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Next generstion combat aircraft with advanced serodynamic and controls
features will have combat mancyver capability which will impose multiaxial
acceleration forces on the aircrew. Advanced aircrew systems will be
required for restraint, support, mobility and escape during these combat
condftions, Two concepts, an articulating ejection seat (with advanced
subsystems) and a small spherical capsule, are defined and compared.

The concept based on the articulating seat was selected for further
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Block 20. Abstract {Cont'd)

fnvestigation and & full-scale rotatable mock-up was constructed for
concept evaluation, The mock-up incorporated a "body fixation" system
consisting of inflatable restraints and a contour-forming cushion

and a “powered mobility" system which permits the backrest and headrest
to be rotated for external visibility., A “next-generatfon" escape
system {s described but was not part of the mock-up. The fixation and ’
mobility concepts were evaluated under ¢ 1 G, and ¢ | Gy conditions.

3 The concepts were considered to have considerable poten‘ia! and 1t

| is reccrmended that they be incorporated in a test fixture which could
) be used in a centrifuge to investigate the effectiveness of the
concepts under representative multiaxial acceleration condittions,

SRCOMTY CLAMMPICA T IDN OF Twil O ABEITReA D n st st D




\ SUMMARY

J'mis study is the initial phase of a program aimed at the develament of
advunced design ajrcrew systems for the next generation of Air Force combat
aircraft. For these new airgraft, {t is anticipated that coxbat operations
will involve high multiaxial acceleration maneuvers and that new aircrew
systems will be required for restraint, protection and escape under these
cambat conditions,
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Twe conceptual aircrew syatem approaches are defined and cvaluated, One
i of the approaches s to use an advanced form of articulating ejection

¥ seat and the other is to accammodate the crewman in a rotatable
spherical capsule, The concept based on the articulating scat was

Y selected for further {nvestigation using a full~scale mock=up,

Elements of the concept which were incorporated in the mock-up included

X a "body fixation" aystem for restraint and supgcrt and a “powered

: mobility® system to facilitate extermal surveillance. Body fixation is
achieved by a system of inflatable bladders amdi contour-forming
cushions, Powered mobility in provided by lateral rotation of the
backrest and headrest, ‘The concept almo includes an advanced escape
gystem which will pemmit eocape under cambat napeuver conditions and

_ will provide restraint against limb flai) in ejections at high speed,

; The mock-up was uaed to evaluate the body fixation and powered mobility

gystems under ¢ 1 G, and £ 1 Gy conditions with the

articulating seat in the upright and reclined positions, It was

concluded that these systoms lLad sufficiont potential to warrant

further investigation, On this basis, it {8 recamended that these

concepts be fncorporated in a seat aseembly which will be suitable for

{astallation in the AMRL centrifuge and impact track facilities.

Tenting under representustive high multiaxial acceleration conditiona

-
\

., will ptovide information on the effectiveness of the restraint and
: mobility concepts and will form the basis tor decisjons on future

i devel opment ,
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PREFXCE

4 The work described in this report was performed under Air Force .
Contract F13615-78-C-0509 "Advanced Design for Alrcrew Protecti:'e .
Restraint Systems.® The Principal Investigator was A. Blair McOonald. g

The Air Force Technical Monitor was Major Jases H., Raddin of tha Bio-

mechanical Protection Branch, Biodynamics and Bioungineering Division.
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INTRCODUCTION

It 1, anticipated that the next generation of Air Force caombat ajrcraft
wlil have mapeuver and flight envelope capabilities which are
nignificantly greater than those of present combat aircraft., ‘This
projection is based on current design technology trends which include
innovations such as the High Acceleration Cockpit (HAC) and advances in
aerodynamic and control techniques which utilize direct 1ift, direct
side force and drag modulations. The implication of these advances is
that in the cambat environment the aircrew will be subjected to high
multiaxjal accelerations and a primary problem will be to restrain and
protect the crewman so that he can operate and perform effectively in
this envirorment, [n addition, it {& clearly desirable that safe
escape should be possible in emergencies which occur in the combat
envirawment and throughout the expanded flight envelape projected for
these future aircraft,

The anticipated requirements for the next generation of ajrcraft cannot
be satisfied by current aircrew systems, Acromedical research has been
conducted on the problams associated with high + G, acceleration
during conventional attack cambat mancuvers. This resecarch has defined
the advantage of reclining the seat back angle to incrcase the
crewmember's ability to operate under the high + G, conditions, and
the approach has been to achieve the recline posture by the addition of
an articulating mechanian to conventional ejection seat systems, It
has been assumed that only minor modifications would be required to
adapt. existing systems to provide adequate restraint. The research has
not yet fully skiressed the bady support and restraint problaoms that
are introduced by the coupling of other aitcraft manuwering
technologies with this approach, nor has it addressed the additional
probiems associated with emergency escape, particularly under
operational mancuver conditions,

This study is the first phase of a program to develop aircrew restraint
and body support systems which will provide adequate fixation of the
torso and limbs during the application of high multiaxial acceleration
forces and an aircrew escape system which will provide protection and
escape in omergencies throughout the maneuver and flight envelopes, In
this study, two basic conceptual approaches are defined and evaluated,
In one concept an articulating ejection seat in equipped with a gsystem
of inflatable bladders and contour-forming cushions to provide
restraint and with a powered mobility system to permit external
surveillance during high acceleration conditions. In the second
concegt, the crewman is seated croes-legged {n a small spherical
capsule, The capsule tilts aft for high + G, protection and rotates
laterally for protection and external surveillance. Both cohcepts
incorporate adv systems for aircrew escape,

TRy

At e it s b ey g, T—— 1

e e S

o A

it




The program consists of a study phase and a mock-up phase, In the
study phase the two concepts were defined and a literature search was
made to obtain relevant aeramedical design data, A comparative
evaluation of the concepts was conducted and the concept based on the
articulating seat was selected for further study in the second phase of
the program in which a full-ascale mock-up was constructed for concept
demonstration and subjective evaluation,

e




RAQUIFEMENTS

The requirements specified for this program consist of performance and
design goals based on maneuver and flight envelopes and of design

. constraints in the form of general ground rules and physjiological

a limito,

RESTRAINT SYSTEM

The primary tequirement for the restraint system is to provide
satisfactory restraint under the high acceleration maneuver conditions
associated with air-to-air axd air-to-ground ocambat operations, The

. specified acceleration enviromment consists of any multiaxial

5 cambination of the following forces:

Antepootecrior G Gy: £t 3G
Lateral G Gt tSGC
Vertical G Cz: +10.5G, =3.5G

An equally important factor is the requirement to provide for ajrcrow ! f‘
mability during conventional flight and combat conditions, 3

