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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, Wright-Patterson
Alr Force Base, Ohio. Mr. B. J. White (FDFR) was the Air Force Project
Engineer. Mr. W. K. Hawkins was the project engineer for LTV Aerospece
Corporation.

This report covers work conducted during the period April 1969 to
January 1970. It was submitted by the suthors in January 1970.

The authors wish to express their gratitude to the following LTV
Aerodynemics 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 simulction; Eddie Smart,
for his description of seat tip-off and contributions to the development
of the bridle equations.

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

Part I
Volume 1 - VIOL Aircraft Equations and Failure Mode Analysis
Voiume 2 - Escape System Parsmeters Aralysis
Volume 3 - Computer Progrem User's Manual for VIOL Escape
System Simulation
Part II
Volume 1 - Escape Seat Systems Concept Analysis
Volume 2 - Escape Seat Subsystems and Detail Drawings
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ABSTRACT

Ejection seat system differential equations are derived which describe
the system trajectories from escape initiation to crew recovery. The
equations are solved by digitsl computer through a mmerical integration
algorithm, and time history plots are presented for preliminary design
information. Trajectory dynamics are computed for the seat as it is
catapulted along a set of flexible rails constrained to translatewith the
aircraft. The impetus 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 man are computed throughout the time history, demonstrating the
effects of parachute projection, snatch forces, and opening shocks as well

as catapult and sustainer rocket forces. A comparative analysis of catapult

and sustainer rocket techmiques is included.
(This document is subject to special export controls and each
transmittal to foreign govermments or foreign nationals may be made

only with prior approval of the AF Flight Dynamics Laboratory (FDFR),
Wright-Patterson AFB, Ohio)
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SECTION II
BACKGROUND

Accomplishing the primary objective of designing a complete VIOL
escape seat system analytically, without recourse to physical experimentation,
is possible under the following conditions:

o Adequate test data already exist or are derivable through
interpolation or rational extrapolation. If sufficient experimental
data are obtained for each component of the system, the individual
elements can be mathematically linked to form a complete system
which can be made optimum through simulation experimentatior in
which the component characteristics are varied parametrically.

For all the components analyzed in the subject escape system,
voluminous data were available frem the listed references, mostly
from References 3, 4, and 9. These data were analyzed mmerically
and transformed to a format compatible with computer analysis and are
included in this volume in the appeadices.

© Enough computer capacity is available to contain the progrem and
data needed to simulate a sequence of events as complex as a
crew escape maneuver. For example, to investigate all conceivable
emergencies occurring in the crew recovery envelope of Figure 1
an airplane simulation must be mechanized that will portray
complete 6 degree-of-freedom inputs to the escape seat subsystem
from hovering to superaonic flight. A full explanation is included
in Part I, Volume 1. The 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 sufficient 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 geometric constraints on the seat-rail-asirplane
system as the airplane translates and rotates in inertial space
while the seat moves along the rails. For crew recovery and
seat-man retardation and stabilization, parachute equations must be
developed in enough detail to clarify seat-man-parachute interaction
effects as system parameters are changed. The equations of
Appendix IT are for any parachute moving in three dimensional
inertial space under the influence of lift-drag forces, deployment
and spreading gun forces, pilot chute forces, seat/man-to-canopy
suspension line flexure and gravitational force. Rocket-catapult
equations are needed that reveal realistic responses to system
changes, such as seat weight or propellant charge variation.
The rocket-catapult equations of Appendix IV account for thrust
variations with propellant burn rate, internal pressure, piston
friction, heat loss and grain geometry. These variables are, in
turn, affected by external changes - such as seat weight variations
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 burn rate, etec.
Finally, six degree-of-freedom equations for the seat-man combina-
tion and man-alone are needed to assess the crew survival and
injury potential when system compoments - such as catapult















































































































































































































































































































































































give the required stroke distance of 36 inches. The use of two rockets would
pemitmingsborterovemurochetssinceenchwuldhaveonlycmhﬂ:ot
the total propellant volume; however, because two rockets would be used, the
inert parts of the two rockets combined would weight approximstely 15§ more
than 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 because two rocket motors would have to
receive a signal instead of one. The seat would receive a traaslation force

if one rocket fired at a different time or generated & different amount of thrust.
The twin rocket is not as simple as the single rocket but is a feasible con-
cept. The servicing and storage problem of the two rockets would be almost
doubled that of & single rccket. The twin rockets could have & retro rocket

at the top as described under the previous concept, however, this would have
the effect of increasing the volume and weight, while decreasing the reliability.

