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HUMAN PROBLEMS OF ESCAPE FROM JET AIRCRAFT
Wi, Cdr, AxiT NiTRH

MO, HOQ. Tmiving Commund,

Tho pllot aad navigator of oue Canberra aireraft shot down by the Pakistan Aiv
Horan Wntl & miracalous eseape from ao altitude of approximstoly 47.000 £t So far  this
Is the highest ciection in Lhe Indisn Afr Foce.  About the suwme time lest vear, o April
LGS, o WAL E. Canberea B0 with o Seorpion motor cxploded et n height of approximately
G000 1, The erew edeeted salidy and fived oy again. Similar baie-miing  escape
from jet aireralt Bave been veported in other conmtrivs

Eavape from high speed siroraft was s dangerons hazard a fow vears apo, To-dey,
it s becoane such o safe amd simple  procedurs that every  Jet pilet = gven tesining
ond proeticnl expevienee of  ejection on the gronmd.  The ajertion seat has heeome not
_nu];.r - insnraney aeninst sudden disaster in the air, butalsaan impartant faotor in raisinge
tha morale of piless, There 18 some evidonce to show that, sinee the introduction of ran way
sipetion mechamam, an moreasing anmber of jet aireraft after Hame out (which wonid
norminlly he abandoned in the wir) are now bimded safely.  Pilots consider it a safe risk
t heing a jet fighter into land with a dead engime . because they know that they can
always eroape even at the last moment. You can imagine the effect of such ombidence on

fying eficieney and morale of & pilot

Lile ‘mmuy other safely devices in the aireralt. the clection sest iz g picve of
hard-ware which has been dedfzned and perfected through years of combined research by

apro-mocienl speeiniists and acronsutical enpinesrs,  The nesd for essisred  exeape or ejee-

tion from aireratt arose during the last Warld War when speed of aireralt incrsased rapully.
At gpecds above 200 M.PH, it was found indressingly difficalt to hale-out.  The wind hlast
and -air turbulence near the exist push the pilot back nto the gireealt. and sceeleeation forees

atse severs limitation of body movement. In addition, there ix grave danper of hitting

the tail or some other part of the aireraft.  Thess human problems of ecape etablished the
need Tor ejesting the pilol out of the aircraft.

~ The German Air Foree were the first 1o develop the ejection seat. By 1934,
Baft and other avro-mudieal specialists in Germany had cartied our ennsiderable vesearsh
un ballistics of =eat puns wdne dummies and homan woluntesrs.  Several ground test rige
up o oa beght ol 30 b, with metal seats ronning slong guide rails were built in Germany for
this purpose.  Junkers the well known German  Aireraft firm, had perfected an ojection
seat under thear own patent in 18410 Other firma like Focke Wulfe, Domierand Huinkel
also developad  pjeotion seats which’ were fired by compresed air or 0 gun,  The sjeelion
viloity of the German #pate was a hittle more than half the velooity sttained by the lavest

Britieh gent.  Lwven at these camparitively low ejection velocitics the percentage of spinul
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fracturcs und injuries was high, This was apparently due to lack of preoper appreaiation,
by the Luftwafie, of the physiologicul effects of high jolt factor, body alienment, and we
of a proper restraining harpess,

The problem of cseape from jet aireroft hos Lwo distinet napeate,  Bjoetion
und survival from offects of airlilust, free fall, altitude nnd speed. Safe sjection deponds oy
integration of ballistics and engineering design with physiologicn) tolermica of the humoa
body to short duration acecleration,  From the ballistio and prganearing  point of view, Ll
problem of ejection is o simple one.  All that is required is to produce an apward or o down.
ward foree which attains ity peak over a distance of § ft., the distance over whioh Lhy st
must travel on guide mils before it ean leave the codk-pit,  In upward ejection, o9 in LAF.
wireraft (which hns ulso besn universally accepted) ejection velooity of the seat tepuorade
un the speed of the aircraft snd design of its tail.