AIRCREW ESCAPE

The major requirements for the encape systom are to provide an encape

capability under the multiaxfal acceleration mamuver oondditions and

also throughout the projected flight envelope (Mach 6, 150,000 €aet and

Q = 1600 PEF) illustrated i3 Figure 1. The anergency roQuitements

include the provision Yor windilnst protection fn the event of 3

fnadvertont lose of the afrcraft canopy. 3 1
i

The physioloyical limits for forces {mpomed on the aircrew during
eacape are stated in terma of acoeleration limits on the seat and are:

1 Gy +t 40 G - -
‘ \ Gyt £ 20G | ]
et + 256G, ~18 G -

. ARCRAFT INTERFACES }
] 3 : ‘:
To ensure compatibility between cesteaint and protection gystem C
R : concepts and the aircrew primary interfaces, it ip required that the : P
3 conceft be computible with backrest articulation {130 to 659) and i
F with the employrent of side-stick controllers, rudder pedals and ¢
Heade~Up Display (IKD), S
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3 LITERATURE SEARCH

A literature scarch was conducted to abtain design data on ajrcrew
restraint and protection provisions in general and to obtain
information concerning the specific characteristics of the two
i being studied in this program., Due to the unconventional and diverse
3 features of the concepts being investigated, the litrature search
. covered a relatively wide range of subjects, Subjects of a general
) : nature included: aircrew restraint, ajrcrew protection, high speed-
i G hich altitude escape, windblast pxotection aml high acceleration
B ajreraft, Subjects related to the concept charactristics includeds
. posture, acceleration effects, disoricntation and coriclis effects.
’ ™he primary sources searched were tho libraries of the Mchonnell
v Douglas Corporation, National Aercnautics and Space Administration and
‘3 Defense Documentation Center,

k : In the course of the literature search & substantial volume of matecrial
r was reviewed, It was found that the quantity and relevance of the
. information avajlable varied widely throughout the range of subjects,

Same naubjects were found to be well documented while on others little

, ; or no information was available. In the cape of some subjects,

s particularly in the biomedical category, there was a great deal of

4 ' in{omuon avajlable but little of it was directly applicable or :
relevant,

A summary of the results of the literature search, including |
{dentification of arean where there was a lack of information, is given
in the following paragraphs:

AIRCREN ACCFLEIRATION PROTECTI(N

b The literature provides information on the substantial research and

, : development effort which has been carried out in recent years to

investigate biomedical and performance effocta of high ¢ Gy

acceleration on ajrcrew and to study methods of increasing ajrcrew

i tolerance to these forces, Cotwentiomal aide to high Gy protection,

3 anti~G suits an) breathing-straining techniques, have been the subject

g of renewed {nterest and study (Refs, ), 2 and 3) although the primacy

] effort has been devoted to the imvestigation of the HAC concept in
which increamsed tolerance is achieved by raising the crowman's pelvis
so that he {8 in 8 reclined posture and the head~aorta hydrostatic

: i blood colum {8 raduced. A review of + G, protection methods is

¢ 3 contained in Reference 4 and References 5 through 11 describe the G,

1 ‘ acceleration protection advantages of the reclined posture,
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In terms of peat design, the general approach is that the crewman
should be reclined to the maximum backrest angle campatible with the
crewman being able to majntain oontrol of the aircraft, In the
literature, the consensus {8 towards the adoition of a backrest angle
of 65 deqrees and this backrest angle was specified for the concepts in
this study. However, one investigation, Reference 12, in which
tracking performance was cotrelated with + G, level and backrest

angle, produced evidence which indicated that a backrest angle of 50
degrees may be a superior solution, ‘This would significantly reduce
the degree of seat articulation regquired, especially if this reclined
conf iguration could be coupled with an increased backrest angle for the
upright seating position, It should be noted that there appears to be
a lack of available information in the literature concerning the
characteristica of the upright ssated positions relative to future
high-maneuverahilty aircraft,

Acceleration data related to combat manetvers is almost entirely
concerned with high + G, effects. However, one source, Reference
13, reports on a study to investigate the effects of high ¢ Gy
acceleration due to the use of direct side force. Centrifuge tests
were conducted and although the applied lateral acceleration was
relatively low (in comparison with the ¢+ 5 specif ied for the
restraint concepts in this study), the concllsions included a
recormendation for improved lateral support,

Two sources in the literature (Refs. 10 an 1)) indicate that providing
suppoert for the sides of the chest aids breathing during high +
conditions, In the corcept definition phase of this program, bo
concepts were {ntended to have inflatable supports for the sides of
the chest, However, in the mock-up evaluation phase of the program, it
was found that the chest supports were impractical becauvse of
unacoeptable interference with arm movement when the peat was in the
upcight configuration,

The literature search did not uncover any information relative to the
characteristics of a cross-legged posture, &8 proposed for the capsule
concept, with regard to acceleration tolerance., O(ne study, Reference
9, indicated that having the legs raimed, in addition to the pelvis,
may be beneficial to camfort and tolerance under high + Gy

conditions.

In carly work on the ef fect of acceleration on vision, References

14 and 15, it was demonstrated t the acceleration levels at wvhich
vision degradation symptams occurred could be increased by applying
suction to the eyebalis. In high + Gy mansuvers the crevman's

external visibility ig reduoed by dimming and loss of peripheral vision
and by restricted mobility due to the effect of the acceleration forces
on the body, It appears that {t would be feasible to augment the
eftectiveness of mobility aids, such as the rotating capsule or powered
mobility concepts being evaluated in the study, by the application of
t?u principle to delay the onset of dimming and the loss of peripheral
vision,

12




CREWSTATION DESIGN 1

Information generated by the USAF-funded HAC and Advanced Fighter

Technology Inteqration (AFTI) programs (Refs, 16 throuwgh 21) peovides
A a corprehensive bank of data relative to the design and operatiomsl
A anpects of the crewstation for a high maneuverability aircraft., This

, data provided the baseline information for the configuration of the

restraint and mcbility concepts in the study. This {nformation was
pnrucularly applicable to the concept based on an articulating seat
and'was usnd to establish the geametry of the articulating seat
! : Bur s and the location and adjustment of the side-stick controller,
- throttles and rudder pedals,

TRAINT

The literature pearch produced a considerable quantity of data on

: - ajircrew restraint systems although the majority of the {nformation

' available relates to existing strap-type arrangoments which were not

: designed to provide restraint under high mult{axial acceleration flight
conditions, Restraint development relative to the AFT! program is
reported in Reference 19, ‘This was used as baseline design for tie
banic strap-type restraint system for the study concept which is baped
on the uae of an articulating seat. For the capsule concept a basic
strap-type harness is roquired. The roquiraments for this portion of
the restraint systam are similar to those for a capsule or

