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FOR!WORD 

This report was prepared by the fought Aeronautics Division of the 
LTV Aerospace Corporation, a subsidiary of Ling-Temco-Vougb1t, Inc., under 
Air Force Contract F33615-69-C-l692. This contract was initiated under 
Project 1362, "Crew Escape for Flight V~hicles", Task No. 136:?03, "Crew 
Escape Techniques Research". The program ia &dminiatel'ed under the 
direction of the Recoveey and Crew Station Branch, Vehicle lquipnent Divi­
sion, Air Force Flight Dynamics Laboratory, Air Force Sy.,tma C011111&Dd, 
Wright-Patterson Air Force Base, Ohio. Mr. B. J. White (FDFR) vu the Air 
Force Project Engineer. 

This report covers work conducted during the period Apl\l 1969 to 
April 1970. It was sul:mitted by the authors in April 1970. 

The documentation of this project nec~s1itates publicati~n in ■ever&l. 
parts. The total documentation includes : 

Part I 
Volume l - VTOL Aircr&ft F,quationa and Failure Mode 

Analy1h 
Volume 2 - Escape System Parameters Analysis 
Volumfl 3 - Computer Program User's Manual tor VTOL E1cape 

System Simu.lation 

Part II 
Volume l • Escape Seat Systems Concept An&l:ysis 
Volume 2 • Escape Seat Sub1111t,ems and Detail Drawings 

The authors m.ah to expreaa their thanks to the tol.l.ow1JJI Ul'V Crew 
S~stma Deaign Engineers who contributed to the system design and to this 
report; Mr. w. T. Timmons, Mr. Jamer. Harding, Mr. Tom Harper, Mr. - Parrish, 
and Mr. Richard McClung. 

This technical report baa been reviewed and ii approved. 

ii 

~RGE A. SOLT, JR. 
Chief, Recovery and crew Station 
Branch 
Vehicle EquiJlltllnt D11'111on 
Air Force night D,ynlmic1 IAboratory 
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ABSTRACT 

An ejection ae~G escape system ia described tor a bypot:.uttioal two-place 
t!.gbter-attack VTOL &ircra.tt. The system includes an aaergency detection and 
escape initiation eubsyatem which tunceiona independently- ot the crew. The 
:performance Nquired .ot the ayatem is developed by an analy-sia ,of the parent 
aircra.tt modes of ta.i.lure. The trajectory behavior ot each of the aeata 1n 
VTOL and conventional fiight failures 1a presented in thf torm ot time h11tory 
plote generated by a aix degree-of-treedam digi t&l. ccnpu1 ,er dmulation. 

Thie abstract is subject to speei&l e:;q,ort controls and each transmittal 
to foreign goverments or foreign nationals~ be made only with prior 
approval of the AF Flight Dynamics Laboratory (FDFR), Wright .. Patteraon 
AFB, Ohio 
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l.O m,tOJMrnOlf ARD 8~ 

Tbe basic objective of thia atud:y vu to . 4ea:lp ao ~~ion •••ti 
escape . system that ia able to provide dle c:rw e■cl)e , ' t19tt,rJ~ 
VTOL &1rcr&tt during emergenciea in tbe 'Y'r()L lili4 hi&li G'ecl, low llt!l .. 
tlight regimes. . It was at:tpul&ted at the outaet that ,._ l!e-1~ ~ . 1Mt 
built on a totall:¥ ana.1¥tieal foundation apl,oying a c~f •~ill'l!D, 
to account for all system interactiODI fl'0lal aircraft failure oacurren,de 
to crew recover:,. 

To tulf'ill the overall program objective, a logical sequence ot 
intermediate objectives vu planned. In Part I, Volume l of th11 tiYe 
volume report, the tirat aeries ot objective, are diacuaaed. They ant: 

o Select. a hypothetical aircraft a.a a bui1 tor escape ayet• 
deai8'4• 

o Eatabllah the failure modes vbich influence the escape qatca 
design. 

o Provide an aircraft dynamic an&J.yaia to define the poat-tailure 
behavior of the aircraft . 

In tut I, Volume 2 another ■et ot interim objective, 11 a.ccompliabed.. 
They' are: 

o An an&lytical study to arrive at -,prox:lutiona of the pertol"MDCe 
of dras pa.raclmte stabili1er1 vbile operating behind an ejectic:m 
seat in flisbt. 

o An anaqaia that conatitutea a det&:lled atud;r ot the separation 
dynamics ot the ejection seat ,u it movea a1Aag ud 1eparate1 
frail the guide rails. 

o An evaluation ot ejection propu.lsim tecbn1que1 tb.l'OUlh a e~ive 
analysis of rocket/catapult deaisns and a detel'ltiDAtiou ot the 
consequences on perfomance aad trqectory. 

Thia volume, Ptu't n, Volume l, ia devoted to th1 eatablilblent ot the 
eaeape ayatan performance required to meet the program obJective, a cleacript1on 
ot a suitable syatem, and the results of the ccmputer 11-1.t.tion ot tb• 
111tem wbich substantiates the tact tbat the ayatem deacribed. dota 1ni tact 
provide sate escape tn:m the critical failure modes tb&t ~ be r.:-_per1enee4 
in VTOL or conventional flight. 

'!'be eacape ayat• described 1n th11 report bu auttic1ent pertal'MDct 
to 1naure 1>ecoveey ot both crew ••bera .above the ejecticm al.titw!e tol.lowlns 
the critical failures in the VTOL and tr1111ition f'llgbt regille1. 

l 



Tbe l&lient ay1tem features which help to prov·lde this performance are: 

o TS:-.11 ejection initiation by means of a.n autanat'-c ayat• which 
11111e1 an •ergency aituation and responds by firing the aeat 
catapult more rapidly than is huma.nl.y' possible. 

0 Sequencin&; ot poat ejection events baaed on conditions of aircraft 
attitude, attitude rate and speed. 

o A d.rocU• parachute system su1 table tor subsonic and supersonic 
l,PNdl. 

o A peraomiel parachute system configured to provide line stretch 
1n le11 than 300 milliseconds in hover flight. 

o An ejection propulsion system which provides tailoring of the 
tra.jectoey baaed on aircratt attitude and attitude rate. 

Dur1Qg this design activity the primary criterls, in the selection or 
contigvation ot subay1tema were to obtain sufficient p,rl'ormance to enable 
tme total 1Y1t• to meet tbe program objectivea. Of almost equal importance 
vu the question of tu,aibillty and simplicity of desisn. I::i the cuea where 
qulitiec.'. 1tma were not 11.tiatactory, the units recClllllended are only alisbtly 
Mtterut in dealgn or make uae ot a different arrangement of existing 
.. cmp,aenta. 
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2 ,0 ,SYSTIM PBR10'RMAll'!I Rl!fJIRDP'l'S 

a. Program _Objective 

The objective of tbis program vu to derive tbe desi.sn ot an ejecti• seat escape system that will provide safe mergeney crev e1cape under tbe extreme conditiona encC"..:.atered during mergenciea 1c the VTOL and hip apeed, low altitude f'light regimes. 

The extreme conditions created by anergenciea in V'l'OL and conventional flight have been defined and quantified by caapleting the tol.low1ng studie1 and analyaea: 

(l) The selection of' a bypothetical aircraft representative ot a second generation tighter-attack VTOL air~ratt. 

(2) The eatablislment of' tbe failure mod.ea cbaracteriatic of this aircraft vb:ich require crev escape. 

( 3) The determination of the dynamic behavior of' the hypothetical aircraft subsequent to the f'ailUN mode■ in V'l'OL, tranaition and conventional flight reginw:a. 

These activities are d.ealt with ir. detail in Part I, Vol.me l and the diacuasion herein will be brief. 

b. Description of' the Study Model Aircr&.!c. 

It was the objective of' the stud¥ nod.el &ircratt 1electlon Jl"OOIIII to define a two-place configuration vb:ich voul4 proridA tbe met ditt'i.cult escape eaviroment. 

lltter acreening the propulaicm syst-■ potenti~ IU1 table tor a high performance V'l'OL &ircratt, the tour aircraft listed below were aelected . u candi4&tea for evaluation to 1elect the stu.dy model,, 

o XV-5A (Paa: in Wing) 

o XV-4B (Direct Litt Engines) 

o AV-6 (Deflected Thruat) 

o ADAM III (Propulsive Wing) 

Vehicle excuraiona following propulaion failure and tu.ll bard.oYer control tailurea nre ca:nputed ·to enable the aelecti,on of the moat critical propulsion/ control aysta arrangement. 

Prem this anal.1'111, it vu concluded that the XV-5A propul.1icm/cantrol con:figuration baa tbe worst failure cnaracteriatica. It vu selected u tbe simulator model tor a detailed a1x...(!egree-ot-treedal etud1' vitb a,dJuataenta in data to permit the airplane to attain a 600 DAS and 50,000 feet flight envelope. 
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The XV-5A aircraft, abawn in F18'Q'el l and 2, ia a twin i:tngine, 

tr1-tan (two w:l.ng tana and one n.:,se fan), rnidwing, turbojet powered aircraft. 

Tbe bover litt 11 produced by diverting engine exhaust gas through cro1a0¥er 

dllcta ~ , drive the wing and nose fans. Pitch trim and cont11ol ia provided 

by ~ti<Aa ot th'! nose tan jet by means of adjustable exit doors. 
V1ns tu lau.vera &NI defiected in various ccmbinations to produce height 

control,,- and .roll control and forward translation. 

c. pt■cription of Critical Failure Modes 

A aix degree-or-treed.an ccmputer simulation was constructed to 

pertom & detailed analya:la ot the (cynamic behavior of the study model 

&iricratt. Time hiatorl.ea of acceleration, rate i,ad po.si tion of tbe airplane, 

and ot the crew at&tion reactions to a variety vf aircratt failure IIO<lea 

were generated and plotted. A detailed discussion of these modes of failure 

u well u tbe ccmplete history ot the study model aircraft response IDIQ' 

be aeen in the Part I, Volume l of this report. 

The moat critical failures in terms of aircraf't e:xcuraiona and 11.nk 

rate are tound to result trcn: 

(1) Ha.rd-over roll control failure during tr&D11ition at 46 knots 
equ.~v~ent airspeed. 

( 2) Ht.rd-over pitch control fa.ilure during transition at 46 knots 
equivalent airspeed. 

( 3) Camplete propulsion failure du.ring hover night. 

Time hiatoriea of the aircraft behavior subsequent to these tailurea 

are abalm in Figure.a 3 through 31. 

The1e three critical failures then are considered to con~ti,ute 

tbe moat untawrable VTOL conditions tor crew escape and therefore beca.:.:- part 

ot the eacape ayate perfonaance requirements in that the ayataa amt provide 

aate crew escape frail these initial cond.itiona. 

Addit:tanal. p1.1rtcmunce requirements for the VTOL eacll)e qatem are 

tm■e contained in MIL-S-9479A, 11Seat Syatm - Upward Ejection Alrcraf't, 

Cleneral Specification tor11 dated 16 June 1967. These requiNlllllnts are 

listed in Table I. 

TABLE I MIL-S-9479A RIQUIRP.M!NTS 
AnT.llJD! ALTmJDI AVAILABLI 

£Y! Pl'1'CB ROLL SIIQC VIU)ClTt P0R REOY'IRY 

l 0 0 0 0 0 

a 0 0 0 60(), K 0 

l 0 00 0 MR 2.0 Sate escape 

0 6d 0 120 JC 0 

' 0 lf!J:Jo 0 150 K 200 Ft. 

6 00 0 -10,000 Pl'-M 150 K 300 Ft, 

7 -600 00 -17,500 FFM 200 K 500 rt. 
8 -60 6o -17,500 FFM 200 IC 550 :rt. 

9 ~50 l~o -18,000 PPM 250 K 600 rt. 

Cue 4. Impact occurs at instant of seat/aircraft separation. 
In all other cues, conditions a.re at initiation ot escape sequence. 

4 



d. 8'!!!:!7 ot V'IOL l•cp @rft!p Fedp---• ll!PM;Wl!t! 

In order to aeet tbe pl'Qlrlll ob~act1Ye ot pnr,l4irll Aft -q.w;r 
crew e1c• t:raR VTOL am b18b speed, lar altltude -....-1••• tla e.1.U• 
1eat e1cape 1171ta JIU.It be ctl)&ble ot prioYitiQI Ille crw 11cap1 ttm '11.11 
•tu.lbr model aircraft unde:r the conditicma m.ltlDC:: 

( l) After the moat critical &111enft -.ttunctlou in tbe ft'OL _, 
trauitlcm ru~t nli• u ,defined 1D ftlure• 3 throa&h 31• 

(2) tinder the initial conditions speci fiel. 111 MIL-S-91J79A alM"'1 
1D Table I. 

Comitiona (1) an4 (2) abcne tbeNto:re, cout1tute tbe top llnl 
pertormaace requiN1111J1t1 vbich an;v eacape qatea IIIOlt aeet .111 order to 
attain the objectives ot th11 prosra. 
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3 .o S!B!Dt DIBCRIPlIOI 

•• Qalral De1cript1oa 

l'be ejection aeat eacape ayatm ,de1cribed here ia deaignecl tar a 
two place, aide-by-aide cockpit configuration. The cmplete Q'ltell coaailta 
ot. following: 

o An aircraft mounted avionic• aubayataa wbich will detect an 
-rpncy condition and provide a signal to initiate eacape. 

o A seat mounted progrmner to provide ejection and po1t-e~ection 
event initiation and sequencing. 

o A lett band and a right band ejection seat aaambly which include■ 
crw reltr&int, ejecticm propu.laian, drag parachute and peraomel 
parachute aubayateu. 

figure 32 ahowa the cockpit gNcaetry. Each aubayat• 1a deacribed 
1n detail in thia ■ection. 

b. llerpncy Detection and Ejection Initiation Syat• (IDIIS) 

An an&:cyaia ot &U pertinent factors regarding the vertical taaott, 
hover, and ,ertical lancUng portiona of a VTOL fiight b&ve resulted 1n tbe 
tolloriDa prelillinary design objective, for the lmergency Detection and 
ljectlcn Initiation Systell, hereafter reterred to u EDIIS: 

o 'l'be ayat• will be designed on the Pail Operational pbi.19~ 
au.ch tb&t the rma1nder or tbe syata remains active atter 
taihlre ot any ayats element. 

