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FOREWORD

This report was prepared by the Douglas Aircraft Company, McDonnell
Douglas Corporation, 3855 Lakewood Blvd., Long Beach, California, 90846,
This document covers the design, development, and qualification of the
Advanced Concept Ejection Seat (ACES), which was accomplished under U. S.
Air Force Contract F33657-69-C-0223 during the period from September
1968 through April 1972, The program was administered for the Air

Force by the Life Support System Program Office, Aeronautical Systems
Division (AFSC), with Mr, A, S. Mastriana (ASD/SML) acting as program
manager., Technical coordination was provided by Captain E, M, Chase
(ASD/SML), during the early phases of the program and, subsequently, by
Mr. G. G. Dickson (ASD/SML).

The Douglas Principal Investigator was Mr, Hammond R. Moy of the

Interior Design Section, Engineering and Product Development Department,
Significant technical contributions were made by Messrs. R. G. Mcintyre,

B. Nichols, Jr., M. E, Wilfert, H. W, Jones, et al, of the Interior Design
Section, Testing was carried out at Long Beach, California; Holloman Air
Force Base, New Mexico; and at the Department of Defense Joint Parachute
Test Facility, El Centro, California, Mr. A. R. Barker of the Interior
Design Section coordinated the testing activity, The overall Douglas pro-
gram effort was under the administrative direction of Mr, J. M, Palmer, Jr.,
Director for Research and Development.

This report was submitted by the author in April 1972,
This report has been reviewed and approved.
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'Z(/Z‘ZA.M ’g(’ .,.Zf—zo’..,/

WILLIAM M. QUINN, Colonel, USAF

System Program Director

Life Support System Program Office
Deputy for Subsystems
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ABSTRACT

The development of the Advanced Concept Ejection Seat (ACES) was
proposed by the Douglas Aircraft Company of the McDonnell Douglas
Corporation as a solution to critical operational problems experienced

with current U. S. Air Force escape systems and to provide a major
improvement in escape capability, especially under low-level, adverse
attitude situations where relatively high crew fatality rates have been
encountered. A program encompassing design, as well as development

and qualification testing, resulted in the successful demonstration of the
ACES systemn at speeds up to 590 KEAS and at altitudes up to 41, 000 feet
(MSL). The major performance improvement was achieved by incorpora-
tion of a multi-mode recovery sequencing system, mortar-deployed
recovery subsystem with variable effective reefing, and a gyro-controlled
vernier rocket to pitch-stabilize the seat during the initial part of its
trajectory. Onboard speed/altitude sensors and an automatic programmer,
containing logic and electronic time delays, were used to establish the seat
environment, select the recovery mode, and initiate ejection and recovery
events., Performance requirements of MIL-S-9479A were satisfied, with
the exception that accelerations (spinal axis), in some instances, exceeded
specified limits. An improvement in ACES escape capability can be effected
by releasing the seat from the crewman earlier, just as the recovery
parachute initially inflates.
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SECTION I

INTRODUCTION

Studies of USAF ejections have shown that the majority of crew fatalities
occur because of the deficient low-altitude, adverse-attitude, and high-sink
rate performance of current aircrew escape systems, In addition, many
injuries, in some cases fatal, result from collisions of the crewman and his
seat during the recovery phase of the ejection,

Recognizing the deficiencies of current aircrew escape systems, the Air
Force Specification for Ejection Seats, MIL-S-9479, was revised in June

1967 to establish requirements for a new, advanced-performance ejection
seat. The intent of the new criteria was to provide a baseline for the devel-
opment of an aircrew escape system that would provide the required opera-
tional capability, system standardization, improved reliability, and simplified
maintenance,

In March 1968 a proposal for the development and qualification of an advanced-
performance escape system, meeting the requirements of MIL-S-9479A, was
submitted by the Douglas Aircraft Company to the Life Support System Pro-
gram Office, The proposal was submitted in response to Aeronautical System
Division (AFSC) RFQ No. F33657-68-Q-0700. The proposed escape system
was known as the Advanced Concept Ejection’ Seat (ACES), Reference 1.

To achieve the required performance, reliability, and maintainability goals,
the proposed ACES incorporated the following design features:

1. Redundant ejection controls and rocket catapult initiation system for high
reliability,

2, Multi-mode recovery sequencing to optimize performance over the total
envelope of escape conditions,

3. Seat-mounted speed/altitude sensors for a mode-select system inde-
pendent of any aircraft subsystems,

4, Electroexplosive sequencing and electronic timing for close-tolerance
control of system time delays and recovery functions,

5. Seat stabilization during rocket burn by a gyro-controlled vernier
rocket (STAPAC) for rotation and trajectory control.

6. Seat stabilization during free-flight by a drogue parachute for attitude
control as well as deceleration.

7. Forced, line-first deployment of the recovery parachute to minimize
variations in deployment times,

8. Variable effective reefing of the recovery parachute to permit early
deployment in high-speed ejections, without compromising performance
at low speed,

9. Recovery of the crewman in the seat, with release of the seat following
parachute inflation, to prevent man/seat collisions.

1



10. A separable backrest incorporating highly contoured, padded surfaces
for maximum comfort, ]

11. A single-point release parachute/restraint harness, with negative g
strap and integral automatic oxygen hose (mask) disconnect, for rapid
ground egress.

12. A '"soft" survival kit, with automatic-manual deployment selector, to
minimize weight and complexity.

The design, development, and qualification of the ACES was authorized in
September 1968, Reference 2. At the outset, a detailed design study was
initiated to substantiate the technical approach and to optimize, where pos-
sible, the function, performance, and reliability of che various subsystems
and components, Reference 3. Upon completion of the study, in which a
firm escape system configuration was defined, the detailed design was
implemented,

Near the completion of the design phase, a major modification was made to
the upper portion of the seat structure, This modification was based on a
requirement for improved rearward visibility in the F-15 aircraft, Refer-
ence 4, Revisions also were required to the recovery parachute and the
guide rail assembly to achieve the desired result,

On the basis of a study conducted on the high-speed performance of the
originally proposed drogue system, a recommendation was made to change
from a 3-foot Ribless Guide Surface to a 5, 8-foot-diameter Hemisflo drogue
parachute, Reference 5. This modification, authorized by Reference 6, also
included a change in the drogue gun to provide a heavier slug with a higher
muzzle velocity,

This report describes the ACES system as developed and qualified under

the Reference 2 contract, In addition to the presentation of data related to
the design, operation, and performance of the system, results of the test

program are summarized,



SECTION II

SEAT SYSTEM

SYSTEM DESIGN CONCEPTS

The design and performance criteria, specified by MIL-S-9479A, were
primary considerations in the selection of the various design concepts incor-
porated in the Advanced Concept Ejection Seat (ACES). To satisfy these
criteria in the most effective manner, the following features were integrated
into the design of the ACES system:

l.

A seat structure assembly conforming to the required MIL-S-9479A
dimensional geometry with integral, dual-ejection firing controls, man/
seat release mechanism, and armrest/restraints, The recovery
sequencer and environmental sensors also are installed on the seat
structure assembly,

Minimum time-delay from ejection initiation to parachute deployment bty
use of a multimode timing system, Mode selection is provided by seat-
mounted speed/altitude sensors with all recovery functions controlled by
close-tolerance electronic time delays and electroexplosive sequencing.

Pitch stability during rocket burn by a gyro-controlled vernier rocket
motor (STAPAC) capable of compensating for a2 4-inch system cg
excursion,

Pitch and yaw stability and aerodynamic deceleration for high-speed
ejections by a 5.8-foot Hemisflo drogue parachute. The drogue is
attached to the seat structure by a 4-point bridle designed to maintain
the occupied seat in the attitude required for optimum application of
deceleration forces and for recovery parachute deployment,

Forced deployment of the recovery parachute by a mortar that projects
the parachute into the airstream from the occupied, stabilized seat, The
parachute is reefed to permit its deployment at relatively high speeds.

Man/seat separation by recovery of the crewman in the seat and subse-
quently releasing the seat., Man/seat collision is prevented because the
seat accelerates away from the crewman. The parachute riser loads
are transmitted initially to the seat structure and, when the seat is
released, the residual riser loads are transferred to the crewman,

Seat ejection by a rocket catapult providing an impulse optimized for
balanced escape system performance.

