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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.  Mclntyre, 
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 Centre, 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. 

/ 
ijfcd*** "t iu**** 
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 system 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 sonne 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. 
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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 ehe 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: 

1. 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. 

2. Minimum time-delay from ejection initiation to parachute deployment by 
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. 

3. Pitch stability during rocket burn by a gyro-controlled vernier rocket 
motor (STAPAC) capable of compensating for a 4-inch system eg 
excursion. 

4. 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. 

5. 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. 

6. 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. 

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

8. 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 ^.    Major subsystems are 
illustrated in Figure 4 ,  and a list of the ACES cartridges and cartridge- 
actuated devices is given in Table I. 



FIGURE 1.  ADVANCED CONCEPT EJECTION SEAT, THREE-OUARTER VIEW 



FIGURE 2.  ADVANCED CONCEPT EJECTION SEAT, RIGHT SIDE 



FIGURE 3.  ADVANCED CONCEPT EJECTION SEAT, LEFT SIDE 



ENVIRONMENTAL SENSORS 

AIRCRAFT INSTALLATION 
(GUIDE RAILS AND SEAT ADJUSTMENT) 

FIGURE 4. ACES SUBSYSTEMS 



TABLE I 

ACES CARTRIDGES AND CARTRIDGE ACTIVATED DEVICES 

Manufacturer's Part 
Component Manufacturer Number 

Actuator,  Gyro Spin-Up Douglas Aircraft Co. J114099-1 

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 McCormick-Selph J-811363-1  8, -2 
811318-1 

Inertia Reel,  Power Haulback Pacific Scientific 0103178-17 

Gas Generator,  Inertia Reel Pacific Scientific 0113250-1 

Thruster, Harness Release Universal Propulsion 1002-1 

Drogue Gun Universal Propulsion 1003-2 

Programmer, Automatic Dorsett Electronics 93A559-2 
93A479-3 & -4 

Cutter, Reefing Line Atlas Chemical 1SE172-1.3 

Thruster, Arm Restraint Universal Propulsion 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 systems 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, 
Figures ,   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 
seal 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 ± 1000 feet,  or when an equivalent 
static pressure exists behind the seat 

The Mode 1 — Mode 2 crossover velocity is mechanically 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. 
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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-second 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. I 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 mode. 
The time-sequence of events for a Mode I ejection is illustrated in Figure 7. 
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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,    T8e 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. 
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0     o  MAN/SEAT RELEASE SYSTEM ACTUATES AUTOMATICALLY 
DISCONNECTING THE: 

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

0     o  MAN/SEAT PHYSICALLY SEPARATE 
o   DEPLOYMENT OF SURVIVAL KIT CONTENTS INITIATED 

(IF SELECTOR IS PRE-POSITIONED IN AUTOMATIC MODE) 
o PILOT CHUTE DEPLOYMENT INITIATED 

0     o PILOT CHUTE DEPLOYS 
• SURVIVAL KIT FLAPS RELEASE 

0     • RECOVERY PARACHUTE DEPLOYS 
o REEFING LINE CUHERS TIME DELAYS INITIATED 

FIGURE 10. PARACHUTE MANUAL BACKUP SEQUENCE 
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SECTION III 

SEAT ASSEMBLY 

The seat apsembly 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 

Ejection (2) 

Man/Seat Release 

Seat Adjustment 

Survival Kit 
Deployment 

Backrest Release 

Inertia Reel 

Armrest (2) 

Emergency Oxygen 

Seat Pan Release 

Function 

Initiates Automatic 
Ejection Sequence 

Manually Releases Crew- 
man and Seat if Automatic 
System Fails 

Adjusts Vertical Seat 
Position in Cockpit 

Selects Automatic or 
Manual Deployment Mode 

Jettisons Backrest after 
Man/Seat Separation 
(Pilot's Option) 

Locks or Unlocks Inertia 
Reel Strap 

Raises or Lowers Arm- 
rests 

Activates Emergency Oz 
if Automatic System Fails 

Disconnects Seat Pan from 
Seat for Access to Survival 
Kit 

Location 

Seat (R and LH Sides) 

Seat (RH Side) 

Seat (RH Side) 

Seat (RH Side) 

Backrest (LH Side) 

Backrest (LH Side) 

Seat (R and LH Sides) 

Backrest (RH Side) 

Seat Pan (Front Edge) 

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 handle 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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RELEASE NN 

MANUAL 
RELEASE 

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 
Figure 18.    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. 

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.  Figure 19 . 

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. 

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 Figure 21 . 

FIGURE 20.   INITIATION SEQUENCER 
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FIGURE 21. INITIATION SUBSYSTEM SCHEMATIC 

29 
 ^ 



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 pressurizes 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 

redesign effort.   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,  Figure.25.    The devices are interconnected 
by an electrical cable. 

Two sensors are used to improve system reliabilityi    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.   ENVIRONMENTAL SENSORS 
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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. 

PITOT ARM STOWED 

DEPLOYMENT 
»RINGS 

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 indicating 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.    Thie alters the altitude where the system 
changes from Mode 3 to Mode 2 as a function of seat velocity at ejection, 
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 (Si and S3) must be in their normally closed position 
and the altitude switches (Sz and S4) open.   If either Si 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 S1/S3 switch positions.    This feature protects the 
parachute from being deployed too early in the recovery sequence.   The 
altitude switches (S2 and S4) are normally open and both must be closed to 
provide a Mode 3 signal. 

TOTAL PRESSURE IE LLOWS 

-ALTITUDE (COMPENSATION) 
BELLOWS 

SPEEO 
M00E 

n 
11 
11 

«TOT 

ALTITUDE 
BELLO' 

STATIC 
PRESSURE 
PORT 

ALTITUDE 
MODE 

FIGURE 27. ENVIRONMENTAL SENSOR SCHEMATIC 
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SECTION VII 

AUTOMATIC PROGRAMMER SUBSYSTEM 

The ACES uses an electroexplosive sequencing subsystem to control 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.  Figure 20 ,  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 Figure 31 • 

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 ±5 percent over the temperature 
range of -65 to +200oF.    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 (SMOC), 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 ehe 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 0.3-8econd 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 receptacle 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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FIGURE 34. RECOVERY SEQUENCER INITIATION 

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, Figure 35.   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,  Figure 37.    The logic section consists of solid-state filters and 
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ALTITUDE ALTITUDE 
SENSOR SENSOR      j 

1 
--   

i MODE-SELECT 
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I I | 
MODE MODE MODE 

1 2 3 
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RECOVERY 
SEQUENCING 

1 
i 

RECOVERY 1 
FUNCTIONS 1 

NEC OVI •RYSEQUENt CER 

J 

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 (Ri and Cj in Figure 38) in series.    As current flows through R}, 
the voltage across Ci, 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 Ci 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,  Rj,   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 
UNIJUNCTION 
TRANSISTOR- 

^REGULATED 
VOLTAGE 

TIMING < 

CAPACITOR 

-GROUND 

(~ -\ SILICON CONTROLLED 
-f-A   ) RECTIFIER (SWITCH) 

% «TOWER 
(UNREGULATED) 

UNIJUNCTION 
INTRINSIC VOLTAGE — 
(■REAKOOWN) 

GROUND VOLTAGE 

^ (DESIGN TIME DELAY) 

TIME —♦ 
R, Cf CHARACTERISTIC CURVE 

FIGURE 31. 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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2.     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 sequencer 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. 

b. 

c. 

d. 

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

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

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

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. 

3.     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 m 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 Figure41 .   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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ntto-atHzium 

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. 
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TABLE II 
RECOVERY SEQUENCER PARTS SUMMARY 

Item Previous Present 

i                Resistors 79 57 

Capacitors 33                                            31 
i 

Transistors 14 6                  i 

IC's 

SCR-s 

3                                              0 

1 

9                                            9 

UJT's 6 
6 

Zeners 2 4 

i 

Diodes It 29 

TOTAL 178                        . 142                 | 
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I 
SECTION VIII 

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 III. 

FIRING CHARACTERISTICS 

The electrical squibs in the ACES are of the hot bridgewire type and are 
qualified to a I-amp,  I-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, Figure 42 .   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 

rWWVS 
DUAL •RIOGEWIRE 

rVW\r-i rVWV-i 

A I   c 

DUAL BRIDGEWIRE 
WITH RFI SHUNT 

rWW-r>VW\m 

DUAL BRIDGEWIRE 
COMMON RETURN 

rVWV-rVWV-i 

B     C A 0 CO 
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 Al 14306 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 preferential 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 

SO 1-10217-21 INITIATOR FUNCTION TIMES 

Temperature 

Voltage 
or Current 

Applied 

Function Time (msec) 
l 

0 

Sample 
Size Min Mean Max (T 

Ambient 

-260oF 

-260oF 

300oF 

300oF 

Ambient 

3. 5 amps 

5. 0 amps 

22. 0 volts 

3. 5 amps 

22. 0 amps 

22. 0 amps 

2.2 

1.5 

1.7 

0.2 

2.4 

2.3 

0.5 

2.24 

0.4 

0.3 

2,7 

3.4 

2.7 

0.4 

0. 153 

0.422 

0.262 

505 

44 

1 

48 

2 

7 

MAIN CHARGE 
CL0IURE DISK 

IGNITION CHARGE 
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CERAMIC CUP 

PREFERENTIAL SPARK GAP 
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 
(eg).   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,  Figure 44 . 

^yjf;^^^ 

FIGURE 44.   GYRO-CONTROLLED VERNIER ROCKET (STAPAC) 

•PFBCEDI» PAGS BLANK-NOT FIIKSD.* 
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The vernier rocket motor,  Figure45 ,  is constructed with cylindrically 
shaped propellant rases 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. 

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

Precessional motion of the gyroscope ia 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 a,ear 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 processional 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.  Figure 47.   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 eg, 
and when the vernier rocket is rotated 45 degrees from the position where its 
thrust line passes through the dynamic eg.   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 eg), 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. Figure 50.   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 

10,000 

0.3 0.4 
TIME (SEC) 

FIGURE 48. ROCKET MOTOR PITCHING MOMENTS 
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FIGURE 50.  PITCH ANGLE VS TIME (WITH BIASING SPRING) 

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 52. PITCH STABILIZATION FOR MODE 1 EJECTIONS 

U 1.4 

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 ' f 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 serr-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. 

2. 

3. 

The threaded pin was replaced by a roll pin relocated approximately 
0. 75 inch closer to the exposed end of the rack. 

The gimbal was notched to clear the roll pin. 

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 following 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 lines,   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 fiberglass 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 hand is employed to 
provide additional retention of the apex to the top of the sleeve.  Figure 56. 
Release of the restrictor hand 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 66.   RESTRICTOR BAND INSTALLATION 
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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 70oF.   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 5.8ft 2.0 ft 

No. of Gores 16 12 

Suspension 
Lines 

MIL-C-7515, TYV. 
1500 lb (140 in.) 

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

Horizontal 
Ribbons 

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

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

Radial 
Ribbons 

MIL-T-5038, TY III, 
0.75 in.. 400 lb 

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

Vertical 
Ribbons 

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

MIL-T-5038, TY III, 
0.38 in., 200 lb 

Skirt Band MIL-T-5038, TY III, 
1 in., 525 lb 

MIL-T-5038, TY HI, 
0. 75 in., 400 lb 

Vent Band MIL-W-27657, TY I, 
0.75 in,, 3000 lb 

MIL-C-7515, TYII, 
550 lb 

Vent Lines MIL-C-7515, TY V, 
1500 lb 

MIL-C-7515, TY I, 
400 lb 

Vent Cap MIL-C-7020, TYI, 
1.1 os (treated to reduce 
porosity) 

Not Applicable 

Anti-Squid 
i    Line 

Not Applicable MIL-C-7515, TY V, 
1500 lb 

No. of 
Radials per 
Main Seam 

3 2 

Porosity 19 percent 18.5 percent 

Bridle MIL-W-4088, TY XVIII, 
1 in., 6000 lb 

MIL-W-5625, 
1 in., 4000 lb 
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FIGURE 58.   DROGUE GUN 

The drogue bridle is attached to the upper and lower slider block shafts, and 
/our 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 Recover/ 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 1-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-per cent reefed drag area 
were successfully tested at vehicle release velocities of 330 KEAS, using 
300-pound torso dummies.    Reefed inflation forces of approximately 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 tes ts on the Tomahawk sled indicated a drag coefficient 
(Cj) 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 (CdS) 
was attributed to wake effects of the test setup, a simulated (boilerplate) seat 
installed on top of the Tomahawk sled.   Using a Cj 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 
i 

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 1-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 65.    Flaps on the open 
end 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 propellent 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 
separate. 

The reefing line cutter.  Figure 68, incorporates a 1.3-second delay element 
and is designed to cut MIL-C-7515, Type III nylon line.   Two cutters are 
installed on the parachute canopy at lines No. 7 and 21. 

83 •fiacmm »« BUMMWI rxu«>.- 



■ 

PILOT CHUTE 

MORTAR 

CANOPY 
REINFORCEMENTS») 

FIGURE 64. ACES RECOVERY SUBSYSTEM 
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FIGURE 65.   DEPLOYMENT BAG 
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FIGURE 66.   PILOT CHUTE AND POUCH 
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FIGURE 67.   MORTAR ASSEMBLY 

FIGURE 68.   REEFWÜ LINE CUTTER 
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A formed,  rigid polycarbonate cover is installed over the upper portion of 
the deployment bag to maintain the packed shape of the parachute.    Two 
CamLoc fasteners are incorporated in the top of the cover to fasten it to the 
deployment bag.    The cover can be seen in Figure 69. 

INSTALLATION AND OPERATION 

The parachute canopy is packed in the deployment bag and around the mortar 
in a series of S-shaped folds.   When the canopy is stowed, the mouth of the 
deployment bag is locked by separating the suspension lines into two groups 
and passing a bight of line through each locking loop on the end flaps.   The 
remaining suspension lines are stowed in the longitudinal tunnels on each 
side of the bag, and the connector links are positioned at the bottom of the 
bag.   The reefing line cutter arming lanyards are then secured to the fitting 
on the lower end of the inner tube, Figure 69. 

The packed parachute is installed in the seat by inserting the lower end of 
the mortar into the seat-mounted portion of the disconnect and engaging the 
disconnect locking pin.   After attaching the pilot chute pouch to the seat back, 
the parachute risers on the aft side of the bag are connected to the seat, and 
the remaining risers are routed up the forward side of the deployment bag and 
over ledges on the backrest.   Finally, the lanyard on the pilot chute pouch is 
attached to a pip-pin located on the top beam of the seat structure.    Figure 70 
shows the recovery subs/stem installed in the seat. 

The recovery subsystem is initiated by an electrical pulse from the recovery 
sequencer, which ignites the cartridge installed in the lower end of the mor- 
tar.   During the initial part of the mortar stroke (approximately 6 inches of 
travel), the reefing line cutters' 1.3-second delays are initiated, and when 
the mortar tubes separate, the suspension line retainer flaps on the deploy- 
ment bag are released.    The parachute deploys downstream and the deploy- 
ment bag unlocks,  strips off, and is carried away by the pilot chute.   The 
canopy inflates to the reefed condition, followed by a disreefing and full 
inflation.   The foregoing sequence is illustrated in Figure 71. 

A backup for the automatic sequence is provided in the event of a failure of 
the mortar cartridge, Figure 10.   This system is initiated by actuating the 
manual man/seat release handle, which simultaneously releases the back- 
rest and parachute mortar from the seat.   When the seat and crewman 
separate, the pilot chute is extracted from its pouch, inflates, and tow« the 
deployment bag downstream.   At line-stretch, the reefing line cutters are 
armed by the backup lanyards, the deployment bag strips off, and the para- 
chute inflates to the reefed configuration.   Following disreefing, the canopy 
inflates fully. 