K \ nof-ejoctable acat and peveral suftable approachen are dencribed in

. : Reference 22,

Bt e e M S b n e e o

In the study concepts, inflatable bladders ate used to support and

restrain the crewman under high multiaxial acceleratijion conditions,
_ The literature search produced information on several applications of
g inflatables for aircrew restraint however, in all cases the abjective
y vas to provide protection against crash forces and the design data was
not relevant to the study concepts,

AIRCREW ERCAPE

The principal areas of interest are the envirorment extremes of the : '
escape ervelope opecified for the study concepts, shown previously in -

e b e it B i BB e T s A T, al A "

Figure 1, and factors affecting escape under high multiaxial f
acceleration conditions. The high altitude portion of the envelope o
applies oily to the capsule concept as human limitations restrict the {3
articulating seat concept to a maximm of approximately 60,000 feet, :
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For escape at high altitude the available literature, References 23 and
24, describes the recovery enwironment for specific vehicles under
specific conditions at the initiation of the escape sxquence. This
data is of general interest but is not directly applizaiiic to the
spherical capsule because the recowery enviromment is highly dependent
on the aeradynamic characteristics of the capsule and on the altitude
and speed conditions at the {nitiation of encape. . .

tigh Soeed EsCape

For epscape at high speed the primary concern with reqard to the atudy
concepts in the provision of aircrew winkdblast protection on the
articulating seat concept. Reference 29, on the banis of open ejection
poat injury statistice, describes thwe need for windblast protection for
cjections at speeds above 400 KEAS,

T™he available literaturce provides {nformation on many aspects of
wirdblast peotection. Research into the anrodynamic forces associated
with limb flail han primarily been sponsored by the Aerospce Medical
Research Laboratory, Thin work is desceribed in References 26 through
30, In one of these programs, Reference 27, it is concluded that the
seat must be acradynamically stable to permit satlafactory protection
against. flail. In the came of the articulating scat concept this
philosophy chould be satiot ied by the fast-acting inflatable
stabilizer,

Referencen 11 throogh 34 describe several limb rostraint concepts wnxd
hardware gystoms,  The approach for leg restraint in the articulating
peat concept io to provide both passive and active systems, The
posaive systom consiots of cxtendm] neat sides to provent coxcessive
1ateral motion of the legn and Reference 31 axvocotes that this methad
include lateral support for the feot, With rcasonable scat stabiljity
the passive restraint systan in the articulating seat will prevent limb
flail and the active syntom, a corwentional strap and garter
arrangement, {8 included to provent unwanted leg motion during the
application of the stabilizer and decelerator forces, The am
restraint corcepts dencribed in the literature are of two hanic types.
In one approach the arme are constrained by cables which are retracted
during ejection and in the other the motion of the ams is restricted
by nots which are deployed at the sides of the seat, Thw projosal to
use inflatable bladklers for amm restraint in the articulating seat
concept appears to be a unique solution and the available literature
does not contain any relevant design data for such an arrangement,

14
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Eacape at high speed raises a question regarding potential problems due

to serodynamic neating, particularly with regard to the articulating

seat concept where the crewman is exposed to the airstream. For this ’
conett, the altitude capability is limited and for a Q of 1600 paf the ﬁ

T e
e e
desindbaccmaliiil

4 maximum Mach No, will be less thon Mach 4. Reference 15 indicates that
aerodynwaic heating will not be a problem at spreds leas than Mach 4,

e literature saarch did not produce any data on escape under k
7 multiaxial acceleration condition but did provide information on the :
i Ji effect of accelaration in acwe individual axes, One analysis,
i\r Reference 36, indicates that a corventionsl catapult can eject the
'\5.,.; crawman under high + G, acceleration conditions but that the spinal
NS forces become excepajve, Tests under - acceleration conditions, !

Reference 17, showed satisfactory operation of a conventional K
i propulsion systen at levels up to - 10 G, Data is also available on ‘
\ the effect of - Gy acceleration and the analysis and tests reported ,

L in Reforencen 18 and 39 show degradation of the ejection trajecteries. }

it On the basis of thene data, advanced propulsjon systams are proposed

for both of the stwly conceprs. i

S
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AIRCREW POETURE

A specific area of intereat was to obtain {nformation on the unique

croaslegged posture proposed for the crewman in the rotating capsule .

concept., Not surprisingly, thete was no evidence in the literature !
y that this posture has ever been used in an aircraft. lowever, the i
3 literature search revealed many instances in the past where an
& uncorvent ional posture, usually the prone position, was used to obtain i
alrcraft porformance advantages., Examples fourxd, References 9 and 40, :
were the FS 17 research qlider, Berlin D9, BV 40 glider, Ra 349 glider
trainer, Arado £ 3181, Heinkel P1077 anxd the Northrop Xp-79, The
literature did not provide any information on the biamedical aspects of
tivese crewntation arrangements.
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AQTELFRATION - DISORIENTATION -« QCRICLIS

e

There {8 a groat deal of information available concerning problems
related to Alrcrew disorientation ami the factors involved, A review
of the more relevant sources, References 41 through 47, indicates that
aty aircrew arrangement which involves motion of the pilot's head or a
change in the a~celeration enviromment, introduces a risk of spatial
disor{entation. However, in relation to the conceptn being studied {n
this peogram, in which the head is close to the center of rotation, it
is not evident that the protability of disorientation will bo
significantly different from the probability arising from the normal
head movements enployed during external surveillance.
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One invrstigation of disorientation occurrences, Reference 48,
concluaes that disorientation is a cownon experience and that in almosat
all cases the visual system is the one affected with the highest
incidence of disorientation being at night, with IFR conditions or when
flying wing formation, This source also concludes that the incidence
o? disorientation is the same for straight and level flight as for
maneuver conditions.