Crew restraint and comfort by a single-point release harness and a
highly contoured and padded seat pan and backrest assembly, The
restraint harness allows rapid egress from the cockpit in ground emer-
gency by actuation of the single-point release buckle,

The ACES system is shown in Figures 1, 2, and 3. Major subsystems are
illustrated in Figure 4, and a list of the ACES cartridges and cartridge-
actuated devices is given in Table I.
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FIGURE 1. ADVANCED CONCEPT EJECTION SEAT, THREE-QUARTER VIEW




FIGURE 2. ADVANCED CONCEPT EJECTION SEAT, RIGHT SIDE



FIGURE 3. ADVANCED CONCEPT EJECTION SEAT, LEFT SIDE
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FIGURE 4. ACES SUBSYSTEMS

7



TABLE I

ACES CARTRIDGES AND CARTRIDGE ACTIVATED DEVICES

Manufacturer's Part

Component Manufacturer Number
Actuator, Gyro Spin-Up Douglas Aircraft Co. Jll4d99-l
Gas Generator, Gyro Spin-Up | Universal Propulsion 1004-3
Mortar, Parachute Douglas Aircraft Co. D114066-501
Cartridge, Mortar Universal Propulsion 1005-2
Rocket Catapult Frankford Arsenal XM-39
Rocket Motor, Vernier Talley Industries 50436-1

Severance System, Drogue

Inertia Reel, Power Haulback
Gas Generator, Inertia Reel
Thruster, Harness Release
Drogue Gun

Programmer, Automatic

Cutter, Reefing Line

Thruster, Arm Restraint

McCormick=-Selph

Pacific Scientific
Pacific Scientific
Universal Propulsion
Universal Propulsion

Dorsett Electronics

Atlas Chemical

Universal Propulsion

811363-1 & -2
811318-1

0103178-17

0113250-1

1002-1

1003-2

93A559-2
93A479-3 & -4

1SE172-1.3

1006-2




SYSTEM OPERATION

The ACES provides a completely automatic ejection sequence that is initiated
when the crewman pulls either or both of the firing control handles located on
the seat bucket sides. Backup gystems are incorporated to allow manual
actuation of the man/seat release mechanism and to permit deployment of the
recovery parachute in the event of a mortar failure, The system schematic,
Figure5, illustrates the functional relationship of the ACES subsystems and
components,

Ejection Automatic Sequence

The automatic ejection sequence is initiated by actuating either or both of the
firing controls., This transmits motion to two pressure plates located on the
guide rails which, in turn, mechanically activate an alternator contained in
each of two Initiation Sequencer units, also mounted on the guide rails,
Within 12 milliseconds (msec) each alternator generates sufficient electrical
energy to initiate and/or power the following items:

1. 0.3-second electronic delay elements (one in each Initiation Sequencer
unit).

2. Aircraft canopy remover.

3. Arm restraint thruster,

4, Power haul-back inertia reel,

5. Recovery sequencer power supply.

6. An additional Initiation Sequencer Unit containing 0. 6-second electronic
delay elements in a tandem ejection seat installation,

After the 0, 3-second delay, the rocket catapult is fired and redundant 160-
msec electronic delays are activated in the recovery sequencer, As the
catapult propels the seat up the guide rails, the environmental sensor pitots
are erected and the recovery sequencer interrogates the sensor transducers
to establish the recovery mode, Selection of the recovery mode is dependent
on the velocity and ambient pressure environment at the time the occupied
seai emerges from the aircraft and penetrates the relative air. Three
recovery modes are provided as follows:

Mode 1 Below 275 + 25 KEAS at sea level
Mode 2 Above 275 + 25 KEAS at sea level
Mode 3 Above 15,000 ha 1000 feet, or when an equivalent

static pressure exists behind the seat

The Mode 1 — Mode 2 crossover velocity is inechanically compensated for
altitude to assure that the recovery parachute is always in a safe operating
regime, Because of base pressure effect, the static pressure behind the
seat (at relatively high velocities) can decrease to a pressure equivalent to
or less than that at 15,000 feet, even though the ambient altitude is below
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15,000 feet. When this occurs, the seat, in effect, enters the Mode 3 region,
which temporarily blocks initiation of the recovery parachute time delay. As
the base pressure coefficient is essentially constant with altitude, the cross-
over between Modes 2 and 3 is biased by both the speed and altitude. The mode
envelopes are defined in Figure 6.

16
- "
.!. . \ MODE 3
g 1 \ ‘
E 8
g M \ MODE 2
. AN N\

MODE 1
: \\
'l 10 20 300 400 500 600 700
AIRSPEED (KEAS)
FIGURE 6. MODE ENVELOPES

Mode 1

Following the 160-msec delay, the STAPAC unit is activated, the gyro rotor
spun up, the gyroscope uncaged, and the vernier rocket motor ignited. Forty
milliseconds later the recovery subsystem mortar is fired and the parachute,
contained in a deployment bag, is projected upward and away from the seat,
During the mortar stroke, two 1, 3-s2cond reefing line cutters installed on
the skirt of the parachute canopy are initiated by lanyards attached to the
inner mortar tube, Subsequently, the parachute fills to the reefed condition,
disreefs, and then fully inflates, The length of effective reefing time, i.e,,
the time from reefed inflation to disreefing, varies with the velocity of the
seat at the time the mortar fires, Thus, when the aircraft velocity during
escape is low, the effective reefing time is shorter than at high escape
velocities because the parachute requires more time to reach the reefed-fill
stage, thereby expending a greater portion of the 1,3 seconds,

Man/seat release occurs following parachute inflation, 2.1 seconds after
initiation of the parachute mortar. When the seat and crewman separate,

the contents of the survival kit (liferaft and rucksack) are deployed if the
deployment selector on the seat has been pre-positioned to the automatic mnde.
The time -sequence of events for a Mode 1 ejection is illustrated in Figure 7.

11
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Mode 2

Following the 160-msec delay, the STAPAC unit and drogue gun are initiated.
The drogue extraction parachute, projected downstream by the drogue gun
slug, inflates and strips off the main drogue sleeve, allowing the drogue to
inflate, stabilize, and decelerate the occupied seat., After an 850-msec
delay, the parachute mortar fires and the lower and upper drogue bridles are
severed sequentially at 120 and 150 msec following parachute mortar initia-
tion, The remainder of the recovery sequence is identical to Mode 1. The
time sequence of events for a Mode 2 ejection is shown in Figure 8.

Mode 3

Following the 160 msec delay, the STAPAC and drogue parachute subsystems
are activated, as in Mode 2. ..The remaining recovery events are interrupted
until the occupied seat decelerates and/or descends to the Mode 2 — Mode 3
boundary, at which time the recovery sequencer restarts the recovery
sequence, Figure 9 shows the time sequence of events for a Mode 3 ejection,

To illustrate base pressure effect, Figure 9, a simulated 600-KEAS ejection
is superimposed on the mode envelope plot. In this example, the ejection
occurs at 10, 000-foot pressure altitude, well inside the Mode 3 region, The
drogue-stabilized seat decelerates to the Mode 2 - Mode 3 cross-over point
in 350-msec (from ejection initiation), at which time the recovery parachute
850-msec delay is initiated. The stabilized seat continues to decelerate and,
at end of the 850-msec delay, the recovery subsystem mortar fires (seat
velocity = 275 KEAS). The events following mortar initiation are the same
as in Mode 2,

MANUAL BACKUPS

Man/Seat Release

In the event the man/seat release mechanism is not actuated automatically
(after parachute deployment and inflation) it may be operated manually. This
is accomplished by pulling a ring-shaped handle located on the right-hand
side of the seat bucket. As the seat drops away, the life raft and rucksack
are deployed if the deployment selector has been pre~positioned to the auto-
matic mode.

Recovery Subsystem

If a failure of the recovery parachute initiation system occurs, the parachute
mortar is disconnected from the seat structure when the man/seat release
mechanism operates, When physical separation of the crewman and seat
occurs, the pilot chute is extracted from a pouch installed on the seat, and
deploys the recovery parachute. At line stretch, the reefing line cutters are
armed by lanyards attached to the canopy suspension lines. After a 1, 3-
second delay, the parachute disreefs and fully inflates, The backup recovery
sequence is shown in Figure 10.

13
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@ o MAN/SEAT RELEASE SYSTEM ACTUATES AUTOMATICALLY
OISCONNECTING THE:

A.  BACKREST
8. PARACHUTE MORTAR, AND
C. PARACHUTE RISERS FROM SEAT STRUCTURE

(@ o MAN/SEATPHYSICALLY SEPARATE '
o DEPLOYMENY OF SU T CONTENTS INITIATED

. (IF SELECTOR 1S PRE-POSITIONED IN AUTOMATIC MODE)

o PILOT CHUTE DEPLOYMENT INITIATED
(® o MLOTCHUTE OEPLOYS

o SURVIVAL KIT FLAPS RELEASE
(® o RECOVERY PARACHUTE DEPLOYS

o REEFING LINE CUTTERS TIME DELAYS INITIATED

FIGURE 10. PARACHUTE MANUAL BACKUP SEQUENCE
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SECTION 1II

SEAT ASSEMBLY

The seat assembly includes the basic seat structure and those components
and subsystems that are not readily removable from the assembly., The
seat assembly together with the propellant-actuated devices, recovery sub-
system, drogue, backrest, restraint harness, survival kit, and guide rails,
comprise the Escape System Assembly, Figure 11,

STRUCTURE

The seat structure assembly, Figure 12, consists of a back and a bucket,
The back is fabricated from two aluminum channel sections spaced apart by
three machined beams which are the main load-carrying members of the
structure. In addition, the beams provide support for the six slide blocks,
Holes are drilled through two beams to accommodate installation of the
rocket catapult; attachment of the rocket catapult is accomplished through a
fourth beam that ties the top of the structure together. The width of the
back structure is reduced from 14, 75 to 9.5 inches above the upper slide
blocks to provide improved rearward vision for the crewman, Reference 4.
The sides of the reduced-width portion of the back structure are slotted to
allow installation and operation of the environmental sensors. The forward
surface of the back structure is covered with an 0. 032-inch aluminum skin,

The seat bucket comprises two chemically milled, sheet aluminum sides
capped with a T-shaped extrusion. The sides are attached to the back
channel sections, the sheet metal bucket bottom, and to the front beam, A
rigid thermo-formable plastic fairing is installed on each seat bucket side
to cover the firing control handle mechanism and linkage. The bottom of
the seat bucket is a 0, 040-inch aluminum panel incorporating three hat-
section stiffeners.

LOADS

The seat assembly was designed to withstand the loads specified in MIL-S-
9479A. In some cases the design concepts embodied in ACES dictated that
certain loads be applied differently from the method specified in MIL-S-
9479A. For example, this specification requires that down loads be distrib-
uted uniformly over the seat bucket bottom, In the ACES system, a rigid,
removable seat pan covers the survival equipment compartment and is sup-
ported by flanges attached to the back of the bucket, each side, and to the
front beam. Ejection and down crash loads are carried from the seat pan
into the primary bucket structure., Therefore, the only load distributed over
the seat bucket, neglecting seat pan deflection, is the weight of the survival
equipment multiplied by the load factor.