Reefed parachutes can be deployed safely at higher velocities than unreefed 
parachutes for equivalent suspended mass conditions.   Thus, the time delay 
between ejection initiation and parachute deployment can be shorter when 
using a reefed parachute.   To avoid unnecessary compromise of the low- 
speed escape performance, the ACES employs a variable reefing scheme, 
which provides an automatic adjustment of effective reefing time with speed 
of ejection.   This is accomplished by initiating the reefing line cutter time- 
delay when the parachute is projected from the seat.    This results in shorter 
effective reefing times (time from reefed inflation to disreefing) at low 
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FIGURE 69.  PARACHUTE ASSEMBLY 

ejection velocities than at high velocities,  Figure 72,   The variation of 
effective reefing with velocity is shown to be appreciably greater in Mode 1 
than in Mode 2, because the parachute deployment time is relatively constant 
for all Mode 2 ejection velocities. 

One of the most important factors in determining the effectiveness of the 
escape system is the distance traveled between ejection initiation and 
recovery of the crewman.   Obviously, the shorter the distance traveled 
between these events, the greater the escape system capability in effecting 
recovery of the crewman.   Therefore, an optimum recovery sequence is one 
in which the maximum tolerable g-load is maintained on the seat system 
from ejection to recovery.    The use of a reefed parachute, which can be 
deployed earlier in the ejection sequence than an unreefed parachute, is one 
approach to minimizing distance traveled.    The distance traveled during 
ACES qualification ejection tests is plotted in Figure 73. 
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FIGURE 70. PARACHUTE INSTALLATION 
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FIGURE 71. RECOVERY SEQUENCE (AUTOMATIC MODE) 
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FIGURE 73.  DISTANCE TRAVELED AT VARIOUS EJECTION VELOCITIES 

The forces transmitted to the seat and occupant by the parachute are plotted 
in Figure 74.   The data used to define parachute reefed and full inflation 
loads were obtaine«' during the qualification tests (bomb drops) of the 
recovery subsystf n>. 
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SECTION XI 

CREW SUPPORT AND RESTRAINT SUBSYSTEM 

This subsystem includes all the components required for support and 
protective restraint of the crewman during normal flight,  during ejection, 
and under crash landing conditions.    The basic components of this subsystem 
are a backrest assembly and restraint harness,  Figure 75. 

PARACHUTE RISERS 

PERSONNEL RESTRAINT HARNESS 

SINGLE-POINT RELEASE BUCKLE 

BACKREST RELEASE HANDLE 

INERTIA REEL STRAPS 

BACKREST 

BACK CUSHION 

LAP BELT 

SEAT CUSHION 

VERTICAL RESTRAINT STRAP 

C.,-J 
FIGURE 76. CREW SUPPORT AND RESTRAINT SUBSYSTEM 

BACKREST 

The backrest structure consists of two parallel tee extrusions joined at the 
top by a machined beam and at the bottom by a channel section.   The head- 
rest portion of the backrest is a box structure riveted to the machined beam. 
Fittings incorporated at the bottom outboard edges of the backrest structure 
are used to pick up lap belt loads.    Links are attached to the outboard edges 
of the machined beam to transfer crash and drogue loads to the seat struc- 
ture.   An aluminum sheetmetal skin covers the forward surface of the back- 
rest structure to provide a shear panel.    An additional plastic cover, which 
is contoured for lumbar support,  is also attached to the front surface of the 
structure.   Polyurethane foam pads,  shaped to provide proper support of the 
crewman's helmeted head,  are cemented to the forward face of the headrest, 
Figure 76. 
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HEADREST PAD 

FIGURE 76.    BACKREST ASSEMBLY - FORWARD SIDE 
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A dual-strap, power haul-back inertia reel is installed on the lower aft side 
of the backrest, with the straps routed up and over a pair of nylon rollers 
located in a cut-out area of the machined beam.   The inertia reel manual 
control is located on the lower left-hand side of the backrest.   An emergency 
oxygen supply stored in a 22-cu. in. MS22069-3 cylinder assembly, except 
that a shorter hose is employed,  also is installed on the aft side of the back- 
rest in the area above the inertia reel.    Figure 77 shows the installation of 
the above-described equipment.    The emergency oxygen is activated auto- 
matically during ejection by the downward travel of the arm restraint paddles. 
Manual actuation is accomplished by pulling the "green apple" located on the 
right-hand side of the backrest. 

To permit the crewman to jettison the backrest prior to parachute landing, 
a release system is incorporated that is actuated by a handle located on the 
left-hand side of the headrest. Figure 78.   A latch positively locks the handle 
in place, preventing inadvertent actuation of the release mechanism.    Back- 
rest release is accomplished by squeezing the trigger and rotating the handle 
downward, all in one motion. 

RESTRAINT HARNESS 

The restraint harness provides the required torso restraint during crash 
landing,  ejection, and flight maneuvers.   A quick-release buckle allows 
rapid doffing of the harness for ground emergencies where immediate egress 
is essential for safety.   Parachute canopy release fittings also are included 
to permit manual jettisoning of the parachute following landing.    The general 
arrangement of the harness is illustrated in Figure 79. 

The primary structural members of the harness are the saddle/body strap 
and cross back straps.   During a manual operation of the parachute, the leg 
straps carry a relatively-high percentage of the load, but during a normal 
recovery sequence, the major loading in the lower portion of the harness is 
shared by the two lapbelt segments.   Upward displacement of the crewman 
as a result of negative g's is limited by the vertical restraint strap.    The 
upper end of this strap is attached to the quick-release buckle and the lower 
end, which incorporates a plastic (epoxy) knob, is retained between the seat 
pan and the front edge of the seat bucket structure.   During ejection, the 
lower end of the strap is released when man/seat separation occurs. 

The restraint harness incorporates seat and back cushions that retain the 
various straps.   A plastic stiffener (ABS), conforming to the contour of the 
backrest, is installed in the aft portion of the back cushion to prevent it 
from collapsing under the weight of the harness straps and hardware.    The 
rigidity provided by the stiffener also facilitates donning of the harness. 
The seat cushion employs a combination of a closed-cell sponge material 
(ensolite) and foam rubber for shock attenuation (spinal axis loading,   Gz) and 
comfort. 
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FIGURE 77.   BACKREST ASSEMBLY - AFT SIDE 
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FIGURE 78.   BACKREST RELEASE SYSTEM 
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FIGURE 79.  SINGLE-POINT RELEASE HARNESS 

The quick-release buckle performs two functions when actuated: 

1. It releases all the harness straps constraining the crewman in the seat. 

2. It disconnects the distal end of the oxygen mask hose from the CRU-60/P 
connector, which is located on the right-hand sling strap.   An adapter 
containing a releasing mechanism is connected to the mask hose port of 
the CRU-60/P and, in turn, the mask hose is bayoneted into the adapter. 
Actuation of the quick-release buckle transmits mechanical motion to 
the adapter releasing mechanism via a sheathed cable. 

Figure 80 shows the crewman in the restraint harness and Figure 81 is a 
view of the oxygen disconnect adapter. 

102 



FIGURE 80.   CREWMAN WEARING HARNESS 
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FIGURE 81.  OXYGEN HOSE DISCONNECT 
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SE:CTlON ll 

S R VIVAL A D PER ONAL !:::QUIP 1E T 

SURVIVAL KIT 

The survival kit for th ACES i s a non-r'.gicl pa kag con t ain ing a ll su r v i va l 
equipment except 1n r g en y oxy g e n . '::. 'h "soft " s urviva l kit on ept i s 
employed t o reduc e· th w i ght, con1p J. exity , and os t att nclant t o on t en!po­
rary, rig id-typ kits . T h A ES su r v iva l k it s t ows in th sea t bu ket under 
a ri gid, contoured s a t p a n and is not r eq uir· d t o s uppor t any down l oad s 
r esulti ng from jection, fli ght, o r c r as h condition s . The con t a i n r confi g u­
ration provides for both a utoma tic and manu a l d p lo y n 1 n t. of th kit on t nt s 
and inflation of th e lif r a ft. 

The a s sembl ed kit, F i gu re 8..'. , 1s con1p ri secl of t wo unit s : 

l. The ou te r c o nta i n r (n1a in kit), whi ch ·on t a i ns t h lif er·aft and t·ucksack , 
and provi s i o n s fo r i t s a tta h n1e n t t o t h cr wn1an 1 s r e s tr a in t. harn ss . 

2 , The hit-and - run kit (HARK), which a t t ache s t o the forward p rti on o f the 
oute r cont ainer . 

FIGURE 82. SUR VIVAL KIT ASSEMBLY 
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OUTER CONTAINER 

The outer container is fabricated from MIL-C-7219 nylon cloth and is rein- 
forced with nylon webbing.    A pocket housing the manual D-ring is located 
on the aft,   right-hand corner of the container and snaps for attaching the 
container to the restraint harness are installed on the upper surface of the 
container.    The outer container also incorporates a series of elastic loops 
to retain the automatic ripcord,  a 6-foot length of nylon cord.    One end of 
the cord is attached to the two pins that lock the container flaps,  and a metal 
ring is attached to the other end.    A nylon webbing bridle arrangement is 
incorporated on the inside of the container to which the liferaft and rucksack 
dropline is attached.   Figure 83.    The liferaft is stowed in the upper portion 
of the kit followed by the rucksack,  as shown in Figure 84.    Details of the 
manual and automatic ripcord installations are shown in Figures 85 and 86. 

AFT FLAP RIGHT FLAP 

FIGURE 83.   DROPLINE ATTACHED TO RUCKSACK AND CASE 
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Fll..iURE 84. RAFT STOWED IN CASE WITH DROPLINE 

FIGURE 85. RIPCORD PINS THROUGH RING ASSEMBLY AND CORD LOOPS 
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FIGURE 86. AUTOMATIC RIPCORD STOWED 

The r u cksac k, F i gu r e 87 , is fabric a ted from chloroprene-coated nylon cloth 
and inc o rpo r a te s a w a terproof z ipper and a check valve, The rucksack is 
re i nforc ed with nylon webbing to distribute and react the inertia loads result­
in g from t h e cont ainer fallin g to the end of the dropline. The rucksack and 
liferaft a re attache d to eac h other and to the outer container with the con­
v e ntional l e n gth dropline us e d with U .S, Air Force ri gid survival kits. 

H A RK 

T h e HA RK is fabr i cat ed f rom c hlor o prene-coated nylon cloth and incorpo­
rate s a waterpr oof z ipper and c he c k valve, Figure 8 3 . The kit contents ar e 
a rrang ed on a web s t ra p in s uch a m a n ner that they can be worn around the 
w a i s t as a belt a ft er t hei r remov a l fr om the waterproof kit, Figure 8g , The 
HAR K i s reta ined t o the outer c onta iner by velcro tape and by two pins that 
a re inser t ed t h r ough w ebbing loops e xtending from the outer container through 
s l ot s i n t h e pi n p r ot ecto r fla p s . The pins a re part of a handle assembly that, 
w hen pulled , fir s t e x t rac t s t he pins and th en, as the pull is conhnued, s epa­
rat es t h e HA RK fro m t he s urviva l kit ou t e r c ontainer, Figur e 0 , 
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FIGURE 87. RUCKSACK 

FIGURE 88. HIT-AND -RUN K l f 

109 



FIGURE 89. HI T -AND-RUN KIT CONTE NTS 

FIGURE 90. HARK PINS SAF ETY T IED 
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The kit is designed to accommodate the survival equipment listed in Table VII. 
It is relatively important that additional items not be packed in the kit unless 
items of equivalent volume and/or shape are removed.    This is to prevent 
growth of the kit envelope and attendant installation problems.    In addition, 
excessive friction between the survival kit and seat bucket,   resulting from an 
oversize kit, may cause a delay in man/seat separation,   especially if the 
ejection occurs at zero or very low airspeeds. 

To install the survival kit in the seat,   a cable assembly,   attached to the 
deployment selector,  is routed through the metal ring in the end of the auto- 
matic ripcord and then fastened to the right-hand seat pan retaining pin. 
Figure 91. 

SURVIVAL KIT DEPLOYMENT 
SELECTOR 

SURVIVAL KIT AUTOMATIC RIPCORD 

FIGURE 91.   SURVIVAL KIT INSTALLATION 

SEAT PAN RETAINING 
PIN 

If the deployment selector is set to the automatic position at the time of 
ejection,  the survival kit operational sequence is as illustrated in Figure 92. 
In the event the deployment selector is set to the nonautomatic position, the 
crewman can initiate deployment of the rucksack and liferaft,  during para- 
chute descent, by pulling the D-ring located on the aft,   right-hand corner of 
the outer container. 

LOCATOR BEACON 

The URT-33 locator beacon is located in a fabric pocket on the restraint 
harness1 left-hand sling strap.    This location allows easy access to the 
on-off switch in the event the crewman desires to deactivate the unit at any 
time.    The switch actuation lanyard and the antenna are routed up the para- 
chute riser inside a protective tunnel.    The switch actuation lanyard is 
attached to a cord loop stitched to one of the parachute suspension lines. 
Figure 93 illustrates details of the installation and operation. 
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TABLE VII 

ACES SURVIVAL EQUIPMENT 

Qty Name FSN 

Liferaft Items 

1 Liferaft. type LRU-6/P 4220-869-2738 

1 Inflation assembly, type FLU-2/P 4220-756-0474 LS 

1 Liferaft retainer 4220-761-8185 

HARK Items 
1 

Radio, type ACR-RT-10 (including battery) 5821-912-4480 LS 

Light marker, distress SDU-5/E 6230-067-5209 

Signal kit, personal distress 1370-921-6172-LY35 

First aid kit, tropical 6545-782-6412 

Tourniquet 6515-333-0565 

Compass, lensatic 6605-846-7618 

Knife, pocket 7340-162-2205 

Plastic water container 8465-634-4499 

Fire starters, type M-2 1370-219-8566 

Knife, survival,   5-inch blade 7340-098-4327 

Revolver,  . 38 cal.,  4-inch Smith & Wesson #10 

23 Cartridges,  . 38 cal.  revolver 

Battery, (spare) RT-10 radio 6135-930-0810 

Rucksack Items 

1 Raft repair kit (2 plugs) 4220-693-1471 

2 Signal,  smoke and illumination.  Mk 13,  Mod 0 1370-309-5027-L275 

1 Mirror, Mk-3,  MIL-M-18371 Type 1 
(Metal Equivalent preferred) 

6350-NSL 

112 

. 



TABLE VII (Continued) 

Qty Name j                                           FSN 

Sea Marker Packet 6850-285-4324 

Match box, water proof, w/matches 
■ 

8465-265-4925 

Whistle, police, plastic : 8465-254-8803 

' Radiac Meter (IM-179) 6665-975-5167              \ 

Goggles,  sun. Type MA-1 8465-530-4083 

Pr 
Boots, mukluk j  8430-275-5732 

Insect repellent,  stick form 6-12 or equal Commercial 

Sun ointment 8510-162-5658 

Snake bite kit, suction 6545-952-5325 

j 
Soap bars, toilet, miniature Commercial 

Food packets, survival, general purpose 8970-082-5665 

Shark deterrent 6850-281-6926 

20 
Ft 

Wire, Comm. Brass 9525-596-3498              j 

Saw. hand, fingergrip. Type MB-2 5110-570-6896 

Hood, winter. MIL-H-25754 8415-543-7130 

Pr 
Gloves, inserts 8415-269-0500 

File, flat.  6-inch, Type B 5110-236-6532 

Toolkit, survival. Type SRU-18/P 4240-065-6713 

6 
Ft 

6-ft Plastic sheet Commercial 

■; 

j 
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FABRIC TUNNEL,ATTACHED 
TO PARACHUTE RISER, HOUSES 
FLEXIBLE ANTENNA AND 
BEACON ACTUATION LANYARD 

FLEXIBLE ANTENNA 
IS DEPLOYED ALONG 
PARACHUTE RISER 

FIGURt 93.   AN/URT 33 RADIO BEACON INSTALLATION 
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SECTION xm 

WEIGHT SUMMARY 

A summary of ACES weights is included in Table VIII.  The weight distribution 
results in an ejected mass center of gravity as illustrated in Figure 94. 
Static eg/rocket thrust line nominal offsets also are given for the 5th and 
95th pe re entile crewman. 