In the data, the close association of the body and vehicle axes is
stressed, In the concepts being studied, rotation causes the body axea
to move relative to those of the aircraft, This situation {s not
addressed in the available literature, although in Reference 49, flight
tests are described in which rotation in pitch during high + G,
conditions did not cause disoriontation,

SEAT CUSHION

In hoth of the study concepts, the use of contour-forming cushions is
proposed to aid camfort and to assist body "fixation® during the
application of acoeleration forces. This concept was investigated and
developed by AMRL for use in astronaut support systems, Reference 50,
in which the contour forming and impact attenuation characteristics of
this design were particularly attractive,

In the capsule concept the contour forming cushion will help to ensure
long-duration confort with the crose-legged posture and the impmct
attenuation characteristics will be of value during ground impact,
However, the immobility of the legs will degrade blood circulation
which would, in turn, degrade acceleration toleramce, To combat
this,it is proposed to introduce a pulsating cushion (Refs. 51, 52 and
53) or pulsating anti-G suit bladder to maintain circulation,
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CONCEPT DESCRIPTION

The two concepts under evaluation, one based on an advanced form of
articulating ejection seat and the other on the use of a spherical

i capsule, are described in the following paragraphs. Both concepts

: addreas the requirements for restraint, protection, mobility and escape

under high multiaxjal acceleration conditions. The capsule can meet
the escape envelope requirement whereas the articulating seat has
limited altitude capability unless pressure suits are worn,

i
] ARTICULATING SEAT CONCEPT
. General

\ In this concept an articulating seat is equipped with additional
systems to provide the required restraint, protection, mobility and
escape capability for high-G maneuver conditions, The baseline seat is
assuned to be an articulating version of the ACES Il seat which was
proposed by MDC for the HAC and the AFT! program applications. The
basfc MFS 11 seat is currently in production for the A~10, F-15 amd
; F=16 e:rcraft while an advanced version, which incorporates an active
Y ' limb testraint system, is8 used in the latest D-1 flight test aircraft,

S In the arciculating seat, Figure 2, the seat pan and backrest

k- articulate about a fixed shoulder pivot point tc recline the backrest
fram an upright seating angle of 15° to a reclined angle of 659,
Relative to the baseline seat, the following major features are
introdoced:

0 A oystem of inflatable bladders to provide body and limb
fixation.

o Contour-forming scat and backrest cushions to aid body fixation,

1 { o0 A powered backrest and headrest rotation system to provide
; mobility for external surveillance,

o An advanced escape substystam,

A detailed dencription of the above features is given in the following
paragraphs:

Bestraint System

T

Restraint is provided by a strap inertia reel system, the inflatable
bladder system and the ~ontour-fomina cushions. These provisions act
together and complement each other to provide the necessary level of
restraint for all flight conditions,
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Strap Restraint System

T™he configuration of the basic strap and inertia reel restraint system
is shown in Figure 3. The system consists of a lap belt, shoulder
straps and chest straps which are used i{n conjunction with a torso
harness, This system is identical to that used in the ACES II seat
except that the lap belt has been altered to provide restraint against
submarining when in the reclined position, and chest straps have been
added to aid lateral restraint., The torso harness is a standard Air
Force PCU-15/P harness modified by the addition of the center lap belt
segvant and by the addition of rings for attachment of the chest
straps, Extension and retraction of the shoulder and chest straps are
controlled by independent inertia reels.

Inflatable Restraint System

The inflatable restraint system, as depicted in Figure 4, consists of
bladder installations at the lower torso, shoulders, forearms and
thighs, The bladders are mounted on structure and when they are
inflated they tend to hold the body in position and to provide support
and restraint against the maneuver forces, The lower torso and
shoulder bladders are installed on forward projections of the backrest
and the leg restraint bladders are mounted on the inboard surfaces of
the seat meto

The foroam bladders are mounted within trough-ghaped armrests and
these bladders are of double-cyiinder construction so that the amm can
be enclosed and held in position without the application of a high
pressure which would interfere with operation of the throttle and
side~stick controller,

Contour-Foming Cushions

The seat and backrest pads are of a "contour-forming® cushion design
which will allow each crewmamber to form the contours of the seat and
backrest pads to obtain an individual fit., The exact fit of thess pads
will help to fix the position of the body relative to the seat and to
provide support during the application of lateral forces, Each
contour-forming cushlon consists of a fabric cover which is filled with
"microbeads”, The cover is of stretch nylon-frothed ncoprene fabric
(used extensively in wet-guit fabrication) and the “"microboads” are of
¢ polystyrene. The contour forming is obtained by pressurizing

then creating a partial vacum within the cushion, Pressurization
allows the "microbeads®™ to float within the cushion and to form around
the contours of the crewman, Evacuatian of the cushion causes the
microbeads to "lock® together forming a relatively rigid contoured
mass,




PCU-19/P TORSO HARNESS
MODIFIED WITH ADDITION OF

FIGURE 3. BASIC STRAP RESTRAINT SYSTEM - ARTICULATING SEAT
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In operation, the crewman would conform the cushions prior to takeoff
and could then reset them at any time throughout the flight. An
autamatic pressurizationevacuation cycle could be used following
articulation to reset the contours with the crewman in the new
position,

Bowexed Mobility Syatem

T™is system allows the fully restrained crewmen to select powered
rotation of his head and upper torso for external surveillance or
target tracking, The system is controlled by a switch on the
side-stick controller and conaists of actuators which rotate the
headrest and upper portion of the backrest in the desired direction,
The backrest is split into three segments. The lower segment is hinged
from the seat pan and is fixed while the upper two segnents can rotate
about a central structural spine. The center segment is free to rotate
under pressure fram the torso when the rotation systen is selected,

Eacape Systam

The escape systeam providea for ejection under multiaxial acceleration
conditions and includes restraint against limb flail at high speed.

Escape under Multiaxial Acceleration

Current escape systems are not satisfactory for ejection under high
acceleration conditions, In a high + G; environment the catapult
imposes excessive force on the spine yet the propulsion system will not
provide tail clearance at high speed. Also, high Gy or Gy forces
can cause instability and unacceptable trajectory variations. To
overcame these problems it is proposed to equip the articulating seat
with a variable thrust-impuloe propulsion system, with an inflatable
stabilizer and with thrust-vector control, The introductiun of
variable propulsion and thrust vector control dictates the use of a
relatively sophisticated system of controlling the selection and
operation of these subdystemsa, The resulting seat system is
etsentially a "next-generation® ACFS Il system and includes the
following primary features:

o Control System - The operation of the aseat subsystem is governed
by an electronic control system which, as shown schematically in
Figure 5, receives enviromment {nputs from the aircraft systams
and fram seat-mounted sensors. On the basis of the environment
data the control system, which includes redundant
microprocessors, selects the recovery mode and the subsystem
operation appropciate to the ejection conditions, During
ejection and recovery the control system continues to monitor the
envirorment and control subsystem operation,

22

R e




I AR e C s o Rl

A arie e o g SRl ik e A

i
b
4
s

T e T TR

- -

- At

SEAT ENVIRONMENT
o ACCEZLERATIONS
¢ ANGULAR RATES
e VELOCITY
e ALNITUDE
® VECTOR
o oIE T
NPUT
S
CROPBQJCE
COINCIDENCE
DISCRIMINATOR
I ouTPUT I
MODE SELECTION TITITY
SUSSYSTEM SEQUENCING
VARIABLE EVENT INITIATION
OPERATION MONITOR
SACKUP INITIATION

FIGURE 5.

