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FOREWORD

This report was prepared by the Vought Aeronautics Division of the 
LTV Aerospace Corporation, a Bubsidiary of Ling-Temco-Vought, Inc., under 
Air Force Contract F33615-69-C-1692. This contract was initiated under 
Project 1362, "Crew Escape for Flight Vehicles", Task No. 136203, "Crew 
Escape Techniques Research". The program was administered under the direc­

tion of Recovery and Crew Station Branch, Vehicle Equipment Division, Air 
Force Flight Dynamics Laboratory, Air Force Systems Command, Wrlght-Patterson 
Air Force Base, Cfcio. Mr. B. J. White (FDFR) was the Air Force Project 
Bigineer. Mr, W. K. Hawkins was the project engineer for LTV Aerospace 
Corporation.

Hiis report covers work conducted during the period April I969 to 
January 1970. It was sutenitted by the authors in January 1970.

The authors wish to express their gratitude to the following LTV 
Aerodynamics Engineers whose advice and assistance made an Impossible task 
possible: Mrs, Eleanor Roch for her superb control of the computer program;
Jim Lacy, for his contributions to the parachute simulation; Eddie Smart, 
for his description of seat tip-off and contributions to the developsMnt 
of the bridle equations.

The voluminous documentation of this project necessitates publicatlwi 
in several parts. The total documentation includes:

Part I

Volume 1 - VTOL Aircraft Equations and Failure Mode Analysis 
Volume 2 - Escape System Parameters Analysis 
Volume 3 - Computer Program User's Manual for VTOL Escape 

System Simulation

Part II

Volme 1 - Escape Seat Systems Concept Analysis 
Vol\me 2 - Escape Seat Subsystems and Detail Drawings

This technical report has been reviewed and is approved.

GEORGE A. SOLT, JR.
Chief, Recovery and Crew Station Branch
Vehicle Equipment Division
Air Force Flight Dynamics Laboratory
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EJectloL SMt systen differential eqt>&tloBe are derived ehlch describe 
the systea trajectories frosi escape inltiatloo to crev recovery. The 
equations are solved by digital cooputer throuc^ a numerical, integration 
algorithm, and time history plots are presented for preliminary design 
Infonmtion. Trajectory dynamics are computed for the seat as It Is 
catapulted almg a set of flexible rails constrained to translate with the 
aircraft. The inpetos of seat-rail separation is simulated, and the 
airplane and seat trajectories are portrayed as the seat responds to a 
sequence of forces from rockets and parachutes. Acceleration loads on 
the "«»" are computed throuf^ioat the time history, demonstrating the 
effects of parachute projection, snatch forces, and opening shocks as well 
as catapult and sustainer rocket forces. A coiqparatlve analysis of catapult 
and sustainer rocket techniques is included.

(This document is subject to special export controls and each 
transmittal to foreign governments or foreign nationals may be made 
only with prior approval of the AF Flifi^Jt Pynamlcs Laboratory (PDFR), 
Wrig^ht-Patterson AFB, Ohio)
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SFCrIOK I 

INTRODUCTION AND 8U}f,{ARY 

The baaic objective of this study is to design a camplete ejection seat 
escape system that bas the capability ot providing sate crew eacape trail 
fighter/close support VTOL aircr·af"~ during emergencies in the V!OL and the 
low- altitude, high speed flight regimes. The established ground rule ia that 
the design must be achieved through a totally &n&cytic&l ef'tort employing a 
computer simul&tion which will account tor &11 system interactions f'ram air­
craft failure occurrence to crew recovery. 

To fulfill the ulti.mt..te design objective, a logical iequence ot inter­
medi ate objectives were planned. In Part I, Volwne l, of this five volume 
report the first series of obj ectives were attained. They were: 

o Select a hypothetical aircraft as a baais for escape syatem 
preliminary design. 

o Establish the failure m:>des which influence the escape ayatem 
concept. 

o Provide a post-failure aircraft dynamic simulation for uae in 
preliminary design of the escape syatem. 

In this volume, ano~h@r set of interim objectives are acc0111plilhed. 
They are: 

o To conduct an analytical studT progr,m to arrive at approximationa 
of the perlonnance of drag chute stabilizers while operati ng behind 
an ejection sent i.n flight. 

o To cc,nduct an analysis that will constitute a detailed study nf tbe 
sepr..ration dynamics of the ejection seat escape syatem u it ;ravels 
alon~ and s~pa.rates fran the guide rails. 

o To evaluate ejection propulsion techniques through a cc:ap&r&tive 
analyftis of rocketJcat&pul..t designs, determining the consequences 
of the different desigu a~ caches on performance and trajectory, 

The first objective of this volume, ~he drag parachute an&lyais, 11 
discussed in Section III, where five candidate canopy types are caapared and 
a "hemisflo" ribbon parachute is selected on the baais ot its auperioi, 
stabilizing and retarc.ation characteristics throughout the crev escape 
envelope shown in Figure 1. 

The second objective of this volume, the seat separation (tip-off) 
analysis, is reported in Section J.V, where seat parameter variations trca a 
nominal subject seat are analyzed and the effects shown through time history 
multipl e plots. 

The third objective of this volume, the ejec~ion ·propulsion canparative 
an J..y·sis, is discussed in Section V, where rocket sys·~ema employing liquid, 
solici, and hybrid fuels are canpa.red and a solid tuel type ia selected. 

l 



'l'be details explaining the attainment ot theae objectives are 11\DmD&rlzed 
in Section II and the ay1t• equaticms are given in Appendices I through IV. 

The caaputer program •cb&nising the equations in these :first two 
volumes is documented in Part I, Volume 3 - "Computer Program User's Manual 
tor VTOL Escape Syst• Simulation." 

In Part II, Vol1111e l - "Bacape Seat Syatema Concept Analy1i1" the final 
escape ayat• design is determined through computer &n&lyses in which an 
optimlD ayet• contiguration ia deriv d by systematic parameter variations 
ot tbe 1elected system ccmponenta. For example, the hemis:flo parachute 
selected u tbe b&aic drag device :for the nan.iMl seat analyzed in this 
vol\lle 11 aboln to be clearly auperior to the other tour candidate canopi(!I 
but no co!'lcerted ettort bu been made to size the canopy for beat pertorma.-,,ce, 
to select a specific bridle arrangement or to detine the most deairable riser 
length. 

~ escape mod.ea that were enviaioned during the early stages of the 
~ in41cated tbat a variable total impulae and thrust aa well as a 
atop-start capability might be required. 'l'heret'ore, all three types ot 
rocket 110tor1, (liquids, hfbrida, and solids) were investigated &nd cmpared 
Yi th requiraents. The solid rocket motor was selected for a ccmparati ve 
analysis ot HYeral ejection aeat propulsion techniques. Becauae ot the 
increued CC111plexity and decreased reliability, the escape modes that were 
Nlected tor final intenaive investigation did not require the variable 
thruat , variable total illpul.ae or the atop-start capability. The effect■ ot 
the propulaion sy1tem configuration, thrust vector accuracy and installation 
requil"elll9nt■ in the pertormance ot the ejection seat are alao d11cu11ed. 
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V

SBCTI(» II

BACKOROUND

Acconpliihiag the primary objective of designing a cooplete TTOL 
escape seat system analytically, without recourse to physical ejqperlaantatloo, 
is possible xuider the following conditions:

o Adequate test data already exist or are derivable tturaui^
inteipolation or rational extrapolation. If sufficient experljMStal 
data are obtained for each component of the system, the individual 
elements can be mathematically linked to form a collate system 
which can be made optimum throu^ simulation experiaentatioc in 
^rtiich the component characteristics are varied parametrically.
For all the components analyzed in the subject escape system, 
volimd.nou8 data were available from the listed references, mostly 
from References 3, 4, and 9. These data were analysed nwBerically 
aixl transformed to a format compatible with coaputer analysis and are 
included in this volume in the appendices.

o Enou^ conputer capacity is available to contain the program and 
data needed to simulate a seq;uence of events as cosplex as a 
crew escape maneuver. For exanple, to investigate all conceivable 
emergencies occimring in the crew recovery envelope of Figure 1 
an airplane simulation must be mechanised that will portray 
complete 6 degree-of-freedom inputs to the escape seat subsystem 
from hovering to supersonic flight. A full eplanation is included 
in Part I, Volume 1. nie rail system linking the airplane to the 
seat must be simulated in such a way that the mutual seat-rail 
reactions are represented with a fidelity stifflclent to allow a 
confident appraisal of the effects of seat design changes. The 
rail equations are developed in Appendix III, where the dominant 
elements of a stiffness-rigidity matrix are used to enforce 
three dimensional geoaietric constraints on the seat-rail-airplane 
system as the airplane translates and rotates in inertial space 
>rtille the seat moves aJnng the rails. For crew recovery and 
seat-man retardation and stabilization, parachute equations must be 
developed in enough detail to clarify seat-man-i>aracbute interaction 
effects as system parameters are changed. The equations of 
Appendix II are for aiQr parachute moving in three dimensional 
inertial space under the influence of Uft-drag forces, deployment 
and spreading gun forces, pilot chute forces, seat/sian-to-canppy 
suspension line flexure and gravitational force. Rocket-catiqpult 
equations are needed that reveal recd.lstic responses to system 
changes, such as seat wei^t or propellant charge variation.
The rocket-cat^lt equations of Appendix IV account for thrust 
varlatloDc with propellant bum rate, internal pressure, piston 
friction, heat loss and grain geoeietry. These variables are, in 
turn, affected by external changes - such as seat wmlgbt varlatloos 
which cause a change in the seat resistance to forces which then 
modify catapult piston rate which is then reflected in volume 
and pressures variations which cause a change in the bum rate, etc. 
Finally, six degree-of-freedom equations for the seat-man combina­

tion and man-alone are ’deeded to assess the crew survival and 
injury potential when system cospoments - such as catapult



propellant charge - are modified. Appendix I 1 s a presentation 
of the aeat/'IIJ41l equations. In mechanizing a computer program of' 
thi1 magnitude, an Ill( s/3&, ~ring 2Ei0,ooo bfte• et core 
storage waa 9111>1.oyed. 

o .Finally, a muaive llllOWlt of' data is generated by the computer in analyzing a system with o many variables and these data mat be 
presented in a form assimilable by the human brain in time to respond 
vi th design modifications. Plots, croi:;o-plots am. multiple plots are aore easily interpreted th&n tabulated data and the computer 
progrJlll wu linked to an autanatic pJ.1,tter to f'acili tate system 
delign. 

The camputer program generated under the above mentioned pm.losopby bu been u■ed to Malyze1 the reaponaes of a tJ'l)ic&l high perf'or.nance VTOL 
vehicle to a variety of deterministi c failure modes, reported in Part I, Volume 1, ot this f'ive volume report. The critical failure modes discovered in the aircratt. analysis are employed to test th£ fr.asibility of the escape ayatem design reported in Part II, Volume l - Escape Seat Systan Concept Design. To achieve the interim objectives of the report 110W' under discussion, (Part I, Volume 2) the critical failure modes are not necessary; therefore, the aircraf't reaponaes are merely reactions to rocket-catapult torces and rail tranaitted forces aad manent from the es~ape seat as it reacts to system inplts. For example: 

o The first objective, the drag parachute study, is realizable 
better it a caaplex aircraft failure mode does not obscure 
the e■aenti&l nature ot eACh parachute performance while operating 
behind an ejection seat in flight. The intrinsic atabili ty and 
deceleration traits of' a particular canopy are not changed by 
the dynamics of' the ret&Ned body; consequently, in this v<.,lume, 
st&ndard aircratt initial conditions are chosen for escape 
initiation and the canopy type is selected ~der these controlled conditions. The selection procedure is explained in Section III ot this report. 

' o The 1econd obj~ctive, evaluation of' seat tip-off ettecta, is 
attained frcm. a standard airplane hovering condition uaing a 
nm.inal eacape seat contiguration vi th systematic variation of 
seat gecmetry, catapult stroke, catapult thrust, suatainer rock.et 
thrust and seat weight and inertia values. The basic superiority ot ~ par'ticular 1lider block-catapult itroke relationship is not 
changed by the onset of' seat a.eroeynam:1.c torces or increased 
airplADe atability; theretore, the analysis ot the tip-ott ettec:ts tor the caaplete flight envelope shown in Figure 1 is presented tor the final escape seat design detailed in Part n, Volume 1, 
rather than in this volume. The results ot the preaent investigntion are clisr.-uaaed in Section IV of this report. 

o The third objective, the caaparative analysis of' ejection propulsion techniques, is cliscua1ed in Section V ot this volume. 
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SICTICIV III 

PABACHlJ'l'I ffPB SBm:TIOB 

Tbe shape ot an e■cape ■eat 11W1t contona to bull&n and airplane 
gecaetric conatrainta that inevi tab~ produce an aerodynud.c~ uut&ble 
■eat tor which a ato.bilization 1Ubsy1ta Dllat be prorid.ed to prevent 
tumbliJII. The tabllng mq impose destructive load.a 011 tbe mau occupant 
tor high dynaic preallUl'e eanape conditiona. At all caaditioaa, when 
aate escape altitudes are to be achined bJ autainer rocket, stabilization 
11111t '>e attorded to preclude driving tbe ■eat e&rtbvard. In addition 
to at&lJilization, 10111 •tbod ot retardation ii nect.1Ar1 to reduce the 
■•t or· ooowpant QH4 to a aafe earth impt,ct terlli.D&l velocity. 

'l'he objective of this section is to determine the requirellenta for one 
method of stabilization and retardation -- a drag parachute. 'l!le objective 
is attained by computer e.nalysis of five parachute canopy types (Figure■ 2 
and 3) operating within the crew escape envelope shown in 11.gure l. A 
J'lant,>&1 escape seat conf18uration (Figure 224) is uaed, which v.Ul suffice 
to demonstrate the superiority of a particular type of pe.rachute. The t1n&l. 
bridle arrangement, pe.rachute size, reefing requirements, etc. are cho■en 
through pa>..:metric studies of the canplete escape system in Part II, Volme 1 -
":Escape Seat Systems Concept Anal.ya is". 

1. DRAG PABACHUTE 

The decision to uae a parachute for eac~pe seat retardation and 1tabi­
lization waa inf'luenced by the following conaideratiom : 

o The textile parachute canopy 1a J.iahter in weight and occupie■ a 
smaller packed volume for a cc:aparable drag area than 1101t other 
deceleration and ~tabilization device■• 

o Other mechani■m1 tor 1hort-term trajectory control, auch u deploy­
able tins, rockets, ballut.s, gyroscopic 1tabillzati011, or seat­
airplsne tethering, sutf'er the liabilities ot excessi"le control 
cai,plex1 ty or restricted operational envelopes when cClll)&l'ed to . 
the parachute. 

o The history of parachute research is well documented and sufficient 
reliable data have been published to instill confidence in an e1cape 
seat system de1igned solely trail an an.a.qtic&l approach. 

Once the dncision to uae a drl6 parachute hu been Ill.de, a particular 
type Dl'Jat be chosen or aynthe1ized fran the~ contiguratiom wich haft 
b.,en built traa the two textile types -- 1olid cloth aud ribbon. Frm the 
many designs available, five basic contigu.rationa -, be ■elected which 
encmpus the f'ul.l. range of proven parachute de1igna uaed tor retardation 
and stabilization within the cai;,lete crew recovery enwlope (11gure 1). 
Theae five designs~ be categorized u: 
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o Solid Cloth T,ype1 
- nat Circular Cloth 
- Guide Surtace 

o Ribbon Types 
- Flat Circular Rlbbon 
- F.quitl.o 
- Hemiatlo 

For &1.l except the tlat circular solid cloth paro.:hute, the length ot 
the shroud line• ia a tized percentage of the diameter, but the bridle 
gecnetry DUI¥ be e.djuated, tht! riser length changed, and the parachute aize 
varied. 'lhe ettects on parachute performance ot varyir.g these pa.rametera 
111¥ be detendned by time hiator:, canpariaons of the 12 Cues chosen tor 
coa;,uter ~ii tabulated in Table I.a. For 8ZfY of the five parar.hute 
types, the parameters in Table I.a may be used to optimize the configur&tion 
throughout the crew recover:, envelope by the c~ons indicated 1n 
Table I.b. 

'lhe c~ter an&:cyail ~onai1t1 of time hiatoriea int~rate~ f'raa the 
ditterential equationa presented in Appendices I throu8h IV. 'lhe time 
hiltoriu are plott'.id to abow the aeat-man-airplane spatial orientationa 
1114 poa1t1aaa, al.on.~ with the acceleration lo&dl intl.1cted on the man u 
tbe 1eat rMCta to catapil.t, rockets, parachute•, and rail torcea and 
aanenta. 

Bach time h11tory 11 begun with the tint mowaent of the aeat relative 
to the rail.a, with the a.ircratt trimed longitudSnalJy tor l g level tliaht 
and with an ott-trim 1ide1lip angle of 1° to excite &l.l 6 aeat degrees ot 
t".'Hdaa. 'lhe trinaed condition provides a standard basil tor evaluatir~~ 
parachute perto:mance, a baai1 which vould be obscured if a cairplex atr­
cratt tailure mode were initiated. The subsequent aircraft motions are t ~• 
nlUl.t of catapil.t and seat-rail reactiona only, the airplane controll 
raaaining tixed. 

'!he 1.n:1t1&i. travel up the raUa is by propellant actuated catapult. At 
the end ot the catapult stroke, a sustainer rocket tires, except for Cue 2 
1n which the 1UStainer burn is auppreased. At the l"irat opportunity, betore 
the ■eat ii separated trcm the rails, the drag parachute ii projected by a 
rocket attached to o. deployment bag. At first line stretch, the rocket 
1tr1pa oft the deployment bag and the parachute begins tilling aero(\ynalldcal.ly. 
A tour-line bridle ia used for all parachutes to uaure axial pilot load 
tactora during the initial atabUu:ation pbaae, u required by paragraph 
3.4.2.4.b, Reference 5. All time hi1torie1 are tendnated &tter one second, 
a time length 1Ufflcient]¥ long to aa1e11 the parachute retardation and 
atab111zation capability. 

Each parachute type i1 1u.ed to provide the 11me area drag coefficient 
1n lov subsonic flight at zero parachute angle ot attack. Thia requires 
a larger sue for the leas efficient parachutes, with a resulting weight 
variation. Because canpresaibility and stability &tfect the dr88 efficiency 
different]¥ tor each canopy type, the basic area drag coefficient ia not 
realized in the eynamic environment of an escape operation. The relative 
performance degradation fra:n. these dynardc intluences is revealed by time 
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TABLE I.a ' 

PARACIDJTE PARAMETER SCHEOOLF 

-------,-------,--------------------.------------
Canopy 
Tn,e 
Ribless 
Guide 
surface 

Flat Circ. 
Cloth 

,, 
Flat Circ. 
Ribbon 

Equiflo 

Case Alt Mach 
No. 

1 S.L. .915 

~ l l 
5 38000 2.0 

6 50000 .94 
7 ,(12) I 25000 .5?1(1.49) 

8 j S.L. .65 

9 : l .10 
10 1 .915 

ll I + 
l S.L. .915 

Dyn. 
Pres. 
1220 

l 
150 
150(1220) 
626 
15.0 
1220 

J, 

1220 

~ L 2.l l 
6 50000 . 94 150 

7, (12) 25000 .523 (1.49) 150(1220} 

8 S.L. .65 626 

9 ! .10 15.0 

~ .m 1220 

ll • • 
l S.~ .~ 1220 

! 3L 2.l l 
6 50000 . 94 150 

1, c12, I 25000 .523(1.49} 150(1220> 

8 S.L. .65 626 

9 l .10 15.0 

10 .915 1220 

ll ,Ii J, 

1 S.L. .915 1220 

! 3L 2.L l 
6 50000 . 94 150 

7, (12) 25000 .523(1.49} 150(1220} 

8 S.L. .65 626 

Diaa. 
("Droj.) 

4. 32 
6.11 
2.22 

I 

3.15 
4.45 

Ca 
Wt 

11 
lJ 
1 

I 

• 

l 

I 

' 

9 l .10 15.0 ·~ 

10 .915 12J,20 4.45 

, 11 + 6.27 

Hemis~fl:--0---+---=1-----+--~S--:.L~.----+---."!Piow915---t---ilr4s!020----+----i31"""• ...... l~--......,.. 

! L 2.L l 
6 50000 • .94 
7, (12) 25000 .523(1.49} 

8 S.L. .65 
9 .ro 
10 .915 

11 w ~ 

150 
150(1220} 
626 
15.0 
1220 
~ 

.. 
4.66 
6.6o 

I 

j 
(ALL S?MOOLS DEFINED IN APPEKDIX II ss:~ 

* Distance from bridle apex to parachute e.g. 9 ' '• 

**· The distance from the seat to th! parachute e.g. divided by the seat beigbt. 
I 
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TABLE I.a 
PA.Rf\ME:I'ER SCHEOOLE 

) 

Canopy 
Wei ht 

.00 

4.32 10.0 

10' 

+ 3.:p I 

22' 
10' 

l 
22' 

3 
t 
1 
6 

l 
6 

Sustainer 
Rocket 
Burn 
Not Burn 
Bum 

6.11;;:;,__-+,_~18 •• ~2---t--~:-----i-~----+-~---------t 

2.22 1. 10 3 aim 

3.15 
4.4 

4.45 
6.27 

4.66 
6.60 

5.22 

12.50 
2 .oo 

14.04 
2 • 

Ilf APPEKDIX II, S~TtOlf II) 

igbt. 
9 

~ ~ Not Burn 
3.33 I 1 Burn 

22' 6 
10' 3 

l l 
22' 6 

10' 
i 
3.33 I 

22' 
101 

l 
22' 

l 

• 3,33' 
22' 
10' 

l 
22' 

~ 
3.~3 I 

22' 
10' 

l 
22' 

+ 
3 
,l, 
1 
6 
3 

l 
6 

3 
~ 
l 
6 
3 

l 
3 • 1 
6 
3 

l 
6 

~ Burn 
Not Burn 
Burn 

Burn 
Not Burn 
Burn 

Burn 
Not Burn 
Bum 

(Page 10 h blank) 73 



TABLE I.b 

PARACHUTE OPrIMIZATIClf 

Sustainer Rocket Burning 

Parachute Distance Art of Seat 

Mach Number 

Dynamic Pressure 

Altitude 

Parachute Diameter 

!>A1Wel'E8 EF1BCTS 

Compare Ca.sea 1 and 2 t'rom Table I.a. 

Compare Cases 1, 3 and 4 trom Table l.a. 

Compare Cases l, 5 &r\d 12 from Table I.a. 

Compare Cases l, 8 and 9 trom Table I.a. 

Compare Cases 6, 7 and 9 tram fable I.a. 

Compare Cases 4, 10 and 11 trom Table I.a. 

11 



history ccm:p&rison pL.>ts, enabling the selection of an optimum parachute 
for uae within the operational night envelope ( Figure 1). 

'1'ha ctnc pu-achute OCIIIPl~IOll di1cu.a11on btigiu witb ~ l.&(31, 
"Solid Cloth Pertor111nae CC111pt.1'110111 11

; but betore beginning thllt anaq1ia 
an apluaticn ot tbe choice ot variable■ diapll;yed in tbG time h11tories 
11 in order. To help under1tand this explanation refer to time hi■tor1e■ 
8 tbraucb 31 vb.ich aro repre■mtative ot the ccaprt,er output tor each ot 
the 12 CCll!plter cue1, tm plotted variahle■ being tbe , ... tot' each cue. 

Figure• 8 through 11 a.re plots and trajectory cross-plots of the earth 
axis relative position of the seat-man center of gravity (cg) and the tip 
of the airplane vertical tail. (Reference 5, paragraph 3.4.2.4 Propulsion 
subayatan. "'lhe ejection seat system shall be providc .. cl 'With a rocket­
catapult propulsion s-.ibaystem with sufficient ~'P'U.Be to assure aircraft 
tail clearance throughout the performance envelope .... ") 

Fi.guru 12, 13, and 14 are load factor cc.JJl)Onenta at the seat bu~ket. 
(Reference 5, paragraph 3.4.2.12 Acct:~~ration llm.itatione. "'!be acceleration 
limits detined herein pertain to ~lere.tion inputs n.euured at or near the 
seat bucket ... The limit• specified ... are not J'ICXD1n&l limits for 'no 
iDjul'y' -..,,1.t rat• er are max1DDDD 11mits beyond wbich disabling injury can be 
u;pected. ") Figure 4 is a chart for quick}¥ determining the probable 
load factor u:ceptability. Reference 5, ·.nth acceleration criteria which 
are more cumbersane to aw~, muat be the final arbiter, however. 

~ 15 is a plot of the ~c Response Index ( DRI) of the human 
vertebral column. (Reference 5, paragraph 3.4.2.12.1 Cata t acceleration. 
"'lhe acceleratio imposed on the seat occupant para.llel t:o the spine eyeb&ll.s 
down) by th ejection rocket catapult shall be 11mited in term.a of Dynemic 
Paaponae Index • • • a. The m.ean acceleration-time history generated at a 
rocket catapult tem;perature of 70°F shall not produce a DRI value 1n exceaa 
of 18.0. Th• max:11111m allowable DRI ... shall not exceed 21.0. b. 'lbe m.ean 
acc1lere.tion-time history generated at a rocket catapu.lt temperature of 
200vr •hall not produce a DRI value in excess of 22.2. The max::1mum all.ow&ble 
DRI • • • at catapult tel!G)eratures of 20C>°F shall not exceed 25. 4. " 
Para«raph 3.4.2.12.2 Seat acceleration atter separation. "The acceleraticm, 
Muured on the seat by the canbinati011 of rocket catapult thrwlt and aero­
~c torces shall not exceed the limits specified 1n ..•• ") Pa:t:-agraph 6.4.1 
ot Baterenc~ 5 defines the mu: 1n detail. The equations are given i.n 
Appendix I ot tbia report. 

Figure 16 is a seat airspeed time history, showing the retardation ettec­
tivene11 ot each pare.chute when operating again£·t the acceleration capabilities 
ot rocket& and catapults. 

nie d11tance trom the bridle apex to the parachute cg is g1 ven by the 
time history plot of Figure 17. Until the parachute hit• line ■tretch, a 
point in apace behind the seat is canputed u the bridle apex reference 
point. The apex point u,vea u it rigidly attached to th~_ seat until line 
1tretch and, thereafter, translates relative to the seat-subject to geanetric 
ccmtre.inta to maintain tension in the lines of the bridle. Tbereton, at 
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time hiltory initiation, the parachute packed location will be in front ot the apex reterence point. At parachute ejection time, the reefed parachute movu att ton.rd the reterence apex, puses it and continues att, still reefed, until line stretch. 1be over1hoot at line stretch ii the canbined ettects of line elaaticity and parachute "aquidding". The reaction on the seat trcm th1a overahoot ia an acceleration spike called a "•natch" torce (Figure• 12, 13, 14). ror heav,-r pe.rachutea operating at low q ccnditiona, repeated match torce1 can occur u line nexure anapa .the p&r11Chute back apinat a licht dTag tore• to a poaition too clole to the ••t tor tenaian to be lll&inta1ned in the 11De1. With DO line CCllll)IUliOll oppoaing tbe d1'lg torce, the parachute acatn 110ve1 outward to a 1econd, third, etc., line ltretcb. At low q ccncU.tiona, the ribbon parachute■ take much longer to 1Dtl.ate than the tiat circul&r cloth canopy end the resulting 1low drag build up callbined with the heavier weight ot the ribbon type 188r&vates the repeated 1natch force pheztanenon. 

Pigurel 18 and 19 are the llne-ot-sight uimuth and elevation angles t1'Clll the 1eat to the trailing parachute. These angles are more revea:u.ng or the ay1taa c\YDlld.c 1tabillty than the parachute angle of attack because the seat­parachute relative angular motion ii shown while the parachute angle ot attack 11 with req,ect to the relative wind. For exaaq)le, the parachute could trail pertect'.cy' into the relative wind but a bad bridle arrangement or uynmetric&l. rocket thrult cow.d cauae seat angular excursions with respect to the para­chute. 'Dl••• angles can be viau.alized ea.ail¥ it one thinks ot positioning Ms ielf', tacins &tt in the seat axi1 aylt•, v1 th hia eyea at the bridle apex. !be pa:rachute is then located by traversing his line ot 1ight later­ally' - in uiDlth - until the parachute, the line ot sight, and the aeat vvtical axil lie . in the 1eae plane. The line ot 11ght ia then elevated or dapr-eaaed until it interaecta the parachute. Right azimuth angles are positive and the elevation angle is positive looking up. 