9STH PERCENTILE 

• 

FIGURE 94. ACES CENTER OF GRAVITY LOCATIONS 
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TABLE VIII 

ACES WEIGHT SUMMARY 

Item 

Weight (pounds) 

Installed Ejectable 

Seat Assembly 94. 1 94. 1 
Structure and Bolt-ons 40.4 
Ejection Controls 10.2 
Environmental Sensors 3.3 
Arm Restraints and Armrests 6.4 
Recovery Sequencer 5.5 
STAPAC 11.E 
Drogue 12.8 
Man/Seat Release System 4.0 

Backrest Assembly 25.3 25.3 
Structure,  Linkage, etc. 17.0 
Inertia Reel 5.9 
Emergency Oxygen 2.4 

Parachute Assembly 20. 3 20.3 
Canopy and Pilot Chute 12.0 
Deployment Bag 2.2 
Mortar Assembly 2.2 
Cover.  Riser and Pilot Chute Pouch 3.4 
Pyrotechnics 0.5 

Survival Kit Assembly 33.4 33.4 
Outer Container, Ripcords,   etc. 1.7 
Rucksack and Dropline 2.2 
HARK Containers and Belt 1.7 
Equipment Items 27.8 

Harness Assembly 13. 1 13. 1 
Harness Structure 5.3 
Lapbelts 2.2 
Quick-Release Buckle 1.2 
Back Pad 3.0 
Seat Pad 1.4 

Rockot Catapult 2i:4 17.9 
Booster Tube and Cartridge 3.5 
Motor 11.9 
Rocket Propellant 6.0 

Initiation Sequencers and Linkage 8.9 -- 

Guide Rails 23. 1 ._ 

Adjustment Actuator 

TOTAL 

5.6 

245.2 
■ — 

mm 

204. 1 

. 
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SECTION XIV 
TEST PROGRAM 

Development and qualification of the ACES system included extensive testing 
of components, subsystems and of the complete seat system.    Formal reports 
have been prepared and published on all qualification tests in addition to the 
seat system development ejection tests.    Results of other tests have been 
included in progress reports furnished to the Life Support SPO. 

The ACES test program was carried out in accordance with a master test 
plan. Reference 11.    Each series of tests was conducted in compliance with 
a specific test procedure, which covered test requirements in greater detail 
than the test plan.    System testing was accomplished at various localities, 
including Long Beach, California; El Centre, California and Alamogordo, 
New Mexico.    Subsystem and component testing was also performed at 
these locations,  as well as at various subcontractor's facilities. 

COMPONENT DEVELOPMENT TESTS 

Gyro Spin-up Actuator 

A series of 18 bench test firings were conducted on the gyro spin-up actuator 
to assure conformance with design criteria over the total temperature range 
and to optimize performance.    A summary of the test results is shown in 
Table IX.    To achieve the required performance,  a 15 percent increase in 
the gas generator energy was necessary.    In addition, minor redesign of the 
housing end cap and a material change in the gyro gimbal (aluminum to steel) 
were required for structural purposes.    As mentioned in Section IX, prob- 
lems also were encountered with the vernier rocket sear pin-puller mecha- 
nism,  requiring several design changes to achieve satisfactory operation. 

Automatic Oxygen Hose Disconnect Adapter 

Tests were conducted on the automatic oxygen hose disconnect adapter to 
verify that it functioned in accordance with the design requirements.    Func- 
tional operation and service life tests were conducted on the complete 
system, which included the harness quick-release buckle and the adapter 
attached to the CRU-60/P connector.    A total of 1000 operational cycles 
was performed without failure. 

Pressure drop and leakage tests were conducted on the oxygen adapter fitted 
to a CRU-60/P connector, and the results met the requirements of 
MIL-C-38271A, paragraphs 3.6.2, 3.6.5, and 3.6.7, Reference 12. 

Several human subjects, attired in full flight gear and representing 5th 
through 95th percentile body sizes, evaluated the oxygen adapter system 
subjectively while restrained in an ACES seat.    Assessments were made 
relative to operation, comfort, and compatibility with the seat and restraint 
system.    These evaluations were considered successful and the oxygen 
adapter deemed compatible with the seat. 
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The oxygen adapter was incorporated on all the ACES dynamic ejection tests, 
and wind blast integrity proved satisfactory at ejection speeds up to 
590 KEAS. 

SUBSYSTEM DEVELOPMENT TESTS 

Restraint Harness 

The restraint harness, which includes the quick-release buckle, was 
subjected to a series of drop tests from a tower and from an airplane at the 
DOD JPTFC,  £1 Centro,  California.    Six drop tests were conducted from a 
tower wherein the harness was fitted to a 301-pound torso-shaped dummy 
and dropped from a height of 16.5 feet.   A cable attached to the dummy, via 
a pair of webbing risers, stops its fall which results in a force similar to that 
of a parachute opening shock.    Instrumentation consisted of load cells in each 
riser assembly and accelerometers and a telemetry transmitter installed in 
the neck cavity of the dummy.    The first five tests were successful, with 
minor damage or webbing slippage occurring in three cases.    On the sixth 
test, the drop height was increased to 17.5 feet to intentionally induce a 
failure of the harness.    The harness failed where the right-hand sling strap 
passes through the canopy release fitting.   As the sixth test was not required 
by the test procedure, this phase of the testing was considered successful. 
The results are tabulated in Table X. 

The tower drops were followed by a series of five drop tests from a 
C-130 airplane at a speed of 150 KIAS and an altitude of 1000 feet.    The 
first four tests were completed without damage to the harness.    On the 
fifth test, the harness sling strap failed in tension where it passes through 
the right-hand canopy release fitting; however, the dummy was retained 
in the harness throughout the recovery and landing impact.    Test results are 
given in Table XI.    As the test conditions were deemed to be unrealistically 
severe for the restraint harness, structural integrity was considered ade- 
quate.   In the ACES system, the only time the harness serves in the capacity 
of a conventional harness is   (1) following recovery when the seat is released 
from the crewman, or (2) if the parachute fails to initiate automatically. 
In both cases, anticipated parachute loads are well below those measured 
in the tower and air drop tests. 

Pitch Stabilization Unit (STAPAC) 

Three tests of the vernier rocket pitch stabilization subsystem (STAPAC) 
were conducted.    The object of the tests was to verify functional operation 
and response of the gyro-control vernier rocket under various pitch-rate 
conditions.    The subsystem was tested on a fixture that was free to rotate 
±40 degrees about a fined axis.    The fixture was capable of simulating seat 
pitch rates for a range of eg/main rocket thrustline offsets of ±2 inches. 
The fixture was also capable of simulating man/seat moments of inertia 
of 5th through 95th percentile personnel.    Simulated conditions for the three 
tests were as follows. 
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Test No.   1-50 percent crewman,  rocket thrustline offset 0 inches 

Test No.  2-95 percent crewman,  rocket thrustline offset 2 inches below 
man/seat eg. 

Test No.  3-5 percent crewman,  rocket thrustline offset 2 inches above 
man/seat eg. 

Tests No.  1 and 3 were completed successfully.   In Test No. 2,  the vernier 
rocket exploded shortly after ignition.   The rocket failure was attributed to 
a faulty bond of the rocket grain to the casing.    Test No. 2 was not re-run 
because the efficacy of a design change in the vernier rocket, to provide an 
adequate grain-to-case bond, was demonstrated in Test No.  3,  as well as in 
tests by the supplier on six units that had been subjected to extreme temper- 
ature cycling prior to firing. 

Drogue Parachute and Environmental Sensors 

Static and dynamic tests were conducted on the drogue subsystem to evaluate 
function and performance.    Four static tests of the drogue parachute instal- 
lation were made to measure drogue gun slug velocities and to verify proper 
deployment of the system from the stowage compartment.    The tests were 
made from an actual seat structure, which was retained in an upright attitude. 
Except for minor problems experienced with the stowage compartment latch 
bar,  requiring a design change,  all design criteria were met.    The drogue 
gun muzzle velocity was determined to be 227 feet per second. 

A series of five of eight scheduled tests were made on the Tomahawk sled 
at Holloman AFB to evaluate deployment and inflation behavior,  opening 
forces and drag characteristics.    The results of these tests are tabulated 
in Table XII.    Drag coefficients were lower than the 0. 36 predicted value 
(approximately 0. 21), albeit canopy inflated shapes appeared normal for 
a Hemisflo design.    The low drag coefficients were attributed to wake 
effects caused by the boiler-plate,  simulated ACES installation on top of 
the sled from which the drogue was deployed.    Although deployment data 
was considered valid, it was decided to discontinue testing as the aerodynamic 
wake behind the sled/vehicle combination was not believed representative. 
This contention was supported by results of subsequent seat ejection tests 
in which drag coefficients of the order of 0. 36 were obtained.    During the 
course of the test program modifications were incorporated in   (1) the 
drogue to reduce geometric porosity and increase trail distance,  (2) in the 
extraction chute to improve inflation times by addition of a center line, and 
(3) in the drogue deployment sleeve to improve structural integrity and 
prevent premature deployment of the drogue canopy and suspension lines. 
Typical drogue performance for tests conducted on the Tomahawk sled is 
shown in Figure 95. 

Coincident with the drogue dynamic tests, evaluations were made on the 
environmental sensors.    Information was obtained relative to total and static 
pressure, transducer response time, and switch positions versus velocity. 
On test No. 4 in which the pitot was erected at a sled velocity of 508 KEAS, 
the velocity switches changed from Mode 1 to Mode 2 in 30 msec from the 
time the release mechanism on the boilerplate seat was initiated.    The total- 
pressure oscillograph trace revealed that the unit sensed the change from 
zero to the ambient pressure at 508 KEAS      4 msec, which is more than 
adequate for reliable mode selection in the time available. 
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FIGURE 95. DROGUE PERFORMANCE (TOMAHAWK TEST NO. 4) 

Of equal importance is the base pressure, which is the static pressure 
measured adjacent to the transducer static pressure ports.  If the base pressure 
effect is of sufficient magnitude, it can alter the normal Mode 2 - Mode 3 
crossover velocity, which is a function of the total and static pressure 
altitude.   Figure % plots the base pressure coefficient for a rang« of 
dynamic pressures using data obtained from the first and second Tomahawk 
sled runs.    As the base pressure coefficient is relatively constant with 
altitude, a mean value of 0. 4 has been used to estimate the base pressure 
behind the seat for all speeds and altitudes within the ACES escape envelope. 
Reference 9. 
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Recovery Parachute 

The ACES recovery subsystem was subjected to a series of 29 development 
drop tests using a 425-pound bomb-type vehicle.    The objective of these 
tests was to demonstrate adequate structural integrity of the parachute 
system, to optimize the reefing configuration and to obtain time-force 
histories of parachute operation over a range of speeds from 125 to 300 KEAS 
and altitudes from 1500 to 17.000 feet. 

During the early part of the test program, it became evident that the , 
C9 canopy required apex reinforcement to sustain the forces imposed by 
the 425-pound suspended mass.    In addition, the reefing line length was 
increased from 86 to 156 inches, in two stages, to provide a balance between 
reefed opening and full inflation forces.    The 156-inch reefing line resulted 
in a reefed drag area ratio,  (CDS)R/(CDS)O, of 10 percent.    To further 
reduce full inflation forces,  the reefing line cutter time delay was increased 
from 1. 0 to 1. 3 seconds to allow greater deceleration during the reefed 
portion of the parachute operation.    The results of the final 15 tests of the 
development program,  wherein all parachutes incorporated 10 percent 
reefing and 1. 3-second delay cutters, are listed in Table XIII.    Satisfactory 
performance was demonstrated at speeds up to 290 KEAS (at mortar 
initiation) at 5300 feet and at 179 KEAS at 17,000 feet. 

Survival Kit 

A series of tests were conducted on the survival kit assembly to determine 
the suitability of the survival equipment package with respect to   (1) water- 
tightness, (2) dropline deployment of the liferaft and rucksack,  including 
raft inflation,  (3) operation of the automatic and nonautomatic features, and 
(4) separation from the seat. 

The equipment container and rucksack were submerged separately in water 
and checked for water leakage.    The rucksack, containing 29. 5 pounds of 
equipment, was dropped from a height of 40 feet and snatched at the end 
of a 30-foot nylon dropline prior to submergence.    Both units provided 
acceptable protection against water leakage. 
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The ripcord pins on the equipment container closure flaps were pull tested 
using the manual D-handle and the automatic deployment lanyard.    Four 
static pull tests were made with the manual and automatic controls.    Recorded 
pull forces were all well within the 25 ±5-pound design limit. 

Four tests were made in which the liferaft and rucksack were deployed from 
the equipment container.    The equipment container, weighing 31 pounds with 
survival equipment installed, was suspended 35 feet above the ground by the 
harness attach fittings.   The automatic deployment ripcord lanyard on the 
equipment container was pulled to unlock the container and allow the life- 
raft and rucksack to free fall from the container and be snubbed by the nylon 
dropline.    Liferaft and rucksack deployment, including liferaft inflation, 
was satisfactory in each test. 

Several live subjects were used to initiate deployment of the liferaft and 
rucksack while suspended above the ground in a simulated parachute descent 
condition.    The subjects, representing the extremes in size and reach, wore 
the ACES restraint harness, which was suspended from the parachute riser 
fittings.   All subjects were able to reach and pull the manual D-handle on 
the equipment container. 

Survival kit deployment from the seat was made under simulated ejection 
conditions.    Man/seat separation was simulated by hoisting a 95th percentile 
dummy from the seat through an attachment to the restraint harness parachute 
riser fittings.   The seat was fixed to the ground but free to rotate in the 
pitching plane.   Two tests were conducted, one with the selector mechanism 
on the seat set for manual and the other for automatic liferaft and rucksack 
deployment.   The survival kit separated from the seat without difficulty and 
the deployment mechanism operated properly in both the manual and 
automatic deployment positions. 

Telescoping Guide Rails 

Two dynamic load tests of the telescoping guide rail installation were 
conducted to verify functional operation,  structural integrity, and adequacy 
of the energy absorption stop device.   The tests consisted of ejecting a 
boilerplate-type seat, utilizing a GFE M3A1 ballistic catapult, from a set 
of telescoping guide rails mounted on a static test stand.   The M3A1 catapult 
was used to provide the same seat end velocity at the top of the rails as the 
ACES system rocket catapult.   The boilerplate seat simulated the ACES 
system mass and moment of inertia with a 5th percentile dummy in one test 
and 95th percentile dummy in the other.    Results of these tests showed that 
the telescoping guide rails functioned as designed. 

Guide Rail Friction Testing 

As a result of difficulties encountered in not meeting the originally specified 
50 ft/sec catapult end velocity, a test was performed to determine if the 
friction coefficients between the seat guideblocks and the telescoping portion 
of the guide rails were excessive.   Four tests were performed.   In all tests, 
the seat was propelled up the guide rails by application of hydraulic pressure 
to a modified XM-39 rocket catapult.   A moment of 7300 ft/lb, roughly 
equivalent to that experienced at a time when 17 g of catapult load would be 
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experienced, was induced on the seat throughout the entire catapult stroke 
by a beam and weight assembly. 

The first two tests were conducted employing slippers used during a previous 
test end a set of guide rails used for nine previous ejection tests.    The aver- 
age Cf (coefficient of friction) for guide rail-to-guide rail friction was found 
to be 0.24 and 0. 28 respectively.    Design Cf was anticipated to be in the range 
of 0. 17 to 0.20.    Average slipper-to-guide rail coefficients were 0. 14 and 
0. 15 respectively; the design value was 0. 15. 

Tests 3 and 4 were performed using new sideblocks and the same guide rail 
system as for tests 1 and 2 except that all surfaces were inspected c.nd lubri- 
cated, where required, to return the system to a near-new status.    Guide 
rail-to-guide rail coefficients were not available on test 3 but averaged 0.21 
on test 4.    Slideblock-to-guide rail Cf was 0. 15 to 0.11 respectively. 
Although,  for these tests,  guide rail-to-guide rail friction coefficients were 
slightly higher than anticipated,  it has been determined that this would have 
only a small effect on the end velocity.    It was further noted that there were 
no unusual binding or interference problems uncovered,  even though the 
moments throughout the entire stroke were much higher than encountered 
during a normal ejection. 