el - Xl 5 M bR A Y P v RN

AIRCRAFT ENVIRONMENT

A

ELECTRONIC CONTROL SYSTEM

ATTITUDE
VELOCITY
ALTITUDE
ALTITUDE AGL
111 3

FAULT ANALYSIS
FALULT ISOLATION
FAULY INDICATION
ENVELOPE WARNING

A+ el

o & i e i




0 Propulsion - The propuision system provides & range o) ratapult
thrust levels and a rangr of rucket impulse levels, In a simple
approach, this is achieved by usimg moltipic catapult cartridges
and multiple rockets, The conttol wystem, on the Lasis of the
sencor inputs, oelects the thrust and impulse leveln appropriate
to the conditions. In high ¢+ Gy anceleration conditions a low
catapult thrust would be ovmbined with a high rocket impulse,

o Stabilixation ~ Stabillzation 48 achieved by & combination of
inflatable stabilizer and thrust vector control, At high speed,
the rapid deployment characteristic of the stabilizer prevents
excessive sttitude excursicas, while at Jow speed this function
is achieved by control systom commirsds to the thrust vector
control systan,

o Deceleration - Decnleration fram high speed could be provided by
a drogue or, as illustratad in Figure 6, by progressively adding
drag area to the inflatable stabi)izer with the rate of
deployment being governed by the control system.

0 Recovery Modes - In high speed - low altitude conditions the seat
and crewman are decelerated prior to deployment of the recovery
parachute whereas at low speed and low altitude, the recovery
parachute {s deployed as the seat amerges fram the aircraft, Por
hlqhay:clitltmb the deployment of the recovery parachute is
*1 .

o Options - The use of a microprocessor control aystem {ntroduces
the computation copacity to perform many additional functions
such as srlf-test, fault {solation and envelope waming,
However, perhaps the most important option available is to
program the control system to select a "soft-ride” recovery when
the ejection conditions do not justify a maximm performance

pecuence,
Restraint Acainst Limb Flail

Arm restraint {8 provided by the inflatable rostraint systom and leq
temtraint by a conventional strap and garter arrangement, Fjection is
initiated by controls on the throttle and side-gtick controller and
thereafter the forearms are retajined by {nflation of the restraint
bladders. For ejection the inflation pressure is increased over that
used for normal restraint purposes, ‘The pressure is released prior to
peat-man separation, The leg restraint strape pull the legs back
against the seat front during the catapult stroke and they are retained
until actuation of the seat-man separation system, Additional leg
retention {8 provided by forward extensions of the seat sides,
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SPHERICAL. CAPSULE (OINCEPT

General

In this concept, the crewman is housed in a mmall spherical capsule,
Figure 7. The capsule is sealed and pressurized and serves as the
crewstation and escape vehicle, ‘The capsule rotates in pitch to obtain
recline and rotates laterally to reduce the effact of lateral forces
and to facilitate external visibility, The rotational features dictate
the use of a spherical shape for the capsule and, in order to abtain a
capsule size which is acceptable, the crewman {3 aeated cross-leqged.
Assuming the use of fly-by-wire controls for rudder and brakes, there
is no fundamental reason why a cross-legged posture is not feasible and
practical although special provisions are considered necessary to avoid
discomfort and anticipated circulatory problems,

Capsule Deaccription

The capaule is a 42-inch diameter sphere, The upper portion of the
sphere {8 transparent and hinges open for ingress and egress, The
lower portion {s of monocoque construction, The crewman {s partially
enclosed by a backrest-bulkhoad asoenbly and by side consoles which
contain the throttle and side-stick controller,

The capsule installs in the cockpit beneath a conventional canopy,
Capsule rotation from a backrest angle of 150 to 659, to increase
crowman tolerance to + Gy, results in a reduction in the height of

the eye position. To compensate, the capsule is located relatively
high in the cockpit, Figure 8, so that external vision {8 satisfactory
when the capsule is in the reclined poaition, The capsule transparency
is torme of two nhells with an interlayer, This type of construction
will ensure adequate strength while providing good optical properties.
The capsule is pressurized and this eliminates the need for cockpit
prossurization. It may also be practical to pressurize the capsule to
a nufficiently low aliitude that an oxygen mask need only be donned for
amcrgencies or in the event that pressure breathing is a requirement,
A additional poesibility is that the capsule mey be assumed to carry
the bird-strike requirement thereby permitting a reduction in the
windshield capability,
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FIGURE 8. RECLINED EYE POSITION CAPSULE
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The capsiule is mounted in the cockpit by means of a pivot shaft at the
base of the capsule. ‘The capsule rotates about the shaft to accanplish
two objectives:

o During the application of lateral acceleration forces the capsule
rotates 80 that a portion of the lateral force on the crewman is
taken by the backrest. Por this purpose, rotation can be
selected to be autaomatic and is limited to ¢ 30 degrees.

¢ The second purpose is to pemmit the crewman to swivel the capsule
for external surveillance, target aoquisition and target
tracking, Rotation is controlled by the crewman and a sseep of
¢ 135 degrees is proposed.

The lateral pivot shaft is mounted on a trolley which runs in a curved
track in the cockpit 3o that the capsule can be rotated for recline.
Rotation to the reclined position is selected by the crewman or can be
preselected to be autamatic when the + Gy acceleration exceeds

a predetermined value,

Contzola and DisRlAYA

All aircraft controls and display controls are within the capsule,
Flight control is full fly-by-wire. Console space within the capsule
is ertremely limited and multipurpose controls are used for displays
and aircraft subsystems. The Hoads-Up Display (HUD) contains all of
the information required for cambat operations. The display is
[xojected onto the capsule transparency or onto 2 helmet-mounted visor
so that the display is avajlable to the crewman at all capsule
positions,

Beatzaint.