In order to produce u given velosity, '¢' within u vertical distance ‘s’ the acesle-
ration requircd for the seat to be shot out can be worked ont by the simple cquation w-
vids. Tlor instance, to attain a velocity of 60 ftfz over a distance of 3 1. would FLsgeLi v
an aeceleration of 18.7 £, A more important eonsideration in the physica of peat ejection
15 that o stetionury seat has to be suddenly secelerated from zero aeelorition (4 the ridgired
peak. This sudden increase or the rate of chunge of acceleration is deseribed as the Falt
factor” Spinml injuries doving ejection depend more on the degees of jolb Factor than the
pesk accelemtion.  If aceeleration is buill up slowly, the joll tactor is reduced, but a highar
peak or final acceleration must be endured to attain the same torminal velocity,
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Plivaivlogion] tolerance o ejection moey be defined as the moximum  aceeler-
Hon and ita rate of anset which con be sustsined by the scated human body  without ine
jueys Some of these luetors were not properly defined by the Germans.  Preliminary work
in ‘thin field was done by Btewart ut Fornborough in 1944, and lulter continusd by Latham,
Thesa studies huve helped to defing elenely the Bmits of buman  toleranes to short  doration

-aepelarations acting along the lumg axis of the apine,

Resedrch and testing of new seats is dome on o 155 [, high vertical test rig
and the rocket trolley at Farnhoremgh, In the last decade various types of propellants
have been investigated., Force-—time curves of differant puns  have beem worked omt,
Acceptable Hmits of jolt fector and peak thrust have been evalosted. The RAF. have
luid down that the apper limit of jolt factor or the rate of changa of acesleration should not
excaed 300 s and peak thrust shonkl he approx. 25 2, with & =tiff seat cushion,

Ejection and Gun Cariridde Desidn.

The Indian Air Foree Hunter, Canberra and Vampire trainer airoraft are fitted
with Martin Baker #jsction seata. with 60 ftjsee., double cartridge suns. This ejection seal,
haz a pealk thrust of 15 w0 I8 2 and jolt factor of approx, 240 gfs, with a pilot of everage
weight, and at ambient temperature. This performance allows a sufficient margin of
safety for variations in careridges, pilot’s weight and tewperaturs,

The sabject of guns and  cartridges for ejection seats is fundamentally . pro-
blem of ballistice, but it i= useful to know how variations in body weight and tempersture
cun alter performance of an ejection gun and cartridges. To cnsure uniformity in perfor.
manig of cartridoes, manufacture and blending of explosives such a= cordite has to he
atrictly controlled.  Tnepite of this, & normal seatter in pecformance is likely, For example,
at 1570, a pilat of average weight has | in 30 chance of excesding a rate of rize of 300 glsec,
To his scatter we must add the effest of variation in hody weight of pilots. A low en-
vironmental temperature and a heavy pilot would resnlt in reduced ejection veloeity.

Depign specitications of  ejection seat  cartridges in the WAL, loy down that
their performance sheuld be normal between temperature range of minns 25°C and plus
#0170 In the LAF, we may have to aller these specitications to suit our requirements,
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All kinds of propellants have boen considered luding compreossed nbe, bl gone hae (M
s gatiafnotory ae rordite:  The R.ALF. attash BPERD S0P b prropiet storgze of eorvelibe,
wid filling of cwrrridges,  beconse on these simple detaile  mmy depend the lile of o pilis,
Whenever s new fpection qun ura new ejection svstomis inteoduced lo thw BAE,, dedblor
of eartridpes and performance of the gun s mavaaecd ab Fuenbowongh,  Porformancy of
enrridges is determined by firing the seat o the ejection rig wnd thedauring the gns pressure
m the gun ohamber.  Bofore a new seat is apeepted. it ia (eed on the roeket tesole with o
life-size dummy 1o test ita breaking stremgth.  Similur test schedules nee used o aeeep)-
e trinls of sca larnesses

Seat Packs.

Seal pucks and eushivns play o significant part i sulery  duving  wjection,
Practical experience has shown that (he cjection seat pack on which the pilor sits
should be as bard a% is compatible with comfort, A soft apringy cushion or poel is ned soit
uble, beeause it adds to the clasticity of the cjecterd mass and pliys u signiticant paet in pro-
dneing over-shout of penk scceleration, Springiness of the eushion inersases relative lagr in
movement of the man,  During the initial period of sjection sueplis kinetie Bty i stored
in the seat which Inter produces osoillslivns. hetween the mun and the geal, The g
body hns natural compressibility and some initial lag in mun's movement during ejection
i, therelure, understandable. On account of this natural conpeesethility it is casential Ll
1ot nore than 5 ¢ is applied to the scat in the first 0.01 scconds, The eonecpt that oo sof)
Rpringy pack eompresses rapidly in the initial atage of ejection, and therchy invradusca o
delay in response of the man is supported by evidencs. Tt has besy ohscrvid that ajeelion
during inverted flight when the pilut is hanging by hix hurness, and i sepnteatid by oo L
inches from the seat, has always resulted in apinnl iniory,