'!be s•t-man climb rate, Figure 20, ia uaetul information tor det~"ll1ning tbe loada at earth impact and the rocket-catapult seat-rail separation ettectivene11. these time hiltories, however, are not nm to earth impact because thia ia not neceaaary for~ parachute canpe.rJ.sons. 

Figure• 21, 22, and 23 are the &iler angles referencing the seat-man angular orientation with re■:pect to the earth through a conventional yaw­pitch-roll order of transformation. The angles a.re computed from integrated direetion co1ine1, Appendix I, Equation 15. A c0111110n mistake in interpreting the Mer angles is to consider only one, such aa the bank angle, in visualizing an airplane or seat orientation. A zero bank angle does not mean that the ••t 1a 1n straight and level fiight. One muat consider all three angle• at the ••e time point in ~he same pw-,itch-roll order in which the ql.es were developed. Obvioualy, any 01 der o tl'IMtormation could have been uaed, with the proviao that they be interpreted 1n the proper order. 
Figures 24, 25, 26 and 27 are plots and croas-plots ot the seat-man earth axis po1itic1. For draa parachute selection purpose•, these variables are not 88 im;porta.nt 88 the seat-airplane relative positions shown in Figure• 8 through ll. For a trajectory run to termin&l. velocity, however, the earth axis positions &88\lme paramount significance. 
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The seat-man aeroeynanu.c angles are shown in Figures 28 and 29. One 
interpretation ot paragraph 3.4.2.5.b, Reference 5, im;plles that the ,.,ro­
eynamic angles must be shown. ('1he p&rasraph states, in part -- "Stabiliza­
tion ~ubsystem ... Damped oscillations about the neutral. direction of aero­dynamic deceleration shall not exceed 20° in the pitch and yaw plane.) 'lhia paragraph could also be construed to mean the Euler qlea, but repeated u.ae of the word "aerodynamic" and exclusion ot the roll angle argue ag&~.nst thia 
interpretation. 

'nle drag parachute angle of attack and area drag coefficient are por­
trS¥ed in Figures 30 and 31. The angle ot attack - Appendix n, Equation 24 -1.s the key variable through which the parachute aerodynamic stability ia 
:revealed. A lover tangential force coefficient will result in larger qlea and a normal force static instability will force the parachute Da¥ f'ran 
zero angle ot attack. The• n.rea drag coefficient (Figure 31) computed frail the normal force and tangential force coefficients f'ran Equc.tion 28, 
Appendix II, shows the parachute rete.rdation effectiveness. '!he effects ot angle of attack, Mach number, and seat-parachute relative position on drag effectiveness may be ascertained by com;p&ring the drag coefficient with the appropriate variables previously discussed. 

a. Solid Cloth 'l)'}>el 

The 1olid cloth parachutes (Figures 2 and 3) are characterized by 
h18}1 opening shock loada relative to ribbon panchutea, both ,ubsonic~ 
and supersonically, because of low effective poro1ity. Supersonically', the solid cloth type suffers greater drag attenuation than the ribbon parachute,. The advantaaes of' the solid cloth parachute are emphasized at low aubaonic airspeeds where the greater tenaile strength of' the closely woven m.eah pro­
vides reduced weight rel.ati ve to ribbon parachutes .f'or ccaparable clrls• 'Dle lighter weight results in lesser snatch forces and faster damping ot para­
chute elastic induced oscillations, and f'illing times are aborter than 
ribbon types because of the lower ettective porosity and lighter night. 

(1) Flat Circular Cloth, General 

The nat circular solid cloth canopy 1a the moat widely used general purpose parachute in the lov subsonic regiM, were ita 
static inatability in normal force near zero angle of' attack 11 not critical and the dynamic pressure is low enough to preclude destructive opening 
shocks. At high subsonic and &ul)f'.rsonic speeds, the nol"IDIJ. force inata-
bili ty is great enough to cause this pe.1-achute to trail the seat at ,mglea 
of 20-30 degrees, whipping erratically fl'Cllll stable trim angles at the high angles of attack through the unstable region (between bout 0-20°, depending on the poroaity) to other stable trim angles. Fig\lrea 5 aiid 6 are typical tangential force and no:rmal. force coefficient curve, uaetul. in understanding 
this phenomenon. 
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(2) Guide Surface, General 

The guide surface parachute (Figure• 2 and 3) is" solid cloth type which becane1 atatic&l.ly stable in nomal force at 111cb lolfer 
angles of attack than the nat circular parachute. l\Y increuing pol'Olity, static stability 1a achieved at the expenae ot increased tilling time. 'l'be stability is accaaplisbed by joining guide surface panel.I to the root panel.a, leaving a ring of vents around the outer diameter ot the gore,. 'lbe air flow through the venta keeps the guide surfaces inflated, increasing the 
static stability through the larger normal force restoring contribution. 
'lhe opening abock is reduced by about 3~ relative to the tlat circular canopy because of the increased air now, and opening reliability is not appreciably degraded. 

The ribbed guide surface parachute ia an intricate deaip, 
more difficult to manut'l!I.Cture than the ribless guide surface type, with 
enhanced stability. Tbe increase in stability, however, 11 not great t.D.Ough to warrant the attendant manufacturing and maintenance caaplicationa; con­
sequently, only the ribless guide surface canopy ia considered in the 
following analysis. 

(3) Solid Cloth Perfomance Comp&risons 

For the purpose of el1min&ting a parachute type trail tu.rther 
consideration, all 12 Cases f'ran Table I i.leed not be analyzed. For example, canparing two parachutes for Cue 1 shows their relative subsonic pertormance 
at the high~st ~c pressure encountered in the crew recovery envelope 
( Figure 1). Canpari.ng the same tW0 parachutes tor cue 5 will daaonatrate the relative supersonic performance at the seme high q ( dynamic presaure). 
The time histories plotted in Figures 8 through 31 were run with the para­
meters fran Case 1 to ahov the relative merits of the tlat circular cloth 
and the ri bless guide surface in high q subsonic flight. Figures 32 through 
55 are the time histories for Case 5, the supersonic high q condition, 
through 'Which the same ·cwo pare.chutes may be cau;pared. 

For a subsonic high dynamic pressure escape euviroment 
(case 1) Figures 12 through 15 demonstrate graphically that the flat circular cloth parachute inflicts larger load factors on the human paaaenger tbaD the ribless guide surface canopy. The spinal cc:q,ression factor, Figure 15, 
is about twice as large, exceeding the l~ts of human tolerance (Reterence 5) near the time point at 0.32 second. The relatively large load factors and vertebral flexure are attributable to the comparati·.,iely low eynamic stability of the escape system when Eml)loying the tlat ci:.."cular canopy with i'ta 

ional. static instability. 'lhia low stability 1a eviJenced by the poor 
trailing angles plotted in Figures 18 and 19. The guide surtace parachute stabilize the seat in yaw (Figure 18) nearly perfectly and trails pre­
dictably below the seat (Figure 19) -- as it should, with the sustainer 
rocket increasing the seat altitude (Figure 24). Figures 28 through 31 
contain additional evidence of the stabilizing and retarding superiority 
of the guide surface type. Figure 30 is the parachute angle of attack 
which demonstrates the intrinsic stability level ot both parachutes, a 
level which will remain about the same regardleaa of the object being 
decelerated because the angle is with respect to the relative wind. 
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Charl\Cterutically, tho flat circular p&?"&Chut e r1evelopa an angle of attack or o.Lout 35° (which would be a little lass if the 1eat were not climbing), a tr&it whir.h ha.a been ob3crved empirically for parachutes of this type wit.h diameters leao than 32 tt. (Reference 4 ).. Although the basic drag coerticient ia the name for both parachutes, the tull drag perf.ormani:e (Figure ·n) 1a not realized tor the nat circular type bci::aust, of the developnent or th" l f.r8e qle or attack. 'lbe drag coefficient {l:'igure 31) 1howa about~ leaa drli capabilit:r of' then.at circular, 1n addition to the 29'1, d.ecreaent 1uttered by bQth pa.re.chutes fran the ,eat ·wake effect 
(11&W'• 312). Tbe ••t u~c qlA (!!SUN• 28 and 29) &re nu vi tb1II tba tapUed requ1 rant, ot paracrapb 3. 5 .2., .b ot Ret•rence 5 tor .. tbe pid.e INl'tac• paracbllte, lNt both ancle• aceed the apecititd. t200 lilllt tor the n_.at circular parachute; however, at th11 stage or the analysis, no c!tort bu been made to adheN ~ all the military apecif'ications of ll.cferencc 5. It in expected that improved pertorm&llce will be obtained tor either parachute by modification of' the bridle-riser geanetry or para-~h tc a1ze, and that the required changco can be determined through invee­tigation ot all 12 Cues from Table I. At thia point, the only purpose 11 to canpare two parachuteo operating 1n similar environments with the intent of 1olecting the better one for further study. 

For a supcr&onic high «t'namic preosure eecape environment (cue 5), 11.gure 55 demonatre.te1 the drag re~tion etfect1 of canpre1sib111ty (F1gure· 303 Appendix II) lib.en an attcmwt 11 made to deploy solid ..::loth parachute, at extrane Mach mabera. The drag pertonnance ot tbe t'lat cir­CNJ.ar type 11 rec2uced by~ to an area drag coetticient ot about 1.0 near aero angle ot attack. (Am reduction f'l'Clll IMt wake ettectl caabined with a ~ increue trm an altitude induced poro11ty decrement relUlted in a buic area drag coefficient ot 5.07 before accounting for Mach number loaaeJS .) Under the aame conditiona, the guide surface dl'86 1011 is 71~. (In contrut to the poroeity induced increase in drag coefficient for the nat circular canopy, a decreue of 3'% is caused by the smaller porosity 1n the guide eurtace parachute. ) Note the characteristic increase ot 
drag coefficient with the reduction of airspeed, as predicted by the data preaonte<l 1n Figure ]03 Appendix II, Gcction IV. 

The seat angle of attack, Figure 52, is exceaaive for both parachutoa but is much smaller tor the guide surface system, the maximum value rising to approximately l/3 of that imposed by the fiat circular canopy. The aoat aideslip angle (Figure 53) shows the same trend a., the angle of attack. The angle• resulting from deploying the guide surface are more nearly ainuaoidal in nature and, if a curve drawn through the points ot innoction is considered u e.n origin for the oscillation (in other vorda, " ... The neutral direction of aerodynemic decel~re.tion ... ") the guj.de surface canopy nearly eatisfieo the military specifications of paragraph 3.4.2.5.b or Reference 5. 

The desired positive axio.l load factor (Figure 36) is main­tained more conaistontly by the guide surface parachute but the lateral tranalation of both parachutes (note the azimuth angle, Figure 42) imparts an undeeir&blo side load factor (Figur~ 37). The norm! load factor 
( Figu..~ 38) aireHcs the spine ( Figure 39) rnuch more from the nat circular parachute force, after about 0.5 sec. 

• 

• 



At the end ot one second the deceleration ettectiveneaa ia 
about 8 better for the guide surface canopy as damonltrated by Figure 4o 
with a 1.E<> rt/sec difference in airspeed. 

Both parachutes position the seat iJzG,roperly at earth reference attitudes (Figures 45, 46, 47) but the guide surface performance ia not as bad. ' 

(4) Conclusions 

The conclusions to be drawn fran the canparisona of Case l 
are: 

are: 

o The ribless gt:.ide surface parachute type is markedly 
superior to the fiat circular cloth canopy in stabilizing 
the subject seat-man canbination because of ita inherent 
static stability superiority. 

o The ribless guide surtace parachute is the preferred solid 
cloth parachute for subsonic high dynamic preaau"':'e escape 
environments. 

The concluaiona to be drawn frail the c~aona of Cue 5 

o The ribless guide surface canopy is better than the fiat 
circular cloth type, both 1n stabilizing and decelerating 
the subject seat in a supersonic high q eacaP49 maneuver. 

o With the basic bridle geanetry, neither parachute stabi­
lizes the seat satisfactorily. 

b. Ribbon types 

'lhe ribbon parachutes (Fi8ure 2 and 3), constructed of concentric and radial ribbons, are much more porous than the solid cloth parachutes 
and, consequently, require a longer time to fill with an attendant reduction 
in opening shock loads. One ad"J'anteee of the ribbon design over solid cloth types is greatly increased static stability for a much larger range or air­speeds. The increased stability and superlor supersonic drag performance 
over solid cloth parachutes are related to the decreased choking of air 
now through the more porous ribbon mesh as the local flow exceeds sonic 
velocity. 

(1) Flat Circular Ribbon, General 

In contrast to the solid ,-:loth flat circular canopy, the 
ribbon design is ste.tice.l.ly stable in 11\'>rmal force through the high sub­
sonic and transonic airspeed ranges. At Mlch numbers above the transonic, canpre1sibility effects are renected in a large drag coefficient attenua­
tion -- not as Iarge as the solid cloth type, however -- which d1miniahes the line tension forces maintaining seat-parachute separation. Thia loss 
of tension results in an axial ::-,ilsation causing the pare.chute to translate 
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laterally and longitudinally with respect to the seat, ~ing repeated snatch forces to the seat and man. Modifications to extend the desirable dr&s characteristics and static stability to supersonic speedl led to the 11 equiflo II and ''hamiaflo II pa.rachutes. 

( 2) F4ui,f'lo, General 

'Die equiflo pai-~hute is a modification of the triangular gore, nat, circular ribbon type. Greater supersonic stability and less drag attenuation are accau,plished by adding a conical skirt and extending the suspension lines. The conical extension area is 1~ of the nominal canopy area and the suspension line length is twice the naninal diameter. 'l'he enhanced static stabillty is ren~cted in a steepeT stable slope of the normal torce coefficient versus parachute angle of attack. The increased static stability canbined with greater tangential force, relative to the fiat circular ribbon canopy, are dynamically stabilizing 1n a seat­parachute system because line tenBion is more reliably maint ained and lateral parachute excursions reduced. 

(3) Hemisflo, General 

'l'he triangular gore pattern of the equif'lo ribbon canopy appean to be suboptimal tor supersonic drag. By shaping the gores in a hemiapheric&l. design, a better supersonic configuration is obtained with i:aprovan.9nts in drag performance. The dynamic stability of the seat­parachute combination is improved over the equitlo-seat system. 

( 4) Ribbon ~ Performance Comparisons 

'!be relative performance of the three ribbon canopies can be caap.red through the parameter variations of Cases 1 and 5, Table I. Figures 56 through 79 are time history plots portn1¥ing the subsonic eynamc stability of a seat-pan.chute system ~loyi.ng a flat circular ribbon canopy, an equif'l.o parach'Ute, and a hemisf'lo parachute. Figures 80 through 103 provide the Hme inf'omation at a supersonic f'light condition. 

'Die most important parameters f'or detem.tntng the atabillty and deceleration capabilitie1 ot the three ribbon cano:¢ea at 1Ubaoni.c, high q eacape conditicns are included in ~a 56 through 79. Reterr!JJs to theae 1'18u,rea, the performance ,t the three ribbon canopies can be 
caapLred. 

Figure 63 shon the dynamic response index or relative 1pin&l atres1 experienced by the pilot through one second of' an escape aequence incorporating the flat circular ribbon, equiflo, and hemiatlo canopies. flle ditterences- are uegllgible, indicating that these three ribbon canopies have equivalent stabilizing capability in the pitch plane l.mder these escape conditions. Tb.is capabillty is also realized in Figure 62, which reveal.I nt,gligi ble ditf'erences in the normal load factor tor the ribbon chutes. 

Figures 66 and 67 show the azl8Ular excursions in the yaw and pitch planes of the three ribbon chutes and, therefore, their ability to track the escape seat. The nat circular ribbon parachute ia slightly 

20 



superior to the equ.itl.o or hmiatl.o in tracking the seat in the yaw plane 
and, consequently, ia better at stabilizing the escape system in that 
plane. The escape seat Euler angles, Figures 69 through 71, show that 
the flat ircular ribbon stabilizes the seat in yaw sanewh&t better than 
the equiflo or hemisfl.o; however, the fl.at circular ribbon chute and the 
hemisflo chute allow a larger excursion 1n bank angle at the end of one 
second than the equi.flo. Figures 76 and IT present the aerodynamic angles 
of the escape seat. The stability of the escape system and the ability of 
a pcLI"ticular chute to stabilize the escape system can best be determined 
from these angles. The angle of attack supports thd previous conclusion 
that all three ribbon parachutes are equally stabilizing 1n th9 pitch plane 
with each chute producing approximately 7½ degrees average angle ot attack 
through one second. The side~lip angle supports again the conclusion that 
the flat circular ribbon chute better stabilizes the escape seat in the 
yaw plane. than either the hemisflo or equiflo, though by a minj.mal amount. 

Figure 64 shows the reduction in airspeed e;t tbe eacape 1eat and, theretore, the deceleration capability of the three ribbon chute,. 
It is apparent that all three chutes have equal capabill ty in th11 re1P9Ct since the total airspeed reduction at the end ot one second vu the ..... 
It should be noted that it &11 three chutes bad operated at zero angle ot • attack throughout the tille history, their dng areu (BCD) would have been exactly equal since they were sized to obtain 'this. Altboagt, there vu 10M 
amall excursion in parachute angle of attack (Figure 78), trca Oto 3 degree1, the parachute dr14J area (Figure 79) reveals that the tl.at circul&r ribbcn the equitlo, and the hemisflo bad approxiately the same BCD. This vould1 

then explain the equh:alent reduction in airspeed produced by tbe three ribbon chutes. 

Referring to Figures 8o through 103, the performance of the 
ribbon type canopies may be compared for supersonic, high q escape initia­
tion (Case 5). 

Figure 88 shows the retardation effecti veness of the flat 
circular ribbon, the equiflo, and hemisflo cano~ies. The reduction in 
airspeed at the end of one second is about 40 ~t/sec greater for the 
equiflo than for the hemisno, and the flat circular type is alao less 
effective than the equiflo by about 30 rt/sec. The hemisflo is the most 
stable of the three parachutes as shown in Figures 90 and 91 Where the 
azimuth and elevation angles indicate that the hemisflo trails the seat 
with the smallest angular excursions. The result of this more favorable 
trailing characteristic is the reduction of lateral pilot load te.cto~s 
(Figure 85) to about half that of the other two parachutes. Tbe DRI, 
Figure 87, is about the same for all three chutes, initially, but after o.4 seconds, the spine is being stressed less by the hemisno. Tbe aec-t 
Euler angles, Figures 93 through 95, show the hemisflo stabilizing the 
seat ip yaw, pitch, and roll much better than the other two, with the flat 
circular ribbon tumbling the seat through two revolutions at the end of 
one second. The seat-man aerodynamic qles, Figures 100 and 101, a.re 
also favorably affected by the superior hemisflo stability which is contirmed 
by the magnitudes of the pa.raclrute angles of attack, Figure 100. Figure 103 is a plot of the area drag force coefficient, demonatre.ting how the angle 
of attack and Mach number chang~s affect the three parachutes. For all 
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three pa.rachutea, ax-eduction of airspeed (Figure 88) with the concanitant decreue in Mich number 1ncreaaea the drag capability, aa expected, in aupersonic tl.igbt. Dle intl.uence ot the angle ot attack is shown by rela­ting Fi&ul'e• 102 and 103, with the nat circular ribbon canopy danonatratina the moat praainent ettect because ot the larger angles. 

At this ataee ot the cCllij)8.l'iaona, no attempt ia being made to aatiafy all the requirementa ot aeterence 5; in tact, paragraph 3.~.2.5.b, tor one, is being viole.ted b:, the most stable parachute, the hmisno, by failure to maintain the 1ideslip angle (Figure 101) below +2<:P -- by one interpretation ot the specification. The i:-itent ot this part ot the ~1• ia to select the beat parachute when all are operat~ in the s-.e envil'ODDllnt. Acceptable system stability, using the selected para­chute, can be mechanized subsequently without changing the canopy configura­tion -- b:, mploying a 1 nger bridle, tor example ( Case 4). 'lbe 12 cases tabulated in Table I.a n ll be used t o refine the selected configuration. 
( 5) Conclusions 

'lbe conclusions to be drawn frail the canpa.risona made 1n cue l are: 

are: 

,, For subsonic, high q escape conditions, the tlat c1rcul&r ribbon, the equitl..o, and the hemistlo parachutes stabilize the seat equal.'cy well in the pitch plane. 'Dle tlat t:ll'."U­lar ribbon canow is alight~ aupericu to the equitl.o or haiatl.o in 1tabUizing the ••t 1n the yaw plane. 
o All three ribbon paracbutea are equally ettective in decelerating the escape seat aystm through the ti.rat 1econd ot the escape aequ.ence. 

o All three ribbon parachutes are equally acceptable aa stabilization, deceleration devices tor subsonic, high q escape conditions. 

The conclusions to be drawn frail the canpa.r1sons of Cue 5 

o The hemie.tlo parachute is better than the equitlo or tlat circular ribbon at stabilizing the seat-man ccmbination 
in high q supersonic flight because of i ta superior static stability. 

o The retardation ettecti veneaa of the he--..datlo in hi&b q supersonic tlight is leas than either ot the other ribbon parachutes, but not by an 11110UDt significant enough to negate its superior stability. 

o The hmistlo parachute more nearly aatiaf".fea the military speciticatiOOJI ot Reference 5 than either the equitlo or tlat ci.rcul&r ribbon parachute tor high q supersonic tlight conditions, with the bridle geanetr,y ot Cue 5. 



'J.1le concluaiona to be drawn traa. the ccmpariaona ot both 
case 1 and Case 5 are: 

o For subsonic, high q escape conditions, the tbre9 ribbon 
pa.rachutea - flat circular, equ1no and hemiatl.o - have 
similar stabilization and retardation capabilities while 
the hemisno parachute demonstrates a marked 1tab111zing 
superiority at supersonic, high q flight ~onditiona with 
about the same deceleration characteriatica aa the other 
two canopies. 

o Therefore, the hemistlo parachute is selected tor further 
com;pa.risons with the selected solid cloth pan.chute. The 
better of the:;e two will then be investigated tor contig­
urt.,t i onal cha.ages required to confom to all speciticationa 
of Reference 5 through use of a.U 12 Cases on Table I. 

c. Drag Parachute Type Selection 

The co.iclusiona frm the cau,pariaons in pangraphl l.a and l.b 
WHre that the ribless guide surface canopy is the better of tne two solid 
c.loth candidates and the hemisno parachute was superior to the other two 
ri~bon types. The following examination of the same time history plots 
pre'liously discussed (Figures 8 through 103) will show that the hemisno 
type offers more pranising performance than the gulde surface canopy. 

The subsonic high q caapa.rison of the two remaini.Qg candidate 
para.chutes is not definitive because the guide surf',1.ce type and the hemia­
flo configuration have similar stabilization and de-:eleration traits. This 
is confirmed by canpe.ring Figure 8 with Figure 56, li'igure 9 with Figure 57, 
etc. In no instant does either parachute decisive~· out-perfotm. the oth6r. 
The conclusion is incontrovertible, however, that the hemisflo parachute 
perfonns better supersonically. For instance, the undesirable side load 
fa.ctor11(Figures 37 and 85) imparted to the seat by the guide surface type 
are abov.t twice as large as those from the hemis:flo canopy. The DRI 
(Figures 39 and 87) shows less passenger trauma hecause of the SJllOOther 
apinal stress: The retardation effectiveness is about the same (Figure 4o 
and 88) while the hemiaflo parachute shows a definite superiority in 
stabilizing the seat - as confirmed by Fifr, ·. res 52, 53, 100, and 101. 

Therefore, the hemis:flo canopy is chosen tor contigurational 
studies through investigations enu>loying the cues of Table I. 

2. ING PJNCIIJTI anmt P& JIIIAJP3 

a. Rocket Bllrn Tilll fflect1 

Tbe si&niticut p&r1Mter1 needed tor ccapari10n ot an ••cape N&t• 
dn,g chute ayat• operating with or Yi thollt a 1U1tainer rocket are preNnted in nsure, 101. through 127 (Cues 1 and 2, Table I.a). Tbe chute uNd in 
this caparison 11 the helliatlo ribbon canopy which vu previouly 1electecl u the ac,at auperior chute ot tbe five ~. 
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The baaic tunctiona ot the sustainer rocket a.re to help the aeat­
pilot canbination clear a d11abled aircraft and gain autficient altitude 
tor a favorable recover,. Al.lo, under high q conditions, the auste.iner 
rock t helpa reduce tb1~ snatch force and opening 1hock produced by the drl8 
chute. Figure 108, which shows the axial load factor ot the aeat-man 
canbin&tion ahowa a reduction due to the sustainer of 9 g'a in the opening 
ahock ads which occur at . 165 seconds. However, a more favorable normal. 
load act or, J'1gure 110, is experienced throughout the time history with 
the sustainer not burn • This, of course, results in a more favorable 
DRI, Figure lll, which i s a measure of the spinal stress experienced by the 
pilot. The influence of the sustainer on both the normal and axial load 
fact:>r is produced beca'Wle the sustainer thrust line is orient,d 4o0 up 
tran the X-boczy axis of the escape seat to give optimal performance. 

~flll'e lo6 ia a crosl})lot of the altitude and downrange miss dis­
tance betwe\711 the seat-man C.G. and the tip of the vertical stabilizer. 
lith the sustainer rocket burning the escape eat sy tem avoids the vertical 
tail, represented by the origin of coordinates, with se ral feet to spare. 
However, if the rocket is not burning, the escape seat collides with the 
vertical tail as shown by the close proximity of the seat C.G. to the tail. 
11:ds problem could be improved by using a shorter riser or by delaying 
projection of the drag chute; however, both these ideas are undesirable 
because of the decrease in system stability with the shorter riser or the 
dell¥ in seat stabilization with the deployment lag. It should also be 
pointed out that the time to reach l i ne stretch in both cases was the ..iame. 
This shows tMt the difference in chute velocity and thus time to line 
stretch is affected very little by the difference in the escape seat 
velocity produced by the sustainer rocket. The major factor determining 
the time to line stretch when no large excursions in total airspeed are 
experienced is the mortar or rocket ilnpulse propelling the drag chute aft. 

Referring to Pigures 114 and 115, the chute elevation angle and 
azimuth angle from the seat, and the seat-man Euler angles, Figures 117 
through 119, it is evident that there is a slight decrease in the stability 
ot the escape seat system due to the sustainer rocket bu.ming. The chute, 
however, does track the seat well in both casea. 

b. Shroud Line and Bridle IA!ngth Effects 

A can;pariaon of drag chute performance as a function of distance aft 
ot a typical e ection seat is presented in Figures 128 through 151. A 4½ 
toot diameter hemisflo ribbon chute was used in the analysis. The parameter 
varied was the chute C.G. position art of the seat back at tull inflation. 
Reference to Table Ia, Cases 1, 3, and 4 will supply the values of the 
parameters used in this ct:.:npariaon. Also, ~he ettect of the escape seat 
wake on the parachute drag coefficient aa a function ot its distance aft 
of the seat is presented in Figure 311, A.ppmdix II. 
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Reterring to Fifll,lrt 132 it car.1 be seen that the snatch load and 
opening shock increue with distance att ot the seat. There are two 
reasons for this. First, the parachute drae area (Figure 151) increuea 
as the wake becanes leas prcainent. Second, the parachute velocity at line 
stretch fran the depleyIQent rocket, and therefore its momentum., increuea 
as the distance is increased. The spinal stress experienced by the pilot, 
Figure 135, ia only slightly affected by the chutes proximity to the seat. 

The deceleration capability of the parachute is enhanced as it1 
distance att increases. 'nrl.a ia due to the increue in its dJ'ee coef'ticient. 
However, this trend is short lived because as the chute distance att ot 
the seat increases and reiooves it fran the wake effects, the time to line 
stretch has incree.aed. Therefore, the amount or time the chute actually 
decelerates the seat is reduced. Figure 136 show the total airspeed of 
the seat-man combination through one second of t he time history. The 
escape seat total airspeed is reduced 4o tt/sec more at the end of one 
second with the chute located 10 feet att of the seat than with it located 
3 1/3 feet att. But the total airspeed of the escape seat is reduced only 
8 rt/sec more at the end of one second with the chute located 22 feet att 
than with it located 10 feet att. However, the optimum distance behind an 
escape seat for a chute with a given geanetry and dras area will have to 
be determined f'ran a consideration of the snatch load and opening abock 
produced by the chute under all f'll8ht conditiona in which it ii to be 
employed. 