Accuracy of decision and reliability of action will be 
designed into th'! ays:ts so that the probability ot llTODllOWI 
escape is negligible, but the probability ot corr~t ea~ 
is very high. 

o The ayate will be active between the alti tudea ot 10 feet 
.above terrain and 500 feet above terrain providing tbe pilOt 
bu selected tbe ".Autaaatic Initiation" mode. 

o 'l'be system will have built-in teat equipnent which will monitor 
1ta operution, deactivate a tailed portion, and provide 
1nf'ormation to the pilot on the portion that baa ta:lled. 

o The only equipnent failure whlcb will render the eutal&tic 
iDitiation ayatem inoperative 11 the complete failure of &1l 
electrical power. Such a failure will not attect tlle am1al 
initiation ayst• 

The s;yat• will be designed primarily to aenae, identity and 
react to .. rgency conditiona which rel'Ult traa an out-ot-control, unreccmtr­
able tlipt ccmdition. The decision proce11 to autclllatic&lly iDitiate e10ape 
will require a finite time after the aircratt baa entered the out-ot-control 
regial. 
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In all cues, i;be qatem rill decide ,ad initiate IUtc:llatlc 
escape in time for the aeat tunctiona to proviJclB aate recovery f!or botih 
crew meabera . 

. The 111tm will be de11.gned and pacll:.apd. Yitb ,1ate......,a1 to 
prevent erroneou.a cleci1icming antl inadvertent tnf..tiation. 

The ayatmvill be designed to achieve b18h Nllabllltr through 
aimplicity of design. 

The d.eci1aion to initiate eacarpe flail ,an ai~cN.tt ~ traditlonalllr' 
been e. peraon&l. decision or the e.ircre.ft ocaaander; bc:Mn'er, in a V'll.'OL 
aircraft in the hover mode, the emergency conditions neceaaitatiq eacape 
have ved aut ot tile time t~ame of h,aa,n reaction time and lnto a tiae 
regime where only autanatic declslona 1111¥ be e~eetive. 'l'heretore, u ,a 
very important pa.rt ot this program, emergenciea requiring autcmatlc eacapt 
have been defined. 

At the outaet it was apparent tbat tbe maber or puaetera 
used in tbe decision tor autanatic eacape mst be kept to e.n absolute 
minimum conaia:tent with the requiNaeat tor ,a aucce11ful 1e1cape. In ,144it:Lcm, 
:It la extremely difflC'lllt to predict all poaalble t&ilure 1110de1 ,and to 
p~vide metbods ot detectiag tbeae ta.llurea. 'l'bu, tbe empbaa1a bu bee 
pll\Ced on detecting tile ret.1Ult 11 ct tbe failures ~at.her than tha tailuea 
tbauelvea. 

Tbe auaber of panaeter f:amllb,a nece11ary to defiae ou.t-ot-ccmtrol 
eae~nclea :requiring e1cape bu !been reduced to three. These three tmlle■ an: 

o Roll paraaeters 

o Pitch parameters 

o Vertical p&l'laaetera 

The elimination ot other parameter taailies in tbe d.etillltloa of 

I 

emeipncies requiring ,escape was acc0111pliahed primar:U.y by & Judpent u to , I 
tbe time N!quired f'or accurate declaionins and tne tille available tor 
aucceastul manually-.initiated escape. llor exa11ple, tile detection or tire 
i ,a not dU'ficult; but ,useaai~~ pNciJely the ,eKtent of' aey renlt:Lng , .. rpncr 
is difficult and beat lett to the Judgment of the pilot. It tlM tire 
should cause unrecoverable, ou:,-of-control flight conditions, the thfte 
paraeter faaill,ea chosen will initiate a -:-acce■atul autClll&tic ea~. 

SiJDilarq, a c0111plete tallve of all airer~ electrical ·power 
~ be detected read.11¥, 'but tbia in itself -.v not conatitute ,an -rpncy 
Nqlliriag eacape. The pilot may land tbe ai11cra.f't, take corrective u:ticm 
such aa activating a back-up electl'ical. system, or JMm1aJl,y lnitiate escape. 

Each ot the three parameter t:aaillea bu been given parallel 
authority to initiate &Utclllatic escape in tbe design pbiloaopby'. 

21 

I II · 1 



I i1 

I 

1

1 

I I f '! fj ('"I' ' ' 
11 1, I 

. - ................... _ 

( l ,) Fail Operational. De1ip 

In tbe preliminary design atudiea. of the IDIIS, the probl• 
ot nllab111 ty ot 1enaor1 was ot prime concern. It was apparent that 11.qle 
cban•l, non-Ndund.ult sy1tema would not be 1atiafactory. Studiea indicated 
tbat tQica.1 'V'.rOL vebicle1 would uae at leaat dual .redundant aenaora in the 
n.tpt eontrol qatema and the Olltput of theae sensors~ be utilized &a 
tbe buia of the detection ayatem. 

The two 1ena0r1 ~ be uaed in parallel, witb eitber 
•euor c.-p,.ble ot indicating an emergency. ln this caae the reU.abillty of 
detecting an actual emergency would be increaaed but the chance ot & f&l.N 
jec ion lipal due to senaor failure would be doubled. Thia ii unacceptable. 

A nitor circuit could be added which would deactivate a particular ctwme) 
it tbe two aenaora in t bia channel do not agree. In this case tbe chance ot 
a talle ejeetlon Ii would be considerably reduced, but the chance •Of 

failure to detect an actual cergency condition would be doubled, Thia &1.10 
11 unacceptable. 

The only acceptable solution ia to add & third sensor in 
e&eb cbunel and to uae a ma,Jority voting concept. In the c0J1cept uaed, the 
output, of the tbree aenaora are aent to a camparator wbicb will pua a 
aignal to tbe gate it tbe O\ltputa of any two ot tbe three aenaora agree. 
Tb11 rel\llta in a Pail Operational S:,atem in that the ayatem will still 
operate after an_v aingle failure. 

Arter a aenaor bu failed, it 11 removed f'ran the circuit 
and tbe two 1"9M1n1ng aenaora provide tb8 signal for tbat channel. If 
a aecond 1en1or tail,s, then the remaining two aenaor outputs will not agree 
am tbat cb&anel 11 deactivated.. That ia, the 1yat• ia Fail Sate for a 
-1ual. failure in a single c--hunel. 

(2) IDIIS Activation/Deactiv&ticm Pbiloaopby 

Tbe EDIIS 11 neceaaary only during the vertic&l. t&lutott and 
landing portiona of' a typical aircraft miaaion~ ror other sesmenta of tbe 
flipt, 11111,1a] eacape initiation ia deairable; therefore, provision tor the 
activation/deactivation or tbe !DEIS he.a been made under the folloldng 
pattern of reuonine;. 

Tbe m,m must be absolutely d~acti v&t,ed vbile the aircraft 
ia ■itting on the ground; therefore, when weight ia on the gear, the IDIIS 
will be ott. Wben the &ircratt actually contact, thP. groimd on landing, the 
Dm 1en1or1 will be 1\1.bjected to large transient shock.a and~ produce 
el'l'ODIOUl1 ou.tputa; ·theretore, 1 t 1a deairable that tbe em · be 611c'b1.,.... 
Jut prior to tiouchdown, 

• The above reaaona have set the requirements for a aeries 
~nt of avitchea tor activation/deactivation of' the !DEIS. First, 
tbe nav1pticn ayatc mode of ''VToL Takeoff and Landing" is to be selected 
by the pilot to activate the nece11ary ayatca. Then the Weight-on-Gear 
(Ott-Gear) Switch will be activate~ autau.t1call¥ on llt't-of'f or touchdow 
ot tbe aircrltt. Then the Altitude SVi t~h vi ll be operated by :radar &ltilleter1 
at 10 teet above terrain and 500 feet above terrain. Between these &ltitude1 
ID!IS 11 activ,ated. 
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The radar altimeter, cbo■en have an accuracy ot + 5 teet 
at ground level; therefore, tbe choice ot lO feet activaticm/4eiotivation 
level will insure tbat the IDIIS will not be active at touchcSown. It 11 
felt that a free tall ot the aircraft trca 10 t,et altitude above the 
terrain would be IUl'Vi vable by the crew, vi tb tbe collaplins: par lbaorbu, 
moat ot tbe 1mp&ct momentum. 

Another mtcb 11 nece11aey in the activation/deactivation 
aequence aince the pilot conceivabq could leave the VTOL Tabott and 
Land Sw1 tch on after converting to torwa.r.d tlisht at le11 thin 500 feet 
altitude; therefore, a torn.rd velocity mtch 1et at the aircraft tran1ition 
epeed will be needed. The over&l.l lDBIE activation/deactivation than can 
be considered 1emi-autcaatic. 

(3) Built-in Teat Equipnent 

Because of the critical. nature ot the IDIIS; it 11 eaaentl&l. 
that its operational capability be ccmtinuoualy eval.uated; therefore, • 
continuously sampling built-in teat circuit will be incorporated in each 
major section of the !DUS. Each of tbeae circuits 11 have the autbority 
to deactivate that section of the BDIIS for which i't 11 reaponaible it tbat 
aection baa lost the capability to reliably detect an eaergency condition. 
For example, such capability would be lost if two of the three roll rate 
gy.::·oa f&iled. In such a caae, the roll authority chann~l of tbe IDIIS would. 
be deactivated by the roll built-in teat circuit. 

An indicator ayat• will be provided 10 that the built-in 
test equipnent can keep the pilot informed of the operational 1tatus ot tbe 
!Dns. 

One important function ot tbe built-in teat equipaent 11 
to determine the operational capability of the BDIIS before it ia activated. 
In pa.rticul&r, the teat equipnent will prevent the ayatem trail being activated 
if an autcmatic ejection signal exists at the time the pilot selects the 
autanatic mode. :Rote that when tbe ayat• 11 activated, the triple redundant 
cbannel concept protects the ayst• fran any dual failure, except for the 
extrmely unlikely possibility ot two identical failures occurring 1ilmltaaeou1¥; 
however, with the system deactivated there 11 a finite po111b1llty that two 
identical fs.ilurea could bave occurred at different time■ in the put, It 
these two failures would reault in an autcmatic ejection signal, the built-in 
test equipment will prevent the BDEIS from being activated, 

( 4) Autanatic Escape by Roll Authority 

Specific envelopes ot in-control, out-of-control tllgbt 
bave been determined tor both roll and pitch axe, during VTOL and bover 
fi1gbt. It baa been determined that it the &ircratt rolls put 50 degree•, 
it is out ot control and the crew should be autaaatic&lly ejected. ID 
addition, because of limited control mcaenta available, at leaaer roll angles, 
there are values ot roll rate which cannot b1 arrested befiore the aircraft 
reaches 50 degree roll angle. The limit boundaries shown in Figure• 33 
and 34 are baaed on the 111&Ximum control power cb&racteri1tic1 ot the XV-5A 
airplane and two aaaumptions. Assumption I tor the roll axis condition 
states that the maximum allowable roll rate at - • o0 would be tbe value 
which full lateral control power would generate if an instantaneous recovery 
step input was initiated with the &irplarle in a 45 degr~e bank qle With zero 
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roll rate. It ia felt that the 45 degNe bank ~• u~10Jl ii! • ~•le 
llmit baaed on normal a.trplane ]4ter&1 tr&n11&t1on bank . ._ie rtq,,U.r-.n11 
and thrust/weisbt (1.41) req,\liNQlqts tQ lll&tntain ~t~ttute with• Ii-~ 
at a 45 degree bank angle,. Aae\lqptioa II 11 'bl.ltd on tbe tbeOry ~t, 1,iae 
llm.t roll rates the pilot would. tolerate u a tuaction ot 'bl.nk -.:ie, ~ 
be what full normal control power •salzu,t tb, rc>ll rt.te could arre.-t to 
zero at a bank angle of 50 degrees.. 1he oal!culatiOna to define tbi1 Uait 
boundary include a time dell¥ ot 0.125 second prior to the, 1tep lateral. 
input and no angulat- rate da..~1ng. Tbeae cona14erationa reault in u 
in-control/out-of-control bow.ldary u ab.own in 1'1gure 33. FrClll th11 
figure, the requirements tor au.tanatic escape have been determined up~ 
a function ot actual roll angle. 

Three sources of roll angle have been chosen to provide 
inputs to, a Roll CCll .Jarator. Theae aourcee are the Inertial Meaau.N1'31t 
Set, the Sta.Qdby Att itude Indicating 111Y1tem, and an additional attitude 
indicating system not ordinarily inc J.uded in the aircraf't. Tbese three 
roll angle values a.re fed to the Roll Caaparator. Figure 35 is the IDII8 
blcck diagram sbow1ngl the Roll Axis lmergency Detection Circuit. It om ot 
the roll angle values is radically different tram the other two 'becauae ot 
a tailed configuration, it 11 voted out and the detection circuit ND&iu 
operable. It one ot the roll angle sources 11 detormined by the built-in 
teat equipnent to be in a failed conditit>n and 11 :NDOVed u a source, the 
detection oiroui t rmnaina operable. But it na two roll angle valw.11 IIN9 
within a predetermined tolerance, or if' two of the roll qle source, are 
deemed tailed by the built-in teat equipnent, the entire Roll Axis llaeqstD.01' 
Detection Circuit is disabled and the pilot 1a &l.erted to this ta1lure. 
However, the remainder ot the lmergeney Detection System ,..,.,:1n1 operele 
and c9tpable ot automatic escape initiation. 

In addition to roll angle value, it ia nece11-.ry to dttend.• 
roll rate in order to make tbe proper decision tor autcaatic eacape. '.rhre, 
se,arate aouroea of roll rate were oboaen. 'l'wQ sources are roll rate gyree 
wbich supply roll rate to tbe Automatic rugbt Control Syat•. 'l'be Wrd 
aOQrce ia a similar roll rate gyro which 11 not nol"lll&l.ly- included in tbl 
aircraft, The three roll rate value■ are proce11e4 in tbe Rull Rate 
Ccaparator in a similar manner to that described f'or roll angle. Two ot 
the roll rate values muat al-.ya asree Yi thin a predetermined tolerance tor 
the Roll Axis !De:.-gency Detection Circuit to remain operable. 