An ideal seat puck bas been defined by Latham w3 one which s g soft upper
surfave to gpread the load over a wide ares of the body, yeb at the same time fill compression
is athieved with the normal weight of the pilot. A slow responding  (Lam plastie 2 2L
inches thick i very suitable a3 a seat cushing, Compressibility of the rumeinder of {he pole
should be reduced to & minimom Ly prestresing or even by enclosing the dinghy
sarvival equipinent Ineide & rigid container wilh the upper surfies hollowesd and nioulled
Az @ hed for Lhe cushing,

When assessing any material For use s a eashion, or 4 seat pack e aowhole
it is necessary to consider its dmnping characteristics. The higher the damping qualities
the Letter it is for nse with the cjection seat. IF wny merease i aittiog height in reguived
an parerafl flted with an ejection seat the cashion shonld prefevably he mhiele as an exten-
sion of the feam plastio layer of the pack ftself. Twn inch thiok Drinloprene is consicterod
ideal for wse s u enshion,

Every time a new survival pack = introdiced  or g existing one ig modified,
slativ sl dynamic tests are carried oul at Farnborongh  hefure the pack iy necepted for
usc in Service.  Static testing is 4 gsimple procedure.  The poack s putoon o solid bage e
coment. Hoor.  On the top of the pack is placed a predoad  a weight of womd or lead)
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waighing 10 o 18 kg, This pre-toad i instewmeated. Four amall neceleiomtery Lowniilews!
typo ure fixmd to the four cornere of the preoad.  Avevlorometers ar then conneitid 1o
the reonrding svaten, which consists of o vl vano-reeorder wnd wmplifiors, A standard
weight of 10 T (a piece of lead) is droppied on the pack with the el o i ruiels release
mechanism and paper recordings are taken In the experionve of the BAF, iF the con-
procaibility value ‘&’ is less than 0.5 then the pack is vonsidered wtfo for Tive tedbing.  Any
figure higher than 0,6 makes the puek unsitalilo

Acceptanea ol the pock for serviee ase, however, depmnids on tlie subjective
lucling of an experienead doetor who rides every new pack on the ejeetion rg.  Buch of
Pliese rany is instramentod. One aceclorometor is fixed on the seat anrd anothir is ateapped
on the iline crest of the testar throngh o leather bit.  From the output of these iceclern
misters peak weceleration and jolt values are derived. A GO fifs gun with n primary ol
in need for testing.  With o primary charge there is no change in the jolt fastor, hul
penk ueceleration 19 lowered.  Peak avecloration of less than 10 @ hes been found to be
inpufficient for detecting defests in the enshion or seal pack. On subjective feolings of an
axperienced dotor, who decides whether the eiection ride was smoath wnd safe, or rongh
and painful, depends the (inal acecptanes or cajectinn af o scal pack.

Body Alignment.

In addition to the acecleration characteristics of suat guna and nature of seat
packs, hody alinment, plays an important role sulety  durng ajection.  The bunan
biody can escape injury during cjcetion if the body i adequately suppornial and lexdon
of the spine is prevented. During early experiments it wis noted  thar  forsible tlexion
of the neck was a limiting factor for higher ejection velocities.

The development of the blind-firing tachnigue, which Is now a standurd method

of opetation of Martin Baker scats was an  important sdvanee It proved un etteetive

pisthod of resteaining the hend from meving forward.  To use the blind firtnge hunedliz, hath
armis have to he flexed pver the chest and raized to the fore-head to pull down » cunyis
sercen over the fape.  The blind-firing technigne not anly prevents forward movemend of
the head, bt it also helps to teansfer some weight of the shoulder girdle ta the face-blind
theough the hands, and thereby reduces compression losd on the lower thoracie vertehbine
Baising the arms upwards and backwards al=o helpe ro extend the spine and inerease tho

tong of the erector spindae museles.