Basic restraint is provided by a corventional lap belt shoulder and
crotch strap harness and inertia reel arrangement which would be
similar to those used in current capsule escape systems or in other
non-ejectable seat applications,

Addit .onal aircrew restraint and suprort is provided by contour-forming
cushions and by an inflatable restraint system, The oeat and backrest
pads are conforming cushions which, as described previously, can be
contoured to the shape of the individual crevman and thereby provide
support and stability. The inflatable restraint system consists of
bladders to restrain the torso and arms. The crewman {s partially
enclosed by the backrest bulkhead and console structure and torso
fixation is provided by inflatable bladders at the waist and at the
shoulders. Arm restraint and support is schieved by bladders mounted
wvithin arm-rest trouwghs. The ration of this system i{s similar to
that described in the articulating seat concept.
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Camfort

The crowmember, in the crose-legged posture, is seated and supported by
a deep contour-forming cushion which will permit the crewman to mold
the cushion to the shape of his buttocks and legs. 'This will spread
the support pressure evenly over all of the parts in contact with the
cushion and will prevent the discamfort of pressure points, The
cushion can be reformed as desired to accommodate changes in posture,
Long durations in the cross-legged poaition could adversely affect the
circulation in the legs which could, in turn, have an adverse effect on
the crewman's ability to withstand high + acceleration forces. To
promote good circulation the crewman is equipped with an anti-G suit
which is modified by the addition of a pulsating pressurc system. This
will function in a similar manner to pulsating seat cushions and can be
selected by the crewman to stimilate circulation,

In other respects the capsule will have superior comfort relative to
current open ejection seats as the crowman {s provided with a
“shirt-sleeve” envirorment,

Eacape Syntem

The crevman i8 ejected and recovered within the capsule, The capsule
provides full Trotecuon against bird-strike and canopy loss and has an
escape capabililty encompassing the complete maneuver and flight
envelope projected for future aircraft. ‘The escape and survival system
components are packaged aft of the backreat bulkhead,

Ejection

The capsule {5 ejected in the reclined position and {s automatically
rotated to this poeition prior to ejection. Rocket propulsion is used
with the thrust vector being essentially normal to the spine. This
permits the application of relatively high thrust levels so that tail
clearance under high + Gy conditions will not be a critical factor.

Fjection is initiated by the actuation of switches on the throttle and
side-stick controller, Following {nitjation, the capsule is locked in
the recline position, the canopy (s jettisoned and the inertia reel and
inflatable restraint systam are activated, With the capsule locked in
the recline position, ejection supports, which are mounted in
fore-and-aft gquide rails, lock into the capsule structure. The rocket
propulsion system is then ignited and the capsule is ejected. The
ejection supports disengage and remain on the quide rails,
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Subsystens

The capsule subsystems are similar to those provided in the

v articulating seat concept. An electronic system (microprocessors and
i sensors) controls the operation of the system and selects recovery
3 modes and options to optimize the recovery seguence to suit the

emergency conditions., Thrust vector control and an inflatable
stabilizer provide stabilization and trajectory control for ejection

. under multiaxial acceleration conditions, The crewmsn is recovered in
the capsule, The capsule descands with the crewman lying on his back
f and the ground impact forces are attenuated by the inflatable
stabilization-deceloration system and by crushable structure, The
capsule iy a survival shelter on land and in water, The recovery
soquence {8 illustrated in Pigure 9,
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CAPSULE HIGH SPEED RECOVERY SEQUENCE

FIGURE 9.
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CONCEPT EVALUATION AND SELECTION

A camparative evaluation of the two concepts was conducted and the
concept based on the articulating seat was selected for further
investigation in the full-scale mock-up phase of the program.

A technical evaluation of the two concepts, presented in the Appendix,
rated the capsule concept higher than the articulating seat concept.
This was primarily due to the superior escape envelope capability of
the capsule, The capsule rating also benefited fram the mobility
provided by the lataral rotation capability, although the cambat
utility of this feature has not been established, In the overall
evaluation, the articulating seat corcept was considered to be
technically acceptable. The selection of this concept for the mock-up
phase of the program was heavily influenced by the fact that it was
congidered to have a much higher probability, than the capsule, of
resulting in successful aircrew system development in time for
incorporation in next-generation aircraft, This conclusion was based
majinly on the following factorn:

1) The articulating scat concept ie a cambination of several subsystem
which are essentially independent, As a result, the total
technical risk is relatively low, In contrast, the capsule has
several innovative approsches which are interdependent and
therefore the technical risk is high., Because of this high
technical risk, it would be advisable to pursue a patallel program
to develop back-up alternative approaches,

2) Development of the capsule concept would require a relatively
extensive program and, due to the important relationship between
the capsule feoatures and afrcraft operation, it would probably be
necessary to demonstrate the system by flight test prior to a
decigion regarding incorporation in a production aircraft program.

3} The capsule has a major impact on the ajrcraft configuration and
therefore would have to be considered in the preliminary design
phase of the aitcraft program, In view of the probsble scope of
the development program, there is a serious douwbt that the capsule
concept could be developed in time for next generation afrcraft,
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CQONCEPT EVALUATION MOCK-UP

A full-scale mock-up was constructed for demonstration and evaluation
of the aircrew restraint and mobility aspects of the articulating seat
concept. The advanced design concepts incorporated in the mock-up arei

o Inflatable restraint system
0 Contour-foming seat cushion
0 Powered backrest and headrest mobility system

DESCRIPTION

The mock-up, as shown in the photograph in Figure 10, consists of a
seat-cockpit assembly which is pivoted in a stand so that the assenbly
can be rotated sround the longitudinal axis. The seat bucket and
backrest can be located to provide an upright or reclined seating

conf iguration. The rotation and alternate seating configuration
features permit the effectivensss of the restraint and mobility systema
to be denonstrated and evaluated under and Gy acceration forces

of £+ 1 Gwith the ssat in either the upright or reclined positions.

The restraint system, the powered mobility systaem and the
contour-conforming seat pan cushion installed in the mock-up were
previously described, To enable a valid evaluation of these
features,the primary crewman-cockpit phwsical interfaces, throttle,
side~stickand rudder pedal controls are included in the mock-up, 7o
accomodate the required range of body sizes, the width and helight of
the shoulder supports and the location of the aircraft ocontrols are

adjustable,

In the photoqraphs, Figures 11 and 12, a subject is shown in the
upcight and reclined positions, while Figures 13 and 14 show the
restraint system being evaluated under conditions of ~ 1 and -1
Gz, respectively, Evaluation of the powered mobility featlre is
depicted in Pigure 15,




A close-up photograph of the seat assembly is given in Figure 16 and
details of the nackrest can be seen in Figure 17 in which the backpad
and contour-forming seat ped have been removed. The basic restraint
gystem and the inflatable bladder restraint systems are shown in these
photographs. The inertia reel for the shoulder straps is mounted on
the shelf above and behind the upper backrest segment while the inertia
reel for the chest restraint straps is located on the aft surface of
the center backrest segment. Both inertia reel controla are on the
left side of the mock-up. The electrical actuators for the backrest
and headrest are located in the rompartment behind the backrest and the
actuator shafts are visible in Figure 17, in which the backrest and
headrest are rotated to the right, Both actuators are controlled by a
single toggle switch incorporated in the side-stick controller. The
inflatable restraint cystem can also be seen in Figure 17, The
bladders are enclosed by stretch nylon-frothed neoprene covers which
control the inflated shape, Campressed air or nitrogen is distributed
to the bladders fram an external supply through a pressure regulator
and a network of flexible tubing. The regqulator and a pressure bleed
valve are mounted in the rear of the mock-up. The contour-forming seat
pad is controlled by a self-contajined pressure-vacuum unit. This is
mounted in the rear compartment so that the control switch can be
reached through the access port on the left aide,