When the cambination of roll angle and roll l·&te exceed■ 
the limits shown on Figure 33, an output signal ia generated by tbe roll 
gate. tr the output ot the gate ia continu.ou1 tor 100 lllilllaeconcla, tle 
decidon to 1ni tiate automa.tic escape is caaplete ancl tin&J., The· 100 
milliseconds is a comprcmiae between obtaining a ma:dmmn 1111Pl1Da time ·to 
111Uimi1e tbe accuracy ot the dec:1■1on and obt&:1.Ding a min:11111111 IIIIIPlinl time 
to min:1m1ze the time required to complete ejoction. It the Roll Al'lll:as 
Circuit baa not 'been diaannod by the lnlilt-in teat equipnent, the Autaaatic 
Escape Signal ia channeled to tbe OR circuit which 11 the parallel au:thorit, 
previou.al:y diacuaae4. Tbus, it 11 seen tbat it tbe aircraft is ~t of ccntrol 
in only the roll axis, thia 1a autticient to initiate autcm&tio eaccpe. 
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(5) Autca.tic Bse&pe by Pitch Authority 

Pipre 34 is the in-control/out-of-control enveio;e tor tbe aircraft pitch axis in the V'rOL takeoff, lllld1ng1 1114 bcwer tligbt aocle1. 
The conaiderationa previouely detailed in Nill appJ.1' to tbe pitch ai11 Ind. the on~ difference ia the value■ ot angle -1 rate1 d.et1niml the au1;calt1o eecape region. Autcaatic e■cape ~ be achieved f'rca an &ircratt out-of• control in the pitch &'Id.a only. Figure 35 lhowl the pitch u:l.1 aerpncy detection circuit. • 

A.eaumptione I and II tor the pitch axia are the aaae u tbe roll axis u described 1n paragraph (4) except the limit pitch attitude• are reduced. The raticmal.e .for thla reduction 1a baaed on tbe IIUUr in 1ducb tbruat vec.-to.ring 11 aoccmpliahed 1n tbe relll)Gctive ax••• Thrust vectoring in the lateral &'Id.a 11 accampliehed only by banldng tbe &ir-.plw wbile thrust vectoring 1n the loagitudin&l uia can be pertol'Md either bl wing tan symetrical louver detlectiona or by tu.eel.lie pitch attitude■• Therefore, it can be expected that tu.aelage pitch attitude cbanpa 110ul4 be considerably leH than bank. angle cbangea under normal bover operating 
cond.1 tiona. Relati v·e to AalUIDl)tion I, tbe 1ni tial. pitch attitude vu ullald. to be 30 degrees and relative to Aaaumption II, it 11 aal\lllld the pilot would tolerate pitch rates which could be arreeted to 1ero at a pitch attitude ot 35 degrees. 

(6) Autcaatic l1cape 'by Vertical. Autborit;y 

In the V'l'OL mode, the aircraft 11 vulnerable to bigb ~•c•t ratea trcm variou■ cauaea which -.v conat1 tute out-or-control f'lJ.ght IND with wings-level attitude. The envelope tor au.ch in-control/out-ot-control vertical flight 11 abown in Pigure 36. The value of deacent rate wbich 11 deeed an out-ot-control condition ia aeen to be a tunction ot act\l&l. altitude above the terrain. Por thia reason, three radar altime1Ntr1 have been choaen to provide three aourcea ot altitude and altitude n.te. '1'be 
tvo additional radar al.timetera added to the aircraft tor tbia pi.,:poH are ■mall, llghtveisht, and inexpensive, being limited to 500 teet altitude range. 

The three altitude eignala are 1ent to the Altitude CClllplntor mi the three altitude rate aign&la are aent to the Altitude Rate Cc:aparator u shown in Figure 35. The output of these ccmparatora are aent to the altitude gate. When tbe c011biaation ot altitude and altitude rate aceeda the llmita of Figure 36, ao output aign&l 1a generated. 'by the altitude gate .. It the output ot the rate gate representing an out-of-control condition m■ta continuoua~ tor 200 milliseconds, the decilion to initiate autcmatic e1ca;e ia ccmplete and tin&l. It tbe Vertical Arming Circuit hu not been d1Ml'M4 
by the built-in teat equipment, the Autcmatic lscape Signal 11 cbanneled to the OR circuit which is the parallel authority previoua]1' di1cua1ed. i'bwl1 it the aircraft ia out ot control due to exceaaive descent rate only, ejection wi:Ll be 1n1 tiat ecl autCD&tically. 

c. Poat Ejection Event Mode Selector (PllH3) 
I 

In addition to 1110UitoriJII th• outputs or the aen10r111141eneratiD1 an initiation sign&]., the PBDB will &110 pertom the function of providing ejection mode signal.a baaed upon flight parametera ot tbe aircraft. An 
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"aircraft inverted" signal 111d an "aircraft rolled" aignal 11 generated by 

the PED1S aa 1ho,m in r.tgure 35. 'lbe■e mode aignale are ■en~ to the Foat 
Ejection Event Programmer (PDP) tor uae in ,electing the 1equence ot event.I 
to be followed during ejection. 

d. Poat Ejection Event Programer (FIBP) 

The PEEP is a package mounted on the ejection seat to •ecr~ence the 
events o:f ejection and post ejection depending upon the aircr&tt operating 
mode at ejection time. A f\mctional block diagram of the progr-r 11 abown 
in Figure 37. The PEEP installation ia shown in Figure 38. 

The determination of the actual sequence of event• to toll.ow during 
ejection is me.de by the PDP upon receipt of an electrical initiation aipal 
f'l'an the PEDtS or upon receipt of a crew-initiated explosive 1timulu1 vi& 
1hielded mild detonating cord. At this tiae the mode signal.I tram the Plllll 
a.re used to energize latching relays 111d aircraft pitot and static inplta are 
used to set the altitude switch, air apeed nitch, and variable time dela.,'. 
'lbua, when an actual ejection occ:ura, the events after initiation occur 1n a 
1equence tailored to the conditions that exist at ejection initiation. 

e. Manual E.1 ectim Firing Control ancl Sipal Tranam•~ 

Manual ejection initiation will be accaiq,llahed by actuation of 
e,.ther or both of two handles, one located on the torn.rd edge ot each aeat 
side as shown in Figure 41. Actuation of the handles require, a 1quee1e IIU1 
pull motion and a pu.11 force of 20 + 3 pounda. 'l'be handle aeetl the require­
mfffltl ot MIL-STD-9479 and ia tul.ly qualified and used for ejection 1n1tiat:lon 
of' the F-111 escape 1110dule. Actuation of the handle cauaes dual Mcbanic&l 
tiring pins to be cocked and releaaed. '!he tiring pine strike and initiate 
dual percussion primers vhich detonate dual booster charges. 'lhe booater 
charges incorporate a croaa over such that d&tonation of one charge will clUle 
detonation of the other. 'lbeae booster charges initiate dual shielded ail.4 
detonation cord (SMDC) uaembl1e1 vhicb. are routed beneath the aeat to the 
post ejection event programer (PDP). The SNDC ua•~lies initiate the PIIP'• 
redundant electrical power supply. Theae SMDC aa1•bl1e1 a.re al■o ~ 
qu.alitied and uaed for signal tranamieaion throughout the P-111 eacape ayata. 
The SMDC installation is shown 1n Figure 39. 

t. Ejection Propulaion unit 

Ejection propulsion is provided by a catapult-rock"t (reference 
Figure 4o). lbe catapult is ignited by dual SMDC lines which are connected 
to and a.re initiated by the PEEP. F.a.ch SMDC will actuate one ot t,ro aechuic&l 
tiring pins Which, through percu11,1ion pr:iaers 9 will initiate the catapu.].t 
ballistic charge. 'lbia charge will be sufficient to give the ejactetl UII 

a velocity of fifty feet per second at the end of' ita thirty-tour inch atrote. 

Aa the catapult nears the end of it• atroke, dual SMDC line■ 
1n1 tiated by the PEEP will ignite the rocket motor in the aae aanner u 
the ce.tapult was initiated. 'Dle initiation signal t'ran the PDP will not 
ignite the rocket until the seat ha.a moved a preciae distance ~p the 
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rail.I. At thia point, a rail trip IVi tch Yill cloee and &llow tbe Pm 
1ignal to pu1 tbrough &ad initiate the SMDC lines. In this 11M11mer, the 
rocket ipition can be controlled such that it occurs at the time tbe cata;ult 
atroke bu re~ a precile diatance. Rocket ignition by rail trip all.owe 
tbe catapult and rocket thnaat over:ap to be precisely controlled regardle11 

ot v&riaticn in catapult ltroke times. The catapult-rocket thrust va time 
curve 11 lbown in ngure 41. 

SbcN.ld ejection occur while the &ircratt i s inverted, & normally 
cloaed latching rel.a¥, located inaide th Pl!P, will be opened by electrical 
power traa an &ircratt munted attitude aeuor. Opening ot tbia rel.If will 
prechld.e rocket ipition. WitWM>Wng th• rocket bum will v.atl.y ~rove 
tbe qltau inverted· eacape capability. The syatem block d1agr1112 11 lbolm 
in :figure 37. 

An electrical powered H&t adju.etment actuator, Figure 4o will 
connect the rocket catapult to the &ircratt tloor structure. A ■eat 
adju.ataeut nitch located on the &ii-craft conaole will control the actuator 
vbicb ~ a tive inch adjust.meat stroke. 

g. Vernier Rocket Inat&ll&tion 

The six tixed impulse, tixed t hrust vector solid propellant 
rocket motor, are mounted u descri bed belolt. Figure 42 i s typi c&l of 
tbeae motors. 

Roll Motor Inat&liation 

Two solid propellant tixed impulle rocket motor s are mounted on 
the aeat u shown in l'igu.re 4 3 • These motors are locat ed to produce lett 
and riSbt roll.ins motion about th.41 seat principal X-axi s. The tiring aignal 
..nd sequence i1 provided by the Po~ ljection Event Programer. Each motor 
bu a totu. iapulae ot 90 pound-aeconl!e and a burn time of 0.18 st'Conda. 

Pitch Motor Inatall&tion 

Three solid propel.l&nt, tixed impulse rocket motors are installed 
u lbawn in Figure 43 to pNdu.ce a pitching accelerati on. Two 90 pound-1econ4 
1mpnlae ID0tor1 are JDOIIDted on either site ot the oeat sutainer to provide 
negative pitching acceleraticn. One 36 pound-second motor is located on the 
s•t centerline to produce a positive pitching acceleration. All three 
mtor1 have a 0.18 aecond burn time. 

A gu operated rate l)'1'0 and tbe paver supply located in the polt 
ejecticn event progr11U8r provide a tiring aignal when the seat att&ina 
a pitcbing rate ot +2.0 or -1.0 radian, per aecond. Tbeae motor, are aiNd 
to counteract a auatainer thruat and 1e&t center ot gravity ottaet ranging 
tram 3,0 incbea below to 1.0 inch above the e.g. 
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I 

Y• Rocket Inatall.atian 

om 36 pound-aeco d 1olld propellant rocket aotor ii inatalled. an each 

... t to produce an accelerat OD about the princil,!!,U Z-axi1. The aotor ii 

1utal!.ed to ya the H&tl llnQ' f1'011 ,each other to provide diverging 

trajectorle,. Tbe IIOtor bum time 11 0.18 aeconda. Electrie&l power tor 

mtor 11111 ti.cm 11 provided by th poet ejecticn event programer. Figure 

~3 lbon tbe yw 110tor location. 

h. Drogue Parachute Syata 

The drogue ate conai1t1 ot a rocket deployed, 4.66 foot pn,jected 
diaeter bm11tlo paraclJute attached to the seat bac by a tour point bridle 

u lbown in Figure The drogue ayatta 11 iu1 tiated prior tc aeat t1p-ott 

to prc,Yide the earliest po11ible at&bilizat ion and decele . ticn of the 

ejected .. ,. Deployllent 11 accampliabed by an electrical signal tl'Cll1 the 

PIIP at rail trip nitcb actuation initiating tbe dual bridgevire extractor 
rocket ch&rge. Thia bue charge catapulta the rocket Ollt ot ita tube 

and tcn1 tea tbe rocket propellant at the end or a three inch atroke. Tbe 
Rocket 11 ,abown in !'igu.re 45- An extraction l&lJ&rd connect■ the rocket 

to the apex ot th p&r&ehute C&DOW. nr,t movement ot the extraction rocut 

releue1 the drogue container lid ..uowing extraction ot the canopy, IUIP8DllOG 

llnea, ri1er and bridle u1•bly. After an appropria.te tiae deJA¥, which 

vari•• with &1.rcratt apeed, an electrical aign&l tl'Oll the PDP 1Dit1ate1 two 

plJJot . 1 to ,ever tbe upper and lower bridles which releuea the 4rope 

trca ••t. The drogue 11 releued 111mltaneowaly with re90ver, paracbu.te 

proJectian. For hip altitude, high aspeed (!jectiona, a time deJA¥ allon 
tbe l.onr bridle to be re ed. after tvo seconds . j ~ aneroid prevent, tbe 

va,er bridle trm being releued until the .eat..an CClllbinaticn bu de1cended 

in a bN4-vp attitude to 15,000 leet. Tbe upper b1 idle 11 then releued 

ml the recoftry parachute deplolred by an electrical •~ tl"Clll the Pm. 

Refer to tbe block diagra Figure 37. 

i. Reccwery Paractmte s,.ate 

The recovery parachute ay1ta conai■t1 o~ a per10nneJ. parachute 

(A.r. f.&raviDg 5Q:7024-l0) IIOdified. to incorporate a b&lli■tic apread.1.ng gun, 

pack,Jd in a r1g1d cant&iaer located ln the ,eat bead.reat and deployed by 

u mctraction rocket. The parachute ri1er1 are routed over tbe top ot tbe 

bea4 reat and down between the ,bead re1t pads. Adequate riser length 11 

proYided tor tbe 5th througb 95th percentile USAP pilot■ u det'ined by 

VADC TR 52.321. The paracbllte inltallatian ii abown in Figure Je6. 

DeploylNnt ot tbe parachute 11 accompliabed by an electrie&l 
11.gnal trca tbe Pm which initiates the extraction rocket. 