Paragraph 3.6.2.5 of MIL-S-9479A requires that an ultimate load of 500
pounds be applied to the headrest on a line of action parallel to the seat
bottom and evenly distributed over an area 2 inches square at the center of
the headrest, The ACES headrest was designed for the 500-pound load but
applied over an area equivalent to the pilot's helmeted head.

17
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FIGURE 12. ACES SEAT STRUCTURE

Figures 13, 14, and 15 define the manner in which loads were applied to the
ACES system for structural design purposes. A detailed load definition and
stress analysis of the seat system is provided in Reference 7.
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CONTROLS

The seat assembly incorporates the following controls:

Control Function Location

Ejection (2) Initiates Automatic Seat (R and LH Sides)
Ejection Sequence

Man/Seat Release Manually Releases Crew- Seat (RH Side)
man and Seat if Automatic
System Fails

Seat Adjustment Adjusts Vertical Seat Seat (RH Side)
Position in Cockpit

Survival Kit Selects Automatic or Seat (RH Side)

Deployment Manual Deployment Mode :

Backrest Release Jettisons Backrest after Backrest (LH Side)

Man/Seat Separation
(Pilot's Option)

Inertia Reel Locks or Unlocks Inertia Backrest (LH Side)
Reel Strap

Armrest (2) Raises or Lowers Arm- Seat (R and LH Sides)
rests

Emergency Oxygen Activates Emergency O2 Backrest (RH Side)
if Automatic System Fails

Seat Pan Release Disconnects Seat Pan from Seat Pan (Front Edge)
Seat for Access to Survival :
Kit

The location of the above-listed controls is illustrated in Figure 16.

SEAT-MOUNTED MECHANISM

The mechanism for the man/seat release system and arm restraints is
incorporated in the seat structure,

The man/seat release system, Figure 17, consists of two upper and two
lower release pins, each attached to separate bellcranks, The upper and
lower bellcranks on each side of the seat are connected by cables and the
lower cranks by a tension rod. The manual release control handie is
attached to the lower left-hand bellcrank via a cable, and the parachute
mortar disconnect is connected to the lower right-hand bellcrank., The
mechanism is actuated automatically by an electrically initiated thruster that
rotates the lower left-hand bellcrank. Manual actuation is accomplished by
pulling the control located on the right-hand seat side. Regardless of the
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FIGURE 17. MAN/SEAT RELEASE SYSTEM
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operational mode, the mortar is always disconnected from seat structure.
Although detachment of the parachute mortar is not required for the normal
automatic ejection mode, a simpler, more reliable design results if the
disconnect functions each time the man/seat release system is actuated,
rather than blocking its operation under certain conditions,

The armrest/restraint assembly is incorporated in the seat as shown in
Figurel18, The installation comprises a pair of armrests and restraint
paddles, torque tube, and an electrically initiated thruster. The armrests
and restraint paddles, located on the seat sides, are connected by the torque
tube, which is housed within the seat structure forward of the middle slide
block. The thruster is attached to the torque tube on the left-hand side of
the seat.

Normally, the armrest/restraint assemblies are stowed upright along the
seat sides. The armrests can be rotated downward individually but the
restraint paddles remain stowed. During ejection, prior to rocket catapult
initiation, the restraint paddles are rotated downward by the thruster. If the
armrests are in the upright, stowed position when the thruster fires, they
remain stowed. If the armrests are down when the thruster fires, they
rotate downward an additional 45 degrees to prevent entrapment of the crew-
man's elbow between the restraint paddle and armrest,

r ARM RESTRAINT PADDLES

FIGURE 18. ARMREST/RESTRAINT SYSTEM
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SECTION IV

INITIATION SUBSYSTEM

The ejection initiation subsystem provides a completely redundant system
for firing the rocket catapult, in accordance with the requirements of MIL-
S§-9479A. This subsystem includes the ejection firing controls, pressure
plate assemblies, initiation sequencers, and associated linkage, Figurel9.

Ejection initiation is accomplished by pulling one or both of the firing control
handles. A continuous pull first unlocks the interconnected handles and then
rotates them up and aft where they lock in place. The handle lock is designed
to preclude accidental control actuation — a pull on the forward edge of the
handle will not dislodge it from its stowed position. When the ejection con-
trol handles are raised to the fired position, they augment the leg restraint
provided by the extended seat sides.

INITIATION SEQUENCER
FIRING CONTROL
RELEASE TRIGGER

FIRING CONTROL

FIGURE 19. INITIATION SUBSYSTEM
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Pushrods attached to the control handles extend aft along the seat sides
protected by a plastic fairing. The ends of the pushrods engage pressure
plates located on each side of the guide rails. The pressure plate contact
surface is 6. 62 inches long to assure positive engagement over the total
range of vertical seat adjustment. Movement of the pressure plates actuates
a sear-type mechanism in each initiation sequencer, Figure 20, via a tension
rod. Actuation of the sear releases a precocked spring that spins up alter-
nators in each unit to 12,000 rpm, Within 12 msec the alternators generate
sufficient electrical power to initiate all pre-ejection functions, and fire the
rocket catapult via a 0. 3-second electronic delay. A functional block diagram
of the initiation subsystem is shown in Figure2l.

FIGURE 20. INITIATION SEQUENCER
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SECTION V
PROPULSION SUBSYSTEM

The main propulsion source for ACES is the XM-39 rocket catapult

furnished by Frankford Arsenal, Figure 22.. The assembly consists of a
catapult section and sustainer rocket motor, with the catapult (booster tube)
inside the motor. Both the catapult cartridge and motor incorporate a
polybutadiene-type propellant, Two electrically initiated squibs are installed
on the booster tube base plate, which incorporates mounting provisions for
the seat adjustment actuator, A threaded stud and two indexing pins are pro-
vided on the top face of the rocket motor for attachment of the assembly to
the upper beam of the seat structure,

FIGURE 22. XM-39 ROCKET CATAPULT ASSEMBLY

When the squibs are fired, the resulting hot gas output ignites the catapult
(launch) cartridge contained in the lower end of the booster tube., The car-
tridge preasurizes the tube and propels the seat up the guide rails, As the
seat nears the top of the guide rails, hot gases are ported to a rocket igni-
tion element, located within the motor, and the motor propellant ignites.

The rocket motor gases are exhausted to the atmosphere through a nozzle

that provides a thrust vector of 60 degrees relative to the motor axis. A
typical thrust-time history for the XM-39 rocket catapult is shown in Figure23

During development ejection tests, the 50-ft/sec seat launch velocity speci-
fied by Douglas was not achieved, although tests by Frankford on their sled
device provided the required velocity. Following a study of the seat ejection
test data, in addition to tests of the seat system to measure friction levels,
it was concluded that (1) the ACES system did not exhibit higher friction
forces than other seats, and (2) the Frankford Arsenal rocket catapult test
setup did not simulate the actual seat ejection conditions, Further analysis
indicated that it would be very difficult to provide a higher launch velocity,
and not exceed Dynamic Response Index (DRI) limits, without a major
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FIGURE 23. XM-39 ROCKET CATAPULT PERFORMANCE

On the basis of test data, a prediction of expected catapult

performance was made, including three standard deviations, to be used in
lieu of the original requirement of 50 ft/sec, Figure 24. The lower launch
velocity has a negligible effect on escape system performance,
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A bending problem was encountered with the booster tube during static and
track seat ejection tests., The bending occurred just above the upper end

of the launch cartridge case and appeared to be the result of bending loads
imposed during ejection and excessive localized heating of the tube. Initially,
a phenolic spacer was inserted in the tube above the cartridge to attenuate
the heat effects and, finally, following a structural failure in a track test, the
booster tube was reworked to provide greater wall thickness in the affected
area.
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SECTION VI

ENVIRONMENTAL SENSOR SUBSYSTEM

The multimode timing system requires that the velocity and altitude of the

seat be established prior to or during the initial stage of the ejection sequence.
This function is accomplished by the environmental sensor subsystem, which
consists of two sensing units installed on the upper part of the seat structure.
Each unit incorporates an erectable pitot and static and dynamic pressure
transducers incased in a housing, Figure25. The devices are interconnected
by an electrical cable.

Two sensors are used to improve system reliability. If a Mode 1 environment
is sensed erroneously in a high-speed ejection, because of pitot blanketing, the
recovery parachute may be subjected to an unsafe condition. This could result
in structural failure of the parachute or an excessive g-load on the crewman.

FIGURE 25. ENVIRONMENJAL SENSORS

*PRECEDING PAGE BLANK.NOT FIIMED.®
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The sensors are installed on the aft side of the seat structure in the area
above the upper slide blocks, Figure 26. The pitot arms nest into slots in

the sides of the structure, retained by a pair of latches. This protects the
sensors from damage on seat installations where through-the-canopy ejection
is required. When the pitot arms are released, after approximately 13 inches
of seat travel (from midposition), they rotate upward until the pitot arm is
approximately 20 degrees above the horizontal. An over-travel capability _
allows the pitots to rotate an additional 55 degrees to eliminate the possibility
of a hangup if snagged by the parachute risers.