SYSTEM DEVELOPMENT TESTS 

Boilerplate Seat Tests 

Two boilerplate seat ejection tests were conducted to evaluate the efficiency 
of changes incorporated in the ACES seat structure, rocket catapult-to-seat 
attachment, adjustment actuator, and in the XM-39 rocket catapult.    Second- 
ary objectives included obtaining rocket catapult pressure data and a yaw 
history of the ejected mass. 

Test conditions were as follows: 

Test No.   1 Test No.  2 

Static eg (X) - inch 11. 67 13.26 
(Y) - inch 0.038 RT 0. 026 LF 
(Z) - inch 11.83 12.02 

Static eg Offset - inch 0. 16                     0.29 
Ejected Mass - pounds 382 345 
Moment of Inertia (lyaw) - slug - ft2 8. 3                       7. 3 

(Jpitch) - "lug - ft2 -                        19.4 

In Test No.   1, the rocket booster tube developed a hotspot and bending 
occurred after approximately 1 foot of seat travel in the guide rails.    Seat 
velocity at catapult separation was 45 fps.    The seat was very stable and 
exhibited no perceptible yaw. 

In Test No.  2,  the seat was stable in pitch but exhibited some rotation in the 
yaw plane, approximately 45-degrees counter-clockwise at rocket burnout. 
No structural damage was noted to the rocket catapult, catapult-seat 
attachment,  or seat adjustment actuator (full extended position).    Catapult 
booster pressure was recorded and the maximum pressure was 8220 psi. 
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Ground Functional 

Man/Seat Release Mechanism - Two series of tests were conducted on the 
man/seat release mechanism to measure the manual handle detent pull-out, 
pin first-motion, and sustained pin motion forces.    In the first test series 
the parachute was installed to impose the most severe static friction 
condition on the mechanism.   In the second series the parachute was 
omitted to simulate a failure of the mechanism following a normal automatic 
parachute deployment.    Pull forces, tabulated below, were considered within 
acceptable limits. 

Average Handle Force (pounds) 

Test Detent Pin First Pin Sustained 
Series Pull-Out Movement Motion 

1 27.3 43.4 30.5 

2 32.5 30.4 18.3 

One additional test was conducted on the man/seat release mechanism, prior 
to the first development seat ejection test, to verify proper functioning of 
the mechanism when activated in the automatic mode.    The seat was loaded 
to simulate a 5-g parachute drag force, which imposed the maximum 
anticipated friction load on the mechanism.    Positive man/seat release was 

■demonstrated following initiation of the thruster cartridge. 

Backrest Release Mechanism - Tests were conducted on the backrest 
release mechanism to verify that a crewman could reach and operate the 
release handle and that the backrest would fall away without a hangup. 
Several human subjects,  representing the 5th through 95th percentile in 
stature,  specifically in functional reach, were suspended from a cable in the 
restraint harness with the backrest attached.    All subjects were able to 
actuate the release handle without difficulty and the backrest dropped away 
without incident. 

Ejection Firing Controls - Tests were conducted to determine the force 
required to actuate the ejection firing controls.    Using a Hunter force 
indicator, pull tests were made on a single control and on both controls 
to obtain comparative data.   The force required to unlatch the controls was 
the maximum force recorded and this ranged between 65 and 70 pounds when 
pulling one control.    When pulling both controls simultaneously, the maximum 
unlatch force was 60 pounds. 

The firing controls actuation force, although exceeding the 20 ±3 pounds 
specified in MIL-S-9479A, is considered well within practical limits for the 
specific geometry of the ACES system.   Subjective evaluations of the firing 
control subsystem by contractor and ASD personnel indicated that the 
operation of the mechanism is smooth and does not require excessive pull 
force. 

Emergency Oxygen Green Apple - A test was conducted on the emergency 
oxygen green apple automatic actuating mechanism to verify proper operation. 
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With the backrest installed, the actuating linkage was adjusted to remove 
all slack from the system.   The arm restraint paddles were manually 
rotated forward to the actuated position, but the green apple was not pulled 
sufficiently to activate the oxygen supply.    This was determined to be the 
result of excessive green apple cable length.    A new oxygen cylinder 
assembly with a shorter green apple cable was installed, and the test was 
repeated with satisfactory results. 

Seat System Static and Dynamic Ejection Tests 

Nine static (zero-zero) and three dynamic (220 to 590 KEAS) development 
ejection tests were conducted on the ACES system. Reference 13.   The 
objective of these tests was to verify the functional operation and predicted 
performance of the ACES system.   A summary of each test is presented 
below and the test results are tabulated in Table XIV.   All static tests were 
conducted at the Long Beach Municipal Airport and the dynamic tests at 
Holloman AFB, Alamogordo, New Mexico. 

Test No.   1 (Zero KEAS) - This test,  11 March 1970, employed a 
5th percentile dummy resulting in an ejected mass of 346 pounds.    The 
system static eg was located 1. 21 inches above the rocket catapult thrust 
line, which was considered a nominal (design) offset. 

A failure to activate the switch in the recovery sequencer precluded initiation 
of any subsystems following ignition of the rocket catapult.   The occupied 
seat attained a height of 150 feet and contacted the ground 300 feet in front 
of the test stand. Figure 97.   It was also noted that the velocity of the seat 

TIME X Y z VELOCITY 
EVENT (SEC) (FT) (FT) (FT) (FT/SEC) 

1   EJECTION SEAT FIRST MOTION M • 0 7 10 
2  CATAPULT SEPARATION 1.14 -1 § 10 44 
3 MAIN ROCKET BURNOUT Ml 10 • 31 02 
4 ROCKET ACTION TIME 1.77 24 3 B2 04 
6 GROUND CONTACT (SEAT) 6.60 295 101 3 00 
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\ v 9> 
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LATERAL DISTANCE (FT) 

300        250        200        ISO        100        SO 

FORWARD DISTANCE (FT) 

FIGURE 97. TRAJECTORY AND EVENT DATA FOR ACES DEVELOPMENT TEST NO. 1 
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at the end of the guide rails was 44 ft/sec in lieu of the required 50 ft/sec. 
The recovery sequencer was modified prior to subsequent testing by replacing 
the striker-actuated switch with a 160 msec delay circuit initiated by the 
rocket catapult firing signal from either one of the ejection sequencers. 

Test No. 2 (Zefo KEAS) - This test was conducted on 7 April 1970 and 
employed a 5th percentile dummy, resulting in an ejected mass of 
343 pounds.    The system static eg was located 1. 03 inches above the thrust 
line. 

Problems were encountered with recovery event sequencing and with the 
electrical circuit to the harness release thruster, the latter preventing 
separation of the seat and dummy.   The seat achieved a height of 200 feet, 
Figure 98, with full parachute inflation at 200 ft.     The dummy remained in 
the seat to ground contact.   Prior to proceeding with the third test, a minor 
wiring change was made in the recovery sequencer to provide a compatible 
circuit with the environmental sensors.    The harness release thruster 
problem resulted from a bent connector pin.    For subsequent tests, a pin 
straightening tool was used to preclude recurrence of the problem experi- 
enced in this test. 

TIME X Z VELOCITY 
EVENT (SEC) (FT) (FT) (FT) (FT/SEC) 

1   EJECTION SEAT FIRST MOTION 0.33 0 7 11 
2  CATAPULT SEPARATION 0.46 -1 IS 38 
3  ROCKET ACTION TIME 0.88 18 44 128 
4  VERNIER ROCKET BURNOUT 0.91 17 47 138 
S PARACHUTE DEPLOYMENT BAG STRIP0FF 2.89 83 88 198 «• 
• PARACHUTE DI8REEFED 2.17 87 88 181 » 
7  PARACHUTE INFLATED 3.74 141 88 298 42 
1  TERMINAL RATE OF DESCENT 5.24 120 87 192 28 
9  GROUND CONTACT (DUMMY) 14.30 87 -88 2 88 

i           j 
288 - 

/^ 

P 159 - 

/) 1 
188 - y\ 
58 vH i •'i   1 _Y—1 1 

-88 8 58        188 

LATERAL DISTANCE (FT) 

L CzK^ 

\ 

® 

CsT 
\ 

h > 

\\ V & 

I 
Sk 

\ • . ._i,. J I -xJ 
288        168        180 50 0 

FORWARD DISTANCE (FT) 

FIGURE 96.   TRAJECTORY AND EVENT DATA FOR ACES DEVELOPMENT TEST NO. 2 
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Test No. 3 (Zero KEAS) - This test was conducted on 30 April 1970 and 
employed a 95th percentile dummy, resulting in an ejected mass of 414 
pounds. The system static eg was located 1.39 inches above the rocket 
catapult thrust line. 

Successful recovery of the dummy was achieved with full parachute inflation 
occurring at an altitude of 82 feet,  Figure 99.   Malfunctions were encountered 
in system sequencing and in parachute operation, and a structural failure 
occurred in the rocket catapult, which resulted in a portion of the catapult 
locking mechanism being ejected.   The damage did not appear to affect 
performance of the catapult. t 

Because the system performed a Mode 2 recovery sequence,  except that the 
drogue was not initiated, it was concluded that microsecond-level pulses 
emanating from the environmental sensors were responsible for the incorrect 
mode selection.   A filter circuit was incorporated in the recovery sequencer 
to assure that the logic circuitry would not react to signals of shorter than 
10 msec duration. 

The parachute deployment and filling were delayed because of a temporary 
entanglement of the pilot chute and main canopy suspension lines. 

EVENT 

1 EJECTION SEAT FIRST MOTION 
2 CATAPULT SEPARATION 
3 MAIN ROCKET BURNOUT 
4 VERNIER ROCKET BURNOUT 
B PARACHUTE PACK FIRST MOTION 
B PARACHUTE DEPLOYMENT BA6 UNLOCK 
7 HARNESS RELEASE INITIATION 
B DUMMY/SEAT SEPARATION 
B PARACHUTE INFLATED 

IB 6R0UN0 CONTACT (SEAT) 

TIME X V Z VELOCITY 
(SECI »FT) (FT) (FT) (FT/SEC) 

BJJ B B 7 6 
0.41 -1 B IB 36 
0.13 s 4 34 66 
LIB 17 14 67 60 
1.02 14 11 61 66 
1.7B 33 3B 101 66 
tn B2 7B 134 41 
us SI 118 116 36 
Ml SB 123 62 36 
BJB B2 72 2 23 

-66 0 SO 166 

LATERAL DISTANCE (FT) 

16B        IBB 56 0 

FORWARD DISTANCE (FT) 

FIGURE 90. TRAJECTORY AND EVENT DATA FOR ACES DEVELOPMENT TEST NO. 3 
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Test No. 4 (Zero KEAS) - the fourth development ejection test was conducted 
on 14 May 1970 using a 5th percentile dummy.   The ejected mass was 
348 pounds and the system static eg was 2. 62 inches above the thrust line. 

The STAPAC unit compensated for the high eg location by providing good 
pitch control; the pitch rotation at rocket action time was 5. 5 rpm forward. 
Full paraehute inflation (final fill) occurred at a height of 141 feet. Figure 100, 
but the seat and dummy did not separate because of entanglement of the 
parachute risers and the environmental sensors.    Structural failures of the 
seat adjustment actuator and rocket catapult (XM-39) booster tube occurred 
but these did not appear to affect the performance of the seat. 

To prevent entanglement of the paraehute riser and environmental sensor 
arm, the aft edge of the pitot duct was relieved, a latch was incorporated on 
the seat to lock the sensor arms in the erected position, and a v-shaped 
fabric gusset was stitched between each riser assembly. 

The pilot chute installation was modified by attaching the deployment pouch 
to the forward side of the seat-back skin with velcro tape.   The open end of 
the pouch was reworked to reduce the size of its opening.    These modifica- 
tions were made to obtain earlier and more effective deployment of the 
pilot chute. 

EVENT 

t EJECTION SEAT FIRST MOTION 
2 CATAPULT SEPARATION 
3 PARACHUTE PACK FIRST MOTION 
4 MAIN ROCKET iURNOUT 
BROCKET ACTION TIME 
I VERNIER ROCKET BURNOUT 
7 PARACHUTE DEPLOYMENT BAG STRIPOFF 
8 HARNESS RELEASE INITIATION 
B PARACHUTE INFLATED 

IB PARACHUTE FINAL FILL 
11 GR0UN0 CONTACT (DUMMY) 

TIME X Y Z VELOCITY 
(SEC) (FT) (FT) (FT) (FT/SEC) 

0.36 B 7 18 
0.49 -1 B IB 42 
B.S2 B 12 48 
BJ7 2 41 10S 
BJ7 12 4 81 111 
1.Ö7 14 7 82 114 
1.4» 23 IB 1B2 N 
2.35 4B 43 188 88 
3.01 88 87 187 IS 
8.3? 88 48 141 32 

UM 142 -48 « 23 
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FIGURE 100. TRAJECTORY AND EVENT DATA FOR ACES DEVELOPMENT TEST NO. 4 
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Test No.  5 (Zero KEAS) . This test was conducted on 23 June 1970 using a 
95th percenüle dummy, which provided an ejected mass of 419 pounds. 
The system static eg was 0. 34 inch above the thrust line, intended to induce 
a forward pitching of the man/seat combination. 

The test was considered successful with man/seat separation occurring at 
an altitude of 118 feet followed by full parachute inflation at 113 feet. 
Figure 101.   The STAPAC unit functioned properly to control a forward 
pitching seat, although the seat appeared to yaw quite severely.   A slight 
delay in separation of the seat was observed, which was attributed to the 
seat yawing.   This resulted in the parachute riser lodging under the left- 
hand pitot tube, and seat separation was not effected until the parachute 
developed sufficient drag to break the pitot tube.    Prior to the sixth test, 
0. 063-inch steel cables were attached between the pitot head and seat 
structure to prevent the parachute risers from becoming lodged beneath 

the tubes. 
A premature severance of the lower drogue bridles was suspected but was 
not confirmed at this time.    Although it did not affect the seat operation, 
Dorsett Electronics was requested to investigate the suspected 
discrepancy. 

EVENT 

1 EJECTION SEAT FIRST MOTION 
I CATAPULT SEMRATI0N 
3 PARACHUTE PACK FIRST MOTION 
4 MAIN ROCKET ACTION TIME 
I VERNIER ROCKET ACTION TIME 
5 PARACHUTE DEPLOYMENT IAO STRIP0FF 
7 PARACHUTE DKREEFEO 
• HARNESS RELEASE INITIATION 
• DUMMY/SEAT SEPARATION 
II PARACHUTE INFLATED 
11 0R0UN0 CONTACT (DUMMY) 

X 
(FT) 

y z VELOCITY 
TIME 
(SEC) (FT) (FT) (FT/SEC) 

Ml 
Ml 
IJ1 

0 
-1 
-1 

7 
10 
10 

1 
31 
41 

1.00 13 44 N 

1.07 11 11 M 17 

MS 21 21 71 11 

1.10 41 41 17 71 

2.37 U •0 111 12 

3.17 •1 IS 111 21 

4J4 •3 N 113 31 
mm 

1.11 •1 11 3 21 

-li I N        IM       IM       IN 
LATERAL DISTANCE (FT) FORWARD DISTANCE (FT) 

FIGURE 101. TRAJECTORY AND EVENT DATA FOR ACES DEVELOPMENT TEST NO. 6 
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Test No. 6 (Zero K^AS) - The sixth development test was conducted on 
16 July 1970 using a 5th percentile dummy, resulting in a 346-pound ejected 
mass.    The system static eg was located 2. 31 inches above the rocket 
catapult thrust line, which was intended to induce aft pitching of the seat. 

The rocket catapult sustainer stage failed to ignite and, as a result, the seat 
did not achieve sufficient height to permit recovery of the dummy.    A mal- 
function in the recovery subsystem sequencing also was noted.    The STAPAC 
system demonstrated its 
extremely adverse situati< 
Figure 102. 