Initiation or tbe rocket■ bue charge catapult, the rocket Ollt 

at an angle or 2JJ0 u lhowD 1D Figure 47. At the end or a tour and one-4w.t 
1Dcb atroa tbe a:,tor propellant 11 ipited tc the catapult 1pit1on 

cartridp pae1. A 1-Jard with the rocket releue wh&ni• connect■ the 
rocket to the apex ot tbe paracbllte campy. Acticm ot tbe rocket palling 
tbi.1 1-Jard rele&N1 tbe caatainer conr and Yi tbdran the panctmte, apex 

ftnt. nae rocket will canti.Due to burn until ccaplete paraclmte llDe 

ltnttch bu INtii achieved.. At parachu:te line atretch, a IIIUbbing 1-Jard 
initiate, the 'b&ll.1.tic apreading gun and cause, releue ot tbe extraction 

43 
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rocket fl'CII tbe parachute ., Spreading gun action 11 abown 1n P1gure 48. 
Barne11 releue 11 initiated at the tiae ot parachute 1pre&d1ng 
and t.be wbNq'lent puvJmte intlation &ttect1 Nat-un 1eparatian. 
l"!l\'ff■ 49 and 50 lbow the rocket and it■ releue aecbania. 

J " Re■traint Sy■tal 

'1'he ~rw re■trQD.t qatem 11 a ay■ta ot webbing ■traps, vi th 
11ttinp tor the attar.bllnt ot tbe parac~ ri■e!'■, inertia reel 1tnp1, 
aurvival kit retention ■traps, and lap belt,. whic!l 11 tutened to a one inch 
--.hick to• back p,ul. The ham••• 1trap1 encircle the crnun'• tor■o 
and tendnate at a single point releue IIIC!lani•• Tbe 111ta CC1111iat1 
ot the following item: 

o An adJuat&ble single point releue reatraint/p&r&cbu.te barne11 

o An adJu■t&ble lap belt 

o A powered retraction inertia reel 

o '1'bree nbbing ■trap cutters 

o Manna] b&ck•up bandle 

1-er tor10 reatraint 11 provided by' tbe lap belt. lacb lap belt 
balt integrates illto tbe barne11, comectinc with t.be bame11 lei atnp1 
at tbe 11Dgle point releue aecblni•• Adjuater1 are incorvorated in the 
belt for length 14Jutamt. 

Upper torao re■traint 11 providec1 by' the webbt:ig 1trap1 f'l'CII the 
inllrtia reel. 'l'beae straps encircle tbe roller titting■ provided on the 
1bouldar 1trap1 of tbe re■traint barne11, an4 cro11 tor att&cbMD:t to tbe 
ejection ■eat pron.ding lateral re1tra1nt. ftgure1 51 and 52 llluatrate tbe 
reatraint 171•ta. 

A4Juter1 are incorporated into the barne11 1trap1 to &llbw 
tbe barm11 to be adJuted to tbe proper fit for the 5th tbroup 95th 
percentile err con~ With this ad.1uatalnt capabill ty and tbe incorporation 
of tbe t0111 back pad, the b&rne11 becau1 a part of tbe ejection ■eat Ind 
ii, not raoved frClll tbe aircraft tor nol'IIAl egre11/ingre11. 

The reel 11 a dual ■trap b&lll1tic haul back reel with a 1elt­
cantained gu generator. '?wo electrical initiator• provide redundant 
1n1 tiation ot the gu generator. Manual control 11 provided by a lever 
muntect. an the laftr left edge of the aeat backre1t. Manual ao•••nt ot 
tile 1 ... ,r to the locked poaitian l kl the reel and re1train1 the craw -ber. 
tlldlr aeftr accelerationa, the reel will autraatically lock on nd&m ■trap 
pl9¥ out or "g" loading. Mf¥ strap 11&ck which might occur arter the rtel bu 
locked will be autc:aatical]y taken up by the reel. After the reel bu auto­
Mtical.ly locked, cycling ot the IMIIN&l. control lever 'will return it to nor-.1 
ope~tiaa. 1.be inertia reel contoru to ·MIL-R-8236. 
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(l) ljection Operati on 

In an ejection sequence, the re1traint ayatem tunctiona u 
toll.on: On electric&l. 1ign&1. f'l'Clll the Pm, the dual balli■tic inertia 
nell are initiated to reatrain the CNMDlll apinat the bacltre■t ot tbe 1eat 
ml lock in thi■ polition. Tbrougbout catapult 1troke, rocket bllrn, and 
aeat deceleration, the CN!IIIIM 11 re■trained in & ■ate po■ture . The 
lbaped. charge webbing cutter■ (Figure 53) &re electrically initiated by the 
PIIP tbroulb a 0.3 ■econcl time delay. Tbil delay &llova the lap lt aud 
inertia reel ■trap■ to be explo■ive~ cut treeing the crftllAD tram the ■•t 
20 to 50 llilli■econda atter parachute line stretch occur,. The b&rne11 
d11tribute1 tbe parachute ■natch load into tbe aeat ■tructure. An aneroid 
in the PDP prevent■ hameH rel~ue and parachut e deployaent above 15,000 
feet. 

At the end ot parachute deacent, tbe crei■1n can tree biuelt 
trca bi■ paracmte in one ot two WS¥•• Releuing the two parachute ri■er 
barne11 titting• trees hill trm the paracbllte canopy1 releu1Dg the nrp point 
barne11 releue titting &1.lon him to beccme cam:Qlet•~ tree ot barne11, p&rldmte, 
aDII nm.val kit. 

( 2) MIUD•&l Back-up 

In a nonal. ejection eequence, re■traint releue and 
paractmte deployaent are aut.au.tic with no action required by tbe cr11mu, 
M a back-up ay1tem in tbe ejection aequence, the cr91WND un Nmaally 
rel.we hi■ reatraint to the ••t and deploy his parachute by pall 1 ng the 
-rpacy rel-.../paracbute deployment b&mle. A tqueese and pw.l actica ot 
20 po.mS1 torce on tbe handle activates a thermal bettery wbich electricalq 
initiattta the parachute deployNnt rocket. Atter a 0.3 aecond tille dell¥, 
tbe thenal. battery 1ni tiatea tbe b&rne11 webbing cutter■ which NVer 
tbe lap belt and inertia reel strap■• Thia delay all.an the crenren to beccae 
tree ot the seat at the exact tilie paraclmte UM ■tretch occur,. An aneroid 
block 11 incorporated in tbe back-up bamle to prevent it■ actuation aboft 15,000 
teet &l.ti tude. Location ot tbe handle 11 shown in rigun 52. 

( 3) Ground Ingre111/F.gre11 

For crew ingre11 tbe barne11 11 in the aircratt and all attach­
ment, to tbe •Jection ■eat have previ0U.1~ been made. When aeated, tbe 
crei■1n dona the barne11 and comecta tbe lap belt b&lvea to the l.onr harne1s 
■trap■• Be then cormecta the two l.onr 1trap1 and the rigbt w,per ■tr• 
tc the 11Dgle point release •cllani• which ii attached to t .be upper left 
barne11 ■trap. 

ror ll8mal egre11, the crftlllD can actuate tbe ■ing].e point 
mecbani• and be caapleteq tree ot hii re■traint. He can tben Mb a 
"abirtalene" egn11 with the h&rne11, parachute, and IUl"Viv&l kit rw11ning 
in the aircratt.. 

It .. rgency condi tiona require the crewman to egre11 Yi th 
hia IUl"Viv&l. lrit, he must release the titting1 that attach the paracbu.te 
riaera to the barne11 and pull tbe all rgency releue/p&r&Cbute deployaent 
bandle. Thia &ction cauaea Mnrance ot the lap belt and inertia reel. ■tr■pa 
and all.on wre11 to be acca11pllabed with tbe b&rne11 and IUl'Yiv&l kit r 11ni.J11 
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attacmed to the crraa,~ The rail trip nitch1 being opa wbile tho aeat 
re 1na in the aircraft, pl'ffent■ ~ ot the recovery p&racbute 4u.rinl 
tbia ecre•• procedure. 

k. Seat Structural 1....-., ■ 1ot Deacription 

(1) De1cription ot Structure 

Punction&J1T apeaking, the Nat atructur 1111at provide 
a seating IU.rf'ac tor tbe occupant, attanlwt tor the occupant reatraint 
qata, 11:.Nnting proviaiona tbe occupant reatraiDt qat•, aamting prov1a1ona 
tor tblt ejection and recoveey 111bq1t-■, and lol4 patha to tbe p&NDt aircraft. 

1'be ■eat 1tra.ctural. &rrUlll9Dt 11 lbown in '1gure 54 • Tbe 
concept utilized 11 a aellimaaocoque structure CCIIPri•ecl ot abNz' carrying 
"1>1 ot abeet al1w1JU1 cap atripa to reaiat mal lolda. Tbe Nat uNllbly 
cmaiat1 ot two a,ide1 joined by three h11Jkbelda which carry tbe 1llde block 
lo141. '1'IMt -t buclmt 11 cmpri.Nd ot two ■idea which aount tbe ejection 
coatrola, a beaded and ■tittened bottcm on a forward bt11 kbetd to cloa• 
tbe blaclDlt. 

(2) Intl'Oduction ot loads into structure 

Ma,;Jor bulkhead load.a derive traa the 1llde block reactiou. 
In addition the upper and lower bu.lkbeada serve u attactaent point■ tor the 
occup111t re■traint barnea1. The upper and mid bulkheads are &l.ao loaded by 
tbe catapult a,unting tr .. ,. 

o Reatraint Barne••• All b&rne11 loadl are reacted at tbe 
upper and lonr ■eat bu.lkheadl. 1'ba moulder barneaa 1a graaDdec1 to tbe 
imrtia lN:lcl:o~ reel 1utalled on tbe upper 'tllJlkbe-4. !be lap ■tnpa pua 
tm-oup tbl back cl..>■u.re ot the bucbt ID4 attach to tbe loftr aeat baa] kb111L 

o l.1ect1on Catapult - 1'bl catapll.t tbrut ia 1ntrodw:ecl into 
aeat atrv.ctute at tbe upper endl ot tbe catapalt bu-■ located at t • + 4.o. -'!beN be-■ are placed in equ1llbr1\II by abear load applied 'by tbe upper and 
1114 block which are more bilblY loldec1 'by tbe ccm41 tion mdati"I during 
ejection. 

o Vernier Motor• - Two ot tba three pitch ..tor■ are 1utalled 
up tbe l.oftr Nat baalkbead and tb11 lllllber turniabea the reactioaa to the 
..tor tbrut torcea. Tbe mtor iDlrtia &D4 tbrut torce1 are cut ot the 
balkbead plane and 111bject it to tlexural ltW'1"11' 1'ba pitch up 'fernier 
mtor and tbe roll -,tora are 1utalled an tbe Nat bucket bottc:111 IU.rf'ace. 

0 Drape and RecoYery Parachute AaNllbliea • fteN itau 1.n(,]1,ting 

tbeir reapectift depl.oyaaat rocbt1 are loc&ted in the aeat bNdrect area. 
Dae reaction lotAla trc:a tbe cataipw.t portion ot the c!llte clepio,.nt rocket• 
11 reaiated tllroup bead.re■t ■tl"IICtunt to tbe 111,d ID4 lower al14e blbcu. 
In tbe h1p ll)led mde seat pitcbing iDlrtia 11 oppo11Ds tbe peraaanel chute 
rocJDlt-c&tlpllt. 
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l. C!!!I[ 8fferwe ID4 Jett1_, iJltlll 

Ill order to tw ~ l4ftDtap of tbe Tel7 tut • .,.. 
allond. by tbe autcaatic •J-=tion mde, tbe qltal ..,io,a CIIIDW 
1nerance 1111altaneoual1' wit.h eJaction 1111tiat1ou. CaDCllp7 NftW ta 
~C09'Jlilbed by a tlexible 11..-r abapec' cbarp (n..ac) l.natallecl U'CIIID4 
tb., peripher,: ot tbe CW-4'7 glu1 U lholm in 11.gun "· A 1Spt] • tbe 
autcaat.tc eje,ction qata aUon aircraft poRr to 11mltmal1' illltiate 
two 11Dgle bridge wire detoaator1. one ctetoaator 1Jd.t1ate1 Neb eD4 ot 
tbe nee to p1"0Yicle ~ NYerance "4wlllaDcJ. !be 1\u1 will be 
ccapletely NV.red except tor a twel ve 1.ach eege1nt &1oag tbe lanr ..-. 
!hi■ 1eg11ent, bJ• :rme1a1ng intact, will act u a binp and &l.low tbe •JectlGII 
,eat,•• i t IIOVtt■ up tbe rail.a, to pUlh tbe canopy glua outboard. Md cl.Nr 

t he ejection path. Tbe CanGW lffennce ay■tea is 4e■cribed in ■peoitlcatloll 
IUlber 204-78-16. 

When ejection 11 initiated NmJAJly, tbe electrical pc,nr ~ 111 
the PIIP 1.aediately initiate■ a b&l.111tic CUIOJ'¥ releue and jettilOD 
thruater and the canopy 11 JettilODBd in tbe cmventianal. -=er. A cle1li.Y 
11 proYided to all.aw the canopy to clear t.118 ejectioa path before tbe e&tlpalt 
11 ignited. Sbou.ld the canopy tail to be jottilOD84, tbe catlp&lt ipitlall 
11.gnal &lao Yill iLdti&te canopy NYerance . ID W.1 -.. .. r, CanapJ .__.... 

provi des a backup tor canopy jett11011 and no interlock 11 Delded. 

Sbau.1.d canopy jett1aon1ng witbaat e,1ectiC11 be 4e1ired., jettiem1• 
can be e.ccca,pliabed both intern&l.q and extel'll&ll1'. Internal. c--., 
jetti10Ding 11 accca,plllbed by p11JHng & handle located on tbe aircraft 
inltruaent panel. PuJUng thi1 handle activate■ a tbeiw.1.b&tte1711111m 
in turn initiate, the canopy jettiecm tbruter. Two or the• bendJe1 are 
prori.ded ao tbat each crrcnn CM jett1IOD b11 indiTiclual c..,,, NCUm at 
u_y tiae. 

lxterml canopy jett• IOD.1 ng 11 accCIIIPlllbed in tbe - ---.r 
except tbat Jettiaon bandle■ are pn,Yided an each aide ot the aircraft. 
'l'beae handle■ are accea1ible trm out1ide tbe &ircr&tt by npen1rw 
an acce11 panel. An extension cable will be provided to &llaw periiGIIDel 
to ■tand well cleai· ot the aircraft while actuating the■e blnc'le■ • 

Detail cleaip Ulld location or both tbe interml. ID4 at--1 
~ jetti1011 bMdl ea Yill clepeDd. upon uaing the airer&.~• 1 atructunl 
arrupnaent. Electrical vi ring being the ~ connection between tblN 
OAMlea and tbe CaDOff Jettiaon thruster make■ their location -~ 
tlexible. 