Lven with heavy head goarc.z. bone domes. now in use by pilota, the face ikl
dies restrain the head from moving forward. With heavier head gear Ble a pressure hel-
FELR i|1j[]1'j!.-; to tha atlanto-oecipital joint iz Hkely o he o svrious problem particulacly
wien monual over-ride hand-fiing  contre! is used.  This = ume of the reasops why thie:
LAM. Farnborough de not favour manusd firing devies on Britih seats. which s an Aiv
Ftalf rayuirenient os a safety over-ride, in casc the blind-firme mechnizm fails

The importanee of spins] extensors as o safety factor in elvetion wis e fimend
by the Gorman research worker, Wicwhoter.  He mentioned thut iT the rave af trevpmde of
actuluration iv too rapid, reflex muscular  contraction of prector spinue does pot asair with



sufficlent speed and intensity. It is well known thot a flexed apine i partienlarly prone to
severe injury when a foree is upplied along its axis During seal cjection, fraotures ovuur
usunlly in the region of 1ith thoracic to 2nd lumbar vertobras, o aceount ot jack-koifing
injury, & sulden, [oreeful forward lexion movement of the upper tesn.  Bpinal injury in
this region is understandable when we consider thut the centre of geavity of wpper tordo s
in the region of 12th thoracie vertehra,

Another important consideration in proper hody aligrmment 1w the wmounting of
the seat in the cock-pit.  To avoid fouling of pilot's kness, with the metal areh of the inaten-
ment panel or the wind sercen, the ejection scal is s mountod on guide raily chat it fillows
an upward and backward path,  There is an included angle belween the thruat sxis of the
soal aud the pilot's spine.  Sueh an ineluded wngle leads do oo inereassd forword thirast og
the upper part of the torso during ejection, Tha mgnitude of this forward ldexing compos
uent varies direotly as the sine of this angle.  Limitotions of the insluded anple are goverpenl
by the magnimde of the forward load tmparted to the upper tronk, and the degres of Rexion
of the spine which can take place within the harness, With a large included angle the
fluxing eomponen| bevomes greater amd the satety horness less effective in preventing for-
ward flexion of the apine

In & small eockpit, the guide mils of the scot may have to be tilted further buk.
wands o that pilot's knees do not foul during ejectivn,  Tilting of seal Lackwards means
thar the included angle berween pilot’s back and the gjection path iy incronsed. Theoreti-
cally, to measure the included angle it is assumed that, & pilot & sitting straight up against
a flat board which determines the line of his back. For practical purposes this line s
assumed to pass throngh the seat datuwm and the frun edge of the paruchute back pan, No
British atreraft these days has an ejection seat with an included angle of more than 810
degiees,

The pilot must separate from the seat after gjection and  cumne down with the
help of & parachute. In earlier ejection seats some of the vital aelions ey dizconnestion
of axygen ete., cauopy jettison, harness release, opening of parachute had to be performed
by the subject. Now the ejettion seat has been made fully automatic. Onee it §s fired
all wital actions fullow a set sequenve,

In a fully automatic British sear all essential aerviees  like oxygen, micftel, g-
#uit ete. by which the pilot is connected to the cocl-pit are disconnected  automatically,
The canopy is jettisoned and after o set time period, when the pilot is clear of the aireralt,
tha seat swabilizer drogne fires stablishing the degoent of the seat.  This i followed Ly fiving
of the barestatic purachute refease mechanism which is pre-set to an-altitude of 10,000 (.
or lower after a fime delay of 14 sevs.  Earlier British seats have a 8 socond time delay,

Ejections in the [LA.F.

Ejeoted Total Nos,  Killed Nos. fjerifm:i.l_v Injured Nos,  Nulue of Tojury

G Nil 3 Fracture apine 3
Fraesture Ly I
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Both the pilot and navigator of the Canberre had frueture spines.  The pilot also
hael & fracture of B4, Lo, The third case of frocture spine was the pilot of 0 Huntor aireraft.

Analyais of ejection seat escapes in the BR.AF, show that fully antomatio seats
huve proved invaluable in saving lives of pilote of high speed aireraft.  All RAF. aireraft
arg fitted with Martin Baler Soute,

The tollowing figures collected by the RLAF. show comparutive advantages of fully
antomintie apats,

Ejections In the R.A.F.