Beatzaint. Syskem

T™he combination of the strap and inflatablr restraint systems provided
excellent support and restraint in all rotetion positions in both the
upright and reclined configurations. An inflation pressure in the
2-to-3 psi range appeared to provide qood support and, in the case of
the foreamm rostraint, this pressure resulted in fimm restraint without
the application of excessive force on the arm, It was possible to
ranoveedard replace the arm in the restraint trough with the bladders
inflated,

In the imverted poaition, nome effort was required to keep the feet on
the toxds which representad the rudder pedals and it was considered that
this could become a nuisance al higher -alues of - G,, A reasonable
approach would be to provide some form of mechanical restraint to help
retain the feet on the rudder pedals,

In the mock-up, the take-up of the chest-strap inertia reel was not
sufficiently positive. Mhis was apparently due to excessive friction
caused by the strap routing, This problem could be overcome by
improving the installation, However, there is possibility that these
restraint straps may not be required and it is recowmended that this
approach be investigated in any future development program.
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Powered MoDility Syatsp

Demonstration and evaluation of the powered backrest and headrest
indicated that such & system could be a practical method of abtaining
external visibility under conditions where the pilot is essentially
pinned in the seat by the maneuver acceleration forces., On the basis of
the mock-up evaluation, it was considered that the external vision
ervelope would be improved if the headrest was tilted aft during
rotation to increass the upward and aft field-of-view, The rotation
rate of the mockup system is relatively low and a much higher rate
woilld be required for an maucml system. From the evaluation of
the nock-up, it was concl that there was no indication that a
significant increase in rotation rate would cause prcblens.

faotour Forming Qushion

The contour-forming cushion used a3
dencnstrated to conform exactly t:l

it, The cushion war used with a flat

)
was inserted between the cushion and the smat pan, This arrangement
was found to be satisfactory.
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FIGURE 10.

CONCEPT LVALUATION MOCK-UP
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FIGURE 16. SEAT ASSEMBLY

FIGURE 17,

SEAT ASSEMBLY COMPONENTS




QONCLUS 10MS

In this program, two conceptual approaches for advanced design alrcrew
restraint and protection systems were studied as potential solutions
for satistying the requirements projected for the next generation of
Afr Porce combat ajrcraft. The conclusions resulting from the
evaluation of these two concepts are:

SPHERICAL CAPSULE CONCEPT

The spherical capsule concept appears to have the potential of
satisfying all of the aircrew restraint and protection requirements
projected for the next generation aircraft, However, thetre are several
fundanental aspects of the concept which would have to be proven
before the concept could be considered to be a practical design
approacii, Two primary aspects of the concept, the unique posture and
the use of lateral rotation for restraint and for surveillance, may
pcove to be incampatible with the mission or with the operation of the
aircrait. Also, two design areas, vision characteristics through the
double transparency and the packaqing of the displays and controls
within the capsule, could present intractable design problems, It was
concluded that the technical rigk was too high and the dwelgm
program too extensive to permit selection of the capsule as primary
program for obtaining advanced ajrcrew systems for the next generation
of Alr Foree aircratt,

ARTICULATING SEAT CONCEPT

The articulating seat concept studied does not have the high altitude,
high speed protection capability of the capsule concept. However, it
was concluded that an articulating seat can be equipped with advanced
design subaystens which will meet the projected next-generation

equi rements for restraint, mobil ity and escape under high acceleration
maneuver conditione,

Fvaluation of the mock-up articulating seat incorporating advanced
design restraint and mobility subsystemst indicated the following:

o A gystem of inflatable bladkiers, umed in conjunction with a
strap-type thasic restraint system and with a contour-forming seat
cushion, providet excellent aircrew restraint and support. 'The
cvaluation was limited to conditions of ¢ 1 Gy and ¢ l
and evaluation under higher acceleration ooMTtiom wtll be
required to determine the full capability of this concept.
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0 A powered backrest and headrost system was demonstrated and
appeared to be a feasible method of providing aircrew mobility
for external visibility under high-maneuver conditions in which
the crewman must be fully restrained. Bvaluation of the mockup
revealed arsas of potential improvement, rotation authority and
head motion which should be the subject of additional study.
Testing under representative acceleration conditions will be
required to detemine the effectiveness of this concept in teoma
of external visibility and to establish design characteristics
smxch as rotation rate and excursion limita.

For emergency escape, it was concluded that an articulating seat could
be equipped with advanced design subsystems which had the potential of
meeting the requirements for escape under the projected
high-acceleration maneuver conditions. The system would have
selectable propulsion thrust, thrust vector control and an inflatable
stabilizer-decelerator systam, The escape system would be controlled
by a microprocessor and an envirorment-sensing system which would match
the subsystem operation and performance to the emergency envirorment,
It vas further concluded that a system of this type also had the
potential for reducing escape-system related injuries for escape under
thou: :\dlua\l vhere maximum performance escape forces are not
required,




¢
k-
b
!

[ R S S

4

I

RECOMMENDAT IONS

In this program it, was concluded that the capsule concept and the
concept bhased on the articulating seat both had potential with regard
to the provision of improved aircrew eacape systems in future
aircraft. Recommendations for future effort are:

CAPSULE CONCEPT

The capsule concept has the potential for meeting all of the projected
requirements for the next generation aircraft, and it {s recommended
that additional studies be conducted to investigate the high=-risk
aspects of the concept and to determine whether or not the apparent
potential can be realized. The specific areas in question are:
posture, lateral rotation, optical characteristics and packaging of
displays and controls. It is envisaged that the necessary information
on these aspects could be obtained by a cambination of design studies
and exploratory centrifuge and simulator testing.

ARTICULATING SFAT CONCEPT

The restraint and mobility aspects of this concept were demonstrated
and evaluated under ¢ 1 Gy and ¢ 1 oconditions using the

wooden mock-up., The results of this evaluation were encouraging and {t
is reconmended that the subsystom concepts:

o inflatable restraint and support
o contour forming cushions
o powered backrest and headrest

be incorporated in a seat asacmbly test fixture which could be used in
a series of centrifuge tests to evaluate the function and effectivensss
of the concepts under representative multiaxial acceleration
conditions,

ESCAPE SYSTYM CONCEPT

The ecscape gystem proposed as part of the articulating seat concept
would meet the projected requirement for escape under multiaxial
acceleration conditions. The proposed system would also have the
capability to select and control seat system operation and performance
to match the emergency conditions throughout the escape envelope. This
system is considered to be the "next-generation® ejection seat system
which has the potential for significant improvements in capability and
petformance while reducing the overall incidence of injuries, It is
recommended that a study program be initiated to cover the preliminary
design definition of this system.