Figures 138 and 139, which show the chute' 1 &bill tJ' to tract. tbe 
seat, reveal a alight increue in the chute's stability with increasing 
distance art. 'Ibis increase can also be seen in the parachute qle of' 
attack, Figure 150. lbe seat-,nan angle of attack is little attected by 
the chutes distance att but the sideslip angle is reduced by an appreciable 
amount. (A greater increase 1n stability with the longer bridle would have 
been realized if a more unstable escape condition had been choaen a.a the 
canparison basis - such as Case 5. The high q subsonic base condition is 
so stable because of greater parachute static stability and dras efficiency 
that bridle length ef'fects are not easily discernible. 'Ibis belated d.11-
covery occurred as a result of the canputer runs planned in Table I. An 
indication of the improved stability is noted later in the c~aon dis­
cussion of Cases 4, 10 and 11.) 

c. Flight Condition Effects 

'lbe performance degradation of the bemisflo canopy frail canpressi­
bility induced drag reduction is delineated in Figures 152 through 175 
where Cases l, 5 and 12 fran Table I are presented aa multiple time history 
plots. 

Figure 156, the seat-man axial load factor, shows an increase in 
the opening shock with increasing l.fach number. '!his can be explained by 
the fa.~t that an increase in velocity decreases the ti.mt, for the parachute 
to fill . This presents t·e interesting fact that the mass acqu14ition 
forces operating on the filling chute are of more significance in deter­
mining the openir.1 shock loads than the actual Ml inflated drag area 
(Figure 175) if the chute is orP.rating at an equivalent dynamic pressure. 

2; 
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A marked iraereue in 1eat-man aide load factor, Figure 157, ii &110 noticed. 'lh1• 11 due mainly to the tact that the parachutes ability to 1tabilize the seat decrease• with increasing Mach number due to the CCIIU)NHibility induced drli reduction. The effects or Ma.ch number on normal load tacto1' and the related dynamic response index are slight. 

It wu pointed out previoualy that the parachute lose• its ability to stabilize the seat with increuin8 Mach number ( at constant ccynamic preuure). Thia ia apparent in Figure 162 whi ch shows the parachute azimuth angle u a function of time. At Mach 2.0 the chute trails about 20 degrees to the right of the seat-man pitch plane through moat of the time history and is unable to stabilize the seat at zero sideslip. This, therefore, is what produces the increased aide load factor. The escape seat Euler angles, Figures 165 through 167, also renect this general loss of stability. In tact, the aeat rolls through more than one revolution in Case 5 (MN = 2.0) through one second of the time history while yawing and pitching more than 20 degrees. On the other hand, Caae 1 (MN = .9) shows a very stable condi­tion. Figure 173, the seat-man sideslip angl e, shows that the escape seat ia unstable in yaw through one second of the t ime history tor the Mach 2.0 condition. It is interesting to note that the l-bch number ettect on the stability ot the escape aeat system is net linear. Case 12, which represents an intermediate Mach number of l.5, shows only a alight degradation in stability tran that of cue 1 ( MN :r • 9). 

Reference to Figure 16v , the seat.man totoJ. airspeed, reveals that the deceleration capability through one second is little affected by Mach number. However, the chute chosen tor this analysis was a 3:18 toot di&• meter baniatlo chute which primarily provides stability. Since the magni­tude ot the dras area provided by the chut-. is close to that provided by the escape seat itself it would be hard to realize the ~ftect on total airlpeed produced through one second between Cases 1, 5, and 12. A larger chute would show an im;proved deceleration capability as the Mach number is decreued and ita drag area increased providing the dynamic preasure was equal at e1cape initiation. 

Figures 176 through 199 are time history multiple plots of Cases l, 8 and 9 tran Table I demonstrating the loss of parachute performance with the reduction ot (\ynamic pressure. In practice., the cue 9 escape enviroment does not warrant the use of a. dras parachute. The initial airspeed is low enough to allow imediate deployment of the personnel recovery parachute without exceasive seat occupant loads. (The &Uthors • one a former airborne int&ntryman and another a pilot ot a c-46 carrying airborna troops - are intimately familiar with parachute jump,s using raat atatic line deployment at twice the dynamic preasure ot Cue 9.) To -.pbaaize the ettect ot low eynamic pressures, however, the 15 paf was cholen. 

Th primary effect on chute performance due to a dynamic preasure variation is the ability ot the chute to stabilize the seat. 'lbere is a 1harp decrease in its ability to track the eacape seat at low dynamic pressure. Figures 186 and 187 show the chute tracking the aeat well in Cue, l and 8, but very poorly in Case 9. At low t\Y'Mmic pre11ure1 the drag torce produced by the chute becomes leaa capable of stabilizing the seat when adverse seat attitudes are experienced. Thia is evident in 
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I I 

Figures 189 through 191 which show tho aeat Euler angles and &lao 1n Figure 196 and 197 which represent the aeat-man angle ot attack and aide• slip angle. At higher eynamic pressure• the parachute 1• capable ot atabilizing the dest in a tavorable attitude while at l01Nr dynamic pres­sures this ability is lessened. r1gu.re 198 1how1 alao that the angle ot attack of the pa.rachute becomes ver, erratic &t low ~c pre11Ul"l1. Thia ia due in part t o the low aerod;ynamic damping operating on the chute. Figure 185 , which repreaenta the distance f'raa the apex ot the bridle to the chute c.o., ahOWI that the chute oacill&tea with a tol"ftl'd and &tt aotion tor over .3 ot a •eoeud atter ti.rat re&ah1ng line 1tretch. Thia oscillation induces perturb&tiOG velocities which reault in erratic angles ot attack. 

The load factors ~roduced by the aero~c decelerating torces acting on the escape seat 1n t his com;pariaon are a function ot the aqua.re of the velocity at a constant altitude and increue with 1ncreu1ng dynamic pressure. This va.Tiation is easiiy discemable in the croasplots of axial load factor versus time (Figure 180) and normal load factor versus time (Figure 182). 

d. Canopy Diameter Effects 

I 

Figures 200 through 223 are multiple plots of' Cases 4, 10 and 11 (Table I) showing the perfonnance of three hemist'lo-pare.chutes of dif'f'erent diameters positioned at the same point behind the subject seat-man combina­tion. The distance was chosen for the largest parachitte with no risers. Riser lengths were added to the two smaller parachutes for proper position­ing. Because the seat wake effects vary with pare.chute size, the dr86 effectiveness is attenuated more for the smaller parachutes - trail m tor the 3.18 rt. diameter canopy to only 5~ for the 6.6 rt. diameter parachute. Figure 223, a plot of' the three drag coefficients, shows the relative performance and the angle of attack plot, Figure 222, reveals that virtually no drag degradation occurred fran para.chute oscillation. 

The seat aerodynamic angles, Figures 220 and 221, are all accept­ably small> with the smallest parachute showir~ the best stabilizing trait. Because smaller parachutes a.re lighter 1n weight, they trail the seat better 1n both elevation angle (Figure 211) and azimuth angle (Figure 210). The smaller, light£::r parachutes also lag the climbing seat DK>re in altitude, as show by the elevation angle, where the negative magnitudes of the three canopies a.re not appreciably different but the heavier parachutes over-shoot aiore 1n the positive direction (looking up, facing a.rt). The result of this lag is to 3hirt the normal load factor (Figure 206) and the DRI (Figure 207) toward a more negative (spinal tension) value. The DRI mag­nitudes for the two l argest parachutes exceed the maximum allowed ( 21) by the specifications of Reference 5. 



1''or &ll three parachutes, the seat attitude with respect to the 
earth 11 1&ti1tactory, u shown by the Euler angles in Figures 213, 214 
and 215. The diatance t:ran the seat to the para.chute is over twice as great u the ten root length ot the baaic contigw•ation and the stability 
1 s remarkably improved u a consequence. 

For the subject seat, in a high q aubaonic escape regime the hemis­tlo parachute projected diameter must be less than 4.66 feet and~ be greater than 3.18 feet, for a 22 foot seat-para.cute distance, to stabilize the seat aat1atactor1ly in accordance with the specifications of Reference 5. 
Wit h increasing altitude, a reduction in pare.chute porosity occurs resulting in la.rge changes in aerodynamic coefficients for solid cloth parachutes but having negligibly small influence on a ribbon canopy. Note that no changes in aerod;ynamic coefficients for ribbon parachutes is indica·ted 1n Table II , Appendix II, as altitude varies. Consequently, the com;parisons of Cases 6, 7 and 9 are ignored. (Had a solid cloth canopy been chosen fran. the candidate parachutes, these Cases l.-OUld have been valid.) 
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SEAT TIP-OFF EFFECTS 

A critical period in the ejection sequence of an escape seat is during tbe tip-ott portion when alrcratt inputs through rail reaction• have important effects on the post ejection dynamics of the seat which~ be crucial in the desi~ and timing of the seat stabilization subsystem. In the proce11 uf an e ca seat ejection, the seat is guided by rails until tbe middle pair of slider blocks (or rollers) leaves the r&ils. At this point, the seat ii free to -rotate. From the time the catapult is fired the &irpl&ne relP()nda by pitching down and by rolling in the case of a laterally positioned 3ingle seat ejection. These tip-off effects are functions of several ejection seat parameters such as poaition of slider blocks, catapult stroke, catapult thruat level, suste1.iner thrust level, nnd ejected weight and inertia. To 1tudy the effects of these parameters the ejection was initiated with the aircraft in straight and level hover. 

For this study, a basic ejection seat contiguration vaa chosen as described in Figure 224. '.1'wo values for each of the above mentioned parameters were selected in addition to the b&aic contiguration. Six degree­of-freedom digital simulation were run using first the basic configuration and then each of the additional parameters substituted one at a time tor its corresponding element in the basic data. The time histories were initiated with the same conditions describ3d in Section III.l, but terminated at the time at which the seat became separated fran the rails. 

In the case of slider-block positioning. tbe case of no middle blocks and the caae of pair of middle blocks thirteen inches above the bottom pair were compared with the ba.sic position {eight inches above lower pair). The catapult stroke ended when the middle blocks left the rails tor the basic situation. Therefore, the ca-capult stroke was unguided tor the case of a centered pair of middle blocks and no middle blocks. Thia allowed the catapult to pitch the seat down relative t o the r&ils when one pair of blocks remE~ined on the rails. 

The three catapult strokes co..apared were 2,9 feet (Basic cue), 3,6 feet and 1.4 feet. The 3,6 foot stroke ended when the bottan pa.ir of slider blocks left the rails and the 1.4 foot stroke ended when the ta,p pair left. The basic stroke as well as the short stroke were canpletely guided and the long stroke unguided for eight inches. 

The sustainer thrust leve la atuditxl were 2000, 4ooo, and 7000 rAUDds. The sust&ineit" thrust produces a. nose up moment on the see.t but since it passes through the line bet'fll'een tte bottan slider blocks it i'.oes not, contribute to tip-off. 

The catapult thrust levels considered were 5000~ (Jooo, and 8000 pounds. The catapult was attached to the seat such that a nose down pitching moment was imparted to the seat. This was the catapult' a contribution to tip-off. Tip--off, however, should not be a primary concern in sizing the catapult. Seat velocity at tip-off and lo&d factors on the pilot are more restrictive on thrust levels. 
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To study the etfects of ejected weicbt1 and inertias, seat-man canbinations of 300, 4oo, and 500 pounda were used. The three hundred pound seat-man represents a weight leas than that of a small man 1n tbe basic seat. The tour hundred pound seat-man repre1ent1 an &verag~ size man, while the five hwnred pound seat-man vaa a weight greater than & heavy man in the basic seat. The inertias used were proportional to the seat weig 'lt. Their values can be seen in Table II. 

For each ot the caapari1ona to toilolr, a tip.re iDdicating the 1eat poli tion cm the rt.ill u a tmlction ot ti.me 11 giYen. Theae t11UN• •loD& Yitb Table III are necessary tor relating ejection event• to tbe ti.lie at which they- eccur. Atter tip-ott, theae curYe1 bave no 1ipticanc'!I bec&uae the aillulation 11 progrt.aled to atop c011p1ting the rail equatiou while continuing the aeat trajectory cmapu.tationa, cauinc thlt rail ftlue1 to rau.in conatant; plotting, however, continue,. 
l. SLIDER BLOCJC LOCATION anc.rs 

Figure 225 shows the time sequence tor the firat nt of p,.raetera studied. It indicates the rail position of thfl aeat tor tbe buic ca1e, the case with no middle block, and the cue with the middle block 13 inches above the bottom ~lock (Cue 1, Cue 2, and Cue 3 reapective~). Using Table III, the time for tip-off is .135 seconds for all three cue1. Since the catapult is producing a nose down moment on the seat, as aoon u the middle blocks leaves the raila, the seat begir.a to pitch down. ligure1 226, m, and 228 reflect this. At tip.off the seat Yi.th no middle blocks hu pitched down 7 .2 degree■ relative to the airpl&De (Figure 227), while the seat with a centered middle block has pitched down only 1.0 degree rel&tift to the airplane (Figure 228). In the baaic cue, the catapult atroke 11 canpletely guided so the catapult is unable to pitch the seat down relative to the rails except by detorming the structure. Aa the middle blocks leave the rails, the airplane pitching nose down flips the ■eat to a noae up pitch attitude of .3 degrees relative to the airpla.ne at tip-ott (F~.gure 226) . For this case, the pitch attitude becanea more noae up with respect to the earth ~er tip-off as a result ot the auatainer. In Cases 2 and 3 this did not happen. The pitch rates developed by the catapult are so large that the sustainer post tip-oft mment can not 
\ overcome them 1n tbeae abort time hiatori~s. The pitch rate■ abovn in Figure 229 &lao ahow the effect ot an ~ded atroke. At tip.ott, the Nat with no middle block is pitching down at 3.4 rl/J./aec wbile the aeat with the largest guided stroke is pitching up 0.l reA/sec. 

A two-place cockpit was used Yi th on:cy the right aeat being ejected. This forced the airplane to roll right. The bank angle■ of the airplane and seat for these three contigurationa are preaented in Figure■ 230, 231, and 232. In each case the tip-ott effects tlip the ■eat to a 110re vertical poaition. 

2. CATAPULT STROKE EtF'.t!XttS 

Another way to change the guided stroke of tbe catapult 11 to leave the 1lider block positions fixed as in Caae 1 and vary the length of the catapult stroke. Figure 233 along with Table III is used to relate the ejection sequence to time fo~ this set of parameter,. 
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UMIR 
BU>CIB . 

A XSBi AZSBi Case Cat'l)Ul.1 
Cue Description Stroke . 

1 8" Mid block 2.9 -- 556 1.36 

2 No Mid block l 3 13" Mid block 

I 

4 Ullpid.ecl Stroke 3 . .... I 

' 
I 

5 Short Stroke 1.4 I 
I 

6 2000 Lb Suat. 2.9 

7 7000 Lb Suat. 

8 6ooo Lb Cat 

9 8ooo Lb Cat. 

10 300 Lb Seat-Man 
I 

11 500 Lb Seat-Man 1 

AXSB • 4XaB AXa\ • 4XSB 
l 6 3 

41S1\ = AISB AISB • AISB 
l 6 3 

4XSB • .lXSB 
) YSBl • AYSB 5 2 

2 
418B • 

5 
AISB 

2 AYS\ = AYSB 
5 

MIDD~ 
BWC!B 

A KaB 
2 

AZSB 
2 

--75 .722 

-1.2 •• 755 

-.8845 .285 

•. 75 .722 

, , 

AYSB .86 • = 
3 

:: ~ YSB 
6 • -.86 

AX , 
S .• 3 

-1.2 

' 

TABLI r' 

SIM' TIP-On' P 

TOP 
RTl)C'!rR 

I 

A Zs93 
. 

Ca1 
ThJ 

--755 50 

! 

60I 

so 

! 

50( 

' 

(All Symbola defined in Appendix III, Section II and Appendi,c I, Section II) 
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TABLI II 

Sill' TIP-OW FARAMITIR~ 

I TOP 
RT,V'rst 

AZ~ 
Catapult To To Sustainer Weight 1x 1r Iz 1xz Tbrult Sustainer Sustainer Thrust Seat & Man 

-.755 5000. .25 4000. 400. 16.7 28.4 11.7 -2.03 
t! 
~ 
ti.I 

I ~ I 

B 
! I 2000. 

~ • 7000 . 
~ I 

6ooo. 
t) 

4ooo. i a I aooo. i , I 
' ' 

l 
~ ' 5000. 300. 9.7 15.0 5.3 -1.2 

: J ! 500. 19.2 32.5 13.3 -2.4 fi ' I 

' 

I II) 
I 

1, 
I' 

! 

'3 
! 
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TABLE III 

SF.AT-MAN WC.AXION FOR F.J'Fm'ION EVENTS 

RAIL 
POS . OF OOTTOM 
SLIDER BLOCKS 

3 .99 f.t. Tip-off 

3.33 rt. Middle block off (basic data} 
1.78 rt. Top block off 

2.91 ft. Middle block off (Case 3} 

Figure 234 is a hi.story of the earth axis vertical velocity of the seat for all three catapult strokes. For the basic cue ( completely guided stroke}, the vertical velocity at tip-off is 44. tt/ s~c. When the catapult strokes until the bottom pair of blocks leaves the rails, the vertical velocity increases to 46.0 rt/sec (Case 4). The other catapult stroke investigated ends when the top pair of blocks left the raila (Case 5} resulting in a. vertical velocity of 4o. rt/sec. The reaaon these end velocities are nearly the same is because ot the earth axis frame of reference . The longer stroking catapult pitches the airplane nose down more and the seat, being 10 ft. forward of the airplane C.G., is forced downward by the rails, reducing the seat cH.mb rate. 
When the catapult strokes until the bottcn pair of blocks leaves the rails, 1 t pitches the seat down 0. 75 degrees with nspect to the airplane (Figure 235). The totally guided catapult stroke (Case 5} ends when t~e top pair of blocks leaves the rails. The seat at tip.off baa pitched down 0.6 degrees relative to t he airplane (Figure 236}. As stated earlier for the case of the catapult stroke ending when the middle blocks leave the rails, the seat at tip-off pitches up 0,3 degrees relative to the airplane (Figure 226). 

3. SUSTAINER THRUST EFFFX:TS 

Figure 237 is a history of the seat position on the rails for the three values of sustainer thrust. The sustainer thrust hu no effect on thesP- histories and time for tip-off is 0.135 seconds. At tip-off the seat with the 2000 pound sustainer bas pitched up .25 degrees relative to the airplane and is at a pitch attitwie of 1.€3 degrees nose down (Figure 238). Comparing Figure 239 with Figure 238, very little change ia seen until after tip-off. The seat with the 7<:XX) pound sustainer bas pitched up 0.295 degree relative to the airplane at tip-otf. After tip-ott, the 7<:XX) pound sustainer continues to pitch the seat up while the 200()" pound sustainer does not pitch the seat up as much. The seat with a 4ooo pound sustainer pitches up .3 degrees relative to the airplane at tip-otf. Fran Figure 24o the pitch rate ~f. the seat is the same for all three cases until the middle block leaves the rails. Then the pitch rates become proportional to the sustainer thrust. 
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4. CATAPULT mRllJT D'HtTS 
_________ ..,. 
The catapult thrust ettecta were analyzed using the baaic aeat veigbt ot 4oo pounds. The largest ettect on tip-ott trca catapult thruet 11 the time at which 1 t occurred. As shown in Figure 241, the time at tip-ott tor the 5000 pound catapult is 0.135 second, tor the EiOoo pound catapult 0.12 :~cond, and tor the 8000 pound catapult 0.105 ■econ4a. Figures 226, 243, lllld 244 reveal no significant change in pitcb attitude of the aeat at tip-otf when the catapult thrust cbanses. For each cue the seat is pitched down 1.5 degrees relative to the earth and up about 0.2 degree relative to the airplane. The reaaon tor this ia a caaplete~ guided catapult stroke which prevents the catapult trom pitching the ■eat. As the catapult thruat is increased, the seat reaches 111 htly higher pitch ratea caning up the rails {Figure 245). When the middle blocks leave the rails, the pitch velocity becomes more nose up tor all the cue■ bllt at a higher rate tor the larger catapiUt btcauae ot b.iper aircraft neptin rate ree.ctim, through the raila, on the bottca blocka. 

5. WBIGHT AID lDRTIA Er'nt.rs 

The wight and inerti.a ot a fixed seat configuration will cb&uge due ta pilot ai~e. The tip-ott time changes w1 th seat-man weight as shown in Figures 246. The 300 pound seat-man, Case 10, leaves the rails &t .12 second■• A4 the weight increases to 4oo pounds, Case 9, tip-off OCCUl'B at .135 seconds while the 500 pound seat...an, Cue ll, takes .15 1ec0Dd1. Pigure 247 indicates the obvious increase in seat velocity &t tip-ott as the seat-man weight is decreased. For all three of these ca■ea the seat foll.ova the airplane closely in pitch until the middle blocka .lea.ve the rails. The airplane then pitches the 1eat1 noae up, w1 th reapect to the airplane. Figure ~ reflect a thia tor tbe 4oo p,IIDd ■eat.._~ ccmbinatiOD while Figures 248 and 249 are tor the 300 and 500 pound 1eat-111m CCllbinationa reapecti vely. Theae three tigurea indicate tbat tbe airpltne pitcbea the t1eat Yi.th the 1Nlle1t wigbt and inlrtiu the large at aount Yi th re'lk90t to the airplane. TbeN ,_ OCcunDCII CU DI IND in l'ipre 25() witA tM M&t pita Mio. 
6. C<XWBIO?fS 

o Minimum tip-off ettect fran slider block position occ'\l?'s when t.he middle pair ot blocks a.re located such that the catapult stroke is canpletely guided. 

o Changing catapult gtroke does not significantly change the climb rate ot the seat at tip-off, because the larger stroke pi tchea the airplane down ~10re reducing the earth axis vertical re.tea of the seat. 
o It the suat&iner acts through a point halt way betve&n the bottom blocka, it does not contribute to tip-otf eftects. Af'tGr the seat leaves the rai ls the larger auatainer pitches the seat up more. 
o For a constant seat--.:1 weight the climb rate of the seat-man at tip-oft naturally increase, as the catapult thrust increases, but not as much as would be expected. The airplane pitches down more as the catapult thruat in«!re&aes which reduce• the set.t climb rate. 
o The smaller aea\-man reaches a larger velocity at tip-off in a faster time. The amaller inertia re1Ult1 in more pronounced tip-otf ett'ects. 
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SJ!CTIOB V 

!JlmIOB PROPULSION nalNIQUES 
1. INTROD~TICB 

The problem of providing propulaion tor an ejection escape qstem is primarily one of turniahing a propulsive force to safe]¥ aepan.te the man/ seat combination fran & disabled VTOL aircr&tt. The extreme conditiona that are encountered during emergencies 1n the VTOL and high speed, lov altitude regimes would place the most severe performance requiraents on the propul-sion system and are discussed in Part I, Volume l. The loss of one wing of the bypothetic&l. &'lrcr&f't would result in a veey taat roll and a t&ilure in the longitudinal control system v\)Ul,d cause a rapid~ exce11ive cbauge 1n pitch. 
In tblH tiwo aiNal OOD&li,1 .. , tw i,Nl11-ll ..... of ·•IOIII nre aud nett.. In tba event the aircratt ware to roll or pi tcb to u ilrrerte4 (180° trm tba vertical), tbe -.z1/nat could ·.,. ejected upard tbrougb the tloor ot the aircratt. Tbe accelen.tion trclll the FOP,lllion qltela V'CQl4 be applied in tba "eye b&l.11 up" po1ition 1n acoordance with MIL-C-25918. The onaet n.te would blve to be below 125 g/aec and the IIIIX11llm acceleration below 10 g. The tot.al 1Jlpul.H voul4 be 1111 tban that re~u1re4 tor ncmal ejection and•• conlidered to be a _,n,aa ot 1200 1econd1. '!bl 1ec0Gd ••cape •tbod V0Uld be to eject tbe mn/H&t dCND'tll&l'd tow.rel the crounA and atter Hat tip-ott apply a retro torce to 1lov the ••t. Vernier mtor1 could 11mltan..au1ly turn th• H&t vhile a force trca tbl rocut 1n tM "eye ball• down" polition V'0\1l4 carry tbe an/••t l&teralq vllll'e tbl full torce ot the rocket could be applied to carry it to a higher altitude tor depl.c,JMnt ot the per1cxmel JIU'&Chute. In th11 aituation, the total 1wpilN could be a• high a, 1800 aecondl. NIL-C-25918 require, a au,._ onaet rate ot 250 c/aec and a aximum ot 20 g 1n the "eye b&ll.a down" lit,ation. It•• recognized that it auch eacape JIOde1 wn to be po11ible, a ftri&ble tbrult and variable tot&l impul.1 rocket ■yl't• vould bin to be u1ed. 

'l'be e1cape mode• det1ned bf the V'l'OL tJ.rcratt detend.ned tba pertOl'IIIIDCe ot the escape pr"P,1111011 ayst•. flle other criteria that 11111t be conai4ere4 1n the ,election ot a propu.J.1100. 1y1t• are weight, vollal, rellabillty, tealibility, atety, ltorability (envb"CWntal factor,), and ainta1Dabilit1. 
A viait was made to a representative COllllp&ZJY (T&l.ley Indwstriea) that manufactures solid rock.et motors !"or ejection syat•s to obtain Wol"IIS'tion on the l&teat Jpropellants and methods ot manufacture. Talley Industries and Universal Propulsion COlllpl,ey' made two visits '!&ch to VAD to diacuas the VTOL seat program. The Air Force Rocket Propulsion Laboratory wu &lao visited aa the one pl&ce where a complete survey or the potenti&l. of both the liquid. and hybrid roe t motors could be obtained. In addition, information on these types of rocket motors was obtained from Rocketdyne, United Technology Center, and Aerojet General. 
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Al.lo, a l\ll'Y'ey ot tbe rocket motor induatry •• Jllllde to gather data tor a CCIIIIJJ&r&tin &MJ.y1i1 ot thl propulaion Mtbod1. The tolloving CCIIIIP&ni•• were contacted and provided intor-.tion on 1olld rocket■ tor uae 1n t.n ejection 1Y•t•: 

Quant c Ind. - Pelmoc Diviaion 
Univerl&l ~lion 
Talley Industrie1 
Thiokol Chemical (: rp. Maryland 
Northrop Carolina, Inc. 
Stencel Aero Engineering 

In the early stages of th :,rogram, the requirement tor a variable thruat aud total impul■e made it appear the liquid and eybrid rocket mtor1 would bave to be considered in ad.di tion to the 1olld1 becauae ot tbe variabill ty that aould be obtained by ■imply controlling a valve. The liquid and hybrid• &110 could deliver a higher specific impllae than tbl 101141 and would bave a lower propel.lant weight. The other ■election criteria vould b&ve to be weighed again1t the high pertormance and controllability ot tbe1e ac,tor1. 
The three types ot rocket 110tor1 were 1tudi1d tor l\litabillty tor ua• 1n the VTOL ejection seat. F.ach type waa ccapared to the requireaent a outlined above. The 1olld1 were selected tor a more detail inve■tiption ot 1everal propullion techniquea that could 1&ti1t'y the potenti&l requiNMnt1 ot the tailure mod.ea envisioned. 

2. LIQUID PROPELIANT ROCKETS 

The liquid propellant engine■ are attractive tor uae 1n moat application• because ot their high IJ)eCifi.c impulse (300 to 457 1econdll). Por 1cae liquid propellant canbination1, the 1pecitic uapulae (41111cond1 tor '2 + ff2) 11 &lmo1t twice tb&t ot the conventional 1olld rocket propellant• u1ed 1n ejec• tion 1eat1. There tore, tor the 1&111 total illpulae, the propellant wight tor tbe liquid rocket would be approxiately one b&lt that of the 10114 propel­l&llta. 1igure252 ahovs how the propellant 1'91.gb.t will V&r'f with a chup 1n Iap tor three values ot tote illpllee. 