•• Chatt Inatallation 

Dw-1ng tbe ejection 1equence, cb&tf ctispenaing i;, 1111tiate4 bT • 
electrical aign&l tl'0ll the PBIP. A 0.3 NCCDd. tille delq p!'e,eatl cb1tt 
diapenaing until the ejected ■eat ia wll clear of tbe aircraft. A Nat 
aount .ecl n1 tch pnm.de■ pre-ejection &1111111 or dil&l'IWII ot tbe cb&tt' .,._.. 
'ftle cbatt unit 11 imt&lled underneath the ■eat pan and CODlilta ot a Mtal 
container into which a aingle RR 70/AL ch&tt pac~ 11 inlt&lJ.e4. !be 
cant&iner lid 11 inat&llecl Yith a 11.ngl.e explo11ve bolt. 1lle electrical 
alpal trail the PIIP detcm&te1 tbe explolive 'bolt ID4 au.c.. a ■priJII to 
jetti aon the container lid. flle chatt, which 11 inatalled by a procedun 
11ail&r to that required by Al T.o. l2P3-l-8, 11 then diapened 
aerodynlaic&J.:cy. l'1gure 56 abon tbe cbltt ctiapeuer iDlt&Uation. 
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n. MIJ.ntain&billty 
) 

l,3ection Seat 

OeMral - TIM left and ript band a ta are identical in operation 
• pt tor the location ot tbe vernier ya, mtor■ and the angle ot NCOYery 
paraclmte deployaent. The N&ta are designed auch tbat they can be raond 
trail tbe aircratt in their entirety including tbe cat&pllt-rocut ■o tbat 
all ll&i.Dtenanc• can be pertomed 1D tbe abop. S•t raoval. can be acccwpUllbed 
wi tboat naoving tbe aircraft canopy. All b&rdnre can be r_,,.ed. and 
repb,ced by per■oDDel witb crd.im.ry ejection ■•t 1Jdll1, without uae ot 
apecial toola. Adjuataent _11 not required tor uy ot the <"c:apcmerrt■ • 

Pm - 1'be Pm 11 a aelt-cont&ined unit, 11 pu■ive in nature 
and 11 de11.gned to require no Mintenance. The unit will be raaYed. and 
nrplaced ~ Y at tbe expiration ot ita aemce lite, unle11 it bu been 
iDl4vertently acti vated. A vinal 1.ndication 11 pron.dee! and can be readiq 
inspected during pre-tl.igbt check to determine i t the PIIP bu been activated. 

Pyrote -:1mic1 - All pyrotechnic device■, inclncUng the vernier rocketa, 
the cat&pllt-roc1'9t, and t.he pe.racbute spreading gun are de11gned tor no 
aintcnanc11t. They will be nlDOYed and repl&ced onl;r at exptraticn ot 
tbeir aerrice lite. 

Panclmtea - Both the drogue and recovery parachute■ are packag"4 
and inat&lled in 1Dd1rtdu&l container• that can be eui~ NDCWed and replaced. 
Periodic parachute 111U.DUtnm11ee can be the 11mple replacing ot tbe pacupc1 
paraclmtea. The detailed iupection and repackJng ot the rtaO'led uni ta 
can be acc011pliabed during unacbeduled tiaea. 

Aircraft M0Wrted lquiJlllent 

Canopy ■everu.ce and J•,tiacn - '1'bo canopy 1.verance u1ab~ 
and tbe canopy Jetti■an thruter conaiat:tng ot the to1.lowing parta are 
deaigned. to Hquire no 11&1.ntenance dur1nl their aerrice lite. 

o Severance u1~ ( 2 required) 

o Jetti■on tbru.ater (l required) 

o Manual jettiaon bandle (4 required) 

All uni ta will be raplaced at tbe mcpiration ot their ■ervice lite u 1 
,pecitied in tbe applicable apeciticationa. 

PIN - '!'be PDE 11 caeaigned tor no ll&iDteDaDce during it■ 
1natalled litfl. 1'be unit bu ita Olm built-in teat equipamt tbat will live 
a vilU&l in41caticn ot tbe aircraft nrniDg panel wben a ll&ltunction occur,. 
'?he PIiie will be replaced ~ at tbe expiraticn of it■ aerrice lite unle11 
~ -.1.taction ii in41cated. 

Senaing Device■ - The tol.loring 1enaor1 1D l4d1 tion to tbo1e 
exiattns on tbe aircraft bave been added to cClll)lete tbe VTOL escape qata. 
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o Radar &ltilleter (2 added) 

o Rate aro• (2 added) 

o Attitude reference (1 lddK) 

Tbeae unit■ will require tbe .... Jl&intenlDce procec1llre1 an4 c,cla1 
u tbo1e existing cm the aircraft. 

o. Satety 

General - A prel.im1.rlary buard 111&1¥111 -■ coadDcted. earl¥ ia tbe 
de1ip atap in order to u1ilt in tbe ~ ot tbe aatety criteria 
impo1ed upon the t1D&l 1yata deaign. 

Inadvertent Actuaticm - Satety pin■ with atreaera are pft'riclN 
tor each ot the MD1&l Jy operated cont~. '!'be lt7 pin iwrted 1D tM 
aatcaatic ll0de ■election ffitcb opena &ll el ectrical circuit■ ml 
prevent■~ atr"a¥ volt.pa or electrceagne+-ic ndiaticm trCII eateriDg 
the ruiatioo bard Pm. 

'l'be catcpu.l.t and rocket are 1pi ted by SMDC line■ tna tbe 
Pm, and thia preclude■ t.Mir icn1t1cm by 1na4ftrtellt electrical aip&]1 
orili,nating outside the PIIP. In ad41 ticm, tbe rail trip llrS. tell beinl 
ope prevent■ rocat ipiticm ant. nbaequnt otber ...ta trCII OCC11nJ11 
abol1ld. any ltr8¥ electrical 1ip&l be applied to tbl qna. To pre,• 
accidental. cloare ot tbe rail trip llritcb, tbe acblai• 11 c!e1ipN IO 
that a. hip torce 11 required to cauae llritch cl.otnlre. 

lor IOlo tlicbt the ..,.,., ·••t 1equa,cing nitcb CID be pllae4 
in tbe iDdirtdual ejectim politicm. Th11 will pz'ffmt t.be ,mocavpied. 
■•t trca being ejected when tbe pilot 1a ejected eit.ber autcaatioalq or 
weaJJy. 

Canopy Interlock • 1'be qata 11 c!e1ipld ncb tbat CaDOpJ Nt'U'allN 
acts u a backup tor CID0PJ jettiaan ill ti» wem'4l •Jecticm llDde, IO DO 
CUtlfl1/■eat interlock 1■ required. 

Inadvertent ljecticm, Autau.tic Mode • Tbe autcaatic eJectioD 
qata require• aip&la trca any two ot three ~blnne11 wbicb pnnata 
ejection initiation abou.ld cbeme1 tail operational. 

VilU&l Indication - 1'18 PIIP 11 pl'OYiclecl witb a Yiaual illllioator 
to detect if it bu been ICti ftted. All wmeJ CCllltrola are c!e11pld IO 
tbat after actuaticm tbay caaaot be placed baiek in tbl llDICtaaW poaitica. 
AU theftllll batterie1 are prorided vitb a rilll&l 1Ddi~tor to cletect ,._ 
they b&Ye been activated. 

P• Reliability 

a.nera1 - In order to Met tbe ffOL ••CIP .,.ta•• Nliabllit, 
.,.:i. ot o.98, an uaq1i1 -■ lll4e ot &ll aail.ule pablilbed at\llie1 reprdiDI 
tbl cauea ot tail.UN encounteNd in ••CIP trclll CIUftDt aircraft. 'l'bi1 
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~aia reftll.ed tnat tbe ll&Jor cauea ot tatalltiea attriblatule to 
bardllvo tail.urea nre: 

o 1&11.ure ot tbe ejected '111"4/.-.t to r I s1n stable in pitoll 1114 
.,_, which prevented proper paradmte ~ and nbHqlmlt 

ncceaatul recovery. 

0 failure ot tbe NCOY91'J paradmte to intlato 11114 becCIII etfectifl 
before eacap99' 1 illpact w1 tb grfNIJ/J/w.ter. 

To acbieft tbe hi8b reliability nectal&l"Y in tbe ~ 
1D¥01"4 in tbe typea ot failure cited above, ml to illpl'Oft tbe reliability 
of all otber qateu, tbe tollolring deaip principle1 wre utWHd.: 

o Sillplici t;y ot ayatea, aubq■tlll, and c--ctmnt d.e1ipa 

o rail-■ate de,.:_~, IDd N111&J NmDIP 

o Po1itive, reliable tuncti0111 in critical PIAN• of iacape q■ta 

operation w1 th tradi tiCID&l pu■ifl tunctiou ret&1.ned u tbe 
tail■ate cleaign. 

o MIIXilllll practicable aarg1n of aatety tor all tunctional and 
enri.1'Cllllllltal 1trea1e1. 

o Dw1.nl tbe d.e1ip pbue, tmt1'1 ettort wa llll4e to llll)loy 
tad.atinl bardlrare and d.e1ip concapta wbich baYe abibited. 
Mture reliabWty. 

Reliability Peature1 - Tbe tollolriJII teatvea baft been iDcorp)rated 
into tbe t1nal d.elip to 1uu.re tile bipat po11ible 171ta reliabWty. 

0 llch ■-t bu nchm'ant tirinl cmtrol.lJ GDI .,_,le cm wb 
Nat 1id.e. 

o All sip&) tl'Ulllialim, SIIDC IDCl eltctrictJ. are cmp~ 
redundant 

o All im:dator1 are clual bridprire or 4ual. in1 tiator■• 

o All cbalmell 1n tbe PIIP and PDB are reclundallt. 

o Jach ■•t ut, liH■ one 1illple, hilhq rell&ble two-atap 
catapult-rocket. 

o Jach ant incorpor.te1 po1itive pitch atabiliation 
wbicb el.1111mte1 tbe an/ aeat ■tabilisatiaa probla u a 
•3or cauae ot ••cape IY■- failure. 

o The reliability ot intlating tbe reccnery panclmte 11 
11pit1cant~ increued by po1S.tift stabilisation wbicb aid.a 
in ullll1.111 donlr1Dd deploy.at. The b&l.11at1c Ql'H41DI PD 
increue1 1ntl&t1on reliab111 tr at all air■pNdl. Tbe 
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apreading gun 11 tail-l&fe 1n tbat, ■boul.4 tile Cffll'idal 
tail to tire, the paradmte will OPID and intlate ...., •.iq. 

o Po11tive an/■eat 1ep,.ratian 11 pronded by tbe pancbate 
opening force which u■ure■ J)O■it1•• diverpat tnJectori• of 
tbe an and ■Mt. 

o Tbe m,gue parachute { in H1-8peed Mode) ml tbl recovery 
parachute {in Autcaatic and to-speed Mode■) are d9pl.o,e4 
before tbe 1eat leave, the rail■• Thia poait1Yeq pncludel 
■eat/an-parachute interterence and eatans• □Fat. 

o M.-umal parachute deployaent ml b&rne11 releue 11 
pimded the crwn u a backup to tbe autcaatic qateu. 

o All cClll)Ollent1 Yi thin tbe ejection ••t are pu1i ft in 
nature and require no l"Olltine ll&intenuce. 

o All barne11 releue cutter, are dual and redundant. 

o Tmt PDP i1 CC171pletely radiation bard vbicb preclude■ 
ur1 inadYertent ejection by ■tra¥ radiation tmeJV 
including nuclear radiation. 

o Sboul4 the parachute or drape atraction rocat1 tail to 
ignite, the initial catapw.t teatun of tlleie delipl 
incorporate, ntticient ene1'11 to cauae tbe paracba.te 
and 4rocue to be witbdralm ■utticientq tQ iDl1ln nbNqWlt 

deployllent by urodynaic tore••• 

o Redundant f.1MDC and lhielded electrical wine are roaW 
to preclude ccaplete ay1ta tallllre to to battle i!a p ► 

o Tbe !'me IIIJ)l.oya three cbunell in each critical aode ot 
operation. Two ot tbe1e three channell are requ:incl to 
tu.nction beta.re autaaatic ejection 11 in1tiate4. 'l'b11 
preclude• inadvertent ejection 1bow.4 one cbanntl tail 
•rational. Allo the two cbannell nqui.red tor im.tiatioD 
s'8t agree within a clo• toleruce before tile atcaatic 
ejectian signal i1 pu1ed on. 

Operational Reliability • Tbe VTOL e1cape ayatl?I• vbile bei.111 

w in ccncept,, doe• 171ploy ec+m1nt1 allot which are eitber ot pl'OND 
reU&bility or are 11ailar enough to •i1tina bardnre that accurate 
nliability value1 can be u1e1Nd. The reliability nqulr ?212at1 of tbe c .. 

J)Onent apecit1cati0n1 are therefore comidered re&lll'tic andwre uNCI in 
pndictina tbe fol.lowing 171taa reliability tor mral operation. {i.e. 
wl b&ietup and tail-a.te teature■:·are not incballed). 
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IJETI(lf 

Single 
Daal 

' 

%JIITIA1'I(lf 11)111 m..IABILI'ff 
AU1'CIMTIC* IWlflt (fL-iiP&b, AXiiw, (HI-BPIID) 

* Aircraft tailure ccmaidered to be wont cue requirina 
all roll and pitch vernier aotora to tuuction. 