EVENT 

1 EJECTION SEAT FIRr 
2 PARACHUTF FAP .ION 
3 HARNESS P' UION 
4 GROUN' .otAT) 

to stabilize the seat system under an 
The resultant trajectory is shown in 

TIME 
(SEC) 

X 
(FT) 

Y 
(FT) tr 

VELOCITY 
(FT/SEC) 

1.33 0 0 7 10 
1.00 -4 0 3 41 
2.05 1 -8 4 It 
4.20 11 -13 3 40 

i 
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1 

SO / 
25 f    ,   1 *      i 

-SO 0 SO        100        ISO        100 50 0 
LA FERAL DISTANCE v D FORWARD DISTANCE (FT) 

FIGURE 102.' TRAJECTORY AND EVENT DATA FOR ACES DEVELOPMENT TEST NO. 

The rocket motor failed to ignite after separation from the catapult aibe. 
The motor nozzle is isolated from catapult pressure by a metal '..-ame barrier 
to prevent premature ignition of the motor during the catapult stroke.   Near 
the end of the stroke the barrier is stripped off the rocket, within the 
catapult tube, and the hot gases are permitted to enter the nozzle and ignite 
the motor.   Post-test investigation revealed that the cover failed to properly 
strip-off and was damaged sufficiently to partially plug the free flow of hot 
gas to the rocket motor.    It was believed that this restriction of hot gases 
to the motor precluded adequate he't and pressure buildup for ignition. 

The vertical drive shafts of the s Jjustment actuator failed in bending as 
the seat was propelled up the guide »-uis.   This failure did not appear to affect 
subsequent seat performance.    It was concluded, after investigation, that the 
failure of the seat actuator was caused by application of excessive bending 
loads resulting from interference between the seat structure and the catapult 
launch tube during initial forward rotation of the seat as it traveled up the 
guide rails. 
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Following STAPAC ignition, an abnormal recovery sequence was observed. 
Parachute mortar first-motion occurred 0. 995-second after rocket catapult 
ignition, which is in agreement with a Mode-2 timing sequence.    Upper 
drogue bridle severance was observed at 1.00 second,  in lieu of the 
anticipated 0. 150 second,   following initiation of the parachute mortar.    Seat 
release was observed 2. 65 seconds after parachute mortar ignition.    This 
event is believed to have occurred prior to the prescribed 1. 8 seconds 
following mortar initiation. 

The improper sequence described above was duplicated in subsequent testing 
of the recovery sequencing unit at Dorrett Electronics. 

After the sixth development test, several significant modifications were 
incorporated in the ACES system as follows: 

1. The XM-39 rocket catapult, manufactured by Frankford Arsenal, 
Philadelphia, Pennsylvania was used on all subsequent ejection testing. 

2. Based on the erratic performance of the recovery sequencing unit, a 
complete redesign of the circuitry was undertaken. 

3. The seat structure was reworked and the actuator bracket altered, 
moving the actuator aft, to provide adequate clearance for the rocket 
catapult. 

4. The top beam of the seat structure was altered to allow the sensor pitot 
arms to rotate to a near vertical position.    This would allow a parachute 
riser, entagled beneath the arnj, to release itself.    Additional springs 
were added to index the pitots i\ear the optimum sensing position. 

Test No. 7 (Zero KEAS) - This test was conducted on 24 March 1971 using 
a 5th percentile dummy, resulting in a 355-pound ejected mass.    The system 
static eg was 2. 36 inches above the rocket catapult thrust line, which was 
intended to induce aft pitching of the ejection seat. 

The seat exhibited good pitch control, with recovery parachute final inflation 
occurring at an altitude of 134 feet.    Dummy/seat separation was normal, 
Figure 103.   A review of the test films revealed that the recovery events 
were initiated earlier than intended but times between events were 

Premav.      initiation of the recovery sequencer was caused by a large pulse 
in the battery circuit produced by the firing of the expended-battery indicator. 
This, in conjunction with subsequent shorting of the indicator's current- 
limiting resistor, caused the 160 msec delay circuit to latch up.    This effect 
was simulated by pulsing the battery line with a special laboratory voltage 
supply.    The expended-battery indicator was removed from all recovery 
sequencing units and the input circuit to the 160 msec delay redesigned to 
render it less sensitive to noise on the powei--supply bus. 

i 
Test No.  8 (Zero KEAS) - This test was conducted on 15 April 1971 
employing a 95th percentilfe dummy resulting in an ejected mass of 
425 pounds.   The system slatic eg was located 0. 09 inch below the rocket 
catapult thrust line, which was intended to induce forward pitching of the 
seat. 
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EVENT 

1 VERNIER ROCKET IGNITION 
1 CATAPULT SEMRATION 
3 ROCKET ACTION TIME 
4 PARACHUTE DEPLOYMENT IAG STRIPOFF 
5 HARNESS RELEASE INITIATION 
I PARACHUTE INITIAL INFLATION 
7 DUMMY/SEAT SEPARATION 
I PARACHUTE FINAL INFLATION 
I GHOUNO CONTACT 

TIME X Y z VELOCITY 
SEC) <FT) (FT) (FT) (FT/SEC) 

US i 0 7 « 
o.so 
1.02 

-i 
14 

i 
:: IIS 

1.21 23 SB 111 
2.46 « 171 41 
2JS M 1S1 23 
4.40 » IBS 32 
S.Ü n 134 32 

11.2 •4 3 13 

280 

176 . 

160 - 

£126 

5100 
"      DATA FOR C 

YAW WERE II 
ftLCULATING 
(»AVAILABLE. 

i " 
60 

- 

26 - 
. 

FIGURE 103. 

-60 I 60 100        160        100        Si B 
LATERAL DISTANCE (FT) FORWARD DISTANCE (FT) 

TRAJECTORY AND EVENT DATA FOR ACES DEVELOPMENT TEST NO. 7 

All seat functions were normal and occurred at the specified times.    The 
pitch stabilization system (STAPAC) provided good rotation and trajectory 
control, and initial parachute inflation was observed at a height of 122 feet, 
Figure 104.   Dummy/seat separation and parachute final inflation occurred 
as expected. 

Test No. 9 (Zero KEAS) - The ninth static development test was conducted 
on 21 April 1971 using a 5th percentile dummy, which resulted in an ejected 
mass of 356 pounds.   The system static eg was located 2.38 inches above th* 
rocket catapult thrust line. 

All subsystems functioned properly and at the specified time, except that 
the seat did not separate.    The seat system achieved a maximum height oi 
165 feet, at which point initial parachute inflation occurred, Figure 105. 

Harness release was observed 2. 66 seconds after ejection, during the 
parachute transition from reefed to full opening.   However, the parachute 
filling forces were insufficient to effect separation of the seat before ground 
contact, at 9.6 seconds.    There was no physical evidence of mechanical 
component or system malfunction. 

As no reason for the separation failure could be found, and as the failure 
could not be simulated during repeated laboratory-type testing, no corrective 
action could be taken. 
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EVENT 

1 PARACHUTE PACK PROJECTED 
2 HAIN ROCKET ACTION TME 
3 VERNIER ROCKET ACTION TIME 
4 PARACHUTE DEPLOYMENT RAG STRIPOFF 
5 HARNESS RELEASE INITIATION 
S PARACHUTE INITIAL INFLATION 
7 SEAT JETTISON 
S PARACHUTE FINAL INFLATION 
S GROUND CONTACT (DUMMY) 

IM I 

TME 
(SEC) 

X 
(FT) 

Y 
(FT) 

Z 
(FT) 

VELOCITY 
(FT/SEC) 

US 
\M 
1JS 

-1 
13 
IS 
IS 

S 
s 

is 
II 

11 
43 
47 
71 

38 
M 
M 
S3 

2.SS ss BS IIS 3S 

US 
US 
us 
7 JO 

SI 
SI 
N 
71 

N 
4S 
37 
1 

111 
1SS 

71 
3 

IS 
n 
4i 
IS 

-«■I SS        IN        IN 
LATERAL DISTANCE (FT) 

FIGURE 104. TRAJECTORY AND EVENT DATA FOR 

EVENT 

1 PARACHUTE PACK PROJECTED 
I MAIN ROCKET ACTION TME 
3 VERNIER ROCKET ACTION TME 
4 PARACHUTE DEPLOYMENT SA6 STRIPOFF 
5 PARACHUTE DISREEFED 
S HARNESS RELEASE INITIATION 
7 PARACfUTE INITIAL INFLATION 
S PARACHUTE FINAL INFLATION 
S «ROUND CONTACT (DUMMY) 

ISS| 

TME 
(SEC) 

U2 
1JI 
1JS7 
U7 
US 
MS 
3.1S 
US 
SJS 

iss      si       s 
FORWARD DISTANCE (FT) 

ACES DEVELOPMENT TEST NO. 8 

X V Z VELOCITY 
(FT)      (FT)      (FT)        (FT/SEC) 

x 

i 

-IBS -1SS     -BS S M 
LATERAL DISTANCE (FT) 

IBS        IBS IN N S 

  FORWARD DISTANCE (FT) 

FIGURE 106. TRAJECTORY AND EVENT DATA FOR ACES DEVELOPMENT TEST NO. 9 
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Test No.   10 (410 KEAS) - The tenth development ejection test was conducted 
from the aft cockpit station of an F-105 sled on the high-speed track facility 
at Holloman AFB.    The test was conducted on 14 May 1971 using a 
5th percentile dummy; ejected mass was 354 pounds.    The system static eg 
was located 1. 57 inches above the rocket catapult thrust line. 

The system performed as designed, except for (1) failure of the lower drogue 
bridles, and (2) the main parachute pack projection velocity was lower than 
required, resulting in excessive deployment time.   Parachute first-fill 
occurred 3. 2'seconds after ejection initiation at a height of 60 feet. 

The STAPAC stabilization system functioned to assist in initial control of 
the seat.    The lower drogue bridles were weakened by the main rocket flame, 
and both failed in tension on load application when the seat pitched aft follow- 
ing drogue deployment.    As a result, aft pitching was not arrested until the 
seat back was aligned with the relative windstream. 

The parachute was mortar-deployed 1.28 seconds after ejection initiation. 
It was observed that the projection velocity was substantially lower than 
that achieved in static ejection tests.    This low velocity coupled with an 
unfavorable seat attitude,  resulting from failure of the lower drogue bridles, 
combined to produce a slower-than-normal deployment of the main canopy. 
Parachute full inflation occurred at 3. 2 seconds at a height of 65 feet above 
the terrain. Figure 106. 

EVENT TIME (SEC) 

1. CATAPULT IGNITION 0.300 
I. CATAPULT SEPARATION 0400 
3. DROGUE PARACHUTE FILLED 0.700 
4. MAIN ROCKET ACTION TIME 0.02 
5. VERNIER ROCKET ACTION TIME 1.03 
1 PARACHUTE PACK FIRST MOTION 1.20 
7. UPPER DROGUE BRIDLE SEVERANCE \M 
1. MAIN PARACHUTE DEPLOYMENT SAG STRIPOFF 2.54 
1. PARACHUTE FIRST FILLED 3.20 

10. HARNESS RELEASE 3.20 
11. MAN/SEAT SEPARATION 3.00 
12. PARACHUTE FINAL INFLATION Ml 
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FIGURE 106. TRAJECTORY AND EVENT DATA FOR ACES 
DEVELOPMENT TEST NO. 10 
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An investigation was initiated to determine the cause of the low parachute 
projection velocity, with the mortar cartridge being modified following 
test No.  11. 

As the aluminized Nomex protective covers on the lower drogue bridles 
did not provide adequate protection from the rocket exhaust, the lower drogue 
risers were covered with a silicone rubber-impregnated überglas sleeve for 
greater thermal protection. 

Sheet metal plates were installed on seat blast shield to deflect the rocket 
exhaust away from the lower drogue risers, and each of the lower drogue 
risers was fastened to the back of the seat with three 100-pound nylon tie- 
cords incased in teflon tubing.    This modification was intended to prevent 
the risers from deploying prematurely and falling into the rocket exhaust 
plume. 

Test No.   11 (220 KEAS) - This test was conducted on 21 May 1971 using 
a 95th percentile dummy.   The ejected weight was 423 pounds and the system 
static eg was located 1. 35 inches above the thrust line. 

The system performed a satisfactory Mode 1 sequence; however, the rocket 
catapult booster tube bent and the recovery parachute sustained multiple 
suspension line failures during first-fill.   Although the seat release 
mechanism functioned properly, the parachute was unable to develop 
sufficient drag to effect seat separation.    The seat trajectory and event times 
are shown in Figure 107.    The bent rocket catapult booster tube did not 
adversely affect system performance. 

EVENT TIME (SEC) 

1. CATAfULT IGNITION 
2. CATAPULT SEPARATION 
3. PARACHUTE PACK FIRST MOTION 
4. MAIN ROCKET ACTION TIME 
5. PARACHUTE DEPLOYMENT IAO STRIPOFF 
1. VERNIER ROCKET ACTION TIME 
7. MAIN PARACHUTE DISREEFED 
I. MAIN PARACHUTE FILLED 
S. HARNESS RELEASE 

IS. 6R0UN0 CONTACT (SEAT) Sui 

B 20 

S.4S3 
0.M7 
0.W 
1J1 
1JS 
1.8S 
2.28 
2.73 
4.71 

200 300 400 500 
HORIZONTAL DISTANCE (FT) 

FIGURE 107. TRAJECTORY AND EVENT DATA FOR ACES DEVELOPMENT TEST NO. 11 
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The parachute problems encountered in tests No.  10 and 11 were considered 
related to inadequate mortar performance.   In both cases,the deploying 
parachute fell into the turbulent seat wake because of insufficient mortar 
thrust.   Prior to proceeding to the next scheduled test, the mortar cartridge 
was redesigned to increase the nominal pack projection velocity from 35 to 
59 ft/sec. 

Test No. 12 (590 KEAS) . This test was performed on 22 June 1971 employing 
a 95th percentile dummy. The ejected weight was 354 pounds with the system 
static eg located 1. 61 inches above the rocket catapult thrust line. 

The seat system performed smoothly with all functions occurring at the 
specified time for a Mode 2 sequence.    Following actuation of the seat 
release mechanism, the seat failed to separate prior to ground impact.    The 
seat trajectory and event-time data are shown in Figure 108. 

The booster tube of the rocket catapult sustained a slight amount of bending 
along its entire length, but this did not influence the seat performance. 
A structural failure of the drogue deployment sleeve resulted in premature 
drogue canopy deployment; however, drogue system performance was 
considered satisfactory.   Burning of the skirt area of the recovery parachute 
also occurred, apparently caused by expulsion of hot propellant fragments 
from the mortar when the tubes separated.   No parachute structural damage 
was encountered and operation of the recovery subsystem was satisfactory. 

EVENT TME (SEC) 

1. CATAPULT IGNITION 
2. CATAPULT SEPARATION 
3. EXTRACTION PARACHUTE FILLED 
4. DR06UE PARACHUTE FILLED 
8. MAIN ROCKET ACTION TME 
1. VERNIER ROCKET ACTION TME 
7. PARACHUTE PACK FIRST MOTION 
I. PARACHUTE IAO STRIPOFF 
I. PARACHUTE DISREEFED 

IS. PARACHUTE FIRST FILLED 
11. HARNESS RELEASE 
12. PARACHUTE FINAL INFLATION 
13. MAN/SEAT SEPARATION 
14. 0R0UND CONTACT 

• HO 
9M 
OJI 
Ul 
1.12 
2M 
2JS 
US 
4.76 

4JS 

NOTE:  DASHED LINE INDICATES DATA NOT OBTAINED. 