d. Single Rocket, Dual Catapult

A single rocket concept was investigated which would have two
catapults (Figure 262). The use of two catapults decreases the diameter of
the cases, but the total stroke length remains the same because of the'g"
1imitation imposed on the man. Therefore, the two catapults would weigh
more than the one catapult design. The total volume on the back of the seat
would be greater by a factor ef approximately 1.7. The reliability would be
less for the two catapult design because two "fire" signals would have to be
sent and two initiatérs and two motor grains would have to be ignited. The
servicing and storage problem would be complicated by having the catapults
separate from the rocket. There would also be two catapults for each rocket
instead of being an integral part of the mocket. The two catapults wewld
have to be initiated at the same time and have very similar pressures-time
curves in order not to impart a torgue to the seat which would place a binding
force on the rollers. A central cartridge chamber vented to both catapults
would colve 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
through the center of gravity. The weight of the total system would be
approximately 15% 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 90% of the volume of the integral catapult rocket. The weight would
alsc be greater because of the separate propellant 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. The 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 ignite the second
one; however, this would result in a delay to full thrust. The safety and
storage of the rocket and catapult would not impose any additional problems
over the single rocket-catapult, other than that there would be two separate
units for each seat instead of one.
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An sdvantage of this type of propulsion system is its inherent stability
with regard to center of gravity thrust line induced instabilities. A dds-
muthactmttbmtr-iuintbwcmuh
0.1 second while the rocket is traveling out to the required line
stretch point (rocket ignition). Figure 274 illustrates this cenfiguration.

Figures 275 and 276 are computer plots of head accelerations induced under
inverted ejection conditions using the tractor rocket rotated at 360 da(/nc.
The high lateral acceleration is the result of the seat "whipping” at the
end of the tractor rocket pendant.

A variation of Configw ation 2 was considered. Under inverted ejection
conditions, it was proposed tha. the sustainer not be fired. The resultant
trajectory, shown in Figure 277, shews recovery 96 feet below the ejection
altitude. For comparison purposes, the inverted performance of the same system
with the sustainer fired is illustrated in Figure 278. Recovery was achieved
at 146 feet below the ejection altitude.

Configuration 4 consists of a conventional 50 fps upward ejecting
catapult and 1700 1b/sec sustainer. In addition, a retro-rocket with a
downward and forward directed thrust vector (40 degrees below horizontal)
is provided. If the retro-rocket i#§ fired instead of the sustainer and it
has 1600 lbs thrust for 0.25 sec., recovery can be achieved at 90 feet below
the ejection altitude. Figure 27913 a plot of the resultant trejectery.

If the retro rocket thrust is increased to 3200 lbs., recovery can be
achieved 75 feet below ejection altitude as illustrated in Figure 280.
FMgure 281 shows the retro-rocket configuration.

Configuration 5 is similar to Configuration 4 except that the retro-
rocket is deleted and the conventional catapult is replaced with a dual
energy catapult which can provide either a 25 fps or a 50 fps end velocity.
In the inverted case, the sustainer is withheld and only the 25 fps catapult
is ignited. Figure 282 shows recovery at 77 feet below ejection altitude.
Figure 283 illustrates the system configuration.

Another configuration investigated consists of two separate propulsion
systems, one tailored for the upward ejection and one tailored to the lown-
ward (relative to the aircraft) ejection. In this configuration, an inverted
ejection would actually be upward through the floor of' the aircraft. The
sustainer thrust vector is 4O degrees off the horizontal, and the motor has
400 1b/sec of impulse. The catapult imparts an end velocity to the seat of
25 fps. With this configuration, Figure 284 shows recovery 12 feet above the
ejection altitude. Figure 285 shows this configuration.

It is concluded from this study of the effect of propulsion system
configuration on performance and trajectory that:

0 Vertical orientation of the sustainer motor thrust vector results in
more altitude required for safe escape because the rearward velocity

component of the catapult causes a longer period of slack parachute
risers.
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The aerodynamic reference lengths and aress for the seat-man combination
and the man alone are:

SEAT-MAN

85,05

b 3,8

c= 3.8

SPINAL COMPRESSION CONSTANTS
b, = 23.7
k. = 2795.00
The inertiasl properties of the seat-man are given in Table II, Section IV.
The man-alone (with survival gear) inertial properties are, for a 95%
man in a standing position:

W = 29%.0
I, = 13.0
Iyy = 15.0
I, = 6.0

A completely symmetrical man is assumed, with all products of inertia
set to pewo.
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APPENDIX I
SECTION V
NON-AERODYNAMIC FORCES AND MOMENTS
The external forces and moments, excluding gravity, on the seat and/or

man are from the catepult and sustsiner-control rockets (Appendix IV),

parachutes and parachute ejection guns (Appendix II), rail deformation and
slider block friction (Appendix III).

A separate 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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APPENDIX 11
SECTION Vv
NON-AERODYNAMIC FORCES

The non-serodynsmic forces operating on the parachute are:
the deployment rocket (or gun) with an impulse/weight rstio of
approximately 1.0 lb-sec/lb; the deployment bag strip-off force
of ebout 10,0 1b; line elasticity through & combined Young's Modulus
and "squidding” constant of 7000.00 1b/ft. These are all nominal
values which will change with the parachute configuration.
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