OVERTRAVEL | |

110 DEG APPROX

2 . -
VIEW LOOKING FORWARD
AT BACK OF SEAT

FIGURE 26. ENVIRONMENTAL SENSOR INSTALLATION
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Each sensor housing contains a static port, switches, and bellows for the
sensing of static and total pressure, Figure 27, The velocity switch is nor-
mally closed and this indicates a Mode 1 condition. When the dynamic pres-
sure at the pitot head is equivalent to 275 + 25 KEAS at sea level, the total
pressure bellows extends sufficiently to open the switch, thus 1nd1cating a
Mode 2 condition to the recovery sequencer. A smaller bellows that mea-
sures static pressure is coupled to the total pressure bellows to alter the
velocity at which switching occurs as a function of altitude. The specified
operational limits for the velocity switches are illustrated in Figure 28, The
compensating bellows extends as the static pressure decreases, causing the
velocity switches to close at a lower velocity as the altitude increases. As
the speed approaches zero, the velocity switches are in the Mode 1 position
at a nominal altitude up to 12,000 feet.

As discussed in Section II, the static port of the sensor, being located behind
the seat, senses base pressure. Thiz alters the altitude where the system
changes from Mode 3 to Mode 2 as a function of seat velocity at egectmn,
Figure 6,

An electrical schematic of the environmental sensor subsystem is shown in
Figure 29, To provide a valid Mode 1 indication to the recovery sequencer,
both velocity switches (S} and S3) must be in their normally closed position
and the altitude switches (S2 and S4) open, If either S] or S3 opens prior to
initiation of the parachute mortar, a Mode 2 recovery sequence is provided,
Once the Mode 2 sequence is initiated, the system cannot revert to Mode 1,
irrespective of subsequent S)/S3 switch positions, This feature protects the
parachute from being deployed too early in the recovery sequence. The
altitude switches (S and S4) are normally open and both must be closed to
provide a Mode 3 signal.

TOTAL PRESSURE BELLOWS
ALTITUDE (COMPENSATION)
SELLOWS

mToT
ALTITUDE

FIGURE 27. ENVIRONMENTAL SENSOR SCHEMATIC
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SECTION VII
AUTOMATIC PROGRAMMER SUBSYSTEM

The ACES uses an electroexplosive sequencing subsystem to contrnl the
initiation of all ejection and recovery functions, The subsystem is powered
by electrical energy from two sources: (1) miniature alternators supplying
alternating current with a fast-rise time, and (2) thermal‘*batteries which,
upon initiation, furnish direct current at approximately 28 volts,

One complete programmer subsystem includes the following components:
1. Two Initiation Sequencers

2. One Recovery Sequencer

3. One wiring harness for the inertia reel

The initiation sequencers, Figure20, are mounted on the guide rails, the
recovery sequencer, Figure 30, is mounted on the seat structure, and the
wiring harness on the backrest assembly, For a two-seat installation, an
additional wiring harness is required to transmit an electrical signal between.
the seats. The Automatic Programmer Subsystem is shown schematically.
for a two-seat arrangement, in Figure3l.

An electroexplosive sequencing system was selected over an equivalent
pyrotechnic system for the following reasons:

1. Timing accuracy: Electronic time delays can provide an accuracy of
+3 percent at any temperature and 15 percent over the temperature
range of -65 to +200°F, State-of-the-art pyrotechnic delays exhibit time
variations of +10 percent at any one temperature and 15 percent over the
required temperature range.

2, Weight: The electronic mode-select logic and event-sequencing time
delays are lighter than an equivalent pyrotechnic system.

3. System checkout: As opposed to pyrotechnic systems, electronic
sequencing systems can be nondestructively tested for proper delay and
logic operation, An electronic time-delay value can be altered with
little or no requalification required,

4, Signal transmission medium: Because of its inherent flexibility,
electrical wiring is routed more easily between the seat subsystems
than gas lines or Shielded Mild Detonating Cord (SMDC), which is
encased in stainless steel tubing., Flexibility is required between the
seat and aircraft to permit vertical adjustment of the seat. A certain
degree of flexibility also is required between the recovery sequencer
and some pyrotechnic devices that move relative to the seat structure.

*
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FIGURE 30. RECOVERY SEQUENCER
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FIGURE 31. AUTOMATIC PROGRAMMER SUBSYSTEM

INITIATION SEQUENCER

Ejection initiation is provided by either of two redundant sequencer units,
mounted on the guide rails, that can be activated mechanically by the seat-
mounted firing controls or by an electrical pulse from a second-seat
sequencer, Referring to Figure 32, a force of 39 + 7 pounds applied over a
distance of 0,38 inch is required to actuate the sear that unlatches the spring
release system. The spring release mechanism also may be unlatched by a
thruster, which is fired electrically with a recommended current of 5
amperes, When the alternator drive spring is released, it spins the alter-
nator to approximately 12, 000 rpm in 10-12 msec,

The alternator incorporates a permanent magnet armature and three field
windings. Two of the field windings are employed to initiate as many as

five pre-ejection functions within 15-20 msec, each having a recommended
firing current of 5 amperes, Figure 33, The third field winding is connected
through a rectifying bridge circuit to two storage capacitors., The energy
stored in the first capacitor powers a 0, 3-second solid-state electronic time
delay which, when expended, releases the energy stored in the second capac-
itor to fire the rocket catapult squib. A resistor is installed in series in the
rocket catapult squib circuit and the voltage developed across it, when cur-
rent flows to fire the squib, initiates the 160-msec delay in the recovery
sequencer, Figure'34, :
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FIGURE 32. INITIATION SEQUENCER FUNCTIONAL BLOCK DIAGRAM

Electrical energy is transmitted from the sequencing unit to the ejection seat
through two cables, each equipped with quick-disconnect electrical connectors,
One connector is mated with a receptacle on the seat and the other with a
receptacle on the backrest assembly. As the seat ejects, these cables are
disconnected by lanyards built into the cable assemblies. Electrical energy
to initiate the rocket catapult is also transmitted via a cable and connector
that is integral with the ejection sequencing unit,

The sequencing unit has three receptacles mounted on its upper surface,.
Two of these are for output power to initiate the canopy removal system and
a second-seat sequencer, The third receptacie accepts power to electrically
initiate the unit by an outside source. All electrical cables and connectors
are shielded,

Each unit has a provision for insertion of a safety pin that prevents the unit
from being mechanically or electrically initiated, Units containing different
time delays for rocket catapult ignition incorporate different mounting con-
figurations to preclude incorrect installation, Each sequencer is housed in
an aluminum case designed to exclude any radio frequency (RF) energy which
might induce accidental squib initiation or circuit damage,
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RECOVERY SEQUENCER

The recovery sequencer power supply is activated by a pulse from the
alternators in the initiation sequencers., The recovery sequencer interro-
gates the environmental sensors and when activated following the 160-msec
delay (after rocket catapult ignition), selects the appropriate mode and
initiates the corresponding recovery functions, Figure35. All circuitry,
including the power supply, is completely redundant,

Each half of the recovery sequencer is made up of four major sections as
shown in Figure 36.

The power section contains thermal batteries and voltage regulation circuits,
Each of the four thermal batteries, which are electrically activated, measures
0.75 inch in diameter and 1.5 inches in length, When activated, a pyrotechnic
material is consumed within the battery, which creates sufficient heat to melt
a solid electrolyte. When the electrolyte is in a molten state, the battery is
capable of delivering maximum power output. The output drops to zero when
the battery cools sufficiently to re-solidify the electrolyte. The battery
requires 150-200 msec to develop maximum output power and has a life of
approximately 10 seconds, From the time the batteries are activated by the
alternators, approximately 460 msec elapses before full power is required.
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FIGURE 36. RECOVERY SEQUENCER MAJOR SECTIONS
The battery is required to continue providing power for a maximum time of
2.9 seconds,

The initiation timing circuit contains a 160-msec delay element, which is
employed to activate the firing circuits and time delays. The 160-msec
delay circuit receives power from the batteries as soon as the voltage level
is sufficient to initiate the voltage regulation circuits., The 160-msec delay
is activated by the rocket catapult firing circuit in the initiation sequencer,

The logic section evaluates information supplied by the environmental
sensors and selects the proper functions and sequence for recovery of the
crewman, Figure37. The logic section consists of solid-state filters and
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FIGURE 37. RECOVERY SEQUENCER OPERATION
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logic circuitry which monitor the speed and altitude switches and control
firing circuits and solid-state switches to sequence internal components and
recovery functions.

The firing circuit section comprises solid-state resistor-capacitor (RC)
timing circuits that trigger silicon-controlled rectifiers (SCR's), Figure38.
The SCR's act as high-current switches to fire subsystem squibs. The RC
timing circuit operates by applying a regulated voltage across a resistor and
capacitor (R] and C;) in Figure 38) in series. As current flows through R},
the voltage across C), measured at the gate, follows the characteristic
voltage curve. When the voltage at the gate reaches a critical level, refer-
red to as the intrinsic voltage, the unijunction breaks down permitting all the
energy stored in C)] to flow through it and R2 to ground, This current flow
generates a voltage pulse at the base/output that turns on the SCR allowing
current to flow in the squib circuit, Resistor, R}, and capacitor, Cj, are
preselected to provide a charging curve that will reach the unijunction break-
down voltage at the design time delay, t.

