder and

elevator functions, respectively. A drogue chute Is connected to the
deployment cable assembly and is usec to deploy the tall unit and actuate

wing deployment.

Limited experimental testing of this configuration has been
accomplished. A wing semispan was tested In a low speed wind tunnel

subsequent to extensive fanctional and structural testing in the

Laboratory. A full-scale Rigid Wing AERCAS was tested in a wind tunnel

for acquisition of flight configuration aerodynamics. Successful

deployments have been achieved under wind t=nnel test conditions up to
150 knots airspeed. Plans are formulated to continue investigation of

this configuration through coipletion of free flight and air drop
.-olnyment testing.
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APPENDIX 11

NAVAL PI&CT REPLACEKENT COSTS

This appendix is a shortened version of a rerorandu,, fro- the %aval

Air 3eveloptent Center. Ai- Vehic'e lechnoiogy Departrent, in respcrse
to a request for information. corcerning Pilot replacement costs,

It t cost to the governmevnt of losing the pilot from in attack or
fighter aircraft is the sum of the costs for replacing hi= .int anot-er
equally qualified pflot,for atteimpting to rescue him. and associated
with his deak or irterment. The amounts and description of %aval Pilot
and Flight Officer training costs are reacily available in *Officer
Personnel Costs.' Naval Personnel Research and Development Laboratory.
liDS 71-4. J3. N. Clary and J. T. Creaturo, March 1971. This cats
represents the total cost through 4-1/2 years after a pilot is dpsigrated
as Naval Aviator. or 3-li? years after Naval Flight Officer. At this

point, a pilot will have completed Primary Flight. Basic Jet. Advanced

Jet. and Combat Readiness Air Wing (CRAWl) training plus training in
operational squadrons. The cost )iven for an A-7 pilot updated to 1973
dollars is S651.870. Table V give! Ote cost breakdown for an IIROTC-R
pilot for 3n A-7 aircraft, and Table VI for pilots of other aircraft.

Time anniml cost of nmaning an established operetional Navy pilot
billet is obtainable from 'Navy Military Manpower Billet Cost Data for

Life Cycle Planming Purposes.* NVAPERS 15163. Personnel Systemn
lsewarcil Branch, Personnel Research Division. April 1972. Manpower

costs are comiputed from Initial procurement to the end of retiremnt
and o~ha-lped to an active duty base of 25 operational billet years.
*Down' costs of prisoners. who are In a nonoperatio.sal status, are
Included but are difficult to separate due to thie method in which they
are charged to the active billet duration. Certzinly the salaries for
prisoners of war mu1st be included in overall costs, in addition, future
costs such as retirement, rehabilitation, and cedical treatrent should

be Included. They were not included in this sl*-dy. so the costs cited

9o
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TABLE V

-OTC-R A-7 PILOT REPLACEIENT COSTS

Precontissioning Costs_

Procurement S 62

Travel 812

Subs, Training Pay, Clothing, PIC.A 5135

Coll:- 9162

Total Precomtissioning Costs $15,171

Postcg~iisiislonng Costs

Training

Primry Flight & Flight Sys S 4,157
Basic Jet 45,633
Advanced Jet 77.317

CRAM 426,625

Total Training $553,732

Pay & Ajll cances

Pay, IAS, MAo. FICA. Flight Pay

primry Flight & Flight Sys $ 1,702
Basic Jet 54451
Advance Jet 4,091
CRAW 52641
Other than Training
Total Pay 370
Clothing Allowance 37_0_

* Total Pay & Allowances $ )9,362

Transportation

Training to 1st Opsqn 1,.93
1st to 2nd Opsqn __S93

Total Transportation $2,870
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"TABLE V (contd)

""dical $735

"Total Postcommissionlng Costs $636,699

Total Cost through 4-112 yr period
after designation as Naval Aviator $6S1,870

TABLE VI

USN PILOT REPLACEIMNT COSTS

Total cost througi 4-1/2 years after designation as Naval Aviator for
INITC-R pilots.

A/C TOTAL COST (1973$)

A-3 $421,034
A-4 441.345
IAM, 638.762
A6 603,280
E2 355.156
F4 575.310
Fe 485.975
P3 235.549
"S2 244.197
5"13 250.094
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here wiil be on the low side. Assuming that the pilot is a Lieutenant
(USN) with over four years of service, and that he remains a PO for
three years. his salary will total $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 S57,140 (19695) which updates to $70.510 (1973S), Some of
the lost pilots will be down in locations from which no rescue is
attempte6. Many will be down in contested areas, resulting in large
numhers of rescue forces being comiitted to the rescue attempt and costs

far in excess of the average. Therefore, the average cost for

unsuccessful rescues is assumed to be the same as tor successful rescues.

This rationale indicates that the cost of a pilot becoming a prisoner

of war is 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 POW 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
aircrmamt;. would be staggering.
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