2SS 4N BBS SBB IMS 12BB 
HORIZONTAL DISTANCE (FT) 

FIGURE 100. TRAJECTORY AND EVENT DATA FOR ACES DEVELOPMENT TEST NO. 12 
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In a series of tests conducted at Holloman AFB and at Douglas, the 
dummy/seat separation failure was reproduced under static conditions.    The 
cause of the failure of the seat to release in the 590 KEAS ejection, as well 
as in the ninth static and, possibly, the 220 KEAS tests, is attributed to; 
(1) insufficient length of the long-riser segment between the parachute 
connector links and the dummy's restraint harness, and (2) the tips on the 
ends of the pins installed in the short-riser segments that attach to seat 
structure.    When the long-riser segments that attach to the seat structure 
were lengthened 8 inches and the tips of the short-riser pins removed, 
positive and unimpeded seat separation was demonstrated in seven 
consecutive laboratory tests using both 5th and 95th percentile dummies. 

Prior to proceeding with the qualification ejection tests, the following 
modifications were made: 

(1) The parachute mortar was modified by adding a flash suppression 
sleeve to the outer mortar barrel 

(2) The parachute riser that attaches to the crewman's harness was 
lengthened 8 inches and the indicator tips ground off the riser 
retaining pins. 

COMPONENT QUALIFICATION TESTS 

Parachute Mortar and Gyro Spin-Up Actuator 

Qualification tests of the parachute mortar and gyro spin-up actuator were 
conducted by an independent test laboratory, Ogden Technology Laboratories, 
Incorporated,  Fullerton, California.    The parachute mortar and gyro spin-up 
actuator were tested in accordance with MIL-C-25918 and a summary of the 
tests performed is shown in Table XV.    The parachute mortar and gyro 
spin-up actuator tests are reported in Ogden reports No. F-70182 and 
F-70181 respectively, References 14 and 15. 

The average maximum velocity and the standard mean deviation for the 
parachute mortar and the gyro spin-up actuator are as follows: 

Parachute Mortar 
Firings 

10 tests at ambient temperature 

7 tests at 200°F 

10 tests at -65°F 

Average Maximum 
End Velocity (FPS) 

Standard Mean 
Deviation (3(r) 

55.7 ±14.8 

58.6 ±10.5 

61.5 ±18.7 
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Gyro Spin-up 
Actuator Firings 

14 tests at ambient temperature 

14 tests at 200OF 

15 tests at -650F 

Average Maximum 
Rotor Velocity (RPM) 

3 x Standard 
Deviation (3cr) 

11,200 1835 

10,206 1807 

11,456 2720 

The mortar cartridge was modified after start of the mortar qualification 
tests.    The 27 firings shown,   23 by Ogden and 4 by the cartridge supplier, 
were the total test firings with the modified cartridge.    The 43 gyro spin-up 
actuator firings represents the total for which data were available. 

Subcontractor «Qualified Components 

The major portion of pyrotechnic components were procured from subcon- 
tractors who designed and qualified the items to a Douglas Specification Con- 
trol Drawing (SCD).    A list of these items including the qualification report 
number is given in Table XVI. 

Automatic Oxygen Hose Disconnect Adapter 

Qualification tests on the disconnect adapter were accomplished during the 
environmental tests of the ^eat system,  in which the adapter and CRU-60/P 
connector were assembled to the harness.    Operation of the entire discon- 
nect system was satisfactory after exposure to all specified environments. 
As noted previously, the adapter assembly demonstrated adequate wind 
blast integrity in seat system sled tests up to 590 KEAS and satisfactory 
operation during life cycle,  leakage and pressure drop tests. 

SUBSYSTEM QUALIFICATION TESTS 

Recovery Parachute 

A series of 68 drop tests were conducted on the ACES Recovery Subsystem at 
the Joint Parachute Teat Facility,  El Centro,  California.    The purpose of 
these tests was to qualify the recovery parachute subsystem for use with the 
ACES system.  Reference 10.    The test results indicated that the recovery 
subsystem satisfied the ACES system requirements. 

The maximum allowable rate of descent was exceeded in three cases because 
of heavy damage experienced by the parachutes.    In two of these cases,  the 
damage was attributed to improper rigging and,  in the other, to an out-of- 
tolerance reefing line cutter time delay.    Times from initiation to full para- 
chute inflation were very consistent,  with the 2. 0 second limit being met in 
all but one case.    In this instance the reefing cutter time delay was longer 
than permitted by specification. 

In tests where mode rate-to-heavy damage was experienced, the relatively 
high forces occurring during full inflation (following disreefing) were the 
major contributor.    Under actual ejection conditions,  the magnitude of the 
reefed-open and full-open forces will be reduced,  and c   mage should be less 
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severe, because the ejection seat will experience greater velocity decay 
between mortar initiation and parachute disreefing.  Reference 10. 

A summary of the drop test results is presented in Table XVII.    Tests are 
grouped by airspeed and average values given for the parameters listed. 

Gravity-Launched Seat Tests 

A series of 8 of an initially specified 15 seat system drop tests was conducted 
on the ACES recovery subsystem at the DOD JPTF,  El Centro,  California, 
Reference 16.    The purpose of these tests was to qualify and demonstrate the 
operation of the recovery subsystem in the automatic and manual deployment 
modes.   Test results are tabulated in Table XVIII. 

Five of the seat drop tests were conducted with the recovery subsystem opera- 
ting in the normal automatic mode and three tests in the manual backup mode. 
In all tests, the seat systems were gravity-launched from a C-130 aircraft 
with the seat-mounted electronic programmer initiating recovery functions. 
Certain seat subsystems and pyrotechnic components, whose functions were 
not required for these tests, were inoperative. 

Satisfactory recovery subsystem operation was observed in all eight tests. 
In one case in the manual modi;, parachute deployment initiation was delayed 
because dummy/seat separation did not occur until the seat recovery para- 
chute inflated.    However,  as soon as the dummy and seat physically separated, 
the recovery subsystem functioned satisfactorily. 

Prior to and during this series of tests,  several modifications were incor- 
porated in the mortar assembly to solve a parachute canopy and deployment 
bag burning problem, which resulted from use of a new, higher-energy mortar 
cartridge.   Following test No. AGL-4, in which the mortar barrel was revised 
to incorporate a gas deflector cone, parachute burn damage was negligible. 

Operation of the survival kit's automatic deployment system was also 
evaluated in this series of tests.   Satisfactory deployment of the rucksack 
and inflation of the liferaft were demonstrated in all tests.    In test No.  5, 
a delay in the deployment of the equipment, following release of the outer 
container flaps, was observed.    The substitution of wooden blocks, which 
were used to simulate the shape and weight of actual items, was believed 
partially responsible for the delayed deployment.   It was concluded that a 
minor modification to the front corners of the outer container would improve 
reliability of operation. 

SYSTEM QUALIFICATION TESTS 

Seat Static Structural Tests 

An ACES seat system was tested structurally under 13 different loading con- 
ditions as shown in Figures 13, 14, and 15 (Section III).    Except as noted 
previously, the loads were applied in accordance with the requirements of 
MIL-S-9479A.    Loads were applied incrementally up to the limit load, then 
relaxed, and reapplied incrementally to ultimate load (150 percent of limit). 
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TABLE XH 

SUMMARY OF ACES SYSTEM Ol 

1     Teat Number 1 I                          2 3 4 

|             Data 28 July 1971                   |                    23Aug71 27Aug71 1 Sept 71 

Dummy Sire 
(Percentile) i 95 5 95 

Event 
Time 
(Sec)* 

Pressure 
Altitude 

(Ft) 
Velocity 
(KEAS) 

Time 
(Sec)* 

Pressure 
Altitude 

im- 
..Velo«; ty 1 

(KEAS) 
Time 
(Sec)» 

Pressure 
Altitude 

(Ft) 
Veloc ty 
(KEAS) 

Time 
(Sec)» 

Pressure 
Altitude 

(Ft) 
Velocl 
(KEA 

Extraction 
j  Chut* Open 

.7.173 14,992 146.39 N.A.' N.A. N.A. -11.303 (E) 
15,079 

(E) 
152.34 -10.626 14, 949 (E) 

151.« 

|  Suet Launch -S.348 14. 992 150.04 i  -5.115 15, 123 146.72 -5.527 15,079 144.76 -5.083 14.949 146.3 

1   Mortar Fire or 
Pack Movement 

(I) 
0.000 14, 668 81.68 |       (2) 

0.000 
14.785 91.94 ■       <2 

0.000 14, 690 81.79 j       (2) 
0.000 14.595 78.1 

Pilot Chute 
|   Release 0.196 14, 660 81.29 0.339 14,780 92.13 0.103 14, 680 81.80 0.043 14, 590 78.1 

Pilot Chute 
Full Open 0.463 14, 647 81.58 0. 649 14,712 91.35 0.312 14, 656 81.72 0.199 14, 578 78.1 

Lin* Stretch 0.6S9 14, 625 83.39 0.724 14,739 90.85 0.376 14,651 81.67 0.398 14, 553 78.4 

i   Deployment Bag 
| Releaae 

0.840 14, 604 80.21 0.954 14, 690 90.40 0.642 14, 600 80.06 0.558 14.536 78.1 

|  Reefed Opening 1.021 14, 570 78.45 1.226 14,660 89.87 0. 860 14, 575 76.18 0.909 14.498 80.1 

Diereef 1.184 14, 531 74.23 1.498 14,617 83.34 1.280 14,531 63.35 1.258 14.465 73.( 

Full Open 1.770 14,518 46.10 1.8 6 14,600 69.39 1.680 14.489 39.36 1.575 14.427 54. i 

Dummy/Seat 
Separation 

(3) 
2.182 14.486 19.5» !       (3) 

2.292 14. 536 24.60 (3) 
2.059 

14,474 19.78 (3) 
1.904 14,391 32.' 

Second Full 
1 op*" 

2.760 14,442 17.02 2.863 14, 523 19.43 |    2.854 14,453 14.79 2.452 14.377 16. 

Survival Kit 
Deployment 

2.436 14.476 18.28 2. 862 14,531 22.59 i    ^•697 14,458 15.33 3.477 14.349 13. 

Ground Contact 695.264 (E) 
458 

(E) 
11.66 606.439 

(E) 
287 

(E) 
9.75 726.086 (E) 

303 
(E) 

12.49 
604.675 

(E) 
439 

(El 
13. 

Not**: »From System Initiation 
(N. A.) ■ Not Available 
(E) •  Estimated 

(1) i  Mortsr Fire 
(2) *  Parachute Pack Fir vament 
(3) a   Harness Release (F -ulb Firing) 
(4) x   Actual Phys<       V .ion 
(Q) ■  Questionable obtained from Test Drop Data Report 

/ 



TABLE XVIII 

:ES SYSTEM GRAVITY.LAUNCH TESTS 

4 5 6 7 8 

t Sept 71 13 Sept 71 15 Sept 71 5 0ct71 7 Oct71 

95 5 95 5 95 

Pressure 
Altitude 

(Ft) 
Velocity 
(KEAS) 

Time 
(Sec)* 

Pressure 
Altitude 

(Ft) 
Velocity 
(KEAS) 

!     Time 
(Sec)* 

1   Pressure 
Altitude 

]         (Ft) 
Velocity 
(KEAS) 

T'me 
j     (Sec)* 

Pressure 
Altitude 

(Ft) 
Velocity 
(KEAS) 

Time 
j     (Sec)* 

1  Pressure 
Altitude 

(Ft) 
Velocity 
(KEAS     | 

14, 949 
(E) 

151.63 •10.920 15, 166 143.90 -15.127 15,210 149.50 -15.387 N.A. N.A. •15.078 N.A. N.A. 

14.949 146.32 •5.249 15.171 132.66 j     -T.125 j      15.210 144.57 •7.671 14,949 142. 06 |     -7.298 15,079 140.60 

;   14.595 78.95 (2) 
0. COO 14.842 82.66 |         (2) 

6. 520 13,297 113.77 44.794 3.750 109.98 1       1.200 14.221 93.03    I 

14.590 78.93 0.000 14,842 82.66 6.606 13, 280 113.21 
44.395 

(Q) 
3.787 

(Q) 
lib.45 

(Q) 
I       1.250 14.210 93. 19 

14. 578 78.84 0.217 14, 796 83.16 6.735 13.253 112.47 44.540 
(Q) 

3,758 
(Q) 

114.33 
(Q) 

i       1.537 14. 150 93.96 

14. 553 78.60 0.447 14.767 83.39 6.948 13.161 109.86 46.053 
(Q) 

3,497 
(Q) 

86.24 
(Q) 

j       2.205 14. 052 94.16    ! 

14. 536 78.77 0.601 14,734 83.35 7.175 13. 122 106.37 46.015 
(Q) 

3,502 
(Q) 

87.00 
(Q) 

2.405 14,010 93.12 

.    14,498 80.81 0.790 14.713 80.89 7.380 13.080 97.39 46.729 3,400 72.03 |       3.082 13,876 76.75 

14.465 73.89 1.304 14,656 65.92 8.273 12,963 50.99 47.783 3,394 49.73 |       3.999 13.759 45.12    | 

14,427 54.63 1.612 14,617 42.87   1 8.648 12,930 32.30 48.381 3,252 39.55 |       4.651 13,736 17.39 

14.391 32.79 (3)   2.018 
1(4)12.906 

14. 597 
14.301 

22.39 
15.04 

(3)0.000 
(4)6.229 

14.571 
13,357 

97.96 
114.13 

(3)   0.000 
(4)44.694 

14,333 
3,753 

90.95 
111.71 

(3)0.000 
(4) 0.600 

14,391 
14,306 

90.98 
91.86 

14, 377 16.13 3.001 14, 567 13.44 10.921 12, 896 12.49 49.657 3,183 20.11 6.167 13.690 11.71 

14, 349 13.36 44.218 13,580 14.39 7.600 13,047 83.69 45.921 3,516 88.86 3.162 13,867 74.16    1 

(E) 
439 

(E) 
13.65 726.378 (E) 

391 
(E)      i 

15.38 
(E) 

559.041 
(E) 
161 

(E)    | 
12.21 234.064 199 15.23 603.142 (E) 

364 
(E)      jl 

15.57 

- 

151 
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The test specimen withstood the 10^-percent limit load without yielding and 
the 150-percent ultimate load without failure under all test conditions. Ref- 
erence 17.   A summary of loading conditions and the loads applied is pre- 
sented in Table XIX. 

Seat System Functional and Environmental Tests 

Seat system functional and environmental qualification tests were conducted 
by Ogden Technology Laboratories, Incorporated, Reference 18.    Tests were 
performed in accordance with the requirements specified in MIL-S-9479A 
and MIL-E-5272.   Table XX lists the environmental test conditions and the 

TABLE XIX 
ACES STATIC STRUCTURAL TEST CONDITIONS 

Test 
I    No. Type Test 

Applicable 
Paragraph 

MIL-S-9479A 

Design 
Limit 

Load (Lb) 

|    Ultimate   | 
j       Load      I 

1        1 Front Edge 3.6.2.2 266 399       | 

|       2 Armrest Structure (Each) 3.6.2.3 13E 200       j 

1       3 Ejection Controls (Each) 3.6.2.4 200 300 

!   4 Headrest Structure 3.6.2.5 330 500      j 

1       5 Rocket Catapult and 
Ejection Airload 

3.6.2.7 1620 
3134 

2055 
4.701 

1      6 Forward Crash Load 
Seat Installation 
Restraint Subsystem 

3.6.2. 6. 1 
5474 
5741 

8211      | 
8611      1 

7 Side Crash Load 
Seat Installation 
Restraint Subsystem 

3. 6.2. 6. 2 
5474 
5741 

8211      | 
8611      | 

8 Vertical Crash Load 
Restraint Subsystem 

3.6.2. 6. 3 
1167 1751      j 

!   9 Vertical Crash Load 
Seat Backet 
Seat Installation 

3. 6.2. 6. 3 
2880 
2880 

4320 
4320      | 

10 Back Crash Load 3. 6.2. 6. 4 1000 1500      | 

11 Parachute Riser Load - 11.040 16,560 

12 Parachute Riser Load 
(Yaw Position) 

_ 

! 

2340 3510      | 

13 Rocket Catapult Load 3.6.2.1 7150 10,725 

153 
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various seat mechanisms that were actuated.    Handle pull-forces were 
measured before and after exposure to each environmental test condition; 
the maximum force is shown. 