‘ SQUIB WIRE
UNLJUNCTION
TRANSISTOR VvV V:
+REGULATED
VOLTAGE
f RESISTOR
4=\ siLICON CONTROLLED
L ) RECTIFIER (SMTCH)
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REDULATED w o e oy i S e —— — —
VOLTAGE
UNIJUNCTION
INTRINSIC VOLTAGE ~— |=
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GROUND VOI.TAGE—' i
t, (DESIGN TIME DELAY)

TIME —D
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FIGURE 38. TYPICAL R, c'.TIMING AND FIRING CIRCUIT WITH CHARACTERISTIC OPERATING CURVE
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A block diagram for one-half of the recovery sequencer is shown in Figure

, the other half being identical in function. A typical operational sequence
begins when battery A is activated by the initiation sequencers. This occurs
at the same time the pre-ejection functions are initiated. Power is applied to
the logic section and the 160-msec delay circuit as soon as the battery begins
to function (80-125 msec). When the rocket catapult is fired, 300 msec after
ejection initiation, a signal from the initiation sequencer activates the 160~
msec delay, At the end of the delay, voltage is applied to initiate and power
the 40-msec delay and 850-msec delay. At this time, power also is applied
to fire the STAPAC and to begin charging a bank of storage capacitors.
Operation of the recovery sequencer up to this time is the same regardless
of the speed or altitude at ejection, Recovery functions are provided for
three modes and are discussed in the following paragraphs,

Mode 1

In Mode 1, the sensor switches are in the low-speed and high-altitude posi~
tions, Battery B is initiated as soon as the storage circuit charges to the
firing voltage of the battery squib, with the result that battery B augments
battery A during the recovery sequence. The 40-msec delay element expends,
initiating the parachute mortar firing circuit which, in turn, initiates the mor-
tar squib, the 120-msec drogue severance and 2100-msec seat release delays.
The 120-msec delay triggers the lower Drogue Bridle Severance firing circuit
which, in turn, initiates a 30-msec delay. When expended, the 30-msec

delay initiates the upper Drogue Bridle Severance firing circuit, which fires
the upper flexible linear shaped charge (FLSC) cutters, At the completion of
the 2100-msec delay, the seat release firing circuit initiates the man/seat
release thruster, thus completing the recovery sequence,

Mode 2

In Mode 2, the sensor switches are in the high-speed and low-altitude posi-
tions, The altitude-controlled functions are the same as in Mode 1. The
speed switch signal activates the drogue gun firing circuit, firing the drogue
gun, Drogue gun firing actuates the Mode 2 latching circuit which, in turn,
irreversibly disables the 40-msec delay, The 850-msec delay (6) then initi-
ates the parachute mortar firing circuit, The remainder of the sequence is
the same as in Mode 1.

Mode 3

A Mode 3 condition can be encountered in two different ways., During a
high-speed ejection at altitudes below 15, 000 feet, a short-duration Mode 3
condition can be encountered. At very high altitudes, a long-duration Mode 3
condition can occur in which case battery B is used because of the length of
time required for the drogue-stabilized seat to descend to 15, 000 feet. The
primary battery, A, may be completely expended by the time the seat falls to
15, 000 feet where firing of the parachute mortar and initiation of the remain-
ing recovery functions are required,

For a short-duration Mode 3, the position of the altitude switch initiates
firing of the drogue gun, The time-delay reset is also activated and con-
tinuously zeros the 850-msec delay, The 40-msec delay has been disabled
irreversibly as a result of the drogue gun firing. The circuit is now in a
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holding condition and is reactivated when the altitude switch reverts to the
low position, which permits initiation of the 850-msec delay and subsequent
firing of the parachute mortar. Battery B also is initiated when the altitude
switch changes to the low position,

For a long-duration Mode 3, battery A cools and its electrolyte is
re-solidified, thus it is incapable of supplying power. The entire recovery
sequencer is dormant except for the energy stored in the capacitor bank, A
small amount of current is continually drained off the capacitor bank to mon-
itor the altitude switch as the seat is descending to 15, 000 feet.

When the altitude switch indicates low altitude, the energy stored in the
capacitors is applied to the battery B squib. Following battery rise, power
is applied to the 850-msec and 40-msec delays and the mode-select logic.
In most cases, the speed switch will be in the Mode 2 position, which will
inhibit the 40-msec delay and provide the 850-msec delay and subsequent
firing of the parachute mortar,

INITIATION CONTROL UNIT

In a two-seat (tandem) installation of ACES, the initiation sequencers in the
front seat contain a 0, 6-second delay; the sequencers in the aft cockpit incor-
porate the normal 0,3-second delay elements. A set of electrical cables also
is required to interconnect the initiation sequencers in both cockpits, Figure
31. The cable set comprises two separate cables to transmit an initiation
signal from each initiation sequencer in the forward cockpit to the correspond-
ing units in the aft cockpit and a cable assembly to transmit initiation signals
from the aft seat system to the forward one, The latter cable assembly
incorporates an initiation control unit, which provides an option of defeating
transmission of the signal from the aft to the forward seat, thus permitting
ejection of the aft seat only.

DEVELOPMENT PROBLEMS

Several problems associated with the automatic programmer subsystem were
encountered during development testing of the ACES, The problems and their
solutions are discussed in the following paragraphs.

1. Striker Initiation

The original design of the recovery sequencer required a mechanical
input from a striker-actuated cam when the seat reached the top of the
guide rails, The input closed a switch, thus initiating the recovery
sequence, During the first development ejection test, a failure to actu-
ate the switch precluded initiation of any subsystems following ignition
of the rocket catapult, It was concluded that the striker design employed
on the system would not provide reliable initiation of the recovery
sequence, After a review of the striker design and several alternative
methods of providing a recovery sequence initiation signal at the time of
catapult separation, a decision was made to incorporate redundant 160-
msec delays within the recovery sequencer., These delays would be
initiated by current flow in the rocket catapult squib circuit and, when
expended, initiate the recovery sequencer,
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Electrical Connectors

During the second development ejection test, the harness release
thruster failed to operate. An investigation established that one of the
electrical pins in the initiator was bent and had penetrated the rubber
insulation portion of the mating electrical connector, thus producing an
open circuit to the bridgewire,

During the preliminary design phase of the program, a decision was
made to use only one of the two available bridgewires in certain initi-
ators because the power output of the thermal batteries (as a function

of time) had not been firmly established. Each subsystem was evalu-
ated, on a relative basis, to ascertain its functional importance in
terms of achieving a successful ejection and recovery. It was decided
to use only one bridgewire in initiators for the harness release thruster,
STAPAC, and FLSC elements in the drogue severance system. Subse-
quently, the recovery seqyencer was redesigned to include totally
redundant firing circuits with accompanying redundant power sources.

The following systems and procedural revisions were made to prevent
further recurrence of failures caused by improper connector installation
and to improve reliability:

a, External Faréday caps were employed for squib protection in place
of internal shunting springs, which could cause pin deformation upon
their removal, '

b. A pin-straightening tool was used to check each initiator for proper
pin and keyway alignment immediately prior to counector installation,

c. The recovery sequencer was modified to provide for dual bridgewire
initiation of all pyrotechnic subsystems,

d. It has been proposed that the production configuration of the program-
mer subsystem incorporate an electrical continuity check-out capa-
bility for all electroexplosive devices on the seat.

Environmental Sensor Outputs

The recovery sequence in the third development ejection test was
abnormal., Subsequent investigation revealed that pulses, caused by
switch chatter, were emanating from the environmental sensor velocity
circuits as a result of the normal shock and vibration occurring during
the ejection. During a review of the recovery sequencer logic circuitry,
the supplier stated that the velocity input logic was sensitive to switch
actions of 1 microsecond duration or more.

Because of the difficulties associated with the redesign of the environ-
mental sensors, to provide a unit insensitive to the anticipated shock and
vibration levels, it was decided to solve the problem by circuit design
in the recovery sequencer.

Compensation for intermittent switch operation in the environmental

sensor was made by the addition of a filter circuit in the recovery
sequencer at the input from the velocity sensor,
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The filter, in order to make an output indicating Mode 2, requires an
open circuit (initially closed) for 10 msec.

4, Improper Recovery Sequence

Abnormal recovery sequences were experienced on development ejection
tests No. 4, 5, and 6, although modifications had been made to the
recovery sequencer logic to eliminate such occurrences, Following test
No. 6, the recovery sequencer circuitry was reviewed jointly by the
supplier and Douglas Aircraft Company, and a decision made to redesign
the logic and firing circuits, The magnitude of the proposed circuit
changes was sufficient to cause an 8-month delay in the development and
qualification seat ejection test program,

The previous and present firing circuit design is shown in Figure 40, In
addition to other circuit simplification, nearly all one-shot multivibrators,
believed to be the source of erroneous signals, were eliminated, The pre-
vious and present logic circuitry designs are compared in Figure4l . The
system complexity was reduced by the elimination of eight inverters. The
firing system and logic circuitry redesign eliminated a total of 36 electronic
components as outlined in Table II.

In addition to a simpler, more reliable logic and firing system, other changes
were made to isolate portions of the redundant circuitry and to provide redun-
dancy for improved reliability, Modifications also were made in the connector-
shield and case-shield termination design to improve RFI integrity.
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COMMON PREVIOUS LOGIC DESIGN
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Following premature initiation of the 160-msec delay circuit in development
ejection test No, 7, the two remaining one-shot multivibrators were elimi-
nated. The expended-unit visual indicator, believed to be the cause of the
premature initiation, was also deleted.

Redesign of the recovery sequencer reduced the number of components by
20 percent, improved reliability, reduced weight, and improved RFI integrity
while preserving the basic concept of easily altered RC time delays.