The ~tage ot tbe lligher apecitia 1mpul1e hH to be wighed apin1t the diaadvantagea ot a low deneity and a canplex ayetem. The liquid FOJMll• l&llt rocket baa two or more high pre11ure t&nka, an intricate injector to prortde proper mixing ot the propellant• 1n a ccabultion chaber, a power 10urce tor & ccaplex teed ay1t•, and in moat application■ a •t'bod tor con­troll.1ng the tlov :re.tea into tbe cCIDbuation ehembe.,. (Pigure 251). 
T;,e propellant• are kept separated in two tanka until the rocket ii tired. Scme method muat be uaed to get the propellant• trcn the tanka and into the canbu1tion cbaaber. Some large rockets uae a turbo pump, vbe:rea1 in -11.er one, a aolld tuel ia bumed to proouce a h1gb pre■IUJ'e pa. '?be pre11Ul'e provided by tbe gaa generator baa to be higher than tbe cbulber pre11UN. to torce the propell&nta trm the tank.a into the ccwbuation chlaber. With t.n oxidizer to fuel ratio (O/F) ranging traa 3.0 to 7 .o, the oxidiser would requiN the larger tank. 
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S.. ot the failure IIOde1 enrtaioried during the early 1tage1 ot tbe procru woul.d require the rocket to open.te vbile undergoing acceleration in tbe roll direction a1 wll a1 in the ''up-down" direction•. The aace1"ration ot the 1y1tem would ll&ke thl ''ul.lage IJ)&ce" go in the direction ot th• acceleration. It the pre11uri11,tion p1 vere applied to tire the rocket during such accelerati011, a delayed tiring could occur. A pi1ton or bl.t.dar to contain the tuel and keep 1 t 1epa.:rated trm the ga1 could all.ffiat~ th11 1itu&tion; bowenr, it would be an additional canplexity a11ocia1;ed with the llqu .d and hybrid rocket■• 

In 1ane ot the eacape 110de1 emioed early in the progrua, it appeared tblt it might be delirablo to have thruat vector control. One •tbod. that baa been experimentally inve& t:\.gated in the pa1t tw year■ 11 the injection ot a hot ga1 through port• th&t ~ on an arc lea, than one bal.t ot the nozde circuaterence and downstream ot the throat. A lbock. •ve ia aet
0
up which deflects the exbau1t providing a thrust vector cbange ot about 15 ax1mum (11.gure 253). A vector cbuge in my one ot to.&r 41Ncticm cu be obtained by tiring one ot tour ga1 generator■• lour additicmal 41rect1on1 can &110 be obtainea. by tiring a canbi.nation ot two or more ot the pa generatora. Tab■ that can be moved into the rocket exbi.uat can aacaaplilh the tbru1t dotlection and have alao beeu experimentally inve1tigated. 'fh••• Mthoda tor thru1t vector control can al10 be uaed on bybrida and. 101141. Tbey do increaae the canplexity or the rock.et motor 1ince the hot sa•• will have to be bled tran the canbuation chaaber or generated in a aeparate p1 generator. The ■election and opening ot the port■ would al.lo add tunctiona that would increaae the caaplexity and decr•ae the reliability ot the ayata. 

There are many oxidisers and fuels twailabla tor uae in a liquid rocut motor deaign; tberetore, there are n\118roua canbination1 ot oxi411er1 and tu.la to give a wide choice ot propellant• tor the deaign ot a particular rock.et motor. Table 'IV, provided by Rocketdyne, li1t1 acae ot tbe po11ible tual and oxidizer canbin&tiona. The Isp 1a given tor a cblmber pn11UJ'e ot 1000 psi& expanding to 1ea level atmospheric pressure. 'l"&ble ff illdionu that the higbeat apecific illpul.ae (Iap) and hence the lowe1t propellant wight can be obtained by uae ot tbe cryogenic liquid oxid11er1. Thia IMivaD• tage i1 ottaet by th very low den1itie1 vhich rel\llt in & large tank wight. Tbe cryogenic liquid propellant• are not atorable to1· any appreciable periocl ot time and cannot be conlidered tor uae in the proJ1.U.aiC11 ay1t• ot a VTOL ejection ■eat. 

Sale ot the liqu1'1 propel.lant1 are 1torable to acae degree and have found u.ae in packaged liquid rockets tor UllllMUllled mi11ile1. 'l'be Inhibited Red Fuming Nitric Acid (IRfflA) oxiciizer 11 one ot the more attractiw 1torable propellant,. It can be uaed with Mixed Amine• (MU'-1), Hydruine (K21'), Unaymetrical Dimethyl Hydrazine (utMI) and :RP•l a■ fuel.I to prc,yide an ejection ayate with 1cae limted atorage capability. Sane ot the tuell have low boiling points and/or high tree1ing temperature,. Hydn.1ine baa a freezing temperat~ ot 12° F; tberetore. it cannot be conaidered aa a propel• lant tor uae in an ejecticn ■eat. Un1ymetrical Dime~eyl Hydrazine baa a relatively high boiling point (l'1J° F) and a lov (·57 F) treezina taperatu:re and would. be u1ed in an ejection ayata; however, ... rpney ven~ing would be required. ~-1 &110 baa a high boiling point and a low frffzing taperature; 
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boWl11r, the dalit, diot&te1 a larp YOlml. !he liquid Jr01Mtlllnt1 that ue ato:rable tor u awnci&ble llDctb ot t1M are IIJplrgollc an4 would clecN&N the ipitian clllaJ tm. 

Inh1'1ted led. Raing litrio Acid baa a b1ch oxypn content u4 react, nolent~ with orpnic •terial.a nch a■ P'Plr, wood, cloth, and leather. It 11 11Jpargo).1c with the tu.la ot illtereat wbich cut■ 4om the ilxdtion delay tiae. It cCllb1De1 N&dU~ with petrol.Na products to tona a bi~ explo1iY1 ldxtu.re which 11 NDlitin to -U lhocu or ll'fd'U• It ht.1 a low vapor pNIIUN u4 cc be ltorecl tor long period.I ot t1JII. It could vithlt&n4 the n.bration and lhoct no~ enoountered by an ejection H&t. It voul4 be a ••rd 1n the cockpit of an air1)lane tor it it. ware •truck by a projectile or the containlr broken open in caH ot an aacident, the tu.1 aa well a■ tbl liqu.14 voul4 probably be fatal to the pilot. It voulcl alao be a b&u.rd in lBndl1 ng uid NITicing beo&uae it ~ bre&ap or leuap occurred, tlw a:ld.41Hr wou.14 ignite any organic •terial vi.th which it caa in contact. 
The UN ot Hydrogen Pvaxide {~O ) and RP•l make• & 111t• that 11 ato:rable tor appraxta~ one year. i ~ concentration of 1'202 11 a clear, oolorle11 liquid an4 11 ■lilb-c;ly acidic vi th a Ph ot about 5. Ii ht.a a tr sing ,oint ot about 13V, and 11 1Ubject to clecCIIIJOlition wbich 11111ta it■ ltonp lite to appraxiate]1' OM year vitbout venting. Tbe relatinly high treed.ng t911P1:rature and l.1lll1.tecl atorage lite -.ke it undelirable tor an ejection wat pmpulaion ayat•• 

'!be liquid rocket 110tor1 have arreral feature• tllat au tba undelirable tor UN 1n an ejection N&t. 'l'be aequence ot nent■ traa the initi&tian ot tlllt 11pal vbS.ch tire■ tbe initiator tor tbe pa generator, ignition and CCII• lnlltian ot the 10114 tuel, the prel■ure rile in the propellant tau, and the now ot the propellant■ tJaroucb an injector into tbe CClllbultor, and the burn• 1111 ot tbe ,ro,ell&Dta nquirea &ppntei&ble ti.M. Thi ll\lDll'ffWI ennta tbat lllat take pl&oe aequent,~ au the liquid rocket 110tor more "...,lex &D4 la11 reliable tlBn thl •~ aolid rocket. The oxid11er1 pnen.ll:y have relaU.~ hip tnesing point■, dia1aocilte with t:!M, and are atra1~ react1n with orpnic •teriall vb1ch ab tblll a buard in the aoctpit of a 'V'1'0L &1.rcratt. 

3. HYBRID 1"0PEIJA!T ROCQTS 

!bl h:ybr14 prc,Jell&nt rocket 110tor norally UNI aoli4 tuel with a liquid oaddiHr. 1'h11 ccabin&tion cu tab aclvantap of the h1ch deu1ty ot , the IOlid fuel an4 the cantroll&bUity ot tba liquid axidiHr. Thi tbrult l.ffel of the bybrid can be varied. bJ control.lina the ox:ldiur tlov rate wllile the 1Mal 1wp,l •• can be aelectecl by •terinc a certain aaount ot md.41.Hr. 9arut ou be tem1.Date4 by atopping the Oli.dinr tlov anA relltarted at a later ta by atartinl the now ot Oli.diHr. 

Thi bybr1.4 rocut aotor ha• tour •.1or ccap(mnt■: tuiel tub, a high JIINIIUN pa generator, a ccabultor, an4 a nossle with tbe aol.14 tu.el chulber al.lo Nrri.ng aa a cCllbultion cblllNr. 'l'bl tual tor the hybrid can be,. •tal bprid. or a rubber b&N wbich can be l0a4-4 with •tal Jll,rticleQ. '.l'be fUel dellty can be c._tdte high, vbich result■ i n a relatively ■-11 tu.el tank and OCIIIN■tion chul'bv. Tbt 1,1,1 gaerator 11 aiHd by the UDmt of ad.41Nr u■14 



TABlB IV 
all P088IJD ML AID OXIDIZIR CCIOIDATIOIS 

IIP IalSffl OIIDIDR IUIL SRCmc 
D,/h.. ~ - ... __ , . 

Liquid ~'flroglll (~) 391 .0101 Liquid Oxygen 
~

• Berylliua ("2Be) -57 .ooeo (02) bro■en•) 300 .0368 Jtydr&1im (1'~) 312 .0386 

4ll .0162 Jluorine 5Id. (~en-Lithium) 432 .0060 <r2> -1 318 .oa.37 lllflt 3At6 .~50 

CJaloriDI .. 286 .0509 Tritl.uoride 
(Cl13) '2' 293 .~l 

Bitropn Tetrmd.de 1111* 288 .oa.33 <•20.> 'A - tJIIGfH 289 -~33 

ID.bibited Reel Fm11nc IU•l (Nixed Aaine) 243 .0373 ~ 275 .oa.48 litric Acid 
UJMfH' 243 .Oltlto (IRIM) 
RP-1 220 .GIJ:,8 

~
nPermd.de ... 285 -~58 (~ 2 •21\ 287 -~58 

* .-r • byl ~in.sine 
M UINI • tric&l Dillllthyl B,rd.ruine 
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u4 benoe can be -u-,. tlan tllll liquj.4 roc:ut •tor Where tbe fllll tank &180 b&1 to be pre11NJ'S.N4. !bl apeciflo iwp1l N ot tbe ~rid cu be in tbl nnae ot 2i.o to 250 Noon4I 'lid.ob n1Ul.t1 1n a relt.tinly low propellant •s,bt. S.. ,rc,ptlllntl tor ~41 IN lbon 1n Table T • 

TA.BU: V SC. PROPILWft'S J0R Hl'BRIDS 

OllJ4Z!! DIISM UJ1L1:11.3 
lltl'OIJID tetrmda. •2<\ 0.052 
ffldNlpn Pftalicte 1'202 0.0,3 
Cblorine Tritluor141 Cl13 o.064 

JUIL -
ler,lliua u,4r14e Bl1'2 0.061 
Al1wtn'l,AC1 Ru:bber 0.067 
fltui\11 Hyd.r141 ~ 0.136 
Zircoai,a Hyd.r141 Zr~ 0.203 

Wltropn tetraxJ.41 (J ~}, beeauae ot it1 bs,h mc.,pn .. cm.tent, could be uN4 &1 the Olli41ur. It i,"111,e olic with aoll4 tu.ell, and it• clelUity 11 Nlatlftl:T biab• WMll it 11 uMd with tbe hS.ab clcltty tu.la, a loftr vol.1111 11 N&11N4 than with &11 the liquit!ed. propellant,. litJ'08811 tetrox14e baa to be l'toNc11n ltMl cylln4er1 but can be uNd 1n &hldma (60611 tor abort ,-1oc1a ot tilll. It bu a nlatln~ b1Ch tnninl p,iDt ot u.t'r and a Nlatiftl:T low boi.UDc ,olDt ot 69.8"r.. It will ,pont&neouly ipite 1n COD• tut ...-1th ,aper, cloth, wood, leather. an4 other organic •ter1&11. It 11 ~lhlJ tad.c and. «soe1 not live an &depte w.rn1ng ot a b1gh ga1 concentra­tion. llcauN ot it1 hilb aqpn cmtent, it vill rN4~1¥ npport CCllibUltion. It 11 t.n1Mlit1n to IIIChuiaal Yibrt~tion an4 lboct •• well U hat and 4091 not deteriorate with tilll. fld.1 cad.M.•J' vauld. ccm.1titute a •r.tr bu&r4 tbe cocqd.t ot u a~ beat.UN ot it• h1,i1 react1"1.ty vitb m111rou1 ater1&11. 

CUoriDI tr1tluor14e• b4ilcauM cf itl hi&b d.e.lit7, voal4 prcri4e & re1at1ft]¥ -11 YOhal roobt aotor vblD uaed with tbl very h1p c1enaity t~ aucb aa 11rcoa1:a b1dr141. It 11 a very pale g!'Nll-,.llov liquid tb&t it! ten tiae1 1.1 taldc a1 elAllantal chlor1De ID4 11 hig1,ly corrolin to •t&la• !bl n.,on are ao nmd.0111 that the threeo14 ot :perception 11 verr low (apprmdate~ 0.1 to 2.0 ppt) and &QY' contuinated area 11 UNll.ly nacu&tecl before 4laage 11 4oae. . It 11 ~bl Ncond a:,,t reactive cblaical lllb1tance 
JmollD with elAllat&l t'luoriDe be1ng tint. It 11 wch a ncoroua oxiM.zer tllat S.t will N&ct mcplo1lv~ with alaolt all oJ'll,Dic ateri&la. '1'be ad.41ur, tar UN 1n the 111t>ri4 rocket motor are 10 toxic ant reactive that tblJ' woul4 preNDt a b&r&rd tor UH 1D tbl cockpit ot an aircraft and voul4 a1ao :pNNDt & afety probla 1D hlnc111ng, Nn1c1ng, and ,torap. 
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The ~rid m.1 the probla ot pre1surir.ation ot th oxidizer tank and tbe 'll1DV nt ot t he oxidiur trca 1 t1 t&nlt i nto the olld tuel-caabu1tion c r . It ii more canplex t b&n the all-solid but doe• provide tlexibillty 1n total 1mpul , t hrust lev l , and a 1top-1tart capability. Tbt reliability ot the hybrid would t 11 bet t t ot all all-liquid and all-tolid rocket mot~r b ot 1 ♦-1 c lexi t y. The by'brid r t motor h&1 not exper n~ i!rfeeti t d I ext naively a1 t he &11-Uquid and &ll-10114 rocket 1.AOtore. hybrid MCket motor ba1 t he imdesirt.ble cb&racter-istica a.a th all-liquid motor caua ot t he liquid oxidiHr. 

4. SOLID PROPEL 

1'be conventiona.l ol"d propellant rocket mot ors are being 1UCce11tully uaed 1n ex1 ting jectioc 1 ~t; bowev r, t hey bave t1x d tbru1t and t otal 1mpul.a • Sin ot t or,j,,i..1-n&l ea mod.01 envitioned requlred vari-&bl impul.1 and thrust, method.a tor accampl11hing t hi1 tor tolld rocket• were of intere1t . In th pr.at few year1, nJ. tee1:m1qu I tor pron.diDg variable thru t and total impul '! &I well~· 1top-1t&rt capability and method tor tbru1t vector control :ve been exper nt&lly in'nl't1.gat 4. 
One concept baa a 1118.ter de lign whe t or JDOre gra.ina ar tepa:rt.ted by a t'r&ngib b&rrle . Wben onJ.¥ one gr&in i s tired, one level ot tbr.iat is provided. With two or mor grai111 being tired aillultaneoualy, still oth r level of tbrut could provid d. Thia tbod ot ach1evin8 variable thru1t and otal ~ ,.,._,_,, &l.10 provide• a •Y t o bav a nart-ttop oapabill ty in solid rocket. 

The pr llant tor ,,. solid roe mutt have a chamber pre1nN a'bcff a certain value to support combust ion. The burniDg rate ot tb ~ llant &D4 the rat ot fo tion ot t he _Foduct1 ot c bu.at ion are a fUn.ction ot the chamber pre BUN (reference 14). Therefore, the cblaber pre11UN can be controlled by varying the nozzle area. Thi• co.n be accomplilhed by mv1ng a -plug 1n and out ot th t hroat . The burning :rt.te could b controlled vbich ,.«:Nld rel\llt i n a cont ot t he thruat lff l. The rocket could be 10 4eligned tb&t a rapid mavl!lllll!nt ot 'the plug to give -.x1am throat aret. voul.d u:tingu11h t he burning ot the propellant because ot thl decre&N ot pNtlUl'e below th critical. l r quired tor cCllbU1tion. One tecmiqu.e tor tena-1.nati.ng tb tbru1t would be to have low out port, on tbe rocket end •• thown in Figure ~ . The blow out porta would pronde a np14 decreue in pre11Ul'e wbich woul.a. extinguish the cca'buation ot the propellant &lld proYide &n &dd1 ion.al e1cape polition tor the gaae1 in the chulber. Tb11 would provid ane thrust in the oppoli e dir ction and counteract that provided by th nozzle . 

The 1olld propel.Lant rocket • & Nl&tive'.cy high d.entlty (o.o6 lb1/1n. 3). Therefore, the volume requir d tor a given ilrp1l.M 11 Nlatively low. 11gure 255 sblwa a typical cb'llllr1Dg ot a eolld roeket. !be 4-llnred .,.c~.tic illpul.1e tor t hese r ock.et• 11 about 210 1econd1, vhich give• an acceptable rocket 1.ght . 'l'h propellant 11 a 10114 that can Yitbat&nd vibration and 1bock a1 well a s ext .s ot t emperature and 11 1torable tor up to tive year,. 
Although there are n\1Derou1 10lld propellant cambinationa, tiie taaUy ot pol.y8Ul.fide and amnonium perchlorate with s.:-t . ad.41tives are ot interest tor uae in the VTOL ejection syat . Tbeee prop.., . ,t1 provide theoretical 
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1apu.l.1u up to 230 1 conda and have a den,iey ot c.ver o.o6 lb/in. 3• The 
Carboxy Terminated Polybu.tadien with Art110n1Ull Perchlorat pron• .. to 
provide highe dJ n1ity propel t. Thil p pellant can be developed to haw 
a low r t perature etoJ'll8e capab1li ty and high r denalty at the ,u.peu ot 

low r 1pecitic illpul e. 1'hu.a a rocket au.atainer with we ht and volll!IIII 
1caewhat low rt an thole p c ently beifli produced 11 po11ible. 

Unlike tbe bypergolic 11 id d hy'br propellant•, * 1olld pl'l>pellant1 
mat have ignit ion sou.re . In same in ;;'f\ catapult-rocket eacape ay1teu , 
th bot gu th catapult ia v., d to ignite t rocket propellant rt.1.D; 
however, in me e1c&pe des of th VTOL seat , ipit ion 11 withheld until &tter 
• at tip-ott. >JJy pot . tial ~~1~~nt in tb ejection sy1t• pertonnance 11N 
in tailoring t h traj ctory for • e initial condition• and reducing the el.peed 
tiae to a fully inf lat d personn l parachut. In an attempt to Nduce thi1 

lapa1ed time, th igniti on dJ l"' time sboul.d b redt.icod to a ajn1••• igD.1-
tor tor the solid rocket would be ot the pyrot cbn1c type. It U8\L&l onai1tl 
ot a primer tnat i a naitiv..-. to t rature and vill Uy ignite. Black powdilr 
or one ot th chlo ate or perchl.ora.tes 11 u1u&lly uaed u the 111&111 igniter cb.&rge. 
'l'he in 18ni tor charge ia ignited by th prim r and provi • a bot tlalle ftich 
1&n'lte1 the solid rocket gr~..n. In an att pt to reduc tbe dela;y time flUI 
receiving a s i gnal to l thru.at, the omount of energy 1n tbe signal, t ·llll>Ullt 
and type of prme:t·, &nd 11D110unt and typ of main igniter charge wen in 1tigated. 
Tb amount of main primer h ii u ally taken, u a rule ot tub, to be 
about 4o grams for each pound or rocket grain to be ignited. Tb exact IIIOWlt ot 
11111n ignit rand pr er ch rg 1 unally optimiz d during the dewlopaent ot tbe 
rockot and t he ignition time del'1 is usually fran 20 to 30 milliMCodda with a 
a1n1mum of 10 and a max of 50 millis ~onda. 'lbe 11gna1 to tbe catapilt or 
rocket can be chanical ( firing pin ), electrical, gu pre11un, 111d 1h1elded 
mild detonating cord ( MDC) since each uthod can produce the enerv re~red to 
ignite t primer. Very low acti ve.tion en rgiee abould not Uled. tor 1-.tety 
reuona. This ia important in aircraft 1ince they are operated near modern 
high-power ele tronic ina all tions (radar). The uae of the aCDC 11 eapecia.l.ly 
attractive since it is ''hard" to a nu.c l burst which could generate a large 
current in an electtic l e18nal ayst and fir th-, catapult and rocket. 

The soli rocket appears to be attracti for uae in th VTOL jection ••t 
becauae of its accept able weight and volume . It al.lo bu the beat aatety tea­
ture1 and 1a storable under the upected enviroraeot. 

The ballistic catapult i an efficient end proven~ to eject the WM/■eat 
syat• traa the e.irpla.ne and baa sel cted for uae 1n the dea1p. The UM 
ot a rocket only to provide the impulle ror ~jectioc vaa studied, but no accept­
able v,q vu found to divert the exhaust gue1 out1ide the two-place c~lr;pit with-
out a1rtraae penal ties. • 

5. COMPARISOI OF LIQUire, HYBRIIS , AID SOLID m>PELIJJff a>cm IC)T()R 

A caaparative analy1il of the three types ot propul.11on ay■t- (liquida, 
b_ybrida , and aolida) gives tbeir relative standing tor posaible use 1n a pro­
pul.lion ,y1tem ( Table VI). Tbe liquid.a deliver a hi&her apec1t1c 1apul.1e 
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TABLE VI 
TRADE 8-ruDY 

J 

'!'IOI OF TYPES OP &m:TI<lf PROPUU 01 

~---------------------------------- .. 
HYnRID JC>TORS WITH VARIA.BU: THRUST 

JZVET, AID TOTAL IMPUL8! 

Plrfor-.nc·e parueter r t 
anticipated. tor s;nl1mnary te1t1 
conclucted. rcule • Power Oo. 
Complex. R re■ cloH contro 
ot injecting and mixing ot t\wl 
and oxidizer. 
Prelia1nary 1Dve1tiption1 on]¥ 
conducted on -11 .:,tor, IUi t-
able tor 1ca item UN .• 

ot tully explored. Inc11cat1on1 
point to tairly camplex ay.tem ot 
valve, tor preciN mixing. 

PACJCA.G!D STORABIZ UCQUID PROPELIAIT 
)l)T()RS WITH VARL\BU: THRUST LIV!L 

AllD TOTA.I, IMPUL6 
4 

High ,peclt1c iJlpul.N po111ble. 

Caaplex. ... (3). 

P•lible but wight and tety 
would ·• proble. 

CCIIIIPlex ay1ttm ot va :ve1 , etc. to 
prorlde proper propellant tlov. 

------~-----------------+--------------
Hypergollc 1.gnition and electrical 

At pr,11ent 100 llilli econd1 or 
longer 

JAIi thin (1) 

Benlitln 

2 

Ye1 

Short 

Ccapart.bl.e to aolidl 

JA11 -.te tb&n aolld.1 

Pyrotechnic, bypergolic, electric, 
hot p.1, &4d1t1vea, catalytic 

100 111.lliNCODdl or longer 

r.11 than (I.) 

26o 

Senlltin 

3 

Tel 

Short 

Greatelt 

LM.1t •t• 



the 11olid1 or bybr1d1 but are blndical'Pf'd. by t. relatively low denlity. 
Tbe denli ty 1mpulN ( t poundt ot thrult d livered for •ch cubic inch ot 
vol\111&) vould h1gbe1t tor the hybrid since tbe aolid tuel can have & veey 
111gb 4enli ty. Th density 1mpulae 11 aure ot the vol efficiency ot 
th prop t1. 

The byb:rid ba1 not car,pl tely developed and vciu.ld have a problem in 
&ttaininc a h1Ch combuati n n;. 1 ncy . Th liquid• can 11.~bieve a canbut1011 
efflcliency ot 96 to ; bowev r, a a.mount (l to ~) ot the propellant• 
cannot be expelled traD the tank•. The ... 11 ,i al10 bav about ~ of the pro• 
pell&nt that 11 not DUrnM. In all type of roch t JlOtora, the 11:lxture ot 
propellant• 11 ax1d1z r rich to a11ure all of the l can be oxidized. A 
propellant oClllbin&tiai or <.,,ch ot th three type• ot propell&nta 11 com• 
pared on a w1 t d volume . 1 1n P'1gur • 25" and 257 1~ ~. Tbe 
propellan • cbos n be u1 of th ir storabili ty; however, with fn 
exc 100 , they allo b&ve r "'f)igbt and vol than ot r a ilabll 
c011b1m.t1 •• The majority ot th other propellant canbination1 tor •ch -.'Jt 
the three type■ ot rocket motors vould tall in a bud above the combination, 
plotted in Figure ~6 and 257. 

In the total impul.a range ot inte!.·~•t tor VTOL 1eata, the ourve1 ant 
ltraicht llne1; however, at lower total impula 1, tbe curves would level out 
&D4 reach a ....... ~..... Tb. inert weight which is compri sed ot the nozzl , tank•, 
and cambu1tion chamber (for liquid) would then caapriae a mjor portion of 
the roe t igbt. At larg r va.lu I of total 1mpul1 , th propell&nt1 becCIII 
a la r fN.ctian of th tote.l weight and for very large rocket■ the aolld oan 
acbie-v: a propellant mu :fre.ct on as high a o. ~. Ea.ch ot th three type■ 
ot propul 1011 1y1t s could provide sufficient pertormance tor an ejection 
--.t. 

The need tor & pressurization ayatem, aepe.rate propellant tanks, &1'ld a 
C0111:ru■tion chulber 1n the liquid rocket, makes the proce11 ot producing thrult 
a relatively complex proce s ,men compared with the 11.mplicity ot the 1olid 
rocket. Although ch ot th types ie te&Bible with prop!r development, the 
aolld provides an lre&dy proven echnology. Tbe canplexity ot the liquid 
and hybrid and th n her ot events neceasary to produce thrust ake the lea■ 
reliable than the solid rocket motor . 

1'be llqui~ e.nd hybrids pre■ent a safety problem in that tbl M gbl¥ 
nactive oxidizer 1a toxic , react■ with organic •teri&l.1 and 11 corroaive to 
aolt met&l1. In the event c.'f an t.ircr tt accident and & rupture ot the 
oxidiHr tanlt8 , the toxic vapors could be tat&l not only to the pilot but &110 
to any reacue workers. In ccabat, a rupt ure ot tbe oxidizer tank by a projec­
tile could prove fatal to the pilot. Hawver, the liquid and ■olld rockets 
aan be handled, serviced, and 1tored it proper precaution■ are taken. 