Ejuctod Killed Seriously
Tutul Nos, Now, Percontlage injurad Nog,  Deroantug
1551 5 2 40 1 20
152 12 4 3% 3 25
1153 17 i A5 3 17.5
Introduction of fully avtomatic 3 secs delay.
1054 23 '3 B | 4
1955 2n 0 da 2 5
Introduction of 1} secs, delay
1956 20 2 13 2 10

1957158 —The above figures wre likely to be lower after introduction of the automatic
apead 2elactor devier in the existing scals in the RAY

Tnjuries can be snstained on cjection, soon after ejection, during descent, amd
on landing. Human problems of cscape, therefore, do not end  with ejeetion.  Physiological
limitations of wind hlast, free fall, and szat separation have to he overcome belore reach-
ing the ground,

Wind blast,

After cicction &t high speed, wind hlast can give rise to  scrious injuries,
Dummy snd human experiments have shown that s aspeed of 330 Lupots iz about
the safe limit of exposure to air blast. Ahove this speed. sir blast foreibly scporates the
knees resulting in severe damage to the hip joint=. At 450 knots the abduction air load
on ench leg has been caloulated as 700 ft. Ths.. and fall sbduction of hip joints tekes approxi
mately 0.1 second,  With such a force pulling the kneos apart muscular sction slone is not

wufficient to keep Lhe kness together. Suitable leg restraint is essantial to stop the Enees

from flailing during rseape ad high spesds.  Abduction injuries of hip and knees juinks have
heen ponsidecahly reduced in the ROAF., since the intraduction of leg restraint on - siection
fents,

Arma and shoulders are equally vulnerable to wind blast. Injury to arms and
shoulder juints is more common in downward cjection seats,  Seat-firing mechani=m on these
gants 1o loeated on the arm rest.  During cjection, grip on the arm rest i8 lost, arma flail,
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rewalling i serious injuries to stoulder joints. The blind firing  mechanism wsed 1 ritiah
sunte i considercd safer in this respeet. Only o fow coses of arm and shoulder LRVRITRTE:
have botas reported in the ALK, when the pilor has been unnble to pench the blind  witl
buth hands, and it Las boen fired with enly ane hod,

Uther parts of the body such as the abdomen amd  ahest do not appear tio gulTop
uny il etboots fronn short duration air blast upto sonie speeds ot sen lovel,  Wacial distoridon
doed aeent whea the fiee 18 exposed,  Blind tiring mwchanism in Britddh sy prewiclen i
yuade provection 1o the free apto a spesd of 350 koots,  Abnve Gl speedd, ploves, shoos,
helmets and musks ane frequently lost.  Flying clothing 18 torn, From the physiologival
Pt of view dumage 1o oxyien assembly and pressure clothing i more Inportant, especiin-
Hy in casc of high altitude oeupe.  In the RAF,. befors dny oxygen wasem by s indeodnosd
i the Berviee,  wind blnst tosts wre earricd out by placing dunimies wonring the new e [t
ment behiind o eontralled wie stream produced by a jor engine,

Fres Fall.

After ejrotion wt high  altitudes froe fall js nbsalubely  essentinl tor che [l livwing

PO —

ta}  Parachute opening shock ut high altitudes ean inpure the  individaal s
danage the pamchute,

(b} Temperatores as low a8 minus 40°C-60°C ot high altitude make Il fmpers-
tve that the individual falls rapidly o a lower ultitude ard higher Lempera-
tures, thereby reducing the chanees 6F [rost-hite and capusnre togevers pold,

e} Sl dement means larger supply of axyigen,

i) Expesure Lo low atmesphieric. pressure and likelilwood of decom pression sickness
is inovcnas] by alow deseent:

Human experinicuts and study of behaviow of sunlike ditnunics  during fong
free fulls hae shown that free falling bodies of man-like cortliguration assunie a prone pt__:si-'
tion parsllel ro earth’s surface and spin about & vertioal axis, The hody seerns to rotate
around 1 revolation per-second.  ¥Fop g human body the limits of toleraics ior such spin-
ing vary from aboul 1.5 rps. lasting one minute to about 1.75 rps lasting 15 seoonds.
This is highly significant in relation wo the problem of high altitide sseape. since during
free fsll, deseent from S0.000 . to F0.000 ft. takes about 100 seconds,

The actual lowd on any part of the ratating. by depends upon the square of
the angular veleeity, and npon the distance between that purt of the Lhody wnd the axiy of
rotubim,  When the nxis of votation iz in the region of the thorax, hody Hoids ape e
outwarde towards (he extremitics, Venows return wrd enedine outpul are thus impaired
and everywhere vonows and arterial pressires appirosch one snother.  The heart b e R
prohably dne o diminished senous retum. Spinning of the human by during free fll
i known to vause sevore headaches, vomiling, superficial baemorchapes in the eomHnetive,
face, neck nnd ends of hoth cxtremities and aevers pin b bl legs.  Porochatists miandei g
redatively long Tree falls have cumplained of sevare confusion and mpeiling Lo of wop-
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diiousness. with obyions danger of failure to pull the D-ring of the parachute wt o sate
altituda,