Tb• reliability value• uae-.i in -.ting tbe above prediction, are 
lbolm in Table II. 

lfo-Pire reliability - The probability ot the PIiie ll&ltlmctioning 
in a Pail.()plratioml 11UDer 11 t ... u tbe probability ot it ll&ltlmctioning 
in a Pail-sate 111DD1r .. Tberetore, tbe probability ot an imdftrtent autalatic 

ejection occurring i1 .005. 
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HILi II 

RILIABILI'ff VAWIB 

rnx 

Catapult - Rocket 
Parachute extraction rocket 
Parachute - Recovery 

Drogue par11ehute 
Vern1.er rocket 
Canopy ■everance 
Webbing cutter 
Guillotine 
Ejection band.le 
SMDC line 
nec~rical line 
Reatraint harne11 
Seat structure 
Guide rail■ 

Canopy tbru1ter 
Powered inertia reel 
Rail trip mecbanilll 

Crnlllln 1ervice1 dilconnect 
Parachute ■preading gun 

Parachute extraction rocket releue 
PDP 

PIN 

:Rate Qyro1 

Radar altimeter 
Attitude reterence 
Canopy jetti■on mechani• 
ljection 1equencing nitch 
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.0005 

.0001 

.001 

.001 

.0001 

.0001 

.0001 

.0001 

.0001 

.0001 

0 

0 

0 

0 

.0002 

.0001 

0 

0 

.0002 

0 

.005 

.005 

.005 

.005 

.005 

0 

.0001 



• 

q. Mu1Proprtie1S,aary 

VTOL Ejection Syat• Installed Weight 

0 ._rpney Detection and !ejection Initiation Syata 17.9 

0 Poat Ejection EYent ,t,de Selection Sy1ta 4.o 

0 Ejection Caaand Control Selector o.4 

0 Seat Adjuataent Actuator ( 2) 9.6 

0 Seat Aaa•bly UI 179.9 

0 Seat Aa1•bly RH 179.,9 

0 Canopy- 01.ua Snerance Inltl 2.9 

0 Canopy Je~tiaon Control■, Internal I External 3.0 

0 Indicator Ligbt1 and Miac. 5.8 
403.4 

ljected W•ilbt• ml Inertiu 

0 B•t Aa1•bly (le11 catlpllt I bal.t mtor grain) 164.IJ 

0 SUrvival nt i.o.o 

0 " tile MD and ClotbiDI 159.0 

l.1•cted W•ilbt 354.4 

0 m tile Mil and clothing 6'.0 

419.4 

5f Tile ffl Tile 

Seat Pody 2 2 
ADI Ix ll.99 1'1'•LB-SE 13.u r.r-LB-BE 

I1 10.62 12.25 

Iy 22.61 25.36 

Ixy 3.02 2.98 
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I· 

4.o SYS'J.'DI OPERATION - G!DRAL 

a. Pre-ejection and Initiation Period 

(l) Autcaatic Initiation 

llectrical ponr ii applied. to the IDII8 Whan the pilot plw 
the naviption mode •elector mtch (located on the naviptillll ayata ccmvol 
panel} in the "V'roL N:>de" poaition. The &1Utcaatic nitiatk, &l'IIICl licht wU1 
then ccae on when both ■eat maunted n1. tche1 IN placed. in the mtallltic 
initiation poaition. !Yen though the BDIIS a.med llgbt ii on, the initiaticm 
circuit to the aeat ia not ccaplete unleaa th-:. aircraft veight 11 oft tbe par, 
altitude above ground level 11 between 10 ancl 500 tt., and a1l'lpNd 1• belolf 
converaion airi,peed. 'l'bua entering and leavi.ng the autcat.tic 9Jectioll IID6I 
can be conaidered 1.-S.-mtalatic • 

• ~ &dd1 tional aatety teature incorporated 1n the ..cti nticm 
aequence ii the lockout Circuit. 'l'he built-in teat equipaant (BI'l'I) aaaitol'I 
the outplt or the OR gate, and it an initiation 11pal ii preamt when polNJ' 
i1 applied to the Pllll3 ara circuit through the ll:'4ding sear, altitwta, ml 
velocity mtche1, the &r11 circuit ii locked out ,md the roll, pitch, and 
altitude authority di1&mld light• a.re turned on. The 1'1.tiOD&le 11 tbat ID 
initiation aign&l. pnaent during &l'll1Dg 1a probabq em:meoua. b Heape 
1yata retaina ..,,,oJ. initiatian capability. 

An aircraft t&:llure 1111¥ occur during nolWIJ. vertical taaott 
that vlll produce a rapid, violent roll ot the aircraft. M the a1rcNft 
bec1nl to roll, the three :roll rate 1enaon tNCl ~tc,e&11 to the roll rate aca­
parator, and the three roll attitude 1enaora teed. •~• to the roll atti·twll 
QC11PLN.tor . '!'he outpita ot theae two CCJIIINl,rl.torl are •mt to the roll pte. 
When the ccabination c,t :roll rate and roll attitude uceeda a ,reckt.N!N4 
aount •~tying an out-ot-control COD41t1on u detinecl by r1pre 33, tbl 
roll gate g .-i~atea an outpit 1ipal vbich 11 1:mt to tbl t.. dial.Ir. It U. 
O\lt-ot-cantrol •1cn&l i1 continuoul tor 100 1tUJ11.aonda, the t1a dial.Ir cloa~, 
1end1ng the initiation aip&l through the &I'll mtcbel to both Natl, 1anltilll 
canopy aevvanc•, catapilt, and other dev.lce1 plua acti nting tbl JOftl" ~ 
1n the PIIP. Thua 100 aill.11econd.l after l.ol1 ot control, 11alltaneou crw 
eacape bu begun. 

( 2) Poat E,1 ection lft1lt M:>clti Selection 

'!'he roll mode nitch in the PIiie, lholm 1n J1gu.re 35 1 1101d.~ 
the "'1.tpit ot the roll rate and roll angle cClll)l,r&tora and genentM as V DC 
right (rolling or banked) or lett (roU1ng or baDact) ~1p&)• in acoorclance 
with the 1chedule lbolm in P"J.CUN 57. fllis lip&l. 11 •mt to tbe PIIP to &I'll 
the 1eat roll IIOtor t1l1ng circuit. 

!he aircraft inftrt4td 1enaor ot the PIiie 110111.tan the mtpat 
ot the roll attitude and pitch atti'\.ude Cca.PU"t.torl and pnarat11 a c8 V DC 
11gnal Vhen the &ircratt attitut\e exceedl the roll and pitch V&l.ue1 lhown 1n 
Figure 58. !hi• lipal ii 1ent to the PIIP to am. tbe IUltainer, ya' ID4 
roll 111>tor1 tiring circuit. P1gun 37 1ban a 1cba&tic 41181"111 ot tbNe 
circuit■• 
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(3) Foat gectian Bwent "'Wrz...!S 

!be mde •election ,.ip,1,1• are ncelftd. 1coatiwq tr tbe 

PIIP; bolfe,v, tbl7 baw no ettect an tbe 1aterDal p,ccr• • tti.Qg until nch 

tiM u !Ill lnltlatian aSpal. bl 1enm:11ted. At tbt• tial latchiag rel.Ip ue 

enerpHd. 1 t ., .,_ Hl.ectian atpl • are pzeNDt. flma the aeq11111Ce ot 

oat.pat • Jta traa the PIIP i• detendned and. ,,et e.t tbe ■ 111t ot initiation 

IIDll wlll be -.t.ntalDe4 effll atter all leada betwm tbe aucratt and. the aeat 

ft anerecl by tbe &Y.&.4.IA# 1.De. A U.t ot poat-ejectlon eftlltl and 

ttaDc u •balm 1n Table m. 

( .. ) Nmual Initl&tlan 

l3ectt.an la IICCCIIPliabed by' actuating eltber tbe two election 

cantrola located an the N&t bactet •lclM. nw ,actian will aecmmical~ 

initiate 4ual SNDC 1.1w bf cocking 11114 relwtng <UJ.. t1r1ng pln ualllbll•. 

!be mmc oatpat Y1ll actime the tberlllll batten• 1n th PIii.it. Polfer trm 
tDe tberal batten• initi&tea tbe inertia Nel polfV retraction, CIIDOPT 

,1ettlaan tbrlllter, 'and tbe batten• 1n tbe otber a-.t it the ••t aequence 

nS.tch ia cloaed.. 

A 0.275 a end tbla dalq will be actJ;n.ted llbich will allow 

tbe tbenlll battert.e• to initl&te the cataput and Irr. A pillot1De wt.ll 

N all N&t/abcratt caantt0t1au ml 0.025 NC,cad later tbe N&t 11111 •tart 
to .,.. nae ts.. trca ejectlan initiatian to --.t tint an at Ifill be 

-11111uxt•+~ 0.300 HCODd to pend.t c~ aeparatlall. 'lid.I cucult t. abolm 

1D ftpre 37. 

"· Poat l.1ectian Period - Autca.tic or Nmual Initiation 

(1) lftat Plqp '• 

IMe •tgnaJ • trca tbe PIIIII al.all Id.th aircn.tt pi.tot ad 

ltatic inp&ta wn UN! to Nt the tnternal nitMial ot tit• PIIP at tbl • 1t 

ot Wtiatian. ''Dml tbe Nq\MIICe of neat■ to be tolL~•d dllr1ag eacapa. lbue4 

1an ,cvrent a1rcn.tt comtitlon, vu pragr d into tbe PIIP .tut prior to Nat 

tint aov•111t. llltv to Table m, r.tguz,ea 59 and (,o tor mdl clatl.nltlaa. 

(2) )l)da Opratlaa 

,o loW Altitude - I.alt' Speed. ,(below 15000 tt. M.S.L. and 

250 1:.1.:1.s.) 

M tbe ••t neara tip-ott, a n.11 trip nltch will be cloled 

allalf1ng palf8r trca the tbema1. batten• to lpl.te tbe nataner rocart aotor, 

.,.. rocat mtor, pancbllte extnctton rocat mtor, roll rocDt mtor and 

pitch rocket mtor (it pitch rate 1J10 , .... ,■eat n.te greater than +2.0 or 

-1.0 ndiw per •econd.). Wltbin 0.300 MCOllll•it.fter tbe panclmte atnet1Gn 

rocket r ii tcnitecl, tbe panclmte will tblln be witb4nlln hall ita conta1ner. 

Puw:hu.te line •tretch will t1re the bal.liltic ,~ gun. Clown ot tbe 

nil trip nt.tch alao appliN po119r to two 0.30 NCODd tta delqa ·llblch I.pita 

the cbatt dupenaer, lateral :reltraint retrar.t, lap belt cutter, amt inertia 

reel •trap cutter. 
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t • l. 2 PULL PARACJIJTI 

t • .42 RIST!Wlff RILIASI 

~--------~= :::::::==-==---:----===-=-->,;;;,-­

t • .40 ~ CIIU'!I Lilfl S'l'll'!CR 
t • . 37 SUSTAIIIR J11>!01 1IJRIDJT 

PireR RAB cON'l'ROi, Jll>TORS 
WR11 -1.0) i > +2.0 RAD/ SIC 

t • .12 

t • 0 

. RICOVIRf CJIJTI DIPIDnaT RucDT 
(AID, IF AIIICRAPI' IS ll>T IIVIRftr) 

• SUSTADIR ll>TOR 
• ROLL & YAW Jll)TOJII 

. AU'l'O IIITIATI<lf - SDIJLTADJUS CATAPULT IOIITIOI 
• NAltJAL MTIATI<Jf - Sl00ID SIAT DILAYID .30 SIC . 
. CAIOPf SIVIIWICI IWITIATIOI 

n(JJRI '9 U1I SPIID ll)Ja 

81 



t • RICOVm C1IJ'l'I R0CDT 
PUJ8 1.2 
• 11ULL PARACIIJ!I 

t • RICOVIR! C1IJ'l'I R>CDT 
PWB .30 
• RIS!IWIT Rlt.aASI 

AIIJVI 1,000. PIIT 
i • VAIIABLI :mtAY PUJ8 2.0 

• IDllllt JBXIJI 
mDLI RILUfll 
(lA)Q(JS IILIA8I. 

RICOYIRi CIIU'1'I 
DIPtDfla'l' AT 
1,000. rr.) 

mUJ:115000. PIIT 
t • (VARIAU TDII DILAY) 

• DRXJUI RILIASI 
• RICOVm CIIJTI DIPUJDIIIT 

t • .8o Dll>WI IW1'IVI 

t • . 50 JB)(IJI CIIJTI DIPt.DnaT 

~ AB>VI 
l,000 Pr 15000. n. NIAi SIA Ia¥IL 

~ / --------- ::.--------

(AID, IP A~J.ft IS IR>T DVIMID) 

t • .38 

t • 0 

• UTADIR mtOR 
• lULL I TAIi' tl>TORS 

• CATAPULT 
ICIIITIOI 

. NAIUAL IIITIAT'IOI 
(SICOID SIAT DIIAYID .30 SIC.) 

• CAIO:?!' Jlffl8Clf 

rIGURI 6o 

82 
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'1'be IUlt&iner, :roll, pitch, 1114 ya rockn mtora wtl.1 not Ill 

i p ited it the aircraft 11 inftrted. u detined by P1pn 58 at eacape 1Dit1at1• 

o Iolf Altitude • R:1ch 8pNcl (greater tMn 250 I.I.A.I.) 

!hi 1equence ot nwntl after nil. trip m.tch cloaun la 1ibe 

•- u tor low &lti tude - low lpeec1 ucape, except the 41-ope panclnate la 

deployad inltNd ot the penormel pancbllte. 

The ftl'i&ble t ial c!Gl.q 11 let by the aircraft lpee4 at 

initiation to a value vbich will Cllllle drop• n1 .... 1114 pel'IOIIMl ~ 

extnction to occur at the prec:1•• tille tbe ••t/'Mll ccabination bu ca,ei.ra.4 
to a ■ate parachute depl.oyalnt lpeec1. iw.r 1a appllect to the lateral NRft1.llt 

retract, laJ bel t cutt~r, 1114 inertia rNl ltr16» cutter o. 3() 1econ4 after t.be 

parachute extraction rocut mtor 11 ignitect 1natea4 ot o. 3() 1econ4 after nil 

trip mtch cl.oaure u in tbe 1ov altitude - low 1peec1 IM>CII. 

o High Altitude (&boft 15000 tt. M.S.L.) 

'Die ••me• ot n111t1 11 tbl ■- u tor the low altitv.dil -
h1p lpeec1 .,_ up through drop• parachute daployMnt. 