SQUIB ISOLATION

In the eighth qualification ejection test, the arm restraint thruster on the
forward seat did not function, Investigation revealed that one of the initiation
sequencers on this seat had not operated because of a hairline break in the
printed wiring on the circuit board in the electrical initiation circuit. It was
determined that the thermal battery squib (in the recovery sequencer), in
parallel with the arm restraint thruster squib, had assumed a low impedance
when initiated and had shunted all the current normally available to fire the
arm restraint thruster. This problem also was experienced in the first
inflight ejection test in which one of the initiation sequencers did not function
because it had been connected incorrectly to the aircraft power supply. In all
cases where both initiation sequencing units have functioned, the arm
restraint thruster operated properly. It is theorized that when both initiation
sequencers function, the arm restraint thruster squib is fired reliably, even
with the battery squib shorted, as both of the redundant bridgewires are heat-
ing the primer simultaneously,

Future circuit designs incorporating parallel-circuit squib firing will
incorporate isolating resistors in each bridgewire circuit to limit the current.

53

L ETTRANT NP, S



TABLE 11
RECOVERY SEQUENCER PARTS SUMMARY

Item Previous Present
Resistors 79 57
Capacitors 33 31
Transistors 14 6
IC's 3 0
SCR's 9 9
UJT's 6 6
Zeners 2 ‘ 4
Diodes 32 29

TOTAL 178 142
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SECTION vlI
ELECTROEXPLOSIVE DEVICES

The ACES employs 22 separate pyrotechnic devices for each seat installation,
Three of these devices, two reefing line cutters and the vernier rocket, are
initiated mechanically and one device, the sustainer portion of the rocket«
catapult, is initiated by ported high-temperature pyrotechnic combustion
products. All the remaining devices are initiated by electrical squibs as
shown in Table 1II,

FIRING CHARACTERISTICS

The electrical squibs in the ACES are of the hot bridgewire type and are
qualified to a 1-amp, l-watt, no-fire level as required by Government range-
safety requirements. With all explosive devices, the design objective is to
provide the least sensitive unit that will function reliably throughout the tem-
perature range. For the ACES, the design objective was to establish the no-
fire sensitivity as close as possible to 2 amperes while maintaining a maximum
function time of 8 msec when the unit is subjected to 3.5 amperes.

Table IV lists the firing properties of each of the three initiators used in the
system, The SOS initiator, P/N S01-10217-21, is employed to initiate all

. seat subsystems external to the automatic programmer. This squib incorpo-
rates dual bridgewire ignition with a common return line, Figure42, Each
of the dual bridgewires is fired by one of the redundant circuits within the
recovery sequencer or, in the case of the power haulback reel, by one of the
redundant initiator sequencers, The common return configuration was
selected over the other two dual bridgewire configurations to minimize RFI
sensitivity. The initiation sequencer thrusters and recovery sequencer ther-

SINGLE BRIDGEWIRE OUAL BRIDGEWIRE
A s A 8 C 0
DUAL BRIDGEWIRE DUAL BRI
WITH RF) SHUNT COMMON 3?:“7'..3‘
A B ¢ 0 A ) c 0
ACES CONFIGURATION

FIGURE 42. ELECTRICAL INITIATOR BRIDGEWIRE CONFIGURATIONS
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mal batteries employ a single bridgewire circuit as each receives a single
initiation signal, Capacitive discharge characteristics of the S01-10217-21
initiator, at ambient temperature, are given below and initiator function
times are given in TableV,

Capacitance Firing Voltage
(Microfarads) (Volts)
608 17. 4
114* 29,0

*Reliability = 0, 999 at the 0. 90 confidence level,

EXTERNAL ELECTROMAGNETIC FIELDS

The Automatic Programmer Subsystem including electroexplosive devices

has been designed to preclude inadvertent actuation or dudding from external
radiation. The system meets the requirements of MIL-STD-833(USAF).
Additional design guidance was obtained from MIL-P-24014(WEP) and sup-
porting document NAVWEPS OD30393, which outlines design concepts to pro-
tect systems from the effects of radio frequency interference. The concept
selected for the automatic programmer employs the use of compartmentalized,
shielded circuitry interconnected by completely shielded electrical wiring,

The enclosures for the electronic and electrical components are fabricated of
aluminum and sealed electrically and environmentally, Interconnecting wires
are shielded by two layers of served, overlapped metal ribbon, Each layer is
wrapped in a different direction, providing a minimum of 200 percent shield-
ing along the wire, All squib electrical connectors are engaged by a threaded,
RF attenuating coupling, and each is fitted with a specially designed backshell
to provide an environmental and RF -tight transition from cable to connector.
Additionally, the bayonet-type electrical connectors employ grounding fingers
for increased RF attenuation.

STATIC ELECTRICITY

Douglas Specification A114306 requires that each squib installation be pro-
tected from inadvertent actuation by static electricity. As a demonstration of
this protection, each squib must be capable of being subjected to a discharge
of 25,000 volts between the shorted pins of the bridgewire and the case with-
out ignition. Figure 43 illustrates the method used to prevent ignition caused
by spark discharge through the ignition charge material, A prefercntial spark
gap is provided that allows harmless discharge of the electrical energy. SOS
initiators, which employ the spark gap concept, are subjected,on a 100-percent
basis, to a discharge test before leaving the manufacturer's facility. The
squibs within the thermal batteries are similarly pretested, and testing by lot
sampling is used to verify compliance. The thruster unit squib in each initia-
tion sequencer is protected by a preferential spark gap placed in the circuitry
leading to the initiator,
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TABLE V
S01-10217-21 INITIATOR FUNCTION TIMES
Voltage Function Time (msec) .
or Current Sample
Temperature Applied Min Mean Max o Size
Ambient 3.5 amps 2.2 2.4 2.7 | 0.153 505
-260°F 5.0 amps 1.5 2.3 3.4 | 0,422 44
-260°F 22, 0 volts - 0.5 - - |
300°F 3.5 amps 1.7 2. 24 2,7 | 0.262 48
300°F 22,0 amps - 0.4 - -
Ambient 22.0 amps 0.2 0.3 0.4 -
MAIN CHARGE CLOSURE DisK
SPARK DISCHARGE WHICH
WOULD CAUSE $QUIB TO FIRE
IGNITION CHARGE EgaC whs
CERAMIC Cu?
!‘
INSULATOR ;-}. NS
Q NS
A \s
N N
N\ A
wf \ \\‘I
N
\ \
A
EFERENTIAL SPARK GAP
m TO PRECLUDE DISCHARGE

THROUGH IGNITION CHARGE

FIGURE 43. STATIC ELECTRICITY DISCHARGE PROTECTION
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SECTION IX
STABILIZATION SUBSYSTEM

Stabilization of the ACES is provided by a gyro-controlled vernier rocket
motor (STAPAC) and a drogue parachute, The STAPAC unit, which stabilizes
the occupied seat during the initial portion of the trajectory, compensates
primarily for adverse pitching moments resulting from misalignment of the
rocket catapult sustainer motor thrust vector and the system center of gravity
(cg). The drogue provides yaw and pitch stability as well as drag to augment
seat system deceleration in high-speed ejections. An additional function of

the drogue is to stabilize the seat-crewman combination during descent follow-
ing a high-altitude ejection.

STAPAC
The STAPAC stabilization assembly consists of a rocket motor, rate gyro-

scope, gyro spin-up actuator, and a cable arrangement that transfers
precessional motion of the gyroscope to the vernier rocket motor, Figure44,

FIGURE 44. GYRO-CONTROLLED VERNIER ROCKET (STAPAC)
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The vernier rocket motor, Figure45., is constructed with cylindrically

shaped propellant nrases mounted on either side of a center section containing

a firing mechanism, nozzle, grooved sector and two shoulders machined to
mate with a ball bearing installed on the spin-up actuator housing. The vernier
rocket motor develops a thrust of 725 to 740 pounds with a total impulse of
approximately 360 pound-seconds, Figure 46,

The gyroscope includes a rotor and gimbal and is mounted on the spin-up
actuator housing, Gear teeth on the periphery of the rotor are designed to
engage similar teeth on the piston/rack assembly, which is part of the
spin-up actuator, As the gyroscope is only gimballed about a single axis,
it is only sensitive to pitch rate of the seat and not to seat position. The
rate gyro is mounted on the ejection seat with the rotor spin axis and quad-
rature (sensing) axis oriented in a manner to sense only pitching motion of
the ejection seat. The rotor inertia and spin velocity are sufficient to pro-
vide the required precessional torque to rotate the vernier rocket motor.

The spin-up actuator comprises a housing and a piston/rack assembly that
incorporates gear teeth to mate with those on the periphery of the rotor.
Prior to its actuation, the piston/rack assembly provides caging of the
gimbal, The uncaging and spin-up functions are accomplished by gas pres-
sure from an electrically initiated cartridge installed in the actuator. A
shear pin is installed between the piston/rack and actuator housing to provide
positive gyro caging and uniform operation.

FIGURE 45. VERNIER ROCKET MOTOR
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FIGURE 46. VERNIER ROCKET PERFORMANCE

Precessional motion of the gyroscope is transmitted to the vernier rocket by
a cable arrangement consisting of four cable assemblies, three sectors

and two tension adjusters. The sectors are designed to provide a motion
ratio of 3 to 2 between the vernier rocket and the gyroscope; the gyroscope
has a maximum precessional angle of +30 degrees and the vernier rocket
+45 degrees. A negator spring, used to bias the output signal of the gyro,
is installed on the actuator housing with its free end attached to one of the
tension adjusters.,

A sear-puller device is used to mechanically fire the vernier rocket motor,
The sear-puller is a sliding collar that fits around the piston/rack and
attaches to the rocket firing mechanism, When the actuator is initiated, the
sear-puller device is actuated as the piston/rack is thrust into the spin-up
actuator housing. A roll pin installed in the piston/rack assembly prevents
rebounding of the sear puller into the gyro rotor.