TECHNICAL COMPARISON
INTRODUCTION

The capsule and articulating seat concepts were evaluated and the
articulating seat concept was selected for further st in the mock-up
phase of the program. The selection was based on a cal
comparison on an assesmment of the overall development programs
which would be required to ensure the availability of improved aircrew
provisions for the next generation of Air Porce aircratt. This
apperviix describes the technical comparisin., ‘The technical comparison
rated the capsule concept higher than the articulating seat concept:
however, as previously ducrgbtd, the articulating seat concept was
selected because of the greater probability of the successful
:l:vel;?mt of improved aircrew systems for the next generation
rcraft.

COMPARISON PROCEIURE

The technical comparison of the two concepts was made relative to the
following specified factors and weightings:

Pactor Weighting
Safety 158
Performance k1)
Comfort 208
Reliability and Maintainability 100

To obtain a cosparison at a sufficient level of detail, each of the
specified factors was broken down into its primatry elements, In the
case of “safety,” because of the diverse areas covered, this factor vas
divided into three subfactors which were assigned weightings., Each
subfactor was then broken down into its primary elements. The
subfactors and assigned weightings are:

Safety Subfactor Weighting
Protective Restraint 200
Protection in Plight Bmergencies k1)

Escape 508




COMPARISON RESULTS

The detail comparison of the two concepts is given in Tables 1, 2, 3, 5
and 6 and the weighted summation for the “safety” comparison is given
in Table 4, Examination of these table: shows that the capsule concept
was rated to be superior with reqgard to "safety” and *performance" and
the articulating seat concept was superior in terms of “"comfort" and
“reliability and maintainability.” The “"safety” rating for the
capsule, Table 4, is primarily a reflection of the fact that the
capsule provides aircrew protection at high altitude and against
windblast at high speed. The superior “"performance® rating for the
capsule, Table 5, {s based on the assumpticn that lateral rotation is
campatible with flight and combat operations and that latesral rotation .
can be utilized to obtain an improved visual target aocquisition and
tracking capability. The low “"camfort®™ rating for the capsule, Table
6, i8 entirely due to questions regarding the croas-l posture.
This assessment assumes that the cross-legged posture will result in
comfort problems, physiological and peychological, which may be
difficult to resolve, The "reliability and maintainability® rating, as
indicated {n Table 7, is based simply on the relative camplexity and
accessibililty characteristics of the two concepts,

The overall results of the technical camparison, Table 8, shows that
the capsule is rated superior to the articulating seat concept,
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TABLE 1. SAPEIY - PROTECTIVE RESTRAINT

CONCEPT RATING
ARTICULATING SPHERICAL '
CONDITIONS SEAT CAPSULE [ -
Maneuvers, Turbulence Good Good
Articulation Good Good
Pre~ejection Articulation Pair Pair
Ejection Pair Excellent
Aero and Deceleration Fair Good
Recovery Chute Pair Good
Ground Crash Fair Fair
EVALUATION 12/20 16/20

TABLE 2. SAPETY - FLIGHT EMERGENCY PROTECTION

CONCEPT RATING
ARTICULATING  SPHERICAL
CONDITIONS SEAT CAPSULE

Loss of Pressurization Poor Good

Loas of Canopy Poor Good

Bird Strike Pair Good

Pire Fair Good

Loas of Oxygen Fair Good

Enemy Strike Pair Good
Seat/Capsule Malfunction Fair Poor '
EVALUATION 15/30 22/30 '
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TABLE 3, SAPETY - ESCAPE CAPABILITY
CONCEPT RATING

ARTICULATING  SPHERICAL
CONDITIONS SEAT

CAPSULE
pre~gjection Functions Poor Poor
Marsuver - Spin Pair Good
High Altitude No Good
High Speed Poor Good
Low Speed + Low Altitude Good Good
S8ink, Adverse Attitude Good Pair

'- Protection during Recovery Poor Good
Ground Dmpact Pair Good
Survival Fair Good
Brergency Ground Egress Good Pair
¢ EVALUATION  30/50 45/50
L
E TABLE 4. SAFETY EVAIUATION SUMMARY
CONCEPT RATING
SAFETY ARTIGLATING  SPHERICAL
- PACTOR WEIGHTING SEAT CAPSULE
: Protective Restraint 20 12 16
, Flight Bmergency Protection 30 15 22
Eacape Capability 50 30 45
. IVALUATION 578 an
R i
q o
3 i
.
.
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TABLE 5. PERFORMANCE
_ CONCEPT EVALUATION
ARTICULATING  SPHERTCAL

: PACTOR SEAT CAPHLLE

. External Visibility - Upright Baseline Degraded

1 Improved with Rotation .
g External Viaibility - Reclined Powered Twist Rotation
i Internal Visibility Baseline Degraded
3 Adrcraft Control Baseline Fly-By-Wire Rudder
Alrcraft-Crevman Axes

G Protection Baseline Improved with Rotation
4 Target Acquisition Baseline Improved with Rotation
y Target Trackirg Baseline Improved with Rotation
EVALUATION 25/35 30/3%

TABLE 6. COMPORT
CONCEPT EVALUATION
ARTICULATING  SPHERICAL

FACTOR SEAT CAPSILE
Upright Baselime Cross-Legged
Pulsating G-8uit
Reclined Baseline Leg Improvement
Restraint Baseline Less Hardware
Clothing and Bquipaent Baseline No Life Preserver
| No Survival Vest
'f EVALUATION 15/20 10/20
] ‘8
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TABLE 7. RELIABILITY AND MAINTAINABILITY
CONCEPT COMPARISON

ARTICULATING SPHERICAL
SEAT CAPSULE

Reliability Articulating Mech Pitch Rotation Mechanism
'] Buergency Retraction Emergency Rotation

! Leg Restraint Lateral Rotation
e Bladder Systems Bladder Systams
e Rudder ond Rrake Mech Pulsation Peature
Umbilical
e Guide Rail Mechanimm

e More Fly=-By-Wire

o Maintainability Baseline Additional Systems
2 Cockpit Access Degraded
Access Prom Outside

EVALUATION 7/10 4/10

TABLE 8, EVALUATION SUMMARY

CONCEPT' RATING

" i SPECIF IED ARTICULATING  SPHERICAL

b FACTUR WEIGHTING SEAT CAPSULE

B Safety (35) 20 29

48 Per formance {35) 25 30

18 Camtort (20) 15 10

. Reliability (10) 7 :
i3 OVERALL EVALUATION TOTAL 67 ™
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