'?be e1cape DX>dea tin&lly aelected tor intenlive inYeatigation did not 
require t e unique variable thrult, total impula , and 1top-1t&rt capability 
ot the llquida and hybrid rocket motor. The solid rocket givee & relatively 
low weight and volume, ii relatively 1imple, reliab'!I!, and oan be n.tely 
handled, aerviced, and stored. 
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6. SOLID ROCD1' H1l'OR m>PUIBJOI TJ«.'BIIO~ 

'!'be aol14 rocket propulaioo teclmiquee investigated were coocerned with 
provlcting a 1imple, sate, reliable, and low volume and weight qat•. !be 
ditterent e1ca:pe mode• inveatip.ted placed dittel'lmt requirement• on the 
propulsion a:,yst•; theretore, propulsion techniques were investigated tor 
varying the thru.et and tot,al. illpulae &a well ae up and down cap&bil1t1. 
Table VII gives a compuciao-n ot several propulsion teclmiquea. 

a. Rocket Cluater 

A technique tor providing di!ferent tbru,t level.I tot&l illpllle 
while at the 111H time giving acae stffring to the seat in olve4 a cluter 
ot rockets (ligu.re 258). The cluater would involve two or a,re >.'OCket■ on tbe back ot the ■eat and apaced &rOUDd a conventional catap&lt on tbe c_..rllne. 
Two or more rockets could be tired to give a given impul.ae. It ateering were 
needed, two or more could be tired on one tide ot tbe centerline with one or 
more on the other aide ot the centerline. Tbe •11 traction ot the imrt 
part.a would be greater tor these .. , l er rock.eta; tberetore, tbe weigbt &nil 
volume woul4 be greater tor a given impulse than aingle rocket. The rellabWt7 
would be le11 becauae ot having to provide 11gn&]1 tor N'ftr&l rocuts and t.be 
lowered probability of tbe Jlllltiple rock.eta tiring. The a&tet7, bandl1DI, 
1ervittng, and storage would be aore CClllll)la than a single rocket becaue 
ot tbe number ot rock.et otors lnvolved. 

b. YR::Dawn C9!:bill ty 

An up or down ca;abillt)" appeared. to be nece11&ry 1n IGIII of tbe •ICII' 
modes looked at a.iring tbe ear~ part ot tbe Pl'Oll'•• A tecbniqu. tor pron.cling 
an up or dOlfll capability waa to bave a aingle motor w1. th a nossle on each 
end ot the rocket. In an inverted position, the catapult would eject tbe llMt, 
the retro nosmle at the top ot the rocket wuld be opened and tbe thrut 
would 11.ov tbe seat down tor parachute deployment (Flgu.rea 259 and 260). 
'l'be nosmle throat tor tbe retro-nosmle would be approxim&te~ twice tbat ot 
tbe nozzle at the other end. Thia l&rpr throat noszle voul4 have le11 thrut 
11Dce the perai11ible acceleration tor tbe -.n in tbe "eye b&l.11 up" 41.rection 
11 one halt that 1n the nor-.1 direction. Tbe burn time voul4 be 11.Praxiatel.1' 
trice that ot the upward cue since tbe burn rate 11 a tunction of pre11UN 
which in turn 11 proportiouJ. to the throat area. Thia propallion technique 
would, bowffer, give the required pertormance. Tbe weicht ID4 ..ohlle woul4 be 
apprcxdatel.1' l~ higher than the 1lngle nos1le becawie ot tbe night ot the 
additional D01zle at the top en4 ot tbe rocut oaae. 

The rellabill ty ot the two nozzle concept wou.1.4 be tbe ■- u the 111111• rocket in tbe nr-rm&l ejection mde, but a■ ID overall 111t•, the rellabWty 
voul4 be lonr beci&Ule ot tbe CClll)lexity ot aelectine up or don, and t.hen 
aond1ng a •iaD&l to the de■ired rocket nossle. 'Die two nozzle ooncept could 
be 11rv1ced and stored tbe ..., u a si.ngle noslle. The safety ot the two 
noslle conc-,t would be the .... u the one no1sle. 

c. Dual Rocket. Sinale Catapult 

The ue ot dual rockets with a aingle catapult provide■ ID ejection 
propulaion technique that vou.ld give tbe neceaaary pertormnce (Pigu.re 261). 
The catapult would be a conventioml catapil.t with a teleacoping aleeve to 
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TABI.Z VII I 

JW>PU'IBIOI COllCIP'l' CCIIPARISOIE 

,..._·-----r.::m=r=m=RAL:-:-;-~cAW~MT=i::------,r,.\,;rr,, .r.= ..... ~·-=--:-:o~r:;ROCDTS~;;;~ I,-~· ... cA!WVI4' & llOCDi 

Portormanc 

reuibillty 

Sillplicity or 
Function 
Ignition Sy1ta 
De1ip 

Method ot 
Ignition 

~ Delay( Igni .. 
tion to Delign 
~-~t) 

ROCOT (l) "8DIGrJ:"ar.wom((•a) UP & 1nf1I CAPABILm:(3) SIJ 

Propellant Pol'llllation 
tailored to give required 
performance 

lumber ot rock.eta 
needed to give 
required performance 

Propellant tormulat1on Pr 
tailored to provide t1 
required lap. Nozzle 
thruat tailored to give 
required tb.ruat lev 1 

Many contiguration.e 
pre.1ent~ being uaed. 
Qu&lltied. 

Would require aane Would require some Fe 
developnent testing. development testing to 

tailor the propellant 

Sillple1t Molt ccaplex • 

a. Spring loaded !~ rintr same u ( 1) 
mecbania, 

b. Gu pre1aure actuated 
tiring aechanilJU 

c. llectrical tirins device 
High temperature tlame Same as (1) 
produced by explosive 
powder■ and gr&ina 

0-50 llilllseconda. Same as (1., 
Depending on propellant 
to:r11Ulation 

and nozzle. 
More complex than 1 but Si 
leu than 2. 

S• as (1) Sai 

Same u ( 1) 

I 

S11 

! 

0-SO mi lliseconda in Saa 
norma.l up ejection. 
50-100 millisecond for 
retro riozzle. --------4~---------~~--------+-------· !Reliability 

Iap. {aec.) 
storaae Temp. 

lo. ot Pre1aure 
Ve11lea 

storaae Lite 
Syst• wt. 

Sy1ta Voluae 

.999 
210 

Inaenaitive 
l 

Least 

Least 

~at Modulation Fixed 

Safety 
Semcing & 
B&ndling 

S&test 
E&aieat 

119 

Much less than (1) 
210 

Insensitive 
Three or more 

Long 

Highest 

Highest 

Step changes depend,­
ing on l'NDlber ot 
rocket, tired 
Much le11 than (1) 

Compl•. Humeroua 
rockets to service 

(Pap l.tD 11 blank) 

Leu than ( 1) but Le• 
greater than ( 2) 210 gN 

Inaenaitive IN 
l 3 

Long Lo~ 

Low but more than ( l) MOI 
bu1 

Low but more than (1) Hi& 
bu1 

A fixed thrust for up- Fu 
ejection. A fixed 
thniat for down-ejection 
Sate but leu than (1) Sat 

E&ay, but &dditional 
probl•• with extra 
nozzle 

Eal 
sep 
cat 



I -
' 

~I& nI 
, .. C<ICPARISOIB 

' ~:!,_•_~}'_!! • -- WAL ROCDT WAL CATAPULT TWllf CHAMBERS • OD .IOZZLE 
D CAPABILl'ff ( 3) SIJl;l.Z CATAPULT (4 ) Slllll.Z ROCKET (5) OD CATAFULT ( 6) 

ant formulation Propellant tol'IIUl.ation Sae aa (l) Same I (1) 
d to provide tailored to performance 
4 lap. llozzle 
tailored to give 
d thrust level 

!14Uire some Feaaible Fe&aible F &1ible 
111ent t sting t.o 
the propellant 
Ille. 
111Plex than 1 but Simple Simple Simple 
1&11 2. 

(1) Same &s (1) Same u (1) SIM u (l) 

' 

(1) Same &S (1) Same &I (1) Sae &I (l) 

ll11econda in Same &s (1) Same aa (1) 0-75 ailliaecom 
up ejection. 
ailliaecond tor 
ozzle. 

an (1) but Le11 than (1) but I.ell than ( l) but High but le11 than ( l) 
than (2) 210 greater than (2) 210 greater than ( 2) 210 210 

tive Insenaitive In1enaitive Inaenaitive 

3 3 3 

U>ng Long Long 

more tha.n (1) More tha.n (1) a.nd (3) More than (1) and (3) More than (1) but le11 than 
but leH than ( 2) but leas than ( 4) (2). (4) . & (5) 

more than (1) Higher than (l) or (3) Higher than (1), (3), More than (l) but le11 tb&n 
but lesa than (2) & (4) but le11 than (2) ( 2), ( 4), & ( 5~ -thrust for up- Fixed Fixed Fixed 

111. A fixed 
tor down-ejection 

Jt UH than (1) sate Sa.fe Sate 

~t ad.di tional E&,y, additional & Same u (4) Ccmpllcated by twin cbaabera 
18 with extra separate rocket ccmpll- OD bottcll ot a•t 

cate1 procedure,. 
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give tbe req:ulred strote distance of 36 indies. The use of two rockets would 
pennit using shorter overall rockets siiice each would have only one half of 
the total propellant voliane; however, because two rockets would be used, the 
inert parts of the two rockets combined would weij^it approximately 19jt nore 
tihi>n a single rocket. The overall volume of the two rockets and the catapult 
would be about 1.9 times that of the single rocket. The reliability of the 
twin rocket concept would be less bec€tuse two rocket motors would have to 
receive a signal instead of one. The seat would receive a translation force 
if one rocket fired at a different time or generated a different asKiunt of thrust. 
The twin rocket is not as sisple as the single rocket but is a feasible con­

cept. Tine servicing and storage problem of the laro rockets would be almost 
doubled that of a single rocket. The twin rockets could have a ratro rocket 
at the top as described under the previous concept, however, this would have 
the effect of increasing the volume and weight, trtille decreasing the reliability.

d. Sirgls Rocket, Dual Catapult

A single rocket concept was investigated which would have two 
cat^lts (Figure 262). The use of two catapults decreases the diaamter of 
the cases, but the total stroke length remains the smne because of the"g" 
limitation Isposed on the man. Therefore, the two catapults would wei^ 
more than the <Hie catapult design. The total volume on the back of the seat 
would be greater by a factor of approximately 1.7. The reliability would be 
less for the two catapult design because two "fire" signals would have to be 
sent and two init3.at4rs and two motor grains would have to be ignited. Bie 
servicing and storage problem would be cocpllcated by having the catapults 
separate frcm the rocket. Uiere would also be two catapults for eacl' rocket 
instead of being an integral part of llie rocket. The two catapults would 
have to be initiated at the same time and have very simljar pressures-tiro 
curves in order not to inpart a torque to the seat \diich would place a binding 
force on the rollers. A central cartridge chamber vented to both catapults 
would £olve this problem.

e. Single Rocket, Single Catapult

An arrangement of catapult and sustainer motor as shown in Figure 263 
was considered to provide a capability to orient the thrust vector vertically 
throu^ the center of graevity. The weight of the total system would be 
approximately 1% greater than that of the integral catapult rocket. The 
catapult for this concept would have to be on the back of the seat and have 
the 9Cffo of the volume of the integral catapult rocket. tHie weight would 
also be greater because of the separate pnpellant chambers. The mass 
fraction of the inert parts would be greater because of the smaller amount 
of-propellants. The reliability could be less because a signal would have to 
be sent to each of the propellant chambers. Eie two chambers are inter­

connected, and if one chamber fails to "fire" from the signal, the hot gases 
from the other- chamber -would provide sufficient energy to igni-te the second 
one; however, this -would result in a delay to full thrust. The safety and 
storage of the rocket and catapult would not inpose any additional problons 
over the single rocket-catapult, other -than that there would be two separate 
units for each seat instead of one.
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t. Tractor Rocket 

The tractor rockets provide an ejection seat propuslion technique that 
could provide the required performance. Tbt tractor rocket is "tired" out 
ot tb cockpit by a cat.p.ut. A line 11 attached to the rocket that i gnites 
the rocket at line stretch. The 't1JIJZ1/ seat 11 then pulled up th rail s and 
cl &r ot the aircrart. An attit,lde control system 1a incorporated in the 
rocket that seeks the vertical in t he upside-down mode. This concept 
would have a larger weight and volume than the integral catapult becauae of 
the attitude control 1y1tem, and it would also be more canplex am leas 
reliable. The storage and b&ndli ng would also be more involved. 

g. Integral. Rocket-Catapult 

The integral roctet-catapult 11 a simple, reliable and proven 
propulsion Q'ltem (Figure 255). This system could provide variable thrust and 
total 1mpulae if the escape method dictated such a capability. However, the 
increased ccmpJ.exity would decreue tbe reliability. The integral catapult 
and roctet requires less volume than the other concepts examined. The catapult 
bu a pietonvhicb acts through a distance (stroke) to give the mAD/seat the 
needed velocity. Since the rocket can occupy the apace inside the catapult 
cylinder, the overall propulsion system volume is reduced. Tue mounting 
provision tor the integral catapult and rocket gives a lower weight than the 
mounting tor the dual rockets and catapults. In addition, this concept would 
require o~ one signal to the catapult and if ignition ot the rocket was 
delayed only one additional signal would be needed. The simplicity of only 
one catapult integral with one rocket would result in a higher reliability. 
'1'bt atorage, handling and maintenance ot this compact propulsion system 
vaul4 be simpler becauae of the tfftler number of propulsion devices involved. 
'l'be conclusion is made that the integral rocket catapult is the most IIUi t&ble 
1eat ejection propulsion tecbnique investigated. 

7. ll'PS:TS or PROFULSIOB CORrIGURATIOlf 01' SYSTIM PERFO~E 

Six dittereat propulsion contigurationa were evaluated to determine 
their reapective e:ftecta on system pertorma.nce. The configurations 
considered were: 

lo. Confi guration 

l Separate 1inglt catapult and 
sustainer rocket 

2 Conventional rocket catapult 

3 Single tractor rocket 

4 Separate rocket catapult with 
single retro rocket 

5 Separate rocket catapult with 
special dual en rg'f catapult 
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6. Up-down ayat• comisting or 
separate rocket catapult staaea 
tailored to tbe respective 
ejection di rections 

Configuration 1, aa initially evaluated, consisted of a conventional 
50 tps end velocity upward ejecting catapult and a seat-bucket-mounted 
1700 lb/sec sustainer rocket thrusting vertically through tbe system center 
of gravity. Figure 264 illustrates thil configuration. 

Figure 265 is the plot of a <-.omput~r-calculated trajectory of thiA 
configuration with all aircraft conditions being &ero except tor a 50 /sec 
pitch down condition. In the system analyzed here, the parac~te 11 forcibly 
projected art from the seat. This plot illustrates how the 17 rea1ward 
ejection angle combined with the vertical thrust vector results in a rearwardt ' 
seat trajectory. Hence, the seat movea toward the projected puachute cauaiaa 
the p&r&chute riser llnea to go alack, resulting nn additional altitude required 
for eecovery. 

Caa.ttpn.tion 2 _, nal.ated with a 1'700 lb/NO IUltaiDlr tllruating 
tonard and upn.rd. at 50 48gree1 &ban horiKOD.t&l. r1gure 266 lllutnte1 
tbia configuration. ljeoticn under the .... ccn41 tiODI u Conftaunticn 1 
resulted 1n a torard trajectoey 1dd.ch aid■ in acbimng rt.pld ua4 repeat• 
able line ■tretch and cuopy 1ntlation. nsure 267 illutrt.te1 .thia tr&Jec­
tor,. 

Configurationa 1 and 2 were subjected to f'urther evaluation to deterlli.ne 
if either had aey advantages over the otber under EioO ICEAS ejection conditicu. 
Th~ vertical thMJ.St 1UStainer obviously provides a higher trajectory u can be 
seen by comparing Figures 268 and 269. The "eyeballs-out" acceleration at tbe 
system center of gravi.ty is likewise greater tor the vert '.ca) thrust contig­
uration. However; the peak acceleration achieved in either ca1e vi th & 36 
inch diameter drogue chute is within the recognized limits tor the human body. 
Figures 'Z?0 and 'Z?l illu■trate the acceleration time hi'storiea of these two 
configuration,. A variation of Configuration 2 11 diacu■■i.'4 later when 
inverted pertormance ia considered. 

The ettect ot propilaion en inverted ejection,.. innltt,alted. 
!able VIII F M.191 the rel\llt1 gS.Ying the NCOYett bad.&bt tOl'J.-11 . conftl· 

uration coul.dered. 

Contiguration 3 con■ilt1 ot a 1700 lb/1ec ltMl'&ble trt.ctor rocut and 
no catapult. The rocat i1 attached to the ■•t by a tlexibla paadan+. and 
11 launched above the .... t. L1.ne ■tretch torc11 ignite the rocbt. After 
tip-ott, during an inftrted ejection, tbe rocket 11 lteered to rotate about 
the roll &ld.1 in an attapt to correct the nrtical ccapooen.t ot the aeat 
trajectory trcm a ciOWD'Wlt.l'd to an~ directian. lt>tor rotatiaaal rate■ 
ot 180 degree1/1econd and 360 dqree1/HCond were an&~ with tbe motor 
rotating at the givm :rat• until burnou.t. llco,vy beipta tor thlH can-
41ticna were reapactiveq 122 and 18 tNt below the ejection altitude. 
rigurel '272111Df' 27'3;'. tl:lwltr&teid.be•I~ tMiijRtbriel • -·--· . ~ - ... _ .. . . . - . . . 
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TABLI VIn 
1IVUl'ID BJIX:T'IOI PROPULSIOI StJJN\Rr 

JlfVERl'ED EJECTION PROFUJ.SIC!f RECOVER'! ALTITUDE - FEET Ccm"ICl1RATION (+) mDICATES RECOVERY ABOVE 
EJECTICti ALTITUDE, (-) BELOW 

Steerable Tractor Rocket 

18o~1ec Rotation Rate -122 36o /sec Rotation Rate - 18 

Conventional Rocket Catapult -146 

w/o Sustainer - 96 

Conventional Rocket Catapult 
w/retro rocket, 16oo lb. - 90 

3200 lb. - 75 

Conventional Rocket with 
25 tpa Cata~l t - 77 

. 
Up-Down Syltflll + 12 
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Aa iitTMAaii of tULa typo of yropulaioB oyotoB is ita lidMroBt atobiUtp 
olth rofpord to eontor of gntrlty tlimat Una Indaeod laatobilltloa. A Ala- 
•dvmntoee la tte tect that tho acot r—1na in tba aireroft approKiaotolr 
0.1 BMOod iBoaor olilla tlia roekot la travoliuc out to tha vquXnA Una 
atratoh point (rockat Icnitlon). rUura 274 lUnatrataa thla aoBflgTatioa.

nguxaa 275 ana 276 ara oa^putar plota of hand aaoalaratleoa iJatooad - -

Invartad ajactlon oondltlona ualag the tractor rockat rotatad at 360 dag/aae. 
n» high lataral aeealeratlaa la tba raault of tha aaat Shlppliig" at tha 
and of the tractor rockat pandaat.

A variation of Confl^aiatlen 2 vaa ccoaldarad. Ikidar lovartad ajactlon 
oondltlona, It vaa propoaad tha^ tha auatalnar not ha flrad. Ow raaoltant 
trajactory, ahown In llgitra 277, ahaira racarary 96 faat balmr Ite ajaetlon 
altltula. For conparlaon purpoaaa, tha Invartad parfriraanca of tha mm 
vlth tha auatalnar flrad la lUnatxatad In Flgura 278. Raeovary «aa aeblavod 
at l46 faat halow tha ajaotlcn altltuda.

Configuration 4 conalata of a conventional 50 fpa upward ajaetlng 
catapult and 1700 Ib/aec auatalnar. In addition, a ratro-rockat with a 
domward and forvard directed tbruat vector (40 degreea balcw horlaontal) 
la provided. If the retro-rocket Ik fired Inataad of the auatalnar and It 
baa 1600 Iba thruat for 0.25 aec., recovery can be achieved at 90 feet below 
the ejection altitude. Figure Zl^lM a plot of tha reaultant tmjactary.
If the retro rockat thruat la Incraaaed to 3200 Iba., recovery can be 
achieved 75 faat below ejection altltuda aa lUuatrated In Flgura 200.
Figure 261 obovB the retre-roehat eonflguratlcn.

Configuration 5 la alnilar to Configuration 4 except that the retro- 
rocket la deleted and the conventional catapult la replaced with a dual 
energy catapult which can provide either a 25 tpM or a 50 fpa and velocity.
In the Inverted caae, the auatainer la withheld autd only tba 25 fpa catapult 
la ignited. Figure 282 abowa recovery at 77 feet below ejection altitude. 
Figure 263 lUuatratea the ayaten configuration.

Another configuration Inveatlgated conalata of two aeparate prcpulaloo 
ayatena, one tailored for the toward ejactxon and one tailored to tha lawn- 
ward (relative to the aircraft) ejection. In thla configuration, an Invartad 
ejection would actually be iqpward through the floor of the aircraft, the 
auatainer thruat vector la 4o dagreea off the horlsootal, and tha wntor baa 
400 Ib/aec of lapulae. Tha catapult Inparta aa end velocity to the aaat of 
25 fpa. With thla configuration, Flgura 284 abowa recovery 12 feet above tha 
ajectlon altitude. Figure 285 ahowa thla configuration.

It la concluded from thla atudy of the affect of propulalon oyataa 
configuration on performance and trajectory that:

o Vertical orientation of the auatainer motor thruat vector reaulta In 
more altitude raq^tired for aafe eacape becauae the rearward velocity 
cooiponent of the catapult cauaea a longer period of alack parachute 
rlaera.



o Vitllbo14inl nata1Der mtor 1p1tion atter ejection trca an inverted 
altitud.e renlt1 in IUbltutial:1¥ JA11 &1.titude required tor aate recov•l'f• 

o The "dN4-beat" altitude control qata Wbi.ch rotate• tbe ••tf-n 
at 360 4ecNN per aecoad inp&rta UD&Cceptable high lawr&l accelAratiou 
to tbe bee. RotatiamJ. rate■ lonr than 360 degree• per aecond do not 
renlt in aipiticantly illprov1ic:' perto:rance. 

o !be Up-Down qat• gt e■ the beat pe;rtomimce gt the ccmtipr&tiona 
iJmtatipted 1'ben ejection occura trca the 180 roll attitude. 

8. Illl'UIIIICI at 1:lliJlf Ym STABILffl 8 M:CfJMC'l I AID RIPIADBILiff 

A ajoJ' aauN ot ejectian ..at inltabillty during auataimr bum la 
• ..... trlcity 'betwen tbe tbru.lt vector and tbe d1Dudc center ot gravitr 
~ tbe 171ta. 'al larger thi■ eccentricity, tbe higber the rate■ ot rv~tiOII 
ach1aftcl by tbl ... t. 1.'blN rotational rt.tel UCNl&N trajectory height and 
attect reconry ca,abU1ty. Hince, it i1 d.eairable to •J1•1mte or reduce 
tba to an acceptable level. To do thia require• a thorough lmowledge ot what 
oaue1 tbl eccentricitie■• A larp factor, ot courN, i■ tbe ftl'iation 1n 
a,ata center ot partty cme to tbe variation 1n tbe center ot gravity ot the 
lulul bocly. Ratenncu 19 and 20 1D41cate that tbe a,■t eccentricity to be 
~ell dm to th11 factor ia 1n the migbborbood. ot 2 .o incbea. Another 
t actor 11 tbl w.riatian 1n nriaimr tlarult angle. 'Die tollow:t.ng d1■au11ion 
,erta1DI to thl1 factor. 

!Ila eccmtrioity betwm tbe ayltea dplaic center of graYii~ And the 
auta1ner thrut llDI elm to ftl'iation■ 1n tbl thrult angle 11 a flmctian ot 
tM tupnt of tbl &Dile betwm tbl de11ped tbruat linl and. tbe actual 
t1lrut line u illutatecl in ftp.re 286. nu, tlwt cbanp in eecentrieit7 4111 
to thrut ansJa ftriation 11 a fanction ot both tbl dil't&nce ot the ccter ot 
paTltJ' traa ta noasle and. tbe Ulla of T&riation. AD inoreaee in eitber w!U 
1Dcr11n tbe olllup in ecoeatrioity tor a 11,ftll center ot partty. 

MaMll•tion 4-ricea are &'YI.Uable to overcCIII tbe &dYerN etfltct1 ot tbl 
11111n ~ 1'fllhce4 ecc•trloit1••• fllil w dnioe1 can oornot tor thruat 
Ulla ftriatiou prcwided tbl relUl.t.ant eccmtrlcitie■ are not too larp; i.e . , 
at leut cme dasr• le11 JlllDltude than tbe h\llaD body induced. eocentriciti•• 
1114 prefua~ -·1er. In other word.a, within naaonable lildtl, a ■tabil11• 
atian Q8ta can be cta11pd to ace+ xlate the effect, ot variation• in 
tbnatangle. 

!bl re,aatabllity ot thl tbrut ancl.e ii a tlmetim ot tbe m .billty ot 
tllll &all• 41ll'iDI roclrat burn, lD4 tbl lOftMOJ with wb.1.cb tbl aostJ.e ii 
~. Stability, in tum, 11 a flmotian ot nosw eroeion and diator­
tian. AoCUJUT ~ UJ0ll tbe tolaraw■ inYolft♦l in ll&l!h.1n1.111 tbl nossle. 
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In order to de1ian a atabilisation 171t• which will accc odate the total eccentricit7 to be encountered, tbe repeatability ot the nos1le qle llllt N Jmown. Reterence 21 report■ tbe re1Ul.t1 ot t\ teat progru wtdcb w.a coaductecl to tlllllflra tbe repeatability ot tbe nosale aqle ot tbe Rocket Power Incorporated P/1 217t..520 rocket catapw.t. In thia teat, 1ix rocket 110tor1 were tired in a preci1ion 3-ui• teat fixture. '1'be •cbanical
0

nos1A9 qle in tbe pi t cb plane ot each rc.:ket was w1 thin tbe preacribed 53
0 

t O 15' prior to
0
tirtng. The angle aeuured 6.uring tirillg aeaaured. trca 53 + 15' to 53 + 37 ' • 1'bul I tbe MJ1nun variation could bave beta + 0 52' • '.l'be renl.t1 ot this teat 1erie1 are tabulated in Table IX. 

9. IOJITDIJ AID IETALIATIOI RJrf1IRIMIITS POR PR>PUIBI<II mme 
The mounting ud i-ut&ll&tion :requiraent1 tor the e1cape 171tea propw.-1ion uni ta are dependent upon au, t actor1. Scae ot tbeae t&ctora are: 

a. Seat configuration - oue-piece v1 two-piece 

b. Vol\llle and tol"II tactor aY&ilAble tor propulaion 

c. Center ot gravity envelope 

Tbe seat atructural arrangement baa the aoat lntluence on proplllaion aounting am inatallation. 1'be two buic ae&t contipr&tiona are: 

a. Two-piece, fixed bNdreat, ad,juatablM bu.cut 

b. One-piece, tntecral be&dre1t and bQcut 

Tbe twp-pie<:e 1eat configuration pl&ce1 special requiraflllt.l on tbe propulaion 111t• inat&ll&t~cm. Tbe need to 11111.ntain the 1W1+.1ner tbrut line pu1ing through the 1y1t• center ot gn.vity nece11it&te1 tbat the auatainer be attached to the adjustable bucket since tbe ay1tea center ot gravity tenda to move w1 th the bucket. On tbe other b&nd.1 the catapll.t DN4 not be attached directly to the bucket I and Ml' be attached to ~ ••t beadreat. Tbua, the two-piece ■eat jutitiea separate catapllt am nat&iner packap1. 

Tbe one.piece ■eat 11 adaptable to all propallicm conf1curat1au. !be center ot ara•i ty ot t.be 171ta 110Ye1 wt th tbe H&t 10 tbe natainer rocat can be attacbed to the ■eat 1tnacture. !'be catapalt can Uuwqe be • 
attacbld. to thl entire aeat. Rance, the 01111-,t.ece N&t ta adap11e.bla to eit'ber the •1.nslt unit rocket catapult 1n ccaal l..N today or to the -,ante au.a• tainer and catapult C<lllpCIMnt1. 

ODI cantigur\tian in CcallDD uae today 11 the om-piece --.t calbine4 with the 11ngle unit l'OCket catapult IIOUDted to the &irt,,me and attachN to the 
Nat by the 1crewjack 1e&t adjuatagnt actuator. Thi -.na tbat the nosale polition and angle are fixed and. that tlMt .,-.t• CM'ter ot gn.Ttty .,..., perpendicul&r to tbe tbruat line apprmdate~ t:lw inchl1. fld.1 re1Ult1 1n a le11 than opt,__ center ot gravity tbrult 11M relationabip \Dier the 
conditian■ llbere tbe Nat 11 ad.juated to it1 extrta11 ot ffl"tiaal travel. 
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Anotber comideration acw•rninl propulaion 11011111ti111 mt 1utallation 11 
tbe vol\lle and tol'II tact.or of t.be •ariou propalaion coafipratlcu. nae 
need to pron.de hi&b exit YelocitJ ot the H&t trCIII the coclrpit witb1Jl tbe 
physical tolerance• ot tbe bmlD bod7 bu pre1cribed tbe tol'II tactor ot tbe 
catapw.t. Variat1ou, includ.1121 tele1copi111, ba•• alte t.be to111 tactor~ 
Yery little; tbe catapult ,till NlllliU buical.l,y .. l.oDc qlin4r1cal tube. 
Bence, the 1e&t backre1t ar• 11 the univer1&l mwitilll area 11Dce it 11 tbe 
only &tea 1n tbe ,eat vhich can pron.de tor tbe loag inat&lled 1eQgth ot tbe 
catapult. 