1'bl 2.0 1ecoa4 ta deJ.lr will n1 ... tbl c1rope lONI' 

br14le wblch all.on diucmt to a lowv altitude with tbe -t/-.. CC11b1Dat1ala 

ltabU.ised in the uprtpt poeition. '!'be anuo14 m.tch clM• at 15,000 tt., 
nl.eu1ng the cSrocue p&raclmte, 1cn1tinl the panctmte atnction rocut -'Or, 

and 0.30 1econA later lnfl'IU• the lateral rutraint ntnct, lap belt mte, 
1114 :11YA"t1& nel 1trap cutter. • 



• 

5.0 8!8'111 PlltftllMEI - S~IJ'IC CASIS 

911 111taa pertonlnce under the -,.cit.le tllcht conditicu abown 1n 
tld.a aeattan wa .-rated 117 tbl 4icital. CClllPlter aiaalat10D d81crlbecl 1n 
clnall. in ~ I, Voha 3 llltitlecl "001p&ter UIVI lllllu&l tor V'!OL llcape 
S,.ta SSllalatian". '!he inplt data Uled 11 abown lD Table m 1n Appad.1x I. 

1'brollpcut tbia aiaalation tbl r1aht •••t 11 occu,ied bf a 5 p,rc111tU. 
WI ID4 the natainer mtor tbl'Ult wctor 11 located 3.0 incbel below tbl 
... t-aaa center ot gn.Yity. A 95 percentile lllll occupiea the lett ■eat and 
tbe tbzut wctor 11 located l.O incbN above th• ••t-111111 Clllter ot g:rt.vlt;J'. 

a. VTOL l'l1pt Ja11un1 

'1'be pertomance ot the uc&pe 171itll undlU' the V'roL tl1pt critical 
tail.ve m611 11 lbown in rJ.cu,nl 61, 62 ID4 63. r1pn 64 IUlall'isea tbe 
aircraft po11tioaa and :rate■ that mat dlU1.ng thee• e.1ect1ou. 

In each cue tm recovvy altitucll 11 above tbe eJection altitu.a. 

'lbe C011P1ter g---.ted tial hiatoriu which abolr the aeat and llllll 

poaitioDI, :rt.tea, and accelerationa ot both -ta and fral 'llaloh thue data 
wn extncted an ~•tilted 1n Appendix I. 

b. Ccnwat1onal. nipt l'a1l.urel 

!he V!OL •cape 1J1t111 perfonlnce tor the initial con41.tiou 
apecUJ.ed 1n apecitlcatian MIL-S-94'19A "Seat 8yltlll, Up,ard l3ect10D, Aircraft, 
OIMnl Bpec:it.lcation Jbr" 11 pneented, 1n IUIIIIZ7, 1n Table IV. 

!be dlltailed CClllfPlter pnerated tial hiatorlu tor Neb cue are 
pnNDte4 1n Appendix II. 

Table IV abon tbat both crw an ncOftNC1 Witbin the altitucll 

c. CGllclUlioDI 

It ..., be ccncludacl tbat the V'!OL ••cape ■yat• doea wt tm pr01r• 
ol,3ectiw of prodding lld'I alrg,IDCJ Cl'ft •■cape tna VTOL IDc1 CODYllltioaal 
t'JJcbt ••rs•c1•• becauae -

o After the aoat critical aircraft aal.f\mctiona 1n the VTOL 
and tnnaitiOD tl.1cbt Nl81al both crw -berl are recoftNC! 
at or &boft the eJection altitude. 

0 t1ndllr the flicbt COD4it10DI lpecitied 1n K[L-S•9479A both 
crw Jllllllben are reccmare4 within the allonble altitucll. 
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6.o DJllaJ88I<11 or AJ4'IIIIAft: <XIIPICJUMTI<lll 

a. S.,ectlaa Propal.alon 

M illftltlptlaa ot ,■•t prapal.alan tecmd.1'1111 1a nported. in Part I 

~ 2 "lie• ~ Parwtu-1 .Anl.qa••. Tb1I ~ lncllldN UIU,14, 

bprld, 1114 aol14 propeUaat 111>tora. DI additiaa, w.nowa propalaion l78tlll 

an-.••ta wn •Dl!dDM. '!be■e nre: .. .• 

lbcbt 01.uater : : 
Up-IkND l.1ection Proplllicn 
Dul axteta, Sillgle C&tap&lt 
Single Rocat, b1al Catapal.ta 
Sincle lbctet, 81.ngle C&tlpllt 
Tnctor lb:tet 
Ilitegral. Rc,ctet-C&tapilt 

!be I ~ffilcU Gil tbe NCap8 '711tlll pertorance Of tbe foll.all'lng 

~lon comt,v.ntlau 1a :reported in Part I, Voluae 2. 

Steerable Tnctor lbcket 
Vltllboldlng 8ut&lner 11:>tor Ipition 
Ule ot artropwte 1t,1;on 

Dul Ind-Speed .ca~~lt 
Up-DDIID IJectiGD 

!he lan111DCe ot tmu.■t -..ctor 1tabillty, accvaq, and. repeatabillt7 

1a 41acuuecl u are tbe muntiftg and. inlt&llati• ~ta ,of tbe ejection 

prap&laion ayata. 

fte CGDCJ.uiaaa 1'81Cbed l..,_ tb1a ■tw!J renltecl in tbe Ne- JIN• 

t1GD tbl.t tbe ftOL e.1ection ■-t lbauld ut1Use an intcnl unlt, 10114 

propel.1aat rocbt catlpllt incoJ'porattac tbe teature ot witbboldlllg tbe rocut 

l10tol' ipitim tor a4ftl'H attttu&t ejectiau. 1be a1rfrw cc:wpNlldM Nll&1n4 

~ laool'pol"atloD ot • "Up-lDIII" •3ecti• c~ty 1a mt MCNAl'J II.nee tbe 

e.,ectS.ae 1J1t111 perfmaaace requ.1ramta are at with an vprU'd eJectt.cwa ... t. 

b. l.1ection Initiation Nltbocll 

ftillll'e of tbe cn1r ■IIINr to actuate tbe ejection qataa in ta tor 

ncceutul NCOftl'J prior to ll'G'ID4 t.llpM:t 11 a pr1■arJ CtlUN ot 1111111CCU1fv.l 

-■c.... lne:tMtiGD ot tbe ••cape conditic:m. wbich mat dllJ1ag 'I.IOL UICI 

tnu1ti• n.Spt l'ftNl.l that initiation tilll 1a ftl7 critical if a NCO'fVJ 

al.Utmia abow tbe ejection altitude 11 tbl o'bjectiw. r1pNI 65 tbl'OQlb 86 

an t.aan trm Part I, VolllM l of thil nport tor conWDi•c•. 111@ croa1 

batcbed UN Gil tbeH CUl'ftl COftl' tbe t1ae period ot 1.5 NCODdl to 3.0 lecaada 

fol.lonnl tbe taUure to the aircraft. fll1I ti■e period 1a npr91mtatiw of 

an atraeq rapid crw rMCtion to tbe IMrgency. 1!le ncure■ lbolr tbat the 

altitude lolt ID4 tbe &irc:n.tt pitch and roll attitudll tbat ldcbt uilt within 

th1a ti■I ti.I 11 not .clu.cift to a wccautul eacape. It tol.lolfl tbat it 

eJect1.on coul.4 be ~cc-.pll•W ■ore prmptJ.y, the cbllDc• ot ncce■a vUl be 

aoc,cl. fteretore, tbe ampncy Detecti• end l.1ec~ion Initiation 8pte■ 

deacriW 1n tiaa 3.0 ot tb1a nport 1a re,.. t 1i2ad. to auta-.tical.17 eject 
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Since the C-9 canopy equipped with apreading gun hu a weight ot 
approxillateq 17.0 pcundl and the 4.66 toot drogu. a night ot about 6.o 
poundl, the uae ot th gun fired. •1U8 •IOUJ.d 1Qo•• 1evere 1tructural. lo&dl on 
the canopie• tl'm the bee.vy, high velocity a.lug vhich would be required.. 

Die catapw.t or mortar deployment metboda are IUitable except tor 
the large reaction torce applied to the se,.,t. If the 1eat 11 re1tn.ined by 
the 83ection rail.a then very high load.I a.re applied. to the l.onr tlid.er block■• 
It the 1eat ii unre1trt.1ned a pitching velocity ot u mch u -50 RPM-, 
relUlt. 

A tractor rocket motor attached. to the apex ot the Canopf, or to a 
daploymmt blc, hu the advantage of pulling the canopy to the point ot 
napenaion line 1tretch with a ccn1tant force. At thia point it -, ~ 
conftllimtq releue4 to awi4 canopy c1aillge tram. the attached -,tor. 'lb 
rockfot ..., be cataput-daployed to avoid b t ~ on the 1eat u •bJT. 
Thi• ■y1i• 11 deacribed. in Section 3.0. 

e. Drogue Parachute Selection 

A detailed drl8 parachute atu<tv Sia reported 1n Part I, VolUM 2, 
"Eacape Sy1t• Pareetera Analyaia". Thia 11111.q1i1 included: 

Solid and ribbon type canopie1 
Projected diameter• traa 2.0 to 6.o 
Attitude tl"0!ll S.L. to 50000 rt. 
Mach 1'llmber1 ot 0.10 to 2.0 
Dynamic Pffl1aure trcm 15.0 to 

1220.0 lba per 11. tt. 
SUlt&iner motor burning and not mrnhJg 
Seat wake ettecta 

'l'be d1'lg parachute pertommce vu CCIIPlted by a cligit&l CCIIPlter 
11a&laticm which all.on evaluation ot penchu.te atability, opening reliability', 
tille to open, accelerationa 1Jlp&rte4 to the ••t and drll producing capability. 

The fol.loving concl •· 1cm .:11"1 drawn trail the 41"11 parachute anaqai1: 

(1) Solid C&nop1e1 

o 'Die rible11 guide aurtace 11 1Uperior to the flat circular 
tor 1Ub1acic high "1ftlllic preaan;.re env1rollll8Dta. 

o Neither type 1tabilize1 the 1eat 1ati1tactori~ in a 
auperaonic envirolllent. 

(2) Rlbbon Canop1e1 

o All three ribbon parachute•; flat circular, equitlo, and 
hai■tlo; are~ acceptable u 1tabilliation, decelera-­
tion d.evice1 tor ■ubaonic, bi&h dplldc pre11Ure cmditiona. 
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( 3) Solid venua Ribbon Cug,ie1 

o 'Die hailtlo parachute daoutrate1 a IIIIZ"DC1 1tabU111D1 
,uperiority OftJ' the riblu1 gui~ aurtace type at IUJU'• 
ionic conc!itiona with abollt the HM IUblcniC dacelentioll 
ch&racteri1tic1. 

1'hereton, the baian.o type 11 1electad tor the VTOL ••cape -,.ta 
c!rogu.e iwacbut e. r1cure 147 through 170 are taken t.raa Part I, Vol.al ~ to 
1bov the h•1.1:r:l~ perto~<:e at Mach nuaber1 ot 0.9, 1.5 1114 2.0~ 

1'he drag panchute dilalte:- ett.ct• are 1hown in '1pnl 123 tllroup 
146 tl"cll Pl.rt I, VolUlllt 2. ~ 152 lh,,.. the 4.66 tt. (pro3ectod. dllallter) 
produ.ce1 abou.t 35. g axial decel•ration r.. 1220 paandl per •tuan toot ct,nlldc 
prealUl"e. ti• condition correapon«s. to Mich number .9 at •ea level (6oo DAS). 
At h:taher Mach mabert the drag efficiency 11 1llghtl,y redllced; theretore, tb.11 
11.&e canopy will be IUitable throughollt a 6oo DAS and 50000 tt. altit.de 
envelope~ 

Table V det1n11 the cue• 1halm in PJ.gure1 123 throulh l '70. 

t. ljection <llide BaU.1 and Slider Block Dimenliona 

A 1tuct_y of •3ection 1eat tip-ott ettect1 na conducted 1114 ii 
reported in detail in Part I, Volulllle 2 of thil report entitled. "llcape 8ylta 
Parllllten Ana.q1i1". A 11.J: degree-ot-treedalt. d.ic1t&l. ccaprter 11au.l.atioa na 
condllcW ot a buic •••t u 1 t move4: &long and 1epu-ated frail tbe gv.icte n. •• 
'l'be effect of varying the tol.l.olrinl p&l'1Mter1 wu ~ed. 

Slidar block location 
catapult atroa length 
SWlt&iner thrult level 
catapult thr\llt lewl 
Weight and Inertia 

'lh1I atuey conttnllld. that 1eat perturbatiana at tip-ott an •1n1e1 •• 
it 1lider block location provide• CCIIIIPlete aecbanic~ picled 1troa tor the 
•3ection catapu.lt. 
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TABLE V - D!DlUI PARACRIJ!I PA1Wll'J.'IIS 

D!IAMIC MACH CAIOPf 
PRISSURB 10. DIAN. (PlnT.) 

1 1220. #/tt
2 0.9 3.18 rt. 

4 1220. 0.9 3.18 

5 1220. 2.0 3.18 

10 1220. 0.9 4.€,6 

ll 1200. 0.9 6.Eio 

12 1220. 1.5 3.18 

1'0TI: Table I reterenced in title ot Figure• 123 through 170 
11 1hown in Part I, Volume 2 "Blcape Sy1te Parameter• 
Analylia" 
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r!gurea 175 through 300 abav the rn>L ejection ayata pertcmunce du.ring 

the critical. &ircratt t'ailurel in the V,.,:,L tllght reg1ae 1n the tom ot tiae 

hiatory plota and cro11 plota ot the aeat~aan, the reccft17 parachute, and the 

111D alone apati&l poaitiona, wlocitiea and acceleratiOl'll. 'lbeae plotll begin 

at the in.ltaut or t'ailure occurence and are contimu1d tor 5.0 aeconda to u•••• 

the •at• recovery potential.. In addition, other ttae hiatoriea, extendhg only 

to the tiae ot recoverr pancbute line atretch, are included. to aholr in greater 

detail the aeat-un earth reterenced d11placaenta and rate• and bo<t/ azia rate• 

and accel.erationa during the powm'ed trajectory period. 'flieae plot• 1hov the 

1eat-aan reapcn•~ to the pr1aary propulsion and the Jd,tch, roll and yaw vernier 

.,tori. 

nir1n1 V'roL tligbt the eacape ay1t• i1 1n the "autcaatic initiation" 

mode or operation. ffben the aircraft attitude and rate reach the "out-ot­

cantrol" value u deacribed in Section 4.o, ejectic:m ii initiated by th<· 

'Blergeney Detection and ljection Initiation Sy•t•"• Fr0III that time the 

aequence or event• ia autoaatic and 1n accordance with Table VI. Additioa&.1 

•Ulll•tion data inp.ltl are lbolm in Table VII. 