Thsorienlation is & common symptom reported by pilots who have ejected at
high altitudes. Disorientation and  vomiling were reported by the erew of the R.AF.
Canberrn who wjected last year at 56,000 ft. The seat stabilizer drogue did not funetion
in the ense of the KA. pilot doving descent,  He, therefore, spun violontly during deos-
oent fn o sprewd-eagle monner, as if bis anos and legs being stretehed,  He also vomiterd
i saw his vomit swirling round before him. He also lost CONRCIoUETIERS,

"Phore was marked swelling of his neck snd face vpto the hair-line; ho had severs
tonjunetival haemorrhage and ecchymoss uf oyelids, his nose was gwollen; there was
bloudy dissharge from his left car with a hacmuloms in the meatus; he had numerous pote-
chiol hnemorrhages on the solt palate, pharynx, und fauces: the retinne weoree clear; hoth
fore-orme and baok of the hands had marked pelechiol haemorrhapges; right hond more than
{he left; the palms were clear; both feer showed small haemorthages on the anterior half
of the domum of each foot, The navigator whose seal wos stabilized during descent |
who “therefore” did not spin had none of these injuries. Both the pilot and navigator,
however, were deaf for o few days,

Seal Separation,

These effects of free fall confirm the need for stabilization of the man after
sjeotion at high altitudes. The aim of stabilization is to keep the man fully conscions
throughout déscent, because he may do something foolish or undesirable whilo losing
o regaining  cOnsCIOUSNEES. Spesd of descent should also be as high as possible.
This can be most efficiently uvcomplished by retaining the man in the seat under
basometric control.  This fact can be appresiated when we eonsider that to stahilize a man
requires @ porachute with a drag arca of not less than 35 sy, ft, Parachute of such o size
ean be slowed more easily on the seat than on the mun.  Morcover. emergency oxygon and
pressurisation serviees can be carricd hetter on the seat than on the body.

Pulling the man out of the seat with a drogue s considersd hetter than acro-
dynamic geparation, becanse it can be controlled to a =et time perled.  Aero-dynamic scpa-
ration on the other hand muy vary from 14 to as long ss 10 scconds.  Gripping the arm rest
ar smme other part of the seat structure involuntarily by the subjest further delay= separation.

Limitations of Ejection Seats.

Limilstions on ejection =eats are placed not zo much due to failure of equipment
{0 operate correeily, but due to injuries resulting directly or indircely from air  blast
Injutics can be caused directly by exposure of the man's body to wery high dynamic
[easure, -4ud indirestly by sero-dynamic drag foroes cansing rapid decleration of
the scat and man's body, his limbs and head, With increasing altitude of fight, man's
pesonnl equipment such as head gear will incresse the drag and inertia forees on the
head, 'The pilot's head genr is alrendy ereating a restriction on aperation of the blind
fiting mechanism which acts e a restraint to the head.
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Limiting upoed for  cjection seats beeamos o function of decleration. Tt eun
ho assessed from drg and weight of the seat, Maximum deeleration for Wi epention seut
his been taken at 60 g which i probably about the limit of humin tolarauc, Maxiinum
limiv of tolerayce of existing hamesses is about 20 g With an ejected wi, of ubout SN M
& decleration of 50 g is obtained at o specd of about 850 kuots E.A S Limiting apeed for
Intest ejection seats in service is probably about 350 to 600 knots, Tor [uture advernty,
ojeotion seats would require very eansidernble improvements if paeape ab o taximum spoad
i an emsentinl roguirement,

Declertion at u given spoed ean be reduced. by inereasing the weighl of the
ejocted mass and hy redacing aero-dynamie drag. There is little possibility of reducing
the drag, but considerable waight cun he addml, Comprebensive Hml and Hed restrain,
stabilization to kesp tumbling within level of tolerunce with fins ete,, il putling oxygon
buttles on the seat can increase the weight., The seat ean Lp shapeed to provide neLeRsary
support to the limbas and hody.  Assuming an ejected weight of 470 1bs, the 50 i limit s
raised to 800 knots, E.AS.  This would mean ¢ weight penalty of 100 to 150 1y PEr Gen
and also o larger cockpit.  An K.AS. of 800 knots is considered to be the limit to which the
sjection seat eonld be developed. At apeeds higher than this, Maek 2 and more, gme forn
of eapsule is necessary to eseape safely from aireraft,
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