In <..-ontrut to t.be catapult, tbe l\llt&iner -,tor (1t a H,PIAte t trclll 
the catapult) can adopt allloa. ~ any 1b&pe 1nclu41.ng CCll!IP*, 1t DIC"l&l'f• 
Con1equent~, tbe 1U8t&iner aotor C&D be IIOUDte4 1n tbe bac)r.relt uea a1cag 
the eeat centerline, in tbe backreat area ou.tbo&rd. ot tbl Nat cnterllDe, 
underneath tbe ,eat bucket, or a coabinat1on of tbeae. Bence, the l\llt&iner 
aotor can aore readily be configured to •tch tbe wl\lle and fora factor 
available rather than requiriDI configuration ot tbe 1eat al'OWl4 the nata1.Der. 

The ejected c~nter of gr&'fity ot tbe 171te bu overridiftl infJMDCe on 
aountiDI an4 1utallation requirwnt1 tor tbe propal•ion q1ta. Tbe n,w,_. 
thrust vector IIU8t pu1 througb or very clole to tbe e.g. 1D order- to uaur.; 
repeatable pertorMDCe; bovffer, tbe e.g. location 11 •art.able u a nmction 
ot the individual crew&D. AD appran.1111te correlation aiat1 betft• tbe 
cre'IIIIIZl 11 Nlecte<l seat po1itiaa and tbe 171ta e.g. BaDce, proriclecl tbe 
1Uat&iner 11 1eparate traa the catapult, tbe IUlt&iJllr cu be tl.aibq IICIIUat.4 
10 that ••t poeition cb&nge1 nozsle angle. M an alten111te, t.bl tlalble 
IIO\Ult could be ded1pe4 10 that tbe 1Dllivi4u&l crn■ n cu ....,,q Nlect 
a nozzle angle in accordance with h11 wigbt, 11tti121 be1ght percentile, etc. 

It ia condluded tl"Cll tbt1 1tudy ot aeat propw.a1on Qltal aountillg 
and inatallat1on requiraent1 that: 

o Tbe tvo-piece type ■•t (adjuatablA bucktt, t1xed. bNdre1t) will beDet1t 
pertol'IIIDCe-wi1e tr0II a propala1on qatea contipr&tion wbich all.on 

0 

the 1u■t&1ner IIOtor tlilvt Yector to aove with the pilot u,jut&l)le 
ae&t bucket. 

The optillum :proplll.aio:? ■yna fer the lingle piece N&t ( intqnl blacbt 
and beadre1t) allow■ the IIIWalr mtor to_,,. w1tb tbe .... tu it 11 
adJuatecl to the tliflbt eye po11tion. 

The abaft concluaiona are bued on the cwerr141DC propalaicm qata 
irustallation requireaent to llildnd.ze tbe eccentricity between tbl ejected. 
Mal G.nd the thrust vector. 
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APPEt«l I X I 

SECT ION I 

GENER L 

lht sh cltfrtt -af-fruda• bady axis tqnt iau for tht uat - 1 syslt• 
ert pr1s1,t ed it this uct i01, 111ithD'llt dtrivat io1, i11. tht stq1&11t ial far• 
ucns1ry far clif ihl c011p1ltr sal1t ion. Th t tqllllt ia1ls •rt dtrivtd fro• 
bas ic physical la115 it I Nlttr idttt ical to tht farmulat i01 it Part I, 
Ya l1• I, Afp11cli1 I of this fivt valu1111 r tpar t. 

Far the stet-11411q11t iots, no plait of mess S)Ml'llttry .as ass1•d: 
thtrtfart, pr,acl,cts of iurt ia appur ill tht ittrt ia huar that ar t tradit iaul ly 
fa11cl ta be ut I if iblt it a ircr aft tqnt iou. In add it i01, ,,1 ikt t~t 
1 irp l1u 1q11t iats, lht acct ltrat i01 dep11d11t 111 r a1t last ic catff ic i11lts •re 
a111•cl ta lat i1fi1it1siMI. Ca1s1qut1t ly, llll a lt tr at ivt d1vtlap•1t is 
u1i •• the ca1versia af the ca,pltd acctltrat iat caapo111h ta the f ir st 
ardtr difftr11ti11 I 14H.tia1 far• i1t f r1h l1 b) difital caap1hr, Thtl"'I is 
u f11d1•1t1I difftrtltt it lht fa rm of tht fi11I, c1,01ic1I 1q1at io1s or 
tht saht 101 1tfar ith·•• cout(lltti ly, rt-dtr ivat io1 of tht tq'llt iau 111nld 
11rvt 10 t,torial p,roost. 

Tht ca1v11t iaial a1rady1a■ ic ca1ffici11ts art pr1s11t1cl far It) 
s1at-ai1cl ari11tat io1 ta prav idt s ia1 latio1 fidelity d,ritf s11t t1■hti1f. 
l, tht ca■p1t1r sia1l1t iat, 1cc,r1t1 catff ic i11ts art 1cq1irtd hy da1blt­
ta\l1 -l aak-1p 111playi1f 11 1ffici11t bi-q11dr11t ic L1Gra1ft i,t1rpal1tia1 
t1ch1iq11. 

Tht s11t 1ttit,cl1 ■ilh r1sp1c~ ta lht tarth is caap1t1cl h) i1t1fr1ti1t 
1 i1 of tht 1iu cltrtct iat casiu rahs. lht r1ui1i1f thrtt clirtct iat 
casitts ■rt dtttr ■ ifttd thra1fh 11 arlhafa11I rt lat iatship i1valvl1t 
tht si1 i1t1fr1t1d ratts, Tht E1ltr 11flts art ca"'1t1d fra• lht clirtct iat 
casius. 

lh1 0,1a■ ic Rtspa111 I1d11 CORI) af the h1•11pi1t is 
CDllflhcl l,y .d1scri\i1f tht h1~1 bad) i t tlr ■s a·f 11 eulafan, l111p1d 

,1r1•t1r, •ch11ic1 1 ■ad1t cotsist i ,f of I aass, spritf, 11d d•lf•r - as 
,,,, irtd l,y Parsfraph 6.4.1, Rt f1r11ct 5. ' 
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GW 

s 
C 

b 

Ill 

LB 

FT 

FT 

FT 

LB 

LB 

LB 

FT-LB 

FT-LB 

FT-LB 

AAPEND1X I 

SECTl (W II 

S'ff19(lS 

Grass 1111 if ht 

S.1t i111rod)'Ht11 ic rt ftrnce l t1fth 

Ax ia I farct SIIMet i1a1 

Letua l farce stMat ia1 

Vu t ice 11 forc1 nM1t ii ai 

Ra I l i •f • 1t s •-t i a, 

Pitchi1f 1101•1·t 11M1tio1 

Sl.OOS/SEC Prap1 11 l11t •n na. 1r ,1h 

SLUGS Prapt I le1t •n 

SUA;-F f2 '101111 ,ts a f i 11r U 1 ,a f uat 
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1 • ., 

IIZ SLOO-FT2 Prachth of iurt i1 cif u1t 

1.,, 

61 cf 
I 

&yCf FT C.G. shift fro11 best C.G. 

hu I . 

, .. FT-LB Rolli1f 110N1t fra• rackets 1,d c1t1p,lts 
'1 , ., . FT-LB Pitchi1f IIONll f r cm racket~ 1,d c1t1p1lts 
's 

, z . FT-LB Ye~itf •••• from rackets 11d c1t1p1lts . , , .,, FT-LB Roi I itf •••t fr0111 p1r1ch1h I iu stretch 

, .,,, FT-LB Pitchi1f 11e1•1t fra111 p1r1ch1h I i11 s\ retch 

, FT-LB Y■•i•f •••t fra111 p1r1ch1te I i11 str1tch z,, I 

CA t«JN-0IH S.1t 11i1I farce catfficint 

c., t0-01'1 S.1t l1ttr1I fore, ca1ffie iu,t 

CN O-0IH S.■ t v1,t ic ■ I faret eaeffieitllt 

c, O-0IH S.■ t rol li1t ••nt ea1ffiei11t 

c. t0-01'1 Sut p i t Ch I lf 110 • l t Cat ff IC i I l t 

c, tO-DIH Stat Y■•i lf IIIG•lt COi ff le ltlt 

• FT/SEC Oa■,r11f1 11rth axis vtlacit) CD111Pa't11t ., 

1S2 



• 

• 

\/ 

• 

' 
V 

' 

FT /SEC Lat1r1I earth axis v1lacit) CDIIIOau,t 

FT/SE~ Vtrt ic1I 11rth 11is velacit) co111pa1a1t 

LB Axia l 11,t axis compa111t of rockets 11d c1t1p,lts 
LB Lattral s11t ax is ca11po1e,t of rock1ts a,d c1ta,1lts 
LB Var~ ice I Slit IX is CDlll&)Dlllftt D f rock1h ta.d cat.,. I h 
LB Axial forc1 co11pa111t 01 seat d,1 ta p1r1ch,t1 liu stretch 
LB Lat1ral forc1 ca11po111t a~ s11t d11 ta p1r1ch,t1 liu stretch 
LB Vertical farct co111pa111t a, seat d,t ta par1ch,t1 liu stretch 
LB "8f1itide af farc1 fra111 par1ch1t1 a, s11t 

FT/SEC2 
Ax ial s11t axis 1cttler1tio1 coapa111t af the Sl•t 

FT/SEC2 
Lateral seat axis acc1l1rat ia, caapau,t af the s11t 

FT/SEC2 
Vertical s11t ■xis 1cctltr1t ia, ca.,011,t af tht 111t 

FT/SEC Axial s11t axis vtlocit) ca111pa11,t af tht s11t 
FT/SEC Lateral seat axis velacit~ ca11pa111t af the s11t 
FT /SEC 

FT 

FT 

FT 

Vert ic1I Slit axis vtlac it) CDIIIPDlllt af th1 Slit 

Oaw,ra•f• 1arth axis pasitia1 ca11pa111t af stat 

L1t1ral earth axis pas it ia1 ca11pa111t cf stat 

V1rt ice I 11rth •• is pas It ia, ca11pa111t af st1t 
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p RAO/SEC A,1,11r VI I or it 1 CDlll()O Ill lt of Hit 1bo1at axial uat axis 

Cl RAO/SEC A1lflt1r vtlocit) CDlll(>Dlltlt of stat abo1t tattral seat axis 

r RAO/SEC A,f1& tar VI I DC i h C011t()Ollt1\t of Hit 1bo1t vtrt ital stat axis 

• 

' RAO/SEC2 A,f1a t er ICCI ltrat iol\ COllpDlllllt of sut 1bo1t axi el stat axis 
• 
q RAO/SEC2 A,f1& tar acct t1r1t ioll co•poul\t of Hit abo,t lattral stat axis 

I 
' • 

RAOISEC2 r A11f1 tar acct ltrat ia, CDll&)Dllt1\t of stet abo,t vtrt ice I uat 
axis 

1 l t 
• 
• r«>N-01'1 Oirtct io, cos illts ralat i,t tht stat to the t1rth 
• 

133 

vs FT /SEC Total spttd of stat 

, SL/FT3 A•bitat air dtuity 

' FT H1a1111, spi,at coaprtssio1 

b, SEc- 1 Vibrat ia, da11pi1f of tht hlNll spilt 

t, SEc-2 Sp,i,f ca,sta,t of tht h••• spi,1 
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(1) A•ial Load Factor 

I\• = -F • /GW 
Cf 0 

(2) Sidi Load Factor 

") = -F) /GW 
cf o 

(3) Normal load Factor 

"z = -F z /GW 
cf o 

(4) A. ia I Acc1 l1rat i01 

APPENDIX I 

SECTION I II 

E0UAT IONS OF P10TION 

• • 
u: r v - q w + 32.17(a31 - ~. ) - (m/m) I 

Cf 

(5) Sidi Acc1l1rat iol 

(6) Normal Acc1l1rat i011 

• • 
w = q u - p v + 32.)7(a33 - 112 ) - (m/111) w 

Cf 

(7) Allfuler Mo11111\t1&111 C0111p011111t, Rall A.i, 

H• : J .. p - J•)q - l12 r 

(8) A11fu lar M0•11tum Campal\t11t, Pitch Axis 
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Hz : -l•zP • 1)zq • 1zz' 

(10) Pitchiaf Acc1 l1r1t ia1 

,, 
: r H) - qH

1 
♦ f' +·Gw(ny Azco •1 •a co 

,,) : pHZ - ,H ♦ f' + GWC, 1 6•co • Yo 1 co 
,, z : qH - pH + , + GWCl\ 1 bco • ) ZO 1 co 
6■ 1 = 1.)IZZ + 1.ZI)Z 

A1112 = 1 •• Jll - Ixz 1u 

A"3 = l11 l)Z ♦ l 1 ylxz 

- 1z Aycol co 
- 1\1 Azc 0J 

co 
- lly A•col co 

q = (,1 6111 1 + f'y 61112 ♦ "z 61113 ) / (-l
11

y6m 1 ♦ lyyA•
2 - lyzA■3 ) 

1 1 1 

(11) Roi I illO Acctleret in 

• • • 
P = (Izz("•1 ♦ lxyq) + Ixz("zt ♦ IyzCll) / 6m2 

( 12) Y 1111 i llf Ac c e I er a t i o 1\ 

• • • 
r = (f1 + ly

1
q ♦ I

11
p) / 1

11 1 

CIJ) Direct iol\ Cosine Rates 

• 
•11 : llt:l r - 11 13 q 
• 
1 12 : 8 13 p - a 1 l r 

• 
1 13 : 8 11 q - 812 p 

• 
1 21 = 1 '12 r - 8 '13 q 
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8 23 : 1 21 q - 8 22 p 

(14) Oi rtct ion Cos ints 

• 
8 • • = f 8 .. dt 

I ~ " 

(15) Eu ltr Ano11s 

♦ = T,n-1(821/111) 

8 = Sin-1(-a
31

) 

I = T8n- 1Ca
32

18
33

) 

·c 16) E11rt h Axis Vt I oc it) Ca111pou nh 

•s : 8 11 U ♦ 8J2 V ♦ 813 W 

)5 : 821 ~ ♦ 822 V ♦ 823 W 

• 
ZS : 831 l ♦ 8~2 V + 833 W 

( I J Sut Total Spud 

vs = (u2 + v2 + w2) 1(2 

157 



(18) 0),e•ic Pr1ss,r1 

ca1 = .SPV
5 

2 

(19) Axial Farce S,mNt ia, 

F · - SC +F +F Ya - ca, ) Y· Yp-
's ~ 

(21) V1rt ical Farc1 Summit iat 

F z = -q1S CN + F z . .+ F z 
D IS ()'S 

(22) Roi I itf f1aM rlt s,.,t la, 

, • = ca,S b C 1 + t ~ . . + , z 
a ~,s ~s 

• (23) Pitchitf '1o•1t Sumr.iat io11 

'Y : ca,S C cm ♦ 'Y· ♦ 'Y 
a • 's ps 

(2·4) Ya•itf Homt,t S1a111111et ia11 

'z = q1S b C, + 'z. + ·'z 
a •s ps 

Th1 s1et-m11l 11rady11mic catfficitllts art coap,ttd by a do,bl1-t1bl1 - look-,p 
n111ricel ttch1iqu ni.llf nfln af attack 11d iidnlip lllfln fiv11 by--

(25) Sidtsl ip Atflt 

a: Te, -1(v/11) 
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(26) A1fl1 af Attack 

• = Ta, -1c.1ea,al1 ,) 

The 1rct1nfa1t f,,ctia, is 1v1l,1t1d far al I fair q11dr11t1 far valid 
110,11, coap1t1t ion d,,i,o ~•at t1mbl i1f, For this r11sa1, th1 11011 af 
et tack 1q,1t ion is diff1r11t fro• tht caiv11t ia11I sael I 11fl1 11pr1s1ia1. 

d2&/dt2 = -b1(d,/dt) - ~ + 32.17(,z - 1
33

) 
Cf 

d~/dt = J(d2,/dt) dt 

'= J(d,/dt) dt 
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APPENJIX I 

SECT!~ IV 

The six defree -af- freeda• aerad)namic ca1ffici11ts far tht seat -Na 
caabi11t ia, 1r1 pr1s11t1d it Fiflrts 288 thraufh 293. Th1 data •r• t1•11 
fra• R1f1r11c1 111d 1xtr1pa lat1d wh1r1 11c1ss1ry to sidts l ip a,d 11fl1-af -
1tt1ck r11f1s fro• -180 dtf. ta 180 def. 

Fif1r1s ~ throufh 299 1r1 the a1rody11mic co1ffici11ts used for tht 
••-11011 i411t ia,s. Thi ca1ffici11ts 1&11r1 comp1t1d 1mployi1f Nt•ta,iaa 
fla■ ■ad I flat pl1t1 111 lofy . Thi va t11s wtrt comoar1d with thas1 of 
Raf1r11c1211d d1t1rmi11d ta bt suffi ci1nt ly accurat1 for ~1,-p1r1chut1 
dyaa■ ic si•1l1t ia,, coasidtrinf the ov1rllh1lmi1f parachute forces which 
absc1r1 the 1ff1cts of N1-ala11 11rody11mic co1ffici11t variat iaas. 

Tht fallo■ itf fif1r1 sham the rifht-haad axis systt• 1s1d ia 11 I 
e411t iau i, this rtport for tht sut, the Nft, tht rai Is, tht 11rth uis 
11d 111 farce 11d "'°""" i 1011h. 

PIOURI 2&r Am II 
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FIG all) SEAT AXIAL FORCE COEFF 
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The aero^tinualc reference lengths and areas for the seat-nan coaibtnstlon

and the nan alone are:

SKAS-MMI

•- 5.05 
b * 3.82 
c - 3.82

1AS-ALC»B

8.6.0 
b - 1.375
c - .9

SfSUI. OONFBBSSIOH COHSlMnS

b, - 23.7 
\ - 2795.00

Sm pawipertles of the seat-eMn are given in Table II» flaetion IV.

Hie nan-alone (with survival gear) inertial prqpertles are, for a 9$^ 

nan in a standing position:

or - 29>^.0

^ - W-O

V ■ “•'>
- 6.0

A eoivlately syaaatrieal nan is assuned, with all products of inertia

set to pane.
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AFFQn>ZX I 

SKCnCH V

NON-AERODYNAMIC FORCES AND ICKffiRTS

The external forces and nKxnents, excluding gravity, cm the seat and/or 
nan are fron the catapult and sustainer-control rockets (Appendix IV), 
parachutes and parachute ejection guns (Appendix II), rail deforoaticm and 
slider block friction (Appendix III).

A sepcLrate section is required for the equations representing each 
of the external inputs because of the detailed treatment given each element 
of the system.
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APPENllX II 

SECTI~ I 

GE~RAL 

Tht par1ch1tt tq11t io,s dtvtlGptd i, this stet ia, r1prtst1t II) p1r1ch.te tra1slat i1f i1 thrtt dtfrtts of frttdo• ■ ith respect to the urth 11d rat1ti1t ■ ith rtsptct to attach poi,ts 1110vi1f i1 tht tarth rtftr11ce 11t1. Tht difftrtnt lal 1q11t ions dtscribt tht parach1t1 acctltrat io,s fra• 11 lalt 111 sta1111d pas it ia, ta r,1 I i1flat ia,. Tht acctltrat ia11 art 11pr1ssed 11 1 far ■ r1q1irtd far •••rical i,ttfrat Ian by difltal co11p1ttr 11d tht farcts ■rt ttural 1101fh ta al 10111 tvalnt in af parach1h stabi I ih, ape1i1f rtl iabi I ity 11d ptrfar1111,c1 litilt op1rati1f it tht vicltih af a stat ar ••• 

Fra• tht sta1111d posit Ian tht 1q1at loas alla■ tht p1r1ch,t1 ta M proJ1ct1d tither 11rady11•ic1lly or pyrat1ch1ic1lly. Fro• praJ1ctla1 ti• ta li11 stretch tht p1r1ch1t1 acctltrat ia1s art si•1l1t1d as f11ct lats of •rtar i111p1l11, rocktt farct, ruftd lift-draf forct 11d dtplay•at bat strip-off faru. At I i11-1tr1tch t ;.,, shra1d-l itt-br ldlt-r istr elastic farces Meo• optrat ivt, 1 •11 acq1isit lat ttr• is dtttr•iud a,d tht fro.th af I ift-draf forces d1ri f itflat lot is ca11p,t1d. li11 react la, farces 11d •••ts art praJ l cttd 01 the s11t/1111111is systt• partr1yl1f the laads res,ltiat fro• s11tch farc,s 11d ap11ilf shacks. 
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F • • I 

FT /SEC 

FT /SEC 

FT/SEC 

FT 

FT 

FT 

LB 

LB 

LB 

LB 

LB 

LB 

LB 

LB 

LB 

LB 

APPENDIX II 

SEC TI ON II 

SYMBOLS 

Oownratfe eart h ax is veloc ity compon,nt 

Lateral ear th axis v1 loc ity compon,nt 

Vtrt icel earth axis velocity compount 

Downraafe 1arth ex :s posit ion component 

Let~ral terth ax is pos it ion compontnt 

Vert ice I earth u is pas it ioll compoullt 

Axial forct compoaent on parachute dut to stat 

Lattral forct compollent on parachutt dut to stet 

Vtrt ical fortt co11pollut Oil par11ch1&h du to stet 

Axial stet axis compollent o{ rocktts a,d cetap,tts 

Littrel stat ax is compollent of rockets llld catapults 

Vtrt ica l stat axis compoaellt of rockets 1,d cat1p1&lts 

Air mass 11cois ition axial force co.pou,t 

Air 1111n 1cq11is it ioll vtrt ice I forct cornpol\Ut 

Ax ia l 11rth ax is compone,t of rockets 1,d c1t1p1& lts 
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us 

LB 

LB 

LB 

LB 

LB 

LB 

FT/SEC 

FT/SEC 

FT/SEC 

Lattral tarth a•is compa,tnt of rocktts and cetap,lts 

Vtrt ical tarlh ax is compontnt of rocktts nd catapults 

Axial for ct campontnt on uat dut to pa.-ach11tt I int strttch 

Lattral fari:t campantnt on stat du ta parach1att I int strttch 

Vertical force campatttnt on sut du ta perach,tt l illt strttch 

Maonitudt of fare, from parachut, on stat 

Axial stat axis vtlocity campantnt of tht stat 

Lattral stat axis vtlocity campontnt of tht stet 

Vertical stat axis vtlocity campantnt of tht sut 

xs FT Downrano1 aarth axis posit ion companut of stet 

y5 FT Lattra I tart h ax is pas it ion compolltnt of uet 

z s FT Vt rt i c I I u rt h ax i s pas i t i o n c o mp o nt n t o f u It 

p RAD/SEC Anouler vtlocity compontllt of stat 1ba1at axial stat axis 

q RAD/SEC Anou lar vt I oc it y compount a f Hat 1ba1at lattre I Hat ax is 

r RAD/SEC Anoular vtlocity campontnt of .11t aba11t vtrtical uet axis 

NON-DIM Oirtct ion cos inn rt let illf tht stat to tht terth 



tLS 

Atfu 

At. 
I 

•a 

0 

Va I 

A•a 

A)a 

Az1 

A•,p 

A)lp 

A,,, 

FT/SEC Total spttd of parachutt 

FT/SEC Tatel spttd of stet 

SEC Parachutt 1j1ct ion t imt 

SEC Tim, at I illt strttch 

SEC D1cr11s1 in tht chut1 spr11dinO t rmt dut to sprtadinf f11n 
SEC Mau 11cq11isit ion t imt 

SLUG Mass of perechutt 

SL/SEC Air mass acquisition rat, 

RAO Parachutt anflt of attack 

FT
3 

VoluMt of air acquirtd b) parachutt 
SL/FT3 Comprtsstd air dtnsit) 

SL/FT3 Ambitnt air dtnsit) 

FT Ax ia I stat ax is compol\tl\t t'l'all apex ot attaohlent bridle to chute 
FT Lattra I stilt ax is compol\tnt t'l'all apex ot attaclllent br14le tocwte 

· FT V1rt ical sut his coMpilntnt t'l'all apex ot attaclllent bridle to cwt• 
FT Axial stat axis compo~tl\t of packtd par1ch11t1 locat ia, 
FT Lattral stat axis co~pontnt nf packtd par1chitt locat ia, 
FT Vtrt ical Hilt axis co11pol\tllt or packtd p1r1ch11tt iocat ia, ' 
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RL 

R.L 

RYL 

RZL 

RL 
0 

RSC 

Ri n 

Rm 

K 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

LB/FT 

FT2 

FT 

NON-DI~ 

Fr- 1 

FT/SEC 

FT-SEC 

SEC2 

NON-DIM 

...... ,. .......... 

Ristr lttfth 

Oistenct from eptx of bridlt to perachutt cf 

Oownranft compol\tllt of RL in tarth exis systtm 

Lattral compontllt of RL in tarth axis systtm 

Vertical compontnt of RL in earth axis systtm 

RL at fu I I i 1d I at i an 

Lenfth of the skirt and canopy quarttr circ,mftrtl\Ct 

lnltt radius of tht parechutt 

Canopy circumftrtnce 

Lil\e tlast ic modulus 

Co,stallts in tquat ion for SCo of rttftd parachutt 

Constants on tquat iol\ for SCo 

Coututs ii\ tqut ion for dt i 
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Stoi.s FT2 
Prod11ct of r1f1r1nct ar11 and draf cotf. at liu strttch SCo. FT2 sc0 , t h , , ; , r,, t i a, I 

F.L LB Oo111nr11f1 ii ft forct 

F )L LB L1hr1 I Ii ft forc1 

FZL LB V1rt ical Ii ft for ct 

FL LB Li ft for ct 

Foe LB Otp I oymtnt baf st r i p o 11 t for ct 
F•D LB Oownr1nf1 draf forct 

F)O LB L~t1ral draf forc1 

Fzo LB V1rt ice i dref for ct 

F□ LB Oraf for ct 1111fnit11t1 

SCrC,mal 

SCy ~-DIN C11rv1 fit co1ffici1nts for SCy as f(o) • 
SCy 2 • 
SCr 3 • 
SCN • 
sc~2 NON-DIN Curvt fit cotfficitnts for SCN as f(o) 
sc~3 
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m• NON-DIM Daw1r11f1 I ift 11 i t vector 

111)' NON-DIM Lattra I Ii ft u, it vie tor 

mz NON-DIM Vert ical li ft u i t victor 

up FT/SEC Axial tarth oxis v1lacit)' campon1nt of parachute 

"p FT/SEC Lateral earth axis vtlocit)' component of perech1&t1 

wp FT/SEC Vtrt ic e I tart h ax is component of parech11tt 

FT/SEC2 Oownr1nf1 terth e11 is occt lerot ion campantnt 

FTISEC2 Lettre I 11rth ax is acceleration campaae,t 

FT/SEC2 Vtrt ical urth 111is acceltr1t i011. camoa111t 

NON-DIM Mach deptndent compress i bi Ii t )' Fune t i 01 

NON-DIM WGkt Ii ft ud dr1f cotff ic itnt ratio 

M NON -DIM Mac number 
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• 
C 

F• 

F) 

Fz 

•1 

• 

... 
)1 

• 

)4 

zl 

• 

Z4 

NON-OIH Rat ia or sptciric htats 

NON-OIH Err,ct ivt porosit~ 

LB Axial compount or farct applitd at apu or bridlt 

LB Lettre compon11t or rorct applitd at aptx or bridl1 

LB Vtrtical co111ponnt or farc1 appl i1d at aptx or bridl1 

FT Ax ial stat axis coordinat1s or bridlt attach paints 

FT L1t1r1I s11t axis coordinates or bridlt attach poi , t s 

FT Vertical stet axis caordin1t1s or bridlt attach paints 



I 

FT Stat ax is coordinatts of aptx of bridlt 

NLINES NON-DIM Nu~btr of I ints in bridlt 

Fl-LB Momtnts on sut dut to parschutt act ii-ithro1fh br idlt 

Fl Stat axis coordin1t1s of forct appl icat ia1 pai1t 

zr 
A, B, C, ONON-OIM Catffic itnh i11 ~ht 1qu,,t iot of tht pint of 

bridlt attach pJints 

F LB Mafnitudt of forct applitd at 1p1x of br idlt 
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APPENDIX II 

SECT ION I I I 

PARACHUTE EQUATIONS OF MOTION 

A trivial application of Ntwton ' s l aws products tha earth axi s 
acct ltrat ion of tht perachut1, constctunt I)', th1 dtr ivat ion is not 
prtstnttd, Tht equations for tht forces ud Otomttry, holl.lfvtr, art mart 
compltx and tht d,vtlopment cittails art fully uplai111d. 