A detailed explanation or the "lateral. control failure" plota, Figure• 175 

tbrougb 21.6, toll.ow and 111\Y be med. u an Cl.lllPl• in interpreting the otberl. 

fllrougbaut tbeae tille hiltoriea the left ••t ii occigd.ed bJ a 9" tile crew 

and the right by a ~ tile. 'lbe rocket catapllt thruat ftetor 1a located 1.0 

inchu abO'vlt and 3.0 incbe1 below the aeat-111111 center ot gravity tor tbe lett 

and risht 1eata reapectiftly. ljected w1 propertiea ~ be 1een 1n Table VII. 

llbllowing the bardover lateral control failure the "llllergeney Detection 

and ljection Initiation System (IDEIS)" detecta an out-or-control cond.1\.,ion 

and atter a 1apling period ot 100 milli1econda initiate• escape u •balm 1n 

Ftcure 172. Figure• 171 and 173 preaent the •- intomation for the other 

tvo failure 110<1e1. '!bi• event &n11 the "Poat 1.1 ection !vent Prograaaer (PDP) 

and tire• the aeat catap.ilt, powered haul-be.ck reel, canopy glue reverance 

ayata and trigen aei.·geney In on both lett and r1.ght 1eat1 ; all with air­

craft electrical power. 

ftgure1 175, 176 and 177 ahow the seat-man and man alone 1pati&l diaplace­

aenta, reteNmced to earth axia, venua tiJDe. The aeat it1elt is ignored 

tollawing aeat-man aeparation. 

Figure• 178, 179 and 180 are cro11 plot• c'l.ef'ining the traJectorlea ot 

ea.ch cnnaan. These aix plotl e.re uaetul in cetermining the aeparation d.11-

tance between crftlllfJl'l. 

rigurea 181 and 182 show t he man total airspeed and rate ot climb reapec• 

t i vely. The tiae zero airapeed i a t he aae u 1:he aircratt airspeed ot 46 lmot1. 

r!gurea 183 , 184 , 185 and 186 show t he total air1peed and diaplacaent, 

reterenced to earth &Xia, ot th recovery parachute center ot gravity. 



Figur-e 185 abon a lateral separation ot pera..~bute canopie1 ot 13 teet and 

30 feet at line stretch and tull canow rapectiveq. P1gure 183 1bon tbif 

intlated cancpy hu reached tera1n&l velocity at about 1.6 .1eccmdl t or both 

crw. At thia time the lett 11111n ii 52. tt. .n4 the r1gbt 6o tt. abo1'1 ejec­

tion altitude. In uaealing ■ate recovery the parachute total &lnpew. 11 

more reliable than man total &1.rapeed or cllab rate alnce the latter two 

curve are drastically attected b,y the oacillatiou ot the unatable tlat 

circular parachute canopy . 

Figures 187, 188, 189 an~ 190 ahow the load tactora the DRI experienced 

b,y each ej ect ee. The load f actors are referenced to body' axes and the I8I value■ 

to the spinal column. Specification MIL-S-~791: detinea the IlU'. in detail 

and t he equat ions for this computation are given in Appendix I of. Part I, Vohllle 2. 

Time history plots ot the 1eat-111n dynaaic1 covering the period trca 

fail ure occurrence until recovery parachute line stretch are 1bawn in 

F.1.gure1 191 t hrough 216 tor the lateral cont rol t&ilure. F1gure 174, lbolr1ng 

t be orientation of the varioua tbru.lt vector■, 11 included to u■iat ill plot 

interpretation. 

Figure■ 191, 192 and 193 bow the ■Mt orientation with the earth ala. 

Reference to Figure 193 reveal• that the aircraft roll angle at Nat tip-ott 

11 43 degrees and that the aeat 110Unted roll 110tora ialdiate.q begin reduciDg 

thi, angle. 

P'1gurea 194 and 195 a aw the aeat-aan downrange and. lateral ftlociti•. 

ror the vertical velocitie refer to the t'ive 1econd tiae h11toriea. 

Figure• 196, 197 and 198 •bow the ••t ~ uu rotatioaal ratea. b 
action reaultins trca the auatainer lll>tor thzuat ott■et cam be ■sen ill 

Figure 197. The right 1eat receive• a poaitift pitch rate trca the 3.0 inch 

low thnllt and the lett ,eat a negative rate traa the 1.0 inch hi&h tlu'ut 

line. In both cue, tbeae ratea are .t'eeklced by the ••t pitch :. .... te coatz.cl 

ayatell. For example, by extending the 1tra1ght portion ot the cune tor tbe 

ri@ht seat the rate to be expected without the correcting pitch ac>tor would 

be about three tiaea the tinal rate 1bolm. 

The initial negatiw rate experienced by the r1ght ••t 11 a tip-ott 

etrect traa the aeat catapu.t torce. 'ftl1I ■eat 11 occupied by the "tile 

crew and conaequently 1tart1 trca the tu.ll up adju1taent po11t1on. A l.O inch 

unguided 1troke re1Ul.t1 t'l'Oll1 th11 1eat poaitian. 'Dle ! ,itch dawn rate frca 

the catapult ia tuickly oft!'Ccae by the po1itive pitching ..ant~ by 

the 3.0 inch low thruat ot the ■ult&iner ac>tor. 1be lett 1eat occupied by tbe 

95~ tile crew bu a tully guided catapult 1trolte and the tip-ott perturbatian 

1• wry 1111&11. Figure 196 1how1 the &ircn.tt roll rate to be about 50 depeea 

per 1econd at 1eat tip-ott. That rate i1 quickly reversed by the acti,z of 

the ,eat ..-nmted roll vernier 110to;-1. Caretul. ene1nat,1an of the lot .,t --.t 
yawing rate reveal.a that the roll 110j;t)ra illpart a .,... u wll u a roll rate 

to the 1eat. The ya motor and the roll motor produce a right 7&\d.Dg ... t 

to the right 1eat. 'Dle roll motor on the lett 1eat produce• a right yawing 

1110111nt vbich owrcaa11, tor a abort tiae, the left ... t trca the yw mtor. 
Arter burnout ot the t'ir1t roll aotor the ya, ac>tor produce• the expected. 

lett yawing rate. 'lbe net re ul t i1 adeq,.1&te lateral ■epuation ot the 

11111ltaneoualy ejected ■eatl , 
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ftcm'e• 199, 200 and 201 abow the load tactor■, referenced. to the ••t 
m1, at the center ot gravi ts and Pigu.rea 202, :203 anj 204 the load tacton 
at tbe cr•■•,111 head. About 3. 5 1 aide load ii experienced. traa tbe 1•t 

roll mton. 

PJ.gure 205 lbon the ■eat-man total air■peed. 

'l'be pertorunce ot the torcibq deployed recovery parachute-, be teen 

in P1pre 206. 'l!le right aeat engage• the rail trif mtch which t1re1 tbe 
tractor rocket at t • .92 aeccm41. The tractor rocket i i catapalted. to the 
encl ot • tou.r toot tow line at Which point tbe tull ~ poun4 tbrut ii 
aftilable. Jull line atretch 11 re -bed. in about~ llill.11econcla. !be•• 
plota are terain&ted. 111gbtly pril)l" to actual line ■tntch (23.0 teet ot 
lhrw4 line■ and bridle) 10 that the aut0111tic plotter would pJ'OTidl CVftl 

ot opt;:laua ordinate acale fflu11. 

Vertical tail clearance of both •••ta ·11 abolm in P1pre1 207, 208, 209 
and 210. 

PS.pre• 211, 212, 213, 214, 215 and 216 ■bow tbl perfoZIIIDCe ot the 
rocket cat&pllt and each of tbe aeat vernier aotor■• r1pre 216 abon that 
both tbe pitch up and the pitch dam mton ot tbe ■eat pitch rate contl'Ol 
■y1ta wn trigerecl mr1ng th11 ejection. 'l'be explanation i1 taund 1D tbl 
tip-ott pitch rate ■balm in P1pn 197. 'lbe pitch up mtor ii t1n4 by tbe 
rate lfl"O in the PIIP when ••t rate reacbee -1.0 rad11111 per aecond. '1!111 
rate occ:un anq cm tbe rilbt ••t becau■e ot the 1.0 inch unguidad catapilt 
ltroke. 
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TABIE VII SDIJIATICII DPUT MT.A 'lroL SIAT 

+Y 

~ +X -x +x __ .y 

.y 
+Z 

X y I Amh ft.Rat 

Catap&lt -1.oa.ltt. 2 0 -.75 ft. 2 +11°_ 6ooo.: Rocket Suatainer -.~ (-.61) 0 +l.ll1(+.71) j~ 5000. 
.-e Pitch ll>tor -.42 -.50 +l.32 500. 
-9 Pitch tl>tor -.42 +.50 +l.32 +47! 500. 
+e Pitch ll>tor -.o6 0 +l.47 -90 200. 
-e Roll tl>tor -.74 +.73 -1.0l -900 500. 
♦- Roll ll>tor - .74 -.73 -1.0l +900 sen. 
Y• ll>tor -.77 +.38 +.56 -53.25 0 

200 
Pera. Chute Rocket -1. 27 -.01 -2.23 :;•2> 300 
Drpeue Chute Rocket -1.29 +.32 -1.98 200 

R •• Seat L. • 
Mui TS.le MID Tllelllll 

Bod;y Axel 1x 11.99 tt# 1ec2 13.u tt# 1ec 
2 

1y 10.62 12.25 

1, 22.62 25.36 
ID +3.02 ✓,.2.98 

Ejected wt. 3,a..431 419.43' 
Min Wt. 150.001 215.oof 

Tile NIil TS.le MIil 

Seat Traftl to Rail Trip SWitcb 
Jeat ~ded Stroke 

2.41 
2.75 tt. 

2.83 
3.17 rt. 

Bu'llflal 

34"1V'Ob 
0.25 ■ec. 
0.18 
0.18 
0.18 
0.18 
o.l.8 
o.l.8 
0.30 
0.20 

1. suta1ner Thrut Vector 3.0 in. S.lolr ljectecl 11111 C.G. (Rtcbt S.t) 
2. SUtaiMr '1hruat Vector 1.0 in. Aaow -.,ectld. Mui c.o. (IAtft Seat) 
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Figure■ 301 through 484 ■bow tbe perto?11&D.ce of the V'l'OL escape ayatem 

• ·ror the initial conditions specif'ied in Spec. MIL-S-9479A "Seat Sy11tem, Upward 

Ejection, Aircraft, General Specif'icati.:,n tor" in the tom of time :1istoriea 

The initial condititna are tabulated in Table VIII. The time hi1tor1e1 are 

plotted to show the aeat-aan, recovery pa.racbute and the un alone spatial 

poaitions and velocities along with the acceleration■ illparted by catapult, 

rocket■, parachutes, rail forces, and aerod,vnamic forces and aanenta. 

Each time history 11 begun at the point or manual 1n1 tiation ot ■equenced 

eacape. Therearter all events occur autcnatically and in accordance w1 th 

Table VIII. It will be noted that 100 llill11econc!a 11 ~llond. tor theraal battery 

rise time. This time plua the 275 milltaecond del~ incorporated in the PDP 

tor canopy clearance provide• 375 milli■econdl trail ejection initiation to aeat 

motion. The second aeat, lett und, i■ 1eq11enced 200 milliaecondl later which, 

with the lett ■e&t thenl&l be.ttery rise time ot 100 m.illl■econda, yield.I a 

300 IILilli■econd ae,aration 1n time. Table VII Appendix I give• detailec. 1:lmu­

lat ion input data. 

Each time history 11 terminated at 5.0 second.a, ,, sufticient time to u1eaa 

the reco,. ary potential exc&pt Cue 3 where ejection OCC'-'ra at 38ooo feet and the 

recovery parachute 11 deployed at 15000 feet mean aea level. 

An explanation ot the variables diapll¥ed 1n the time histories will bf! 

made by selecting cue 8, shown ~ Figures 421 through 43~ ~ aaf example. In 

thl.s cue the aircrl\tt is 1n a 6o dive at 200 ~ with a 6o bank angle. The 

resulting 11nk rate ia 17,500 feet per minute. 

Figures 421 through 426 are plots and trajectory croll!l-plota ot the earth 

&Xia relative poaitiona of' the seat-man center of gravity of the lett and right 

aeata. :. 

Figures 430, 431 and 432 are plots of the earth axis relative po1ition1 ot 

the parachute canopy centers ot gravity ot the lett and right aeata. Theee data 

allow an evaluation of the collision potential between aeata and pe.rachute1. 

Velocity plot• are shown in Figures 427, 428, and 429. From the1e a 

determination of the position of sate recovery may be made. Since the dynamic 

benavior ot the man suspended on the infiated parachute canopy cannot be con­

trolled, it ia concluded that the point ot sate recovery 11 beat defined u that 

poiilt where the total velocity of the innated parachute canopy 11 e(lllal to the 

man-parachute terminal velocity. 

ligure 429, tbe parachute total airspeed plot above tbia velocity &t 1.5 

1econd1 and at 1. 8 aeconda tor the right and lett aeata reapecti vely. Reference 

te Figure 423, the seat and man altitude plot abovs the center ot gravity of the 

5 percentile man at an altitucle of 280' and tbe 95 percentile at 185 teet. Stated 

in tenu ot altitude loss, tbe first J1&D ejected, right seat, required zro feet 

and the second man, left Ha~, required 365 teet. Thia lllll be cmp&.'!"ed with tne 

550 teet al.lonl>le in MIL-S-~79. Pigurea 433 tbrough 436 are plots or the load 

tactort, experienct:d by each un and the dynaaic response index aa defined by 

Reterace 5 ot Part I, Volume 2. It is impertant to NMllber that the accelera­

tion plot• show seat...a.n body axis values, not earth axis accelerations. 
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