All pivoting joints on the STAPAC unit, except the rotor spindle, incorporate
ball bearings to minimize friction,
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The STAPAC is assembled completely on the bench and all necessary adjust-
ments made prior to its installation, The unit is installed on the back portion
of the seat bucket structure with three bolts. The aft side of the STAPAC
assembly is protected from the blast effects of the main rocket motor by an
0.080-inch aluminum shield.

STAPAC OPERATION

Upon electrical initiation of the cartridge in the spin=up actuator, the gas,
generated by the burning propellant, builds up pressure until the shear pin
locking the piston/rack in the extended position fails, The rack is force-
fully retracted into the housing, sequentially spinning up the gyro rotor and
uncaging the gimbal, As the rack is retracted into the housing, it actuates
the sear puller which, in turn, fires the vernier rocket motor,

The spin-up/rocket ignition sequence is completed in 5 to 6 msec from
cartridge ignition, with the gyro rotor achieving a rotational velocity of
11,000 rpm, When the seat disengages from the guide rails, the subsystem
is ready to function., If the seat starts to pitch, for any reason, the rate
gyroscope responds by generating a precessional torque which rotates the
gyro gimbal, This motion is transmitted via the cable system to the vernier
rocket motor which also rotates to provide a moment to oppose the pitching
of the seat, Figure47, STAPAC operation, during seat ejection test, is
shown in Figure 48,

STAPAC PERFORMANCE

To obtain the required performance from the pitch control unit, the vernier
rocket must be able to create a moment greater than the disturbing moment
of the rocket catapult sustainer motor. This excess torque is required to
attenuate the rotation of the seat after the STAPAC system has achieved con-
trol, The STAPAC unit has a finite response time and, therefore, must be
capable of correcting for seat pitch-rate overshoot. Figure 49 is a plot
showing the relative moment-producing capability of the XM-39 rocket motor
when the thrust line is displaced 2 inches from the seat system dynamic cg,
and when the vernier rocket is rotated 45 degrees from the position where its
thrust line passes through the dynamic cg. The graph shows that the angular
travel, thrust level, and impulse of the vernier rocket are sufficient to pro-
duce moments equal to or greater than those of the main rocket during its
entire burntime,

To compensate for the adverse effects of forward pitching on the seat
recovery performance (thrust line above cg), a spring is employed to bias

the signal output of the gyroscope. The spring used in the ACES STAPAC

is a negator, which exhibits constant force at infinite deflection, The spring
is employed to induce a torque about the gimbal axis equal to 3 rpm aft pitch
of the seat system, Figure50. In this plot, the seat is oscillating about a
constant aft pitch slope equal to 3 rpm, and the amplitude and period of
oscillation are influenced by such factors as STAPAC friction, vernier rocket
torque, pitch axis inertia of the seat, and the relative moment-producing
capability of the vernier and main rocket motors.,
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FIGURE 48. STAPAC OPERATION DURING TEST
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In Figure 51, a computed seat pitch-angle history comparison is shown for
an unstabilized seat and one incorporating the STAPAC unit, It is noted that
in both of the stabilized-seat cases, the low pitch rate at main rocket burn-
out is indicative of excellent control,

The gyro-controlled vernier rocket must provide pitch stability for all

Mode 1 ejection conditions up to the time the recovery parachute starts to
apply a drag force on the occupied seat. This covers the speed range from
0 to 300 KEAS at sea level. Pitch angle vs time data are plotted in Figure 52
for a zero-speed and a 227-KEAS ejection test performed at 4200 feet alti-
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FIGURE 51. COMPUTED PITCH STABILIZATION PERFORMANCE
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FIGURE 52. PITCH STABILIZATION FOR MODE 1 EJECTIONS

tude. In the 227-KEAS test, a maximum pitch rate of 4.3 rpm occurred
prior to deployment bag unlock, at which time the parachute drag was
imposed on the seat system, overpowering the STAPAC, and causing an
increase in pitch rate as the seat was reoriented for recovery. In the zero-
speed ejection, adequate pitch control was demonstrated over the total time
shown,

DEVELOPMENT PROBLEMS

During the development testing of STAPAC, failures of the sear puller were
encountered requiring several design changes to achieve satisfactory opera-
tion, The original sear-puller design employed a threaded pin installed in
the piston/rack, which engaged the sear puller as the rack was drawn into
the actuator housing, thus firing the rocket motor., Initially, failure of the
threaded pin occurred because it impacted against the actuator housing at the
end / ¢ the rack stroke, This permitted the vernier rocket motor sear and
sear puller to rebound with the attendant possibility of interfering with
rotation of the rocket motor. Also, the sear puller was designed for a
single-shear attachment to the vernier rocket motor sear, because of weight
and space limitations, However, tests indicated that this arrangement
induced higher-than-expected bending loads in the sear attaching clevis pin
and sear puller, as well as allowing unnecessary clearance in the pin attach-
ment. The original seer-puller configuration is shown in View A of Figure53,
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To eliminate rebounding of the vernier rocket motor sear and sear puller,
and to increase the bending strength of the sear puller-to-sear attachment,
the following modifications, View B of Figure 53, were incorporated:

1. The threaded pin was replaced by a roll pin relocated approximately
0.75 inch closer to the exposed end of the rack,

2, The gimbal was notched to clear the roll pin,

3. The sear puller was redesigned to provide a double shear attachment
of the rocket motor sear.

With this configuration, the roll pin failed in shear on every test, whether or
not the sear was extracted, and the aluminum gimbal broke in the notched
area in nearly all cases.

View C of Figure 53 illustrates the present sear-puller configuration, which
included the fcllowing design changes:

1. The roll pin was retained and a second pin (high-strength) installed in
the rack where the original threaded pin was installed. The concept was
to allow this pin to shear following operation of the sear puller, and to
allow the roll pin to prevent rebounding of the sear puller,

2., The sear puller was modified to minimize its weight, and a 6061-T6
aluminum sleeve installed inside the sear puller to attenuate the effects-
of impact loading as the pin engaged the puller,

3. The vernier rocket motor sear was shortened to eliminate any possibility
of it interfering with rocket motor rotation, following uncaging of the gyro,

4, The gyroscope gimbal was changed from aluminum to steel,

DROGUE SYSTEM

The present ACES drogue system was designed on the basis of information
obtained from a previous test program, Reference 8, and on a study in which
ribless guide surface and Hemisflo decelerators were evaluated, Reference 5.
A hemisflo drogue was selected because of its superior operational character-
istics throughout the ACES speed envelope, especially in the high-transonic
and supersonic regimes, The ACES drogue system geometry is illustrated in
Figure 54,

The drogue system comprises a drogue canopy, risers, deployment sleeve;
extraction parachute and deployment bag; drogue gun, slug, and cartridge;
FLSC bridle cutters; and separate stowage compartments for the drogue
and extraction chute., Figure 55 shows the drogue system installed on the

seat.

The drogue canopy is a 5. 8-foot Hemisflo type incorporating 16 gores con-
structed of 650-pound horizontal ribbons and 400-pound radials. The 16
suspension lines, 1500-pound coreless braided nylon line, are divided into
four groups and attached to the bridle assembly. The bridle, made from
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FIGURE 55. DROGUE INSTALLATION

6000-pound nylon webbing, has four loop-ends, for attachment of the sus-
pension lires, a solid portion, and four loop-ends that attach to the seat. The
lower bridle segments, that attach to the seat, are encased in a silicone-
impregnated {iberglass fabric sleeve to provide thermal protection from the
rocket catapult motor plume. The lower bridle segments are fastened to the
seat by 100-pound nylon tie-cords, which are covered with a Teflon tubing,
Figure 55,
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The drogue is stowed in a cotton sleeve to assure an orderly, line-first
deployment. The apex of the drogue canopy is attached to the top of the
sleeve with a 50-pound cotton cord, and a restrictor band is employed to
provide additional retention of the apex to the top of the sleeve, Figure 56.
Release of the restrictor band is accomplished by a nylon line that is routed
through a grommet in the sleeve, and down to the bottom of the sleeve where

FIGURE 56. RESTRICTOR BAND INSTALLATION

73



it is attached to a suspension line. The restrictor band is designed to pre-
vent the drogue apex from moving to the bottom of the sleeve prematurely as
a result of extraction chute opening forces. Premature downward motion of
the drogue within the sleeve can result in exposure of the drogue canopy to
the air stream before the suspension lines have deployed.

The extraction chute, Figure 57, is a hemisflo design incorporating 12 gores
and having a nominal diameter of 2 feet, The gores are constructed of 400-
pound horizontal ribbons and 250-pound radials, The 12 suspension lines,
400-pound coreless braided nylon line, are collected at their confluence and
attached to a 10-foot, 4000-pound nylon webbing bridle, the opposite end of
the bridle being fastened to the main drogue deployment sleeve, An anti-
squid line is incorporated in the extraction chute to promote rapid inflation.

The extraction chute is packed in a deployment bag which is attached to the
drogue gun slug. The materials used in the fabrication of the drogue and
extraction parachutes are listed in Table VI,

The drogue gun, Figure 58, consists of a housing, slug, shear pin, and
electrically fired cartridge. The gun is mounted on the upper seat structural
beam (between top slider blocks) and is oriented so that the slug's ballistic
path is normal to the slider plane and 30 degrees to the right of the fore-and-
aft axis of the seat, The slug weighs 1 pound and has a nominal muzzle
velocity of 200 ft/sec at 70°F, The latch assembly for both the extraction
chute and drogue compartment doors, in addition to the extraction chute
deployment bag, are attached to the drogue gun slug,

FIGURE 57. EXTRACTION CHUTE ASSEMBLY
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TABLE VI

DROGUE SYSTEM PHYSICAL DATA

Drogue

Extraction Chute

Diameter, Do

" Ng; of Gores

Suspension
Lines

Horizontal
Ribbons

Radial
Ribbons

Vertical
Ribbons

Skirt Band

Vent Band

Vent Lines

Vent Cap’

Anti-Squid
Line

No, of
Radials per
Main Seam
Porosity

Bridle

5.8 ft
16

MIL-C-7515, TY V,
1500 1b (140 in.)