Except for the seat pan release loads,  all handle pull-forces were within 
specified values.    The variability of the seat pan release loads was attributed 
to the manner in which the loads were measured.    In an attempt to obtain 
uniform results,  a slow steady pull was applied to the seat pan release handle. 
However, the relatively high static friction of the release pins resulted in 
high initial loads, dropping abruptly to a very low value after initial move- 
ment of the pins.    Application of a jerk-type load to the handle easily actuated 
the release mechanism, but credible force measurements were impractical 

+ 20 to obtain.   A handle pull force of 30 _ ^5 pounds was specified for release 
of the seat pan. 

Upon completion of these tests, the seat system was employed in a 450-KEAS 
ejection test with successful results. 

Seat System Qualification Static and Dynamic Ejection Tests 

Following completion of the development seat ejection tests, two static and 
six dynamic qualification ejection tests were conducted on the ACES system, 
Reference 19.    Two of the dynamic tests were dual ejections, making a total 
of eight dynamic seat tests.    The tests were made from a rocket-propelled 
F-105 cockpit section on the high-speed track facility at Holloman AFB.   The 
tests were conducted during the period of 7 July through 3 September 1971. 

A summary of trajectory and event time data is tabulated in Table XXI and 
a synopsis of the test results is given in the following paragraphs.   All tests 
were conducted at an essentially nominal static eg as the dummy's chest 
cavity, normally used for ballasting purposes, was occupied by a telemetry 
transmitter and associated equipment.   For tests with 5th percentile dum- 
mies, the system static eg ranged from 1.61 to 1.68 inches above the rocket 
thrust line and,  for tests with the 95th percentile dummies,  from 1.26 to 
1.50 inches above the thrust line.    Nominal eg offsets are I. 12 and 1.37 
inches, respectively. 

Test No. 1 (212 KEAS) -This test was conducted with a 95th percentile dummy 
(420-pound ejected mass). Recovery parachute inflation occurred in 2. 04 sec- 
onds,  following system initiation,  and at a height of 80 feet,  Figure 109. 

The test was successful with a proper Mode-1 sequence demonstrated.    The 
following incidents were noted but they did not adversely influence the test 
results: 

1. Rocket catapult launch tube failed in bending after approximately 1 foot 
of stroke.    The bending was restricted to an area weakened by excessive 
heating. 

2. Main parachute canopy and suspension lines received minor burns as a 
result of the parachute mortar muzzle flash. 

3. Main parachute deployment bag pilut chute received minor friction burns 
from contact with the main canopy suspension lines. 
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TABLE 

SUMMARY OF TRAJECTORY/EVENT TIME DATA 

T««l Number 
(Date) 

Ql 
(7.7.71) 

Q2 
(7.14.71) 

Q3 
(7-19.71) 

04 (Dual) 
(7.28.71) 

Dummy Site (P*rc«ntil«) N 5 95 5 (aft Seat) 1 
Sled Velocity at S>4I Fir»t Molion (KEAS) tu Zero Zero 151 

_         _        __                         _    __      ___                         __           __                _____        _        ._   ._                   __     _ 
Time 
(See) 

Height 
(Ft) 

Velocity 
(FPS) 

Time 
(Sec) 

Height 
(Ft) 

Velocity 
(FPS) 

Time 
(Sac) 

Height 
(F») 

Velocity 
(FPS) 

Time 
(Sec) 

Height 
(Ft) 

Velocity 
(FPS) 

Tin» 
(Sac) 

Ejection InitieUon 0.0 0.0 39S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 282 0.0 
Firet Seat Motion 0.343 0.0 393 0.344 0.0 0.0 0.327 0.0 0.0 0.330 0.0 279 0.696 
Drogue Gun Fin* NA - - NA - - NA - 0.504 4 287 0.829 
STAPAC Uamea 0.459 4 392 0.476 5 NR 0.466 NR 0.445 5 278 0.802 

0.47S S 391 0.470 5 NR 0.461 NR 0.441 5 278 0.769 
Cxtrsctloo Pnrechute Filled NA - - NA - - NA - NO - - 1.06 

Drogue Parachute Filled NA - - NA - - NA - NO - - 1.53 
Main Rocket Action Time 0.930 36 387 0.940 42 89 0.940 94 NO - - NA 

Vernier Rocket Action Time 1.04 49 355 1.10 53 88 1.09 91 0.940 40 312 1.43 

Parachute Pack flrct Motion 0.493 6 387 0.509 91 0.506 NO 0.497 292 1.66 

Lower Drogue Bridle Severance 0.409 U 398 0.634 90 0.624 102 0.419 300 1.78 

Upper Drogue Bridle Severance 0.639 14 400 0.665 18 90 0.654 101 0.448 305 1.81 

Mala Parachute Pilot Chute FiUed 0.480 16 403 0.680 20 90 0.710 100 0.750 317 1.89 
Mala Parachute Bag Unlock 0.790 29 406 1.13 88 1.01 93 0.850 319 2.05 
Mala Parachute Bag Stripoff 0.(70 31 399 1.18 88 1.35 84 0.930 313 2.20 
Parachute Reefed Fill 1.00 42 366 1.52 84 1.99 HI 62 1.23 252 2.57 
Parachute Die reef 1.71 75 176 1.88 78 NO - 1.78 122 2.96 
Parachute Firat Fill 2.04 to 111 3.00 48 2.80 136 32 2.15 58 3.32 
Peak Trajectory 1.11 (0 93 4.05 21 3.13 139 23 2.19 50 2.07 
Harnaea Release 2.S4 76 35 2.69 58 2.60 133 39 2.44 79 3.79 
Dummy/Seat Separation 3. SO 53 34 4.75 18 3.90 129 24 3.90 32 NO 
Ground Contact S.M - 21 11.8 - 26 7.50 - 36 4.40 - 25 4.00 

note:                                                                      MA • Not Applicable 
NO ■ Not Obeerved 
NR ■ No Record 

Test 
No. 

Canvereioa f 
(FPS to KC 

Ql 0.538 
0.540 

Q) 0.537 
Q4 0. 539 
OS 0.542 
Ot 0.541 
07 0.541 
0» 0.543 

/ 
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TABLE XXI 

ENT TIME DATA FOR ACES QUALIFICATION EJECTION TESTS 

04 (Du*!) 
(7.28.71) 

Q5 
(8-4-71) 

Q6 
(8-20-71) 

07 
(8.26.71) 

08 (Dual) 
(9-1-71) 

(•ft Swl) 95 (Fwd Seat) 5 5 95 95 (Alt Seat) 5 (Fwd Seat) 

1S1 149 227 577 578 418 417 

H«i|hi 
(rt) 

V.locity 
(FPS) 

Tin» 
(Sac) 

Haifht 
(Ft) 

V.locity 
(FPS) 

Tim* 
(See) 

H*i(ht 
(Ft) 

Velocity 
(FPS) 

Tim* 
(Sac) 

Height 
(Ft) 

Vtlocity 
(FPS) 

Tim* 
(S.c) 

H*i|ht 
(Ft) 

Velocity 
(FPS) 

Tim* 
(Sec) 

Height 
(Ft) 

Velocity 
(FPS) 

Time 
(Sec) 

Height 
(Ft) 

V.locity 
(FPS) 

0.0 282 0.0 0.0 282 0.0 0.0 424 0.0 0.0 1077 0.0 0.0 1080 0.0 0.0 812 0.0 812 

0.0 279 0.656 0.0 276 0.354 0.0 418 0.148 0.0 1064 0.150 0.0 1067 0.144 0.0 806 0.0 804 

i 287 0.829 6 266 NA - - 0.469 5 1055 0.458 4 1059 0.455 5 801 4 804 

i 278 0.802 5 266 0.461 5 416 0.477 5 1055 0.468 5 1058 0.462 5 803 4 804 

i 278 0.769 - 275 0.474 5 416 0.484 5 1054 0.479 5 1058 0.469 5 801 5 804 

- - 1.06 11 265 NA - - 0.581 10 998 0.580 10 1005 0.578 10 777 11 789 

- - 1.51 24 2M NA - - 0.711 16 914 0.740 18 NR 0.748 21 719 20 761 

- - NA - - 0.910 17 405 0.970 10 690 0.950 10 711 0.942 11 656- 14 691 

40 112 1.41 22 254 1.04 47 167 1.10 14 60S 1.08 16 657 1.07 40 594 42 579 

6 292 1.66 26 241 0.490 5 416 1.12 18 492 1.11 41 549 1.28 51 505 51 492 

11 100 1.78 2« 2 37 0.610 " 427 1.44 19 457 1.42 46 511 1.19 55 471 59 456 

15 105 1.81 28 215 0.619 12 429 1.47 18 4S0 1.45 47 501 1.42 56 459 61 448 

11 117 1.89 29 212 0.650 11 410 1.55 18 437 1.47 47                498 1.44 57 458 62 419 

12 119 2.05 10 224 0.760 21 412 1.61 18 429 1.58 49                474 1.58 61 415 68 411 

19 111 2.20 10 211 0.840 28 425 1.71 18 414 1.65 50 460 1.6S     |    61 425 72 192 

44 252 2.57 27 175 1.04 47 164 2.06 IS 295 1.88 52 195 1.85 66 178 78 333 

91 122 2.96 21 121 1.71 77 145 2.58 28 NR 2.54 45 NR 2.47 68 184 82 171 

96 58 1.12 11 62 2.10 80 76 1.00 20 NR 1.00 18 NR 2.82 64 111 78 100 

»6 50 2.07 10 226 2. OS 80 89 1.44 19 457 1.91 52 180 2.22 69 244 82 194 

»1 79 1.79 4 21 2.55 75 22 1.50 9 NR 1.41 10 NR 1.22 58 28 " 24 

Si 12 NO - - 1.55 46 15 1.80 * NR NO - 1.66 52 18 4.02 61 23 

- 25 4.00 - 29 5.50 -   26 4.20 NR 4.60      |      - NR 5.55 - 21 6. 13 - 12 

Teat 
No. 

Cenveraion Factor 
(FPS to KEAS) 

Ql 0. 5189 
Qt 0,S40i 
Ql 0.5375 

05 0. 5429 
06 0. 5419 
07 0.5419 
08 0.5437 

a 

I 
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EVENT 

1. SEAT FIRST MOTION 
t CATAPULT SEMRATION 
3. PARACHUTE DEPLOYMENT SAG FIRST MOTION 
4. PARACHUTE OEPLOYMENT SAG STRIPOFF 
I. MAIN ROCKET ACTION TIME 
1 VERNIER ROCKET ACTION TIME 
7. MAIN PARACHUTE DISREEFEO 
5. MAIN PARACHUTE FILLED 
1. HARNESS RELEASE 

IS. DUMMY/SEAT SEPARATION 
11. GROUND CONTACT 

TIME (SEC) 

I.M3 
S47I 
MI3 
1.171 
SLS3 
1.14 
1.71 
2J4 
2.M 
3JS 
M r 4S 

1SS 

£   is 

I 'L ? t- £ ££_ 
-*- 

(T) 

*■ 

\ 

1 • • i • 
1 IIS 2SS 3SS 4SS ISS SSI 

HORIZONTAL DISTANCE (FT) 
FIGURE 100. TRAJECTORY CURVE. ACES QUALIFICATION SLED TEST NO. 1 - 212 KEAS 

4. Post-ejection examination of the drogue gun revealed that the initiator 
had been fired. Investigation led to the conclusion that it was initiated 
when the seat assembly contacted the terrain following separation. 

Seat pitching and yawing was minimal prior to parachute line stretch.   Seat 
separation followed harness release when sufficient load was developed by 
the secondary filling of the parachute. 

Test No. 2 (Zero KEAS) —This test employed a 5th percentile dummy result- 
ing in an ejected mass of 355 pounds.    Recovery parachute inflation occurred 
in 3. 0 seconds, following system initiation, and at a height of 169 feet.  Fig- 
ure 110.    The test was successful, although the recovery parachute sustained 
minor burns in the skirt of the canopy as a result of mortar muzzle flash. 
Seat pitch control was excellent and all recovery events were initiated at the 
correct time for a Mode 1 sequence. 

Test No.  3 (Zero KEAS) - With a 95th percentile dummy installed (423-pound 
ejected mass), the seat achieved a maximum height of 139 feet, and full 
parachute inflation occurred in 2. 8 seconds following system initiation. Fig- 
ure 111.    The test was successful with good pitch control demonstrated,  and 
all recovery events were initiated in the correct sequence and at the proper 
time.    Post-test examination of the seat system components disclosed the 
following: 
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EVENT TWEttCG) 

1.    SEAT FIRST MOTION 
1    MRACHUTE DEPLOYMENT IAS FIRST MOTION 

MAIN ROCKET ACTION TIME 
VERNIER ROCKET ACTION TIME 
PARACHUTE OEPLOYMENT SAO STRIPOFF 
MAIN PARACHUTE OISREEFEO 

7.    HARNESS RELEASE 
•-    MAIN PARACHUTE FILLED 
1.    DUMMY/SEAT SEPARATION 

ti.    SROUNO CONTACT 

1 
4. 
L 
S. 

NOTE:   LATERAL (V) TRAJECTORY COORDINATES 
WERE NOT OSTAMED DUE TO INSUFFI- 
CIENT OPTICAL TRACKING DATA. THE 
DMCREPANCY SETNEEN HORIZONTAL 
DISTANCE (X) DESCENT TRAJECTORY 
AND MEASURED SROUNO CONTACT 
POINT IS ATTRIBUTED TO THE SAME 
CAUSE. THE DUMMY SROUNO CONTACT 
POINT WAS IS FEET LEFT OF THE 
INITIAL CENTER PLANE. 

0 N ISO IN MB 

HORIZONTAL DISTANCE (FT) 

FIGURE 110 TRAJECTORY CURVE, ACES QUALIFICATION SLED TEST NO. 2 - 0 KEAS 

1. Rocket catapult launch tube failed in bending after approximately 1 foot 
of stroke.   The bending was restricted to an area weakened by excessive 
heating. 

2. Main parachute canopy received minor burns as a result of the parachute 
mortar muzzle flash. 

3. Seat pitch control was slightly impaired as a result of a mechanical 
interference between the vernier rocket and the seat assembly blast 
shield. 

Test No. 4 (150 KEAS Nominal) - This was a dual ejection using a 5th per- 
centile dummy in the aft cockpit and a 95th in the forward crew station. 
Ejected weights for the seat systems were 355 and 423 pounds,  respectively. 
Trajectory and event time data are shown in Figures 112 and 113. 
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 1-         _J_   .        .L.     ._ 
EVEiT TME(SEC) 

1. SEAT FIRST MOTION •.327 
2. PARACHUTE DEPLOYMENT BAG FIRST MOTION     •.IN 
3. MAIN ROCKET ACTION TIME CM 
4. VERNIER ROCKET ACTION TIME \M 
V PARACHUTE DEPLOYMENT SAG STRIPOFF Ui 
I. HARNESS RELEASE 2.M 
7. MAIN PARACHUTE FILLED 2.M 
5. DUMMY/SEAT SEPARATION 3JS 
•. GROUND CONTACT 7.M 

• H IN IN 

HORIZONTAL DISTANCE (FT) 

FIGURE 111.  TRAJECTORY CURVE. ACES QUALIFICATION SLED TEST NO. 3 - 0 KEAS 

EVENT 

1. NAT Finn MOTION 
2. CATAPULT SEPARATION 
3. PARACHUTE DEPLOYMENT BAG FIRST MOTION 
4. PARACHUTE DEPLOYMENT BAG STRIPOFF 
5. MAIN ROCKET ACTION TIME 
1 MAIN PARACHUTE DISREEFED 
7. MAIN PARACHUTE FILLED 
«. HARNE» RELEASE 
S. DUMMY/SEAT SEPARATION 

11    GROUND CONTACT 

TIME (SEC) 

•.3N 
•N1 
IM7 
•J3 
•JM 
1.71 
Ml 
2.N 
3J 
•A 

HORIZONTAL DISTANCE (FT) 
FIGURE 112.  TRAJECTORY CURVE, ACES QUALIFICATION SLED TEST 

NO. 4 - 161 KEAS - AFT SEAT 
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EVENT 

SEAT FIMT MOTION 
CATAPULT DAMAGED 

TIME (SEC) 

UN 
0.7H 

VERWER ROCKET ACTION TIME 1.43 
DROGUE PARACHUTE FILLED 
PARACHUTE DEPLOYMENT IAO FIRST MOTION 

1.53 
1.H 

DROGUE PARACHUTE RRIDLE RELEASE 1J1 
PARACHUTE DEPLOYMENT BAG STRIPOFF 2M 
MAIN PARACHUTE OISREEFEO 2JS 
MAIN PARACHUTE FILLED 3.32 

11. HARNESS RELEASE 3.7S 
11. GROUND CONTACT 4J ' 

4« 

■ 

NOTE: ROCKET SUSTAINER FAILED TO IGNITE 

49  1 1 i 1 1  

HORIZONTAL DISTANCE (FT) 
FIGURE 113. TRAJECTORY CURVE, ACES QUALIFICATION SLED TEST 

NO. 4 - 140 KEAS - FORWARD SEAT 

The forward/aft seat sequencing system performed as anticipated.   At the 
top of the guide rails, the rear seat sensed a Mode 1 condition and executed 
it with proper timing.   During the rocket propulsion phase following para- 
chute mortar initiation, sufficient additional velocity was acquired to indi- 
cate Mode 2 and the drogue gun fired.   This condition can occur by design 
but does not alter performance of the system in any way. 