(1) Oowl\ral\ft Earth Ax is Acct ltrct ion Compount 

(2) Lateral Earth Axis Acctltratian Compontnt 
• 
VP,= CF,o + F>'L + F>'m + F,i + F>'sp) / mp 

(3) Vtrt ical Earth ~,xis Acc1t1rat ion Compontnt 
• 
VPz = (Fzo + FZL + Fz + Fz, + Fz ) /mp+ 32.17 m , sp 

(4) Dowl\ranft Earth Axis Vtlocity Campontnt 
• • • 
•p =•po+ Jvp

11
dt 

(5) lattr~I Earth Axis Vtlocity Co~oon1nt 

• • • 
>'p =>'po+ JvPydt 

(6) Vertical Earth Ax is Vt lac it)' C0111pon111t 

176 

I I 

• II 

I I 

I I 



(7) Downrano, Earth Axis Pos i t iol\ 

• 
•p : •l>o + f xpdt 

(8) 1 
• • attral Eerth Axis Pos i tion 

• y ;;: >' + Jy dt p Po p 

(9) Vert i ca l Eart h Axis Pos ition 

zl> = zl>
0 

+ f;l>dt 

~ , F , F art force components resu l t inO from pnr achuh •m Ym Zm 

air mas s acquisition i n the interva l from f i n.I I int sir etch to fut I i;,arach11t, in flation. 

F , FY , F art force compol\tnts from the st at 1 sp sp zsp 

(or men) p11 1 I throuOh th.1 perachute risers and br idlt, 

At fir st I i11e si rttch, the parachu t , is essumtd to ac uir t t. ll air mass 
,Jihic h i s ecceluattd ta a spud tqua l ta !ht parachutt spu ci ~urinf !ht inflatia1l ptriad, ~ti. Th, comprasud air dtnsity can bt computed as f unction of sta~n11t io': prtr.surt. 

(10) Comprtsse~ Ai r Density 

PS= P(PSIP) = P(l + M2(i - 1) I 2) -1/(i-1) 

Wi th the dtnsity known , tht acq~ired ~ass con bt computtd if a volumt 
is known or assum,d. The chostl\ vo l ume sho1ild rnu l t in snatch loads al\d 
op,n i nf shock loads that ooru wi th the avai lablt fl i fht tut data, 
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I 

I I 

l 
I 

: 0, othtrwiu 

whtr1 •Ls is t i mt at first I i 11,1 strttch and 6t i is computed as fo j l ows. 

(12) Timt fo,r Fu l I Par achutt In f l at ion 

4t i = 21t 1:R,c / ( V5 (k 2 - kl) ) - Atfn 

(13) Fore, C0111pon1 nts 0111 t o M.ass Acois it ion 

F K 
• I 

: -m x 
m a P 

F. • , . 
·- -ma >'p >'m 

F • • 
- -mazp lm 

Fi f ll "'f 300 shows tht Otomttr)' from which tht rad i us, Rm, of th t 
sphtrica l mass is dtr iv1d, 

V.o I : 4/3 ff Rm3 

Rm= (Ill+ Rsc) / CRt lR 111 ♦ ff/2) 

To comc,lltt t ht Ii u far cu on t ht parachute 1men, t ht d iste,ct from t ht 
pa,rachutt at hc'1 1Pa int on lht uet (or man) is utdtd. Th, ca11paatnts of 
th,t Vt 1ctor ·L• Fiourt ]CU, art f i vtl\ b.- tht foltawino matri11 tqHt,i,n. 

(14 ) Dist111c, Campontnh from Par1ch1dt CG to Bridle Apu 
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I 

I I 
,.,a,d i llf, 

R I 

•L •p - •s IS 11 

R>'L : >'p - >'s 8 21 

RZ L z p - z s 8 31 

( 15) 'El ast ic Li u Fore t 

F5 P = -K (RL - RL ) 
(II 

: 0, otherwist 

11 12 8 13 , JI ii 

422 4 23 6)'1! 

11 23 4 33 6z 4 

on Perechute 

(16) O;stance from Parachute CG to Br i d le Apex 

RL : ( R 2 t R 2 t R 2 ) 1 I 2 
KL >'L z L 

Proj ect i il0 t he I in.i force on the eerih ax is is necessary for solut i on 
of the parachuit traj ectory, 

( 17 ) ForcQ Compone nts f rom Line Stretch 

r r 
xsp 

F 
>'sp 

r 
I 

Zsp 

: F R" L / Rl sp 

= F sp R>'L /RL 

= Fsp RZL / RL 

ht r eact i o,11 forct on the stet from I int strttch i s o ivu by tht vtc t ar 

pps = -P,p 

with u ,al (or me rd l,od)' ,a. i s compaunh fiv111 by tht fo i l ow inf tqut iall 

(1 8) Campou,ts of Ruct i 011. Forca 

F 4 11 11 21 4 31 -F 11
PS •sp 

F : ,IJ 12 8 22 1 32 -F >'ps >'sp 
J: 

IS 1 J 1'123 11 33 -F z,s Zsp 
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I I 

I I 

II 

I 

Rete.rence 9 

R ln 
1 

·- -----1 .t ___ ~.{ ___ _ 

8t is r-isr·r length, known 

R is length of the skirt and canopy quarter circumference, known 
SC 

R1n is inlet radius, ass11.111ed 

Solv,e tor Rm by triangle similarity. 

tbe~eton:, 

X • I\n Ry/Rin. \ 

Y • 2RR/4 • IT RJ2 

X ·+ y • Rm8iJR1n - \ + n 'Brrr/2 

• C\/Rin + R/2) R - 8t m 
X+Y • R 

,SC 

R - (~/Rin + 0/2) Rm - 8r, SC 

8m • (8i, + Rsc)/(VR1n + IT/2) 

FIOURE 300 MASS ~smor GPXlll'.rRY 

: I 

, 
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VECTOR r>EFINmons .. 
R ==1 X +j Y +k Z es t I e a e a 

R =i X +j i +k Z ep e p e p e p 
1 =iAX +jAY +kAZ a a • a • a 

Rhen~ 

.../Parachute Attach) Rt 

S.kirt and 
Ca:nopy 

{ Po!:_nt _ - - - - - _ -- - --!\,.p 
Para.chu 1 Packed 
Locatio.n . . 

k ~ 

Seat or 
Man 

\ 

1 / 
e • 8 ~ E&rt.b Ref'erence 

f 
ke 

* Calculated tmm kn.own weto~a 

FIGURE 301 ESCAPE SJST&I GEOME1'Rf 
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Tht pnra,cnut ,t d, ,., a,, •• SCo, i·n tht r ttftd CO lld i t iu i-; 'ltlr It a cubic fu,ct io n of d ist11c, aH cf the ,mu, (or Hat), ,wit h th, ma•imum dreo ar,e at ebo11t 401 of ,liu stirttch, accord inf to l!Ydi lab 1, wi 11d hnnt 1 d,11t11. F11riht1rmort, th, muim11mruftd draf ar,a is t1suaI 1Iy from 2% lo SI af lht r, 11 y ;,rrattd dr10 ., ... ~;th thou t,a;t, a.. o ;d,, SCo btfo,. 
liiu ·1't rt ·tclil 1ca,n bt t•1Prtnt,d as fol lo1ws. 

Cl9) Drao Foru Arte btfort Lint Strttch 

SC□ = (Bo + 81 R + Bi~2 • B3R3J SC Hex = a) 
whtrt R = RL/RL 

0 

Th, I j ft for ct arte, scl• ii ISSllffltd to bt lltd I io i b l.t bt for ,t first 
! ; in, slrttcti .• 

... <.iEi'OMETRY _., 
DEI'KNDF.'N'l' 

Jill. 19 
~. 22 and 23 

~. 25 and 26 _ 
4t...tr..t At., Tim~ 3.t full 

• 
1 

infi.~1-lon t,L.3, Time at line stretch 

FIGURE 302 DRAG PORCB A.RF.A 

D11r i 1tf parach11U i nll ,at ion (f,rom t : t, $ to t = tLs ♦ ~t j) lj 11Lt1r :n-t,rpolatiora is 1is,d 10 ca lc1dat, SCr and SCN as a f1t1tcti1n of 
!~t pare,h,tt 1,f11 of attack. 

(20) Ta11.ftllt ial ,Aru Foret Cotff ic int at Fu 1 I Ill f lat i.on 
SCr. = scr( 1 • scr ,, • SCr 2o2 + scr 

3
cx3 •Ir O• D Cl O Cl (2D Tuftllt ial ~rta Foret Ct11ff ic 1it ·1tt 11t Li n,, Str,tcA 

SCrLs = cea • iB1 ~ B2 ~ B3l -scr ,icx 

[22) Ta-af11t ial Aru F101rc, Cntffic iull dur i11~ hHet ;o, 
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I, 

(23) No,rmal Arte Foret Cotff i ciut durinf lii H at i o,n 

SCN = (SCN o + SCN 2o.

2 + SCN 3o
3) ( t - t t sl I (~t;) 

0 0 0 

h11 aerod)'nam i c forc ,ts on the ful l y dtp loyed p,arech1it, ere f1&11c ·t i on, i:lt 
li f t ud draO cl!llff i c iu.h, These atrod)'namic cotffic inh for tech icanop)' 
typt vaq• witt:i 1110 1, of attack, Maich 1H1m'btr , tffitctivt porosit)' and 
parachut1 - •a11t rt lat i vt p,osit ion,. Th, 1,quat i o·n,s for the 1Para crnuh anflt 
of attack ar .t fundamental to a dynamic stabi li ty sim11 l at i on an,d art d1v,t !o

1
ptd 

f i rst. 

(24) Ano l t of Attack , by Sca l ar Product 

o =ICo, - 1(1L.fp / (RLVp) ~ 
=ICos - 1(R ;P ♦ Q~ ;,p + Rz ;P / RLVpll • L I , L I 

Ttit tanftnt ia 1 ,and norme 1 force cotff i cint, L1 r ,t c11b;c f1u1ctiou of 
l!l\0 1t of att .ack, with cvvt - fi t cotff ic: i tn t s dtp1ndt11t 11pon poros ,it), 
~ac., numbQr, end d istantt behind the s,,at. 

SC T = SC ,. + SC T o + SC T o 2 + SC T , 3 
' (,c, .• :0) 0 ,2 i,3 

(26) Norme 1 Ar ,ta Fon:e Coefficitnt 

scN = sc~
0
,o • scN.

02
,2 • scN,3o3 

(27) L ift F1.,rc1 Area 

SCL = ( SCNCo,so - SC r5 i no) F c: F d 

(28) Orao Fo,rct ,A,,a 

SC□ = ( SCNS i no + SC T Cos o ) F /d 

(29) Orao Foret Mao~ ltudt 

lti, ,drao farct ,in 01,1 tadh i1!lk is '&)'Shm :is rnm,u1 t td b) ,pr ,ohcit 1iD11 
lhrouOh !ht urth axis vtlocit~ dir,tct iofl ,co~int~. 

(310) V1 1oc i 1) Dir :1ct i 01 Co,ints 

I I 



F = St>V 2SC. x 0 - • • P . OJC P / VP 
• 

= -.SPVPSC□•p 

(Jn Ltlhral Or~o Forc1t 
., 

F~O = - .5PVPSC□;p 

( 33) Vtrt ;cal Ora~ Foret 

~zo = -.5PV,SCoi
9 

Ntxt, ·tht I ift forces art projected on the earth ax is system. 
(34 . L ift Foret Maonitude 

FL = ,.SnP 2f SC1_ ) 

Tli!t l ift compontnt s i n t he ear th a1<is s;-stem ere projac t ed th r ou4h e unit vutor dtvtlop,,d throuOh t ht raquir1em1nts the t the l ift vtctor is normel !o 1t
I
ht ~arachtdt vt l oc i ·t)' vutor 1aind li e,s in lht plant formtd b)' lht parachlltt v,1l10c i t)' v1tctor end t ht po~ition v,tclor from th, br idlt ,attach po i nt to tht p.arachuh untt,· cf Orav i t}', Tti,n, condit i ons dtltrm i nt tht direct ion of t t1• Ii ft ·frorct, .wh : 1,t tht s,1ns1t i s spite i f itd b)' tht s iOn of (SCL)• ~ 1ift stob l t paroch1d1 will b, characl 1tr i ztd b)' o po•sit i v,t (SCL) -s' opt :.-tr~us O, ,Cl car q •i fl,O no siOn ·wca11s,e of parach •uh symmetry. 

D,ve l opi •flf tht un i t vtctor normal to 'Ip i n th.t p l ant of IL end Ip throuoh !ht 1r i i) I t V,tc t or p,rod11ct, 

• - 'p X ,, X IL / f•p X 'p X •d 

't J, 11;, 

IP X IL • • 
llp >'p zp 

Rx 1_ R>'L Rz L I 
= • + , + k I , ·:up JI VG) I Ill.Ip 

I I 



ii 

Wh,tr t, 

• • 
up = >'pRz l - z,PR>'L 

VP : ;PR•L 
• 

- .,Rzl 

WP : : p:~>'L - ,>'. R 
P •L 

r ;. Jt 1c, 
I 

• • 
I ' X WP X IL =j •p >'p zp p 

up vp wp 

+ ' + k a = ; ,a~ J e8 y 1t ,z 

Whe re, 

• 
a1 : xpvp - >'pup 

e : 

(35) JowllYiHlft L i f 1t uni t Vector 

(36) Lattra l L; H Un i t 1/tc 't or 

m;, : e}' / a 

(J7) Ver t 1cal Lif t Uni t Vector 

m = a / 1 f l 

(38) Downranoe L ; H Force 

(J9) Lateral LiH Forc e 

F = Flm >'L ,, 

'(40) Vert ic e I Lift Force 

I I 
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APPEND IX II 

SEC: ION IV 

AEROOYNAHIC FORCES 

lh1 a1rod)namic cotfficionts of tho fiv, canopy typos a r 2 prtsinted 
in C:~v2s 303 thr □ l.lOh 312. Th..? tanoent i a l force and norma l force 
curvt- fi t co1fficitnts are tabulated in Tab lo XI. 

Tt,,, fol lowinO Tabla shows the re lat :onshi p betwun the netts on tht 
fraphs and the porosit i ts, 

TABLE X 

PARACHUTE POROSITY PARAMETERS 

POROSITY SOLID RIBBON 
CLOTH 

l .01 . 221 
I 

2 .008~ .100 

3 .0077 ,17 

4 .oo64 .14 

186 

I I 

• ,, 

t 
~ 
I 



I 

I 

i , 
I 

I 

~ 
I 

I 

' l ,, 

TABLE XI 
PARACHUTE PARAMETER ~TS 

Cana,,. C&H Poro1ity Cr/CD ~ SCT ( , . -0) SCT SCT 2 
l'l'v'M - er er i 

RibleH l .01 .71 1.co 1.495 3.~ 
OU.lde 2 

l t l l l surface 3 .525 I 

~ .87 
5 .oon .71 6.80 2.00 o. 
6 .0064. 

l 
6.70 .437 3.57 

7,(12) .0085 6.90 2.29 o. 
8 .01 1.00 1.495 3.65, 
9 l ' ~ 

7.~ 10 .91 15 .0 3.204 '~ 11 • Ql5 30.0 6.1•1 15.82 
Plat Clrc. l .01 ,71 1.w .b90 4.58 
Cloth 2 ! ~ l l l 3 .525 

~ .87 
5 .0077 .71 7.15 l.4'to o.o 
6 .0064 

l 
7.24 2-~· o.o 

I 7 ,(12) .0085 7.08 1. o.o 
8 .01 1.00 .69() 4.58 
9 l ~ ~ ~ 
10 .91 15.0 1.371 9.10 

1 It 11 • Q5 ~oO 2.745 18.20 
Flat Clrc. 1 .221 .71 1.w .1359 -14.41 
Ribbon a 

l ' I 3 .525 I a. .87 
5 .17 .71 

! 6 .14 

l 7 ,(12) .188 
8 .221 
9 ! ,r 1 ■ ' 
10 .91 15.0 .293 -30.9 

' 11 .<15 30.0 .586 -61.s I 

11:quitlo l .221 .71 7.w •. 327 -14.6 
2 

l 
~ I 3 .525 

4 ,87 
5 .17 .71 
6 . 14 

l 
! 

i 7,(12) .188 
I 8 .221 

9 

l 
1 I, 

,11 : 
I it 

10 .91 15.0 -.701 -31.4 
I I, 11 .95 30.0 -1.40'2 -62.6 I 

Hem11lI0 l .221 .71 1.w -.362 -16.18 ! 2 I ~ 
3 .525 
4 .87 

I 
5 .17 .71 

i 
6 .14 

l 
7 ,(12) .188 
8 .221 
9 l 

~ I, 

' 10 Y"" .91 15.0 ... 775 -34.6 I .~ 11 .95 30.0 -1. i;i; -69.2 
1- i 

187 (Page 188 11 blank) * Wake d.rag coefficient ratio 
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TABLBn 
PARACHIJTB PAr.AMB'l'IR El'FJX:TS 

T ( ,. -0) 

1.00 
SCT er 2 ~:---sc_T_cr~3---,t---sc-1_«_-t-_sc_B ....... 2-+---SC_N...::«1...3......i 

3.69 -7 .38 2.86 -0.054 -0,524 

l 
6.8o 
6.70 
6.90 
7.00 

l l 

+ 
15.0 

.o 
7. 

l 

15.0 
.o 

• 

• 

.293 
• 

o. 
3.57 
o. 
3.(,9 

7-~ 
15.82 

• 

l 
o.o 
o.o 
o.o 
4.58 
~ 

9.10 
18.20 

-1 . 

-1. 

15.0 -.701 -31.4 
o.o -1.~ -62,6 ~-mr----,.~~-.,.._-

1. ··~ 2 -1 .1 

15.0 •• 775 -34.6 
. o -1 . -6 .2 

-2.52 
-4.90 
-2.70 
.7.38 

-15~85 
.31.60 

• 

17,24 
• 0 
: l 

18.9 
7,8 
9,75 

20.85 
41.70 

i 
6.u 

_12.25 
-1. 2 

l .72 

4C.l 
80. 
2 • 

44.3 
88.6 

-0.ll6 
-0.232 
1. 

19.0 
.o 

-1.. l 

- . 

-4.41 
-8.84 

-1.121 
-2.25 
2 • 

4.01. 
8.08 

• • 

-2.80 
-5.62 
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APPENDIX II 

SECTION V

NON-AERODYNANIC FORCES

Ibe ndD>8ero4smMd.c fmrcei operating on tiw parachute are: 
the d^lograeBt rocket (or gon) vitb an iapulae/wel^t ratio of 
^pparaadaately 1.0 Ib-aec/lb; the deploaraent bag atrip-off force 
of ahoat 10.0 lb; line elaaticity throned a coobined Toung'a Nodulua 
and "cfiildding” constant of 7000.00 Ib/ft. These are all naalnal 
Tslnes which will change with the parachute c<»flguration.
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APPENDI X IJ 
SECTION VI 

BRIDLE EOUA fI ONS 
Tht par1ch11t, is ass11m1d to bt att ,achtd to tht aph ,of a bridlt -,, ;ich 

May b.t c0utn1ct1d of ou, tU10, thru or fo11r lillts which do tot s,pport comprnsio,. Th, tqut i ons for a 11111ltiplt l i,1 brid lt art d1v1 lop.1d 111Dd11.l .1rl)' 
so th11t U}' lllllftbtr of li11s is r1pr1s11lt1d IS Sil 1su111b 1ao, of si111pl1r bridlts. 
Eoch I ;•• of th1 br ;dlt is ltshd fa, ca111p,tssla1 .. d, if ca111p,,.s1a• •• ish, 
that I int is 1 ,1 i11illahd fro111 load carryiaf. Tht brid ,lt aptx posit io, is •diuttd la, lo,c1 vtcta, .. d ftDMtl ri c ca111potibil lt1 ■Ith Heh lint t i l11iut ioa 
1,11t i l a l l lillts are ill tlfl.sioll. 

1. fq11at io1 of th, plau lllhich con.taiu br idlt aHech poillh 
Four points ill iht Hitt plau with (11,y,z,) 11nk,o,w11 

Exp11d i no 

- [ 

193 
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!11 

i I 

Ill I I I I' 

I I. ' I • : 
. ·I 
Ill i , , ' 

A11 • Br + Cz + 0 = O. 

Cot1 = F . /1F
50 II X,

10 
,1mj., c: f IF 

~ :)sp so 
¢~,, C F /IF 
• z,,p IP 

'P, I I 

' i, Ilil 
, I 

1, 1 !~ ► I ~ II 1f. W. i , I ,f, if l 1• I 

3. L,1.,s,ttia, 1Cxi,Yi, ,z1) or for•ct ,applitd to brldlt apu 
1111th pl111 1af bdclli1 atlach pa,1h 

--, 
-,:-· 

(xa, "•• •a> 

llli, [i'II 

llili llil,l!1 

i<> 1 1 ii 1 I ~ 1 ii 

I 

I I 



I I 
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I , 

14Ml111 ... 1•11 

Ce J \a - • • = Riiaf t 

( b) >'a - ); : RiaCir 

Cc J l - z, = R;aC~f a 11 

Si ne, C1t •,)' •,z,) li ts in th,t p l ant of the brid l e attach ,111o i nts I I I r 

(d) Ax . + B>' • + Cz. + 0 = 0. ii I t 

To mak, th i'i equat i on a funct i ,011 of mnlt • i 

Divide (b) b)' Ca) 

>'a - >' i = Clir/Cor (,ca - k i) 

(,) >; =>'a+ CQf/Cair (.i - •a) 

Dividt Cc) b)' Cal 

z4 - Zj : C¥r/Cor (1ta - x;) 

( f) z ,i = z 11 + Ct f /Ca f ( x i - x a) 

S11 bs t i t1I t i 1l0 C, ) and ( f) ,i n t a ( d) f ,o r Co f 1- 0 

Ax i + B[ >'a + 1(CBr!C01rHx i - •al ] • C[ z
11 

+ (C't (/CofH• i - •,
11

JJ f D = 0,, 

[~ + B(CBrlCorl + C(Ctr!CorJJ•i + 8[~
11 

-(CB,1C01rJ.
1

J 
+ C[z 8 - (C,r!CorJ.

1
] + D = j, 

JI . = 
I 

BUCSr/Cor lxa - >'1) + C[ (Ct f /Cor ha - Za] - Q 

A+ B(CBr!Corl + C(C¥r!Corl 

-------------~--



! I 

>; = ~e • cca,,c,,1c.i - .• ) 
z; = z1 • (C( rlCa,l(. i - x

4
) 

~[ (iuo,101f h. - •111] • C[(Ct f /CSr h 1a - Za] - D >'i - • 

l(G,ftCBr) + B + C(ICI r1Clf) 

.i = ·~ • cr,,,c1,Jc~ 1 - t,J 

~[ CC1 ,11C,rlze - x1 J + 8[ (ICBf/Ct,rlz
4 

- Ya J - D 

A(Caf/Ctf) + B{CSf/Ctrl + C 

~i: Ye ♦ (ICSr/Cir) l(zi - z
1

a) 

T~, sit of tquat iots wit ~ tht larftst 
dirtct ;on cosint ;n tht dtno~i~ator is ~std. 

T1i11 ,att ac tii p,a i nh or t h11 fo,r I i II br- 1i d It ar t umbtrtd in 11 caunt,rc lockwist dirtct lon l, 2, 3, aid 4. 

I i 

I 
I I 

i 
) I 

l I 

I ' I 
I 

,. 

I , I 
I 

I I 
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I I 

4 

---

l ht 1.,, "" b, :d 1, ;, ,t,d•cod to• th, u 1 ;,,. 'b· i<! l t b) dttt,m:,; f 011 wn :ch ''ii r~, of I i nt 2,4 Iht f orc: t -,p lan, i nt •rsec: 1t i on »,oint 1 ;,,s. 

4, • 3 

~ 

1 
2 

21 

Direct ion cosines 
0 f • 24 

R24 = [ ( x 4 - ~2 + ( - ) )2 + :( l 4 _ l )2]1 /2 ><2.1 >'4 
2 2 

Co24 = (. 4 ><2) 1 R.24 

ca2◄ = ()4 ) 2) 1 ·R24 

Coard i nett·s of po i nt c 

R24 = 12; • 1.24 1R24 = ( l(' - .,.JCo24 + Ct i ->-.2JCl24 + Cz i - z2,ct2, ' 
•c - IC.2 + R2, ( Co24J 

}' C = >'2 + R2c CCR:24) 

z,c: = lz + Ric CCt2tJ 

ll.'91 

111 

I I 

I r 



II I 
I 

I h , 

Oirtct i oll cosi11n of lie 

Ric= [(lie • X • )2 ♦ ()' - y .)2 + (zc _ z.)2]112 I C I I 

Caic : (lie - • .) IR. 
I IC 

ca ic = (ye - >'· J I R. 
I IC 

c,ic - (z -z.)/R. - C I IC 

Tht semt proctdurt is ustd to dtttrmine coordinates of po int b eitd direction cosines of 1
1
b 

>'b = 12 ♦ R2b(Cl24l 

zb: z2 + R2b(C124l 

C,ca11b: (xb - ll1~ I Rib 

catb: (yb - >'1 1 / Rib 

Citb: (zb - 21) / Rlb 

D1t1rmin1 posit ion of forct-plau inhruct ion po i-nt 
rt l at i Vt t D I i Ill 2, 4 • 

IF 
11b • 1ic -
--- = +I, 

Rt bR i C 

I , 

I, I, 



I I 

I I 

I 

j I 

I , 

~lll!l,IIIIJlllllllfll 

l 

Poillh Gild 1 art on tht samt sid: of I int 2,4. 

IF : -1. 

Points i and 1 art on oppositt sidts of I int 2,4, 

5. Thrtt I int bridlt 
,, 

If points 1 and i art on tht semt sid11 of lint 2,4, the four 
I int br idlt btcomn a thru I iu brldlt ud 1ih attach points af 1, 2, 11d ◄• 
For points 1 atd i Oft oppositt sidts of litt 2,4, tht thrtt lint bridle attach points art 2, 3, and 4, 

Tu dtvtlop tht 1quet ions for a thrtt I int br idlt, paiats t, 2, aid 4 
wi ll bt ustd, but tht dtvtfopm111t holds for tht othtr cast. 

4 

/ 

, 111 I 

''Ill ill i I 

' I 



I I 
I 

Each bridli lillt is chtclttd to su if i t is in compr,ssion, 
Wh11L tht first lillt ill comprnsiort is found, a two lint bridlt usillf tht othtr twa I i llts is CDllSidtrtd, 

Far tht bridlt lillt attachtd at point t, 

IF 
11m • 1id 

R111Rid 
= 1 - . 

This I in.t is slack an.d a two I int br idlt attachtd at points 2nd 4 ls i nvnt. ifaltd. 

IF 
11111 • 1id 

R1,.Ri.d 

lh1 lint at!echtd at point 
poi,t 2 is thtll chtcktd, 

is in t•n~ion and tht lint attachtd et 
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I I I I 1,1 111110 , 

fhtst dot products art comp~ted tht samt as thost in the chtck with I int 2,4, 

Chtc~ inf I int attachtd at point 2, 

IF = 1 - . 
This l int is slack and a two lint bridlt attachtd at poillts 4 a,d 1 is i nvnt ifahd, 

IF - +I. 

Th, I int attachtd at point 2 is in tension end tht I int athchtd at point 4 is thin chtcktd, 

Chtckinf th, lint attechtd at point 4, 

IF 
140 • Ii f 

R40R if 
= I - . 

This I in, is slack and a two I iu br idlt ethchtd at points I lllld 2 i s inv,st ifettd, 

IF 

A11 tht brid!t lints art in ttns i on and the force application paint is tht orfi,ia l bridlt apex location, 
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I 

, , 
I ' 

1 1 

I 

1 I Ip 

I'' I I I I' I 

6, TIIIO lilll l,,;dtt 

A t lldJ I i 1tl br id It is It ft whn o l\t of t ht I i 1\15 of t ht t hr tt I i l\t 
br i d11 btcoan slack, Tht fo l lowino dtvtlopmut wi 11 ust poinh 1 ud 2 
for attach peinh but is valid r tfard l tss of tht nu111b1rs of tht attach points. 

A 1'1111 ex is syshm is d1f intd as fa I lows. 

io = •u I R1lll 

J o :: 12a X I u, 1 112a X 11 al 
L ' X ' 1111 0 : 1 D J 0 

2 

Th, dirtet ion cosln,s of 1118 and th1 coardinatu of II art fo11nd es 
~fort: i.1. by projtct ino tht know, victor 118 01l tht known victor 
112 by tht scalar product. 