MIL-T-5608, TY I,
Class E, 1.25 in., 650 1b

MIL-T-5038, TY IlII,
0.75 in., 400 Ib

MIL-T-5608, TY II,
Class C, 0.38 in., 58 1b

MIL-T-5038, TY III,
lin,, 525 1b

MIL-W-27657, TY I,
0.75 in,, 3000 1b

MIL-C-7515, TY V,
1500 1b

MIL-C -7020. TY I’
1.1 oz (treated to reduce
porosity)

Not Applicable

19 percent

MIL-W-4088, TY XVIII,
1 in., 6000 1b

2.0 ft
12

MIL-C-7515, TY I,
400 1b (30 in.)

MIL-T-5038, TY III,
0.75 in., 400 1b

MIL-T-5038, TY III,
0.5 in., 250 1b

MIL-T-5038, TY III,
0.38 in.,, 200 1b

MIL-T-5038, TY III,
0.75 in,, 400 1b

MIL-C-7515, TY II,
550 1b

MIL'C‘?SIS. TY I.
400 1b

Not Applicable

MIL-C-7515, TY V,
1500 1b

2

18.5 percent

MIL-W-5625,
1 in., 4000 1b
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FIGURE 68. DROGUE GUN

The drogue bridle is attached to the upper and lower slider block shafts, and
four electrically initiated FLSC cutter devices are installed adjacent to the
webbing, Figure 59. The cutters sever the drogue bridle upon receipt of an

electrical signal from the Recovery Sequencing Unit,

FIGURE 59. DROGUE BRIDLE CUTTERS
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DROGUE OPERATION AND PERFORMANCE

During ejection, as the seat nears the top of the guide rails, redundant
electrical signals from the recovery sequencer fire the drogue gun cartridge,
if the seat is in a Mode 2 or Mode 3 environment. The l-pound slug is pro-
pelled aft at an angle of 30 degrees from the fore-and-aft axis of the seat,
simultaneously unlatching the extraction chute and drogue compartment doors.
As the extraction chute is pulled from its compartment by the slug, the cover
is blown aft and the 10-foot bridle begins to pay out. When the deployment
bag strips off, the extraction chute inflates, transmitting load to the drogue
sleeve, The drogue suspension lines pay out first, followed by release of
the restrictor band, sleeve strip-off, and drogue inflation. The sequence of
operation is shown in Figure 60,

To satisfy the seat system stability requirements, the drogue must be
effective in time to prevent any large angular deviations of the seat as it
enters the air stream. Therefore, the time-to-effectiveness is a significant
factor in the performance of the drogue system, especially with ejection at
higher speeds where the magnitudes of the aerodynamic moments on the seat
are large and STAPAC is less effective. Drogue performance is shown in
Figure 61 using data obtained from seat ejection tests, The extraction
chute's operating time is shown to be relatively constant from 400 to 600
KEAS, attributable to the high drogue gun slug velocity and small diameter

of the extraction chute, The anti~squid line is presumed to contribute to the
uniform operation. A slight increase in time to full inflation of the extraction
chute occurs below 400 KEAS. The time from drogue-gun-fire to full infla-
tion of the drogue is well within the predicted value of 0.3 second at 600 KEAS,
Reference 3,

The stabilization provided by the drogue system is illustrated in Figure 62,

in which seat back angle is plotted as a function of time. In the 438-KEAS
test, the seat pitches forward as it leaves the guide rails, seeking an aero-
dynamic trim attitude forward of the launch attitude. By the time the forward
pitching is arrested, the seat rotates approximately 35 degrees. As the seat
rotates aft, it overshoots the 30-degree design trim angle, Figure 54, and
the parachute mortar fires when the back angle is approximately 40 degrees.
In the 578-KEAS test, the aft tip-off is necessarily more severe than on the
438-KEAS test and, by the time the seat pitches forward 7 degrees, the
drogue reverses the rotation. The seat rotates aft 5 degrees beyond the trim
attitude, with the seat-back at approximately 28 degrees at parachute mortar
fire,

The size of the present drogue was based on the requirement to decelerate

the seat and 95th percentile occupant from 600 KEAS to a velocity of 320 KEAS
at recovery parachute line-stretch in 0.51 second at 16, 000 feet, Reference 5.
The 0,51-second parachute time-delay was used to make the original ACES
Mode 2 performance predictions and was incorporated as a specification
requirement for the recovery sequencer. The 320-KEAS line-stretch velocity
was considered to be within the capability of the reefed C-9 parachute on the
basis of whirl tower tests in which canopies with a 5-percent reefed drag area
were successfully tested at vehicle release velocities of 330 KEAS, using
300-pound torso dummies, Reefed inflation forces of approximztely 6000
pounds were calculated for the ACES recovery parachute using reefed-fill
times measured in the whirl tower tests. Loads of this magnitude were
believed within the structural capability of a reefed C-9 canopy.
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Soon after initiation of the recovery subsystem development tests, it was
necessary to increase the reefing line cutter time delay from 1,0 to 1.3 sec-
onds and the reefed drag area from 4 to 10 percent to assure a safe velocity
at disreef, Further, maximum velocity limits for parachute deployment
initiation were established at 300 KEAS and 175 KEAS for sea level and

16, 000 feet, respectively.

Near the completion of the recovery subsystem development tests, evaluation
of environmental sensor dynamic test data disclosed the significant effect of
base pressure on the Mode 2/Mode 3 crossover velocity, Reference 9. As a
result, the criticalness of the original 16, 000-foot parachute deployment con-
dition was virtually eliminated and the 300-KEAS sea-level condition was
established as the primary deceleration requirement for the drogue,

Preliminary results of the recovery subsystem tests indicated that the Mode 2
0.51-second parachute delay was not compatible with the structural capability
of the recovery parachute, As a result of a seat system trajectory study, the
time delay was increased to 0.85 second to preclude recovery subsystem
initiation above 300 KEAS at sea level.

Results of drogue tests on the Tomahawk sled indicated a drag coefficient
(Cd) of 0,22 compared to a predicted value of 0. 36, which was used in the
drogue-sizing calculations. The resultant degradation in drag area (C4S)
was attributed to wake effects of the test setup, a simulated (boilerplate). seat
installed on top of the Tomahawk sled. Using a C4 of 0,33, which was con-
sidered a more realistic value for the drogue behind the actual ejection seat,
the adequacy of the 0, 85-second delay was re-evaluated and determined to be
satisfactory. The velocity decay and associated g-history of the seat and
95th percentile occupant are shown for a 578-KEAS ejection test in Figure 63,
The velocity at the time the recovery parachute mortar is initiated is approx-
imately 298 KEAS, which results in a velocity of 250 KEAS at parachute line
stretch, Satisfactory parachute operation was demonstrated in bomb drop
tests at line-stretch velocities up to 272 KEAS, Reference 10,
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SECTION X
RECOVERY SUBSYSTEM

A reefed, mortar-deployed, 28-foot, flat-circular parachute is employed

as the ACES recovery subsystem, Figure 64, The principal components of
this subsystem are a canopy assembly, deployment bag, pilot chute, mortar,
reefing line cutters, and cover assembly,

The parachute canopy is a conventional 28-foot flat-circular design, Air
Force type C-9, The apex area of the canopy is reinforced with three con-
centric l-inch-wide nylon tapes, each having a breaking strength of 525
pounds, In addition, two reefing line cutter pockets (at lines No, 7 and 21)
and 30 reefing rings are installed on the skirt of the canopy, with backup
arming lanyards stitched to lines No., 7 and 21, The reefing line, MIL-C-
7515, Type III nylon line, is 156 inches in length, providing a reefed drag
area equivalent to 10 percent of the canopy surface area.

The canopy is packed in a deployment bag that incorporates longitudinal
tunnels for stowage of the suspension lines, Figure (5, Flaps on the open
and of the bag retain the canopy until the suspension lines have deployed.

A 0,090-inch aluminum doubler is incorporated in the top section of the bag
to carry the mortar thrust load. Pilot chute attachment is provided by a
triangular-shaped, reinforced fabric panel attached at the top of the bag
and extending its full length, Retainer flaps, released at the end of the
mortar stroke, cover the ends of the longitudinal tunnels to prevent line
spillage resulting from mortar-induced accelerations.

A four-vane pilot chute having a nominal diameter of 36, 1 inches is used to
assist deployment of the parachute. The pilot chute is stowed in a pouch that
is attached to the seat structure. The pilot chute is extracted through a

3. 5-inch slit in the top of the pouch, The pilot chute and pouch are shown in
Figure 66,

The mortar consists of an inner and outer tube that are assembled with a
shear pin, Figure 67. The lower end of the inner tube incorporates an inte-
grally machined fitting, which is the upper half of a disconnect; the lower half
attaches to the seat structure. The upper end of the outer tube incorporates
an extension that allows attachment of the mortar assembly to the deployment
bag. A bell-shaped fitting, installed on the lower end of the outer tube,
disperses the cartridge residual propellant fragments away from the deploy-
ment bag when the mortar tubes separate, A pair of machined fingers,
attached to the outer tube, are used to maintain alignment of the reefing line
cutters during and following parachute packing., The mortar has a stroke of
17 inches and provides a nominal velocity of 59 ft/sec at the time the tubes<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>