I 

I 
I I 

I I 

I I 

, I 

I ' I 

,I 

I 

I 

I I 
I 
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II Ill 

1 ff 

l 
Ill II 11111111

11i II' 'l!J 1 11! I 111 !I I II • !II I ·I J-liil~ 111111111 Ii I 1, 11 HI + 1111 ill! t,I I #I » IH 11111111111 ii i II I Ill Iii j,ti • I• ' I'~ .. I ..... ,, 

Thtrt fort 

k0 = i0 X J0 • howtvtr it wi 11 not bt nudtd 

(
io) rCo5 f) -Sin f) Ol(i') 
i O = / S i n f) Co 5 0 1 j j f 
k0 • 0 0 1 kf 

• 

I 
Ii 



Tht twa lilll bridle rotates throufh tht 1snflt O unt; 1 it and tht 
fore, aop1i1d et the eptx lit in tht sa1111 p lan,. 
Thtrtfort 

T~n I: F1 / F. 
4 0 

1
0 

P - • F + ' F + k F - 's • 's ) s z 

Nfu normal vector or itllht Ion 

. ,1ta = Rtta I f c: Rile ( i O Cos t> + JO Si 11 0) 

:: Rn, Cos 1 (011 is + D21;s + D31ks) + R,1.11 Sin c, (012is + 022js + D32ks) 

l 'tt1 lltua locat ioll of tht brid l t apo (xr, Yr, zrl thtn btcoNs 

•r = x1 + R11,(011 Cos O + 012 Sin 0) 
~f ~ Yn ~ R•~'D21 Cos O + 022 Sin 0) 
zr =Zn* R,,(031 Cose+ 032 Sin 0) 

. ~ 

T~, n11w bridlt aptx is tht forct application point if both lints 
of tht bridlt art in tension. A chtck must bt med, to dtttrmint if ol\t 
af tt,, lints is slack. Tht bridlt aptx hn dropptd nch that P pann 
thra~fh liu 1,2. Ir it inttructs bttwun points land 2 thtn both I inn 
art ill ttnsian. This llQw inttruct ion (xin• Yin• Zin) is now dtttrmiud. 

I 11 

• I 



' ' I f l I 
111 I 

" 

I 
I I 

I 

. I 

l 
I 

•• = is(llt - X•) + j ("f - "·) + k Czr - z,) lflf ' lfl s I '•fl s lfl 

So Iv i no for x j fl, )' j fl, 2 j fl 
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I! 

I , 

1(3) / (i] 

(el Zf - Zjll: cif1C,rrC11r - llin) 

t,,l 1 (4) 

C•J )2 - ) in = C8121C012(•2 - 11 inl 

(g) / ,(4) 

fto} 12 - Zin: c•121C012( 11 2 - 11 in) 

lhtr• fort 

,, f Clr/CorC•in - •rl: )2 ♦ ca12/Co12Cx;n - •2l , 

l(Cl,,1Car - cal2/Co12) •1n: )2 - )r ♦ CSrlCor Xf - Cl12'Co12 •2 

fa, A= (Cir/Ca,) Co 12 - Cl12 i 0 

- 1, = [()2 - )f + Cir/Car •tl Ca12 - CS 12 x2l / A 
lit: Yf l Clr/Cor (xin - xrJ 
i;, = , , + ci,,c., c.ln - •rl 

Tht thrtt 1q,at Ions abovt art ustd U&htn Car> Cir and Cir 

For Cir> Caf and Ct, tht follominf tquatioas dtrivtd in the ,~m• 111enn1r art ustd. 

For h = (Ca1/Clrl CB12 - Co 12 i 0 

>'in: [(x2 - •r + cca,,ca,) )f) ca12 - Col2 '2] / A 

•;,: •r + ca,,ca, (yin - ,,J 

t;,: Zf ♦ Ctr/CSf ()in - )f) 

I 

Ii 

Iii 



I 

• 

' 1 

I 

• 

I I 

', I 
I .I~ Ii I ill, 1! I i'H 1•11, t 1> 

A= CCorlCt rl Ct 12 - Co 12 t 0 

zin = ((. 2 - •r • Cor /Ctr zrl Ct 12 - Co 12 z2 ]/ b 

•in= •r • Co r!Ct r Cz;n - zrl 

Yin = )f + Cir/Ctf (zin - Zf) 

~i th tht coord i 111h af poi11t i, kna1n, lt i n is kna111n. 

Ir 11i , • 11 < 0, tht l i u ettachtd at po i nt 2 
is slack anJ tht 1orct applicat i on point l s th111 p!l i .,.t l, 

If 11i11 • 112 ~ O 111d Rtin > R12• 
tht I i nt attached et point l i s 'Sieck ud lht far-ct app l ic at ia1 pai1t ls th11 
paint 2, 

If 11i11. 112 ~ 0 llld Rl i ll ~ Rl2' 
bath br idlt l ii11n art in hu in u ,d tht farce applic,atio11 pait1.t i s 
tt:11 ntw br id It ep11 locet io11. 
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APPEtCllX I I I 

SECTI~ I 

GEtlRAL 

The seat 1q11t ia1s of 110t ia111d the airplau 1q11tio1s art rtftr11c14 ta iurti11 space 11d, 1:2u1quat l), rtfrtsnt taa ca11pl1t1I) 1i1d1,1,u1t ,nttas ••• catap1lt aid rai I i111ts •r- ul ltd. h this sact ia1 the •cant iau far th1 rai I farc1s 11d •••h 01 1ht H,1t 114 r11ct iau "' th1 airplau art dtvalaped, caaplet i1f the tsca,, snt •• aulyt ical dtscri,tia1. 
Stat rail 111st ici) 11d ca1tact frictia, thratfh slidars ar ralltrs art ca1sid1r1d ta bt th1 a,1, rail p1r1•t1rs liui1f ~h1 s11t 1td 1ir,1au. Elastic farces art tr11s■ itt1d ta tht s11t ca11p1t1tiaull) thra1fh 1 st iffuss •trix rt lat i1f th, farct at 1ach dtsif1 ca1t1ct ta th1 tr11sl1t ia1 af the ca,tact fro■ a rail. The trft1sl1tia1 is ca.,,t,d b) i1ttfr1tia, tha ,tat aid aircraft difftr11t ial 1q11t ia1s i1dtptid11tl), tr11sfar■ ilf th1 rts1!t i1f iurt ial space posit ,ou ta tht rai I axis snt1■ 11d 1ttra1t ilf th, displact•1ts ta stat dtfar•tiou. lht frictia1 farcts ,1r1lltl ta a rail art pr1s1•d ta bt prapart ia11I ta th1 111st ic rtstari1f fart1 CG1fau1ts aar• I to t h1 ra i Is. The far en aid assoc iattd •••ts fro• tach ca,tact ,aiat art proittttd back 01 t he stat aid aircraft 1111 ta CD11fltt1 tht i1t1ract ia, c)Clt. 

l1vari1u1 of th1 stat rail stiffuss •tria 1l1•1ts is 1ss1r1• -hyp~thtsizi1f I rifid 1irpf1u rail 11d I fl1xibl1 s11t rail. 
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FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 

FT 
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SECT [ON I I 

SYri30LS 

Oawnranft tarth axis pos it ion of stat 

Lattral tarth a•is posit ion af stat 

Vut ica l tarth ax is posit io11 af sta t 

Oa111r111ft tarth ax is posit ia11 af eir~la11 

Vtrt ice I terth axis pos it io1\ of airp la1t 

Axial stat axis campa1lnt of it h slidtr -black 

Littrel stat ex is COM~o11t11t of ith slidtr-block 

Vtrt ice I stet exis cOMpa1t1t of i
th slidtr-block 

Axial airpl11\t axis compa11t11t af batto• of , th rail 

lattrel 1lrpla11 axis co111po1111t of bat ta• of , th rai I 

Vtrt ical airpla1t axis co111pa1111t of bat ta• of , th rail 

Ra i I ax is vtrt ice I pas it io1 of lo111r , I icltr black 
far ucltfltcttcl rail,. 

Axial rai l axis ca111pa11t1lt of ith slicltr-black 

lettra l ra i I uis co111po1lt11t af ; l h sl·icltr -black 
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s ) 
sz 

Aea 

An 

DIC 

Des 

ccs 

AF. 
C 

AF )c 

FT Vertica l rai I axis co111poullt of ;l h sl idtr-blaclt 
LB/FT Ax ie I ra i I st i Huss 

LB/FT Lateral rai I tt iffllts; 

LB/FT Vertica l rail stiffntss 

NON-01'1 Direct in casiu matrix rt let itf A/P to Hrth 

NON-DIM Oirtct ioll casi11 1111trix rt let illf stat ta 11rth 

NON-01'1 Oirtction cosiu matrix rtleti11f ra i ls ta A/P 

NON-DIM Direct iall cos int 1111tr ix rt lat itf sut ta dtfar•d rei Is 

NON-Oi'1 Direct iall cosiu matrix re let itf Hat to 111d1far•d rails 

LB Axial farce ca11pau11t ot rail d11 ta 011 slfder black 

LB Lettre I force ca111po1111lt 011 re i I du ta 011 s I ldtr block 

LB Vert ice I forct co111po111lt 011 rai I d111 ta 011 st Ider black 

LB 

LB 

LB 

LB 

Axial stat axis force co111p0,111t Oil stet d11 ta I slider black 

Let ,re I Hat ax is for ct ca111pn1it Oil Hit dH ta I s I ider bloclt 

Vertical ~••t axis farct ca111pa,111t 011 stet d•• ta I slider block 

Axial 11/p axis fare~ co111p0111t 01 1/p d11 ta a slider black 
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6f Y1 

4Fz 
I 

611 1» 

6y,b 

6z1b 

6f' • . 
I 

'",, 
'"z I 

'"• I 
6f'Ya 

a,, 
I 

'"· f 

'"· If 
4f') 

If 

LB 

LB 

LB 

LB 

LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

FT-LB 

Lahral 1/p ax i s fcrct CDntpOlllllt Oil a/p du ta a s l idtr block 

Vert ice I 11/p ex is farce compollu t Oil a/p du to a s I ider block 

Axial a/p axis t ompallellt of a sl id1r b l ock 

lattral a/p ax i s co~polltllt of a s ti dtr b l ock 

Vtrtical e/p axis co•pallut of a slidtr block 

Roi I illf mament 011 stet d1at to a sl idtr block 

Pitchillf 111011111\t 011 stet du to 11 sl idtr block 

Ya11i llf IIG•1lt u stat du to 11 s I idtr b I ock 

Roi I i11f momeat an 11irplne du ta a sl idtr block 

Pitchiaf 110111,t 011irpla11 du ta I s ! idtr block 

Y111i11.f IIGlll1lt 0111irpl11lt du ta I slidtr lack 

Ro 11 i 1lf 1110111,t c011po1ll1lt i I r1 i I ax is s)sh• 
req1ired to de far• rai Is 

Pitchiaf ••Ill ca111pau1lt it rai I ax is sysh• 
req1irtd to dtt'ar• rails 

Y1111i1f 110111,t c0111pa1tllt it rai I a.ls systta 
rtq,irtd ta dtfar• rai Is 

Ro I I i tf fflOlltllt n Hit fra111 re i I cit far•t i a, 

Pitchillf 110111t11t 011 Hit frani rei i cl1for•tla1 

Y111 i 11f 111G111t1lt a, Hit from ra i I de far1111t iat 
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l. 

Ar Fl-LB Ra 11 i 11.f 111amtnt 01\ A/P from re i I dt far ma t i a ll •• f 
Ar) FT -LB Pitchitf mam,nt Dl\ A/P from rail dtformat iaft •• 
A1z FT-LB Yawinf momtl\t on A/P from rni I dtformnt ion ., 
UP NON-DIM + 1 for upward, - 1 for daw11ward tJtct i o11 

Sf NON-DIH S1 i dtr block fr ict iol\ C"' tffic i111t 

G. FT-LB/RAD Ra i 1 rifidity 1b011t uinl rail uis 

G>' FT -LB/RAO Ra i 1 rifidity about lahral rai I ax is 

62 FT -LB/RAO Ra i 1 rifidity abo11t vtrt ical rail axis 
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APPENO IX I I I 

SECTION IJI 

SEAT -RAIL -AIRPUNE INTERACTION EQUATIONS 

RAIL 

FIOURI 313 SFAT-RAIL-AIHPLAJIE-F.ARTH ~IDMETRY 

The fallawiaf 1q,1t ia,, r1pr1s1,t tht ca,trib,t ia, of each i1divid,1t ,1 i4tr-black, 

(1) Y1ctar fro• Botto111 of Rei I to S1 ider-black 

1,br = 1,, + 1,b - 1,a - 1ar
0 

(2) Direct ia~ Casi 11, Re tat i1f A/P to Earth 
. 
'e 'a 
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J 

(3) Direct ia, Casi11s Re lat i10 S.at ta Earth 

. , . 
•• , 's 

(4) Direct iall Casi us R11at irt.O Re i I ta A/P 

. 
'a 

(5) Viet ar fra• Earth ta S.at C.G. 

•ts = i,., + • + k ,,Ys •'s 

(6) Vect ar fra• Earth ta A/P C.G. 

• ... = i,•a + • ♦ k 
'•Ya 111 

(7] Vtctar fra• S.at C.G. ta S1 idtr-black 

1sb = i,61 ,b + J,61,b + k,61,b 

(8) V1ctar fra• A/P C.G. ta Batta111 af Rei I 
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(9) S.at Pasitia, Relative ta Alrcraft ill Rail Axis Syst,11 

R1, - R11 : (A1101elTCR1, - R11 l 
C e 

(10) R,b i1 Rail A11s 

R,b : (A,aDaclTA11R, b 
C 

: Oc,R,h 

( 11 l Rar i • Ra i I Aus 
a 

Rlr : Ole T R,r 
De D 

(12) Expa,1ia1 af Eq,at ia, (1) 

R,b = (A11DaelT(R1, - R,a + A11R,b) - 0
1

cTRar r D 

A,,b z1 - za Az,b zar r D 

(13) Farce Ca111Patt1h R1q,lr1d ta O.r11ct Rtils it Rall Ails Systt• 

AP e : j e AF. ♦ J e AF" ♦ k C AF z 
C 1 C C 

6Fl = s.A.,b e r 

6F Ye : Sy6Y1 br 

AF, : S1 (6,,b - z,b ) • far stat btlaw 1ar•I rest itf pl1e1 c r rut 
AF1 : O., far niavillf Hit 

C 



(14) Frict ia, Farc1 

4F : -8f: UP C4F 2 + 4F 2) 1/2 Zc xc Ye 

(15) Farc1 Compaa1ats oa Stat i, Stat Axis Systt• 

6, - i5 6Fx + J5 4Fy + k
5

6F
1 

s -
s s s 

6Fx 6Fx s C 

6F y = -Des T 
6FYc s 

6Fz 4Fz s C 

(16) Farct Ca11paa1ats aa A/Pit A/P Axis Systt• 

6Fa = i1 4Fx + J8 AF~ + k
1

AF
1 a 'a I 

6F. AF. a C 

AFYa = 01, AF,c 

6Fz L6F1c 

(17) S1 idtr Black Pta1111at Ar• :~ A/P Axis S1st1• 

Rab= 01,R,b + Ra, 
a 

6xab 6x,b •ar 
D 

6yab :: o,c Ay,b + Yar 
D 

4z,b Az,b z,, 
a 

C J8J No .. ,t Co-,aatats a, Stat fro• S1 ldtr Black React la, 
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(19) "°••t Caapcll,h a, Airp l1111 fro11 S1 idtr Block Rtact ia, 
4t1 : 11b X 4P1 : i1A,. + j1A,>' + k

1
A,

1 I I I 
(20) Oirtct ia, Casints Rt lat inf Stat ta Undtfor1111d Ra i ls 

l&c : cc, ll, 
k&c k

1 

(21) Oir1ct ·a, Casi 1s Rt lat iaf O.far1111d Rai Is ta U1d1farM1d Rails . 
'c i&c . 

: Ace J &c 'c 

kc k&c 

lliltr I 

All A12 A13 
Ace - CA,,O,cJT A,, Cc,T: A2l A22 A23 

A31 A32 A33 
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' 

ABC : Si,-l(-N3l) 

6ic le,-t(A21IA11l 

(23) Na .. ,t Ca11pau,ts i1 Rail Axis Snt~• Req1Jr1d t~ 0.far■ Rei Is 

6,·. 
Sf 

6f'" 
'Sf 

6, .. .. ,, 
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APPENDIX IV 

SECTION I 

GENERAL 

OiH1rntial 1q1111tions are prtunhd in this section dncrib i llf tht 
thrnt avai lablt fro111 catap1A l h ud rockth, lht thrnh a,d rtnlt illf 
aa1111ah art traufor1111d to a sut axis S)'shm U:ro1Afh thrnt - to-uat dirtct ioll 
cosillt ••trices and c1tap1Alt react ions 1r1 simi larl)' transformed ta the airplane 
11 is l)Shlll, 

The 1q11tins accaut f c; r the lhrnt variatiau 1a1ith propellant b1&rll 
rah, illhr1111I prnnrt, piston friction, hut IH s ud frail\ f101111tr), 

Th1 dat I lstd i "· t h1 1qllt i au 1111rt abt a i n1d fro• Re f1r1nc1 6, 7, and 8, 
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dl/dt 

b 

p, 

' 
I\ 

C • 

' 
C 

L, 
' 

R 

T. 

' 

A 

t 

APPENDIX IV 

SECTION II 

SYMBOLS 

IN/SEC B,rn rah of prop, I lallt et t i•J 

IN/SEC/(LB/ IN2Jn B,r n rat, pr apart ia111 Ii t) cout ■ ,t 

LB/IN
2 

. Prnnr1 Dll ~ istaa beu 

Nan-dim B,r 1\ rah upaH,t a f b,r 1l rah pa•r lltt'. 

SWG 

SWG 

IN 

1/IN 

l/lN2 

l/lN3 

FT-LB/MOLE °K 

MOLES 

JN3 

IN2 

Mua a f prap1 I l11t b11r11d 1t t i•J 

Mu• D f tat I I prop, 11 Ht 

Ltllfth ar propel 11,t b1rud et ti .. ; 

Catfficitttts af tht propel la,t fraia c1\ic 
farm h ct iaa 

U1iv1rs11 fas ca,st11t 

Ma l tcil,.tr 11t ifht af prap1ll11t 

11liti1I frtt volu1t 1v1 i l1bh~ tat~• prap1ll11t 
fasts 

Pista, 1r11 
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., 

I IN 
Oistallct pistoll has travtltd Pai LB/IN1 
Boosttr pr1111&rt Fe LB 
Foret tr1,s11 i tt1d to sut 

- 1 L8/LB/FT2 
Frictioll proportiolla t ity cauta,t ,, *••· lack) L8/IN2 
Prtss1&rt act,at i•f t ht t 1,f 11h i ch I 11 DIIS tht p i S t D l t O IIICJ Vt D 

Un I • 
• 0-0IN 

Oirtct ia, cosi,ts rt let illf stat ta c1t1p,1t 
• 

~' 
D 

11,c 
• 

l 
• ~-DIN 

Oirtct ia, casi,ti rt lat illf cat1p,1t ta 1irpla11 

. , 
• 
D 
331C 

F LB 
Stat 1.x ial farct frcni c1t1p1&lt 

1 cs 
f LB 

Stat lat era I faru fro• cat ap, It 

Yu 
F LB 

Stat vtrt ice I farce fr011 c1tap1& It 

1cs , 
FT-LB 

Stat r a 11 i llf IIOllltlt fro• cat 1p, 1 t 

•c, , 
FT-LB 

Stat pitchi1f 11t0•1t fro• cat •P• t t 

,c, 

. 
, 

FT-LB 
S.,t )l•i If IIOlltlt fro■ c1tap,1t 

1cs 
F LB 

A i r p I I H 1 • i I I far c I fr a III c It IP, I t 

•c, 



• 

LB 

LB 

FT-LB 

FT-LB 

Fl-LB 

FT 

FT 

FT 

FT 

FT 

FT 

NON-DIM 

°K1lvi1t 

CAL/SWO °K 

swo 

Airpla111 l1t1r1 I forct fro■ cat1p,1t 

Airplal\t vtrt ical forct fro ■ catap,lt 

A i r p I I.. r O I I i 1lf 111D 111111 t fr O Ill CI t IP, 1 t 

Airpl1111 pitchi11f IIOllltllt fro• c1tep,1t 

Axial seat axis coordi111t1 of catap,lt ta 
stat attic~ poi11t 

L1t1ral s11t axis coordi11t1 of c1t1p,lt to 
seat at i ach pol11t 

Vertical seat axis coordi11t1 of c1t1p1lt 
to seat attach poi1t 

Axial 1irpl111 axis coordi11t1 of c1t1p,1t 
to 1irp11,1 att,ch poillt 

Lattr~I 1irpl11\1 axis coardi11t1 of catap1lt 
to 1irpl1111 attach poi11t 

Ytrt ical 1irpl111 axis caordi111t1 of c1t1p,1t 
to 1irpl1111 attach poi11t 

Hut lass cauta11t 

Boaster praptl 11111 1111s 
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~-DIM 

IN/SEC 

SLUGS 

Ratio of sptcific htats 

Pistn spud 

E;1chd 111ass 
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"PPENO IX IV 

SECTION III 

CATAPULT FORCES ANO MOMENTS ON THE SEAT 

Tht thrust ava l lablt from I cartr idft 1ctu1ttd dtvict •ith a specified 
frail\ col\ fi f,rat ioll al\d chtmical c0111,;,osit iol\ is pr i1111r i I) a fu.ct ia, of the 
propel ltllt bur, rah Ulhich dtptl\ds upo, tht inttrul pr1ss,r1 lllhich, 11 t1r1, 
var its with tht frtt volu111 chtllfts. Tht frtt vol,., 1v1il1bl1 to the 
txpal\d 1nf fasts is soltl) 1 fu,ct io, of tht stat-c)I i1d1r r1lativ1 posit ia1 
llilich is co■puttd b:r i,ttfrat illf tht stBt-rai I diff1r11t ial 1q11t ia,,. The 
stat-rai I acctltrat io,s ■rt for111ul1t,d ill App11dicts I 11d III, th1r1far1, 
Dll l) tht blrl\ ratt difftrtnt ial tquat io, a,d 1ssoci1t1d pr1ss,r1-force 
rt lat iouh ip art nudtd to c0111p Ith tht s:rstt111 dncr ipt ia,. 

Tht fol lowillf 1qu1t ia,s wert txtracttd fro• R1f1r11c1 6 . 



: o . . C • > C 

' 
(2) Prap111a,t 811r,1d at Timt t, 

' 
c J : Ca 1 L J + a2L / + e3L /J c , c J ~ c 

: C 

CJ) S&>ec1 Avireft Gas T1rap1ret11r1 

TJ : (1 - k3l T" - .5(1 ♦ kl) c:)2111 / Ccv (cJ ♦ ca)) 

(4) Pr1ss1r1 et Ti• tJ 

PJ = (R/H) Tl Cc; + c
0

) / (V
0 

+ AM) 

Ca= Pavo/ ((R/H) TV (1 - k3) ) 

Cy= R / ("Ci - 1) l 

(5) FrJrtt Treumithd ta tht Stet 

: o. ' PJ < P(te11f lack) 

The c1t1p,1t force is eppl itd ta the stet et I pai,t off the stet c1,ttr 
a f frev it y, rtsu It i llf i I\ fflDllltl\t co111p01111lh as 111111 as farct CDlllfDltlh, Tht • 
caapaH,t 11is trauformatia11 is accamplishtd thro1fh tht dir1ctia11 ca,ius 
11pr1,s1d by tht 1111it vectors--

I 
22a I 

-~---' 



• 

. 0 0 0 . 
'c llcs 12cs 13cs 's . 0 0 0 Js ic = 

21cs 22cs 23cs 

It C 0 
31cs 

0 
32cs 

0 
33cs Its 

i ht catap'lllt forct victor is para I ltl ta tht rai I 11d, far hcad .. rd 
1j1ctioll, ill tht HOativt rail Z-dirtctioll, 

pc = -Fckc 

ProJtct illf this farct Oil tht stat axis sysh111 rn,tts i1 tht thrtt farct 
comp a l\t llh , 

-FC031 
cs 

F = Ft' is = 1 cs 

-FC032 
cs 

F = 'c•Js = Yes 

Fz .: Pc.ks = -FcD33 
cs cs 

Vith thtst forct campal\tllts 11\d kilo•" ma11111t ar11s, tht sh1d1rd victor 
product is used ta comp'lltt 11011111\ts, Rlcapitul.atillg belov, 

(6) Stat Ax i a I Foret fro111 t ht Catep, It 

F : -0 F 
•cs 31cs c 

(7) Stat Sidt Foret fro111 th1 Cat1p,1t 

F = -0 F 
Yes 32cs c 
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(8) Stat Na, .. , Foret from tht Catap, l t 

F 'cs = -D33c/ c 

(9) S.at Ralli1f Ha11t,t from tht Catapu l t 

'• = 6yc,F7 - !zc,F~ cs ·cs 'cs 
(10) Stat Pitchillf Ho.,,t from tht Catap11lt 

'Y = 6zc,Fx - !•csFz cs cs c~ 
(11) Stat Ya■ itf Na1111at fro111 th, Catap\llt 

TABmm 
CA!APUL! !lllll)DflWIIC <X>ETAll!S 

'• • 2653.00 

.. • .0316 

D • .44 

C • .0053 

• • 1.08 X 106 

N • 25.47 

'o • 5.S· 

A • 5.9 

~ • .05 

'-2 • 1.30.0 

~ • i,oo.o 

CT • .231 z w6 

~ • .()CJ 

~ • .3 
co • .5 X 10·5 
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APPENllX IY 

SECTION IV 

CAT APll T FORCES ANO t01ENTS ON H£ AIRPl.Atl 

The k•o•• c1t1p,1t force r11ct iaa projected a, the 1irpl1u 11i1 1yst1• 
is co111p1t1d ill the sau •Y 1s the stat c1lc1lat iaa, thra,fh the 1irpi1u ta 
rai I rtlat iouhip, 

.., r . [j 0 0 . 
'1 l lac l2ac llac 'c 
. 0 0 0 ic ,, : 

2lac 22ac 231c 
l· 0 0 0 kc I 311c 32ac 331c 

r1s1lt i•f ill, 

(12) Airplau Axial Foret from th1 Catap,lt 

F : -F 0 
•ca c llac 

(13) Airpl111 Sidi Foret fro• the C1t1p1lt 

F : -FC023 Yea IC 

(14) Airplau Nar11111I Foret fr0111 th1 Cat1p1lt 

F = -FcD33 Zea IC 

C 15) Airp 111\1 Ra 11 i11f Mo••t fro• th1 C1t1p,1t 

,, :y F -z F 
•ca 1r 1ea 1r Yea D 0 

C 16) Airpl1111 Pitchi11f MalNllt fraM th1 Cat1p,1t 

, : z F - x F Yea 1, •ca •r Zea D a 
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(17) Airpt111 Ye•i•f t1o .. ,t fro• tht C1t1p,1t 

• 
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f .PP111DIX IV 

~01' V 

SUSTAIIIR 1l>Cllr ft>Ja:S AlfD IDCllft'S <If !RB SEAT 

Except tor the vol,ae change equ&tiona and a te1t for acaic fl.CM at 
the throat, the rocket torce can be expruae4 bT a 1et ot equationa 
anal.ogoua to thole tor the catapllt in Sectim IV ot th1a appendix. 
nirtng tbe burning ot the propellant grain, a variatim ot tbe area OD 

vbich the preaaure operates 1a g1 wm by an equation Which 1a ot the ._. 
to:na u the blarn rate law, equation ( l). i'be energ beJ IDCe equation ( 3) 
and pressure equation (4), along With Piobvt'a tona tactor (equaUoa (2)] 
are identical to the catapilt equaU. ona vbln tbe platen traftl. tau, 
x and i, are set to aero. With tbue 110d1t1cat1oaa, the rocket and 
catapilt equationa are interchangeable. fte tull detaila ot tbe rocat 
equationa are given in Part I, Vol,ae 3 . 
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APPIRDIX IV 

SICTIOI VI 

PARACHUTI !Jr.rI<lf K>RTAR R!ACTI011 Olf THI SEAT 

When an ejection 110rtar ii uaed inate&d ot a rocket to deploy 

the paracbu~, a reaction on the seat reault1, wit h reaction torce 

ud 11011ent ttq.U&tiona identi al in torm to thoae ot Section III c,t 

thia appendix. Tbe agnitude of the mortar reaction 1 ■ a par1119ter, 

given in Appendix II, Section V - with a aign reversal on tbe force 

aeue. 
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