The forward seat sensed a Mode 2 condition and performed it in the proper 
sequence. 

Although the rocket motor failed to ignite because of a booster tube failure, 
the recovery parachute inflated and the seat released prior to ground con- 
tact of the dummy. * Successful recovery was demonstrated in both cases; 
however, the following irregularities were noted: 

1. The ejection sequencer on the right-hand side of the aft seat did not 
receive a firing pulse from the trackside power source and was not 
initiated. 

«Physical separation of the seat and dummy was not observed. 
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2. 

3. 

The ejection sequencer on the right-hand side of the forward seat was 
found fired,  despite the fact that the right-hand aft ejection sequencer 
did not provide an initiation firing pulse.    Analysis of the event times 
showed that the forward seat was ejected in the proper time sequence, 
which indicates that the right-hand sequencer fired after ejection initi- 
ation.   Post-test examination of the ejection sequencer showed the 
electrical squib was fired without burning through the bridgewire.    It 
was concluded that the squib was fired by discharge of static electricity 
accumulated on the unshielded wire connecting the right-hand ejection 
sequencers on the forward and aft seats.    The unshielded wire was part 
of the test setup,   rather than a test specimen component. 

The arm restraint thruster cartridge in the aft seat on Test No. Q4 did 
not fire.   Analysis revealed that a condition can exist (if one ejection 
sequencer fails) where there is insufficient power to fire the cartridge 
squib.   Analysis and corrective action for this condition is discussed 
in Reference 20. 

5. 

6. 

The catapult booster tube on the forward seat failed after approximately 
15-inches of stroke, as a result of excessive pressure and heat.    The 
failure resulted in a very low trajectory.    As booster tube bending prob- 
lems had occurred only on tests employing 95th percentile dummies, it 
was decided to modify booster tubes for all subsequent 95th percentile 
tests.   Modification of rocket catapults for all remaining tests was not 
possible nor necessary, without jeopardizing test schedules.   No further 
failures occurred, with rocket catapults incorporating modified booster 
tubes. 

The vernier rocket sear puller was not retained after extraction of the 
sear.    This condition was observed after seat ground impact, but there 
was no indication that STAPAC performance was affected. 

The recovery parachute canopies on both seats sustained some burn 
damage in the skirt region as a result of mortar muzzle flash. 

Test No.  5 (227 KEAS) - This test was conducted with a 5th percentile dummy 
(355-pound ejected mass).    The recovery parachute inflated in 2. 1 seconds 
after system initiation at the maximum trajectory height of 80 feet. Fig- 
ure 114.   The seat system demonstrated a satisfactory Mode-1 sequence and 
all subsystems functioned as intended.   Rather severe burn damage was 
sustained by the parachute canopy, and a modification was made to the 
mortar and deployment bag prior to proceeding with test No. 6.   The modi- 
fication comprised installation of a bell-shaped extension to the end of the 
outer mortar tube (refer to Section X) and fabric pockets on the locking flap 
of the deployment bag to protect the exposed parachute suspension lines. 

Test No.  6 (577 KEAS) — This test was conducted using a 5th percentile 
dummy (354-pound ejected mass).   The seat attained a height of 39 feet and 
parachute inflation was observed at 3. 0 seconds from system initiation, 
1310 feet downrange from the point at which the rocket catapult was initiated. 
Figure 115.   Seat stability was good with parachute inflation and dummy/seat 
separation accomplished prior to ground contact of the dummy.   Except for 
minor structural damage to the recovery parachute, all subsystems per- 
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EVENT 

t. SEAT FIRST MOTION 
I CATAPULT SEMRATION 
1 PARACHUTE DEPLOYMENT SAG FIRST MOTION 
4. PARACHUTE DEPLOYMENT BAG STRIPOFF 
i. MAIN ROCKET ACTION TIME 
1 VERNIER ROCKET ACTION TIME 
7. MAIN PARACHUTE OISREEFEO 
5. MAIN PARACHUTE FILLED 
I. HARNESS RELEASE 

10. DUMMY/SEAT SEPARATION 
11. GROUND CONTACT 

TIME (SEC) 

MM 
MSS 
SJ4 
SJ3 

1.71 
2.1S 
MS 
3.85 
S.I 

S ISi 2S0 MS 4M 
HORIZONTAL DISTANCE (FT) 

FIGURE 114 TRAJECTORY CURVE, ACES QUALIFICATION SLED TEST NO. S - 227 KEAS 

formed as intended.   The drogue began separating from the deployment 
sleeve slightly before line stretch, but deployment and inflation times were 
well within design values. 

Test No. 7 (578 KEAS) -This test employed a 95th percentile dummy (424- 
pound ejected mass).   The seat achieved a height of 52 feet, and parachute 
inflation occurred in 3. 0 seconds from system initiation,  1390 feet downrange 
from the point at which the rocket catapult was initiated. Figure 116.   All 
subsystems functioned properly with the following abnormalities observed: 

1. The canopy experienced two small tears as a result of loading during 
recovery.   One suspension line also suffered moderate burns from 
mortar muzzle flash and subsequently failed in tension during recovery. 

2. A minor mechanical failure resulted in inadequate retention of the 
vernier rocket sear puller following actuation of the spin-up actuator. 
This condition had no effect on system performance. 

3. The seat failed to separate from the dummy following initiation of the 
harness release actuator.   Following first full inflation, the canopy did 
not fill completely again before ground contact. 
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EVENT TIME (SEC) 

1. SEAT FIRST MOTION 1.341 
2. CATAPULT SEMRATION 0.414 
X DROGUE PARACHUTE FILLED 0.713 
4. MAIN ROCKET ACTION TIME SJ7 
L VERNIER ROCKET ACTION TIME 1.10 
5. PARACHUTE DEPLOYMENT IAO FIRn MOTION 1.32 
7. 0R06UE PARACHUTE BRIDLE RELEASE 1.47 
0. PARACHUTE DEPLOYMENT BA6 STRIPOFF 1.71 
1. MAIN PARACHUTE MSREEFED 2.61 

It. MAIN PARACHUTE FILLED 3.00 
11. HARNESS RELEASE 3.10 
12. DUMMY/SEAT SEPARATION 3.00 
11 GROUND CONTACT 4.20 

TW 1100 
HORIZONTAL DISTANCE (FT) 

FIGURE 115.  TRAJECTORY CURVE. ACES QUALIFICATION SLED TEST 
NO. 6 - 677 KEAS 

1*0 

Test No. 8 (437 KEAS.  Fwd Seat; 438 KEAS. Aft Seat) ~ This was a dual 
ejection using a 5th percentile dummy in the forward cockpit and a 95th in 
the aft station.    Ejected weights were 355 and 423 pounds,  respectively. 
Both seats performed a Mode 2 ejection with successful recovery of the 
dummy and separation of the seat occurring in both cases. Figures 116 
and 118.   With the exception of the following items, all subsystems were 
observed to function as designed: 

1. The right-hand ejection sequencer and arm restraint thruster on the 
forward seat did not function. 

2. The recovery parachute used on the rear seat experienced some burn 
damage in the skirt area of the canopy and on the inside of the deploy- 
ment bag.   Evidence of small burns was noted on eight gores and two 
suspension lines.   The damage did not adversely affect parachute 
performance. 
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EVENT TIME (SEC) 

1. SEAT FIRST MOTION usi 
2. CATAPULT SEPARATION 1471 
3. DR06ÜE PARACHUTE FILLED 1.74a 
4. MAIN ROCKET ACTION TIME MS 
5. VERNIER ROCKET ACTION TIME 1JB 
1. PARACHUTE DEPLOYMENT IA6 FIRST MOTION 1.31 
7. DROGUE PARACHUTE IRIDLE RELEASE 1.4S 
8. PARACHUTE DEPLOYMENT SAG STRIPOFF 1.15 
I. MAIN PARACHUTE DISREEFED 2.14 

11. MAIN PARACHUTE FILLED 3.N 
11. HARNESS RELEASE 343 
12. GROUND CONTACT 4.1 

IM lÜt 12M 14M ISN 
HORIZONTAL INSTANCE (FT) 

FIGURE 116. TRAJECTORY CURVE. ACES QUALIFICATION SLED TEST NO. 7 - 578 KEAS 

3.     The contents of the survival kits on both dummies did not deploy, 
although the container flaps were released.    Both kits utilized wooden 
blocks in the rucksack to simulate the GFE equipment items.   The 
stiffness of the wooden blocks prevented the rucksack from falling 
freely from the survival kit container. 

Qualification Inflight Ejection Tests 

As part of the ACES qualification program, a series of six inflight ejection 
tests were made from the aft cockpit of an F-106 aircraft.   Tests were con- 
ducted at El Centro, California during the period 16 through 30 September 1971, 
Reference 21.   The purpose of these tests was to test the seat system under 
conditions that could not be simulated with the sled, i.e., high altitude and 
aircraft rate of descent conditions.   One of the more important parameters 
evaluated was the rotation of the seat about the drogue axis in descent from 
40,000 feet mean sea level (MSL) to approximately 15,000 feet.   A summary 
of event data is presented in Table XXII and a synopsis of each test is given 
below.   As in the track qualification tests, no attempt was made to ballast 
the seat system to achieve adverse cg/thrust line offsets.   For tests with 
5th percentile dummies, the system static eg ranged from 1.25 to 1.41 inches 
above the rocket thrust line, and from 0. 90 to 1.02 inches for tests using 
95th percentile dummies. 

Test No. 1 (155 KEAS, 5219 feet MSL) - This test was conducted using a 
5th percentile dummy (353-pound ejected mass). 
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EVENT TIME (SEC) 

i. SEAT FimtT MOTION MM 
CATAPULT SEPARATION •.*§• 
DROGUE PARACHUTE FILLED 1.741 
MAIN ROCKET ACTION TIME IMS 
VERNIER ROCKET ACTION TRIE 1J7 
PARACHUTE DEPLOYMENT IAS FIRST MOTION Ul 
DROOUE PARACHUTE BRIDLE RELEASE 141 
PARACHUTE DEPLOYMENT SA6 STRIPOFF 1JS 
MAIN PARACHUTE DISREEFED 147 

it. MAIN PARACHUTE FILLED SJt 
ii. HARNESS RELEASE Ut 
it DUMMY/SEAT SEPARATION 3JS 

1 
13. GROUND CONTACT Ml 

N 
1 

N 

\                                                                                    1 
I , I 

MB 

{ IN 

• 
z p/__Zl L 52 r m 1 

1 A/ 
i 

•               A ■ i i i 

IM WM im 
HORIZONTAL DISTANCE (FTl 

FIGURE 117. TRAJECTORY CURVE, ACES QUALIFICATION SLED TEST NO. I - 431 KEAI - AFT SEAT 

As the ejection conditions were within the Mode 1 -Mode 2 crossover toler- 
ance band, a shorting plug was attached to the recovery sequencer, in place 
of the environmental sensor cable assembly, to ensure operation in Mode 1. 

The test was successful, with recovery parachute first-fill at 2. 15 seconds 
after ejection initiation, followed by seat separation at 3. 85 seconds, 38 feet 
above the ejection altitude. Figure 119. 

System operation was normal throughout, except for four minor discrepancies: 

1, The (redundant) left-hand ejection sequencer was not initiated because 
its triggering input cable assembly was connected incorrectly to the 
aircraft test firing circuit. 

2. The arm restraint system thruster was not fired because of excessive 
current drain caused by shorting after firing of a parallel squib in the 
ejection sequencer. Reference 20. 
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EVENT 

1. SEAT FIRST MOTION 
2. CATAPULT SEPARATION 
1 0R06UEPARACHUTE FILLED 
4. MAIN ROCKET ACTION TIME 
f. VERNIER ROCKET ACTION TIME 
1. PARACHUTE DEPLOYMENT IA6 FIRST MOTION 
7. DR08UE PARACHUTE ORIOLE RELEASE 
1. PARACHUTE DEPLOYMENT IAO STRIPOFF 
I. MAIN PARACHUTE OISREEFEO 

II. MAIN PARACHUTE FILLED 
11. HARNESS RELEASE 
12. DUMMY/SEAT SEPARATION 
11 GROUND CONTACT 

TIME (SEC) 

UN 
IJ« 
1.M 
tn 
iM 
tM 
1.14 
2M 
IM 
111 
U1 
4JI 
1.13 

N 

I 

N 

HORIZONTAL DISTANCE (FT) 

FIGURE 118. TRAJECTORY CURVE, ACES QUALIFICATION SLED TEST NO. 8 - 437 KEAS - FORWARD SEAT 

3. A slight bend was evident in the catapult booster tube. 

4. One of the two parachute reefing line cutters was not armed. 

Test No.  2 (281 KEAS.   16, 090 feet MS\) - This test was conducted using a 
5th percentile dummy (352-pound ejected mats). 

The test was partially successful in that pre-ejection functions,  ejection, 
stabilisation, parachute deployment and reefed inflation, and dummy/seat 
separation were satisfactory.    However, a failure of both reefing line cut- 
ters prevented disreefing and subsequent full inflation of the recovery para- 
chute.   The mode of failure was similar to the single failure experienced in 
test No.  1. 

• 
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TABLE XXII 

SUMMARY OF ACES INFLIGHT EJECTIO 
(FOR ABBREVIATIONS. SEI 

•M* 

Ref 

1 

AEI AE2 AE3 

T AT H V(T) V(E) T AT           H              V(T) V(E) T           AT H             V(T) V(| 

Syttnn Initiation 1 0.00@ 

0.» 

-- 5,219 292 155 0.00 16,090         611 211 o.oqg) .1.898         606 27» 

SMt rint Motion 2 -- 5,219 292 15S 0.36 16,092         611 210 0.15 15,891         606 27« 

Catapult Separation 3 0.46 -- S,22l 296 157 0.48 16,095         616 210 0.55 15.903         607 27« 

Mats Rock.t Ignition 3A 0.47 -- S,22l 296 157 0.50 16,095         611 280 0.50 15.901         607 27« 

Drokua Gun Fira« 4 ® 0.52 16,096         614 279 -- .. -• 
Varniar Rockat Ignition 5 0.56 -- 5,226 297 157 0.67 16.102         604 275 0.57 15.903         607 27« 

Extraction Chut« Bag Stripe» M Q> 0.7S 16,107          192 269 0.62 15.905         607 27« 

Eirtraction Parachuta Fiilti 6 (S> 0.79 16,110         581 266 0.61 15.908         604 27« 

Orogua Parachuta Bag StripoH 6A 9 0.11 16,112          111 265 0.79 15,911         591 271 

Oragua Parachuta Fillad 7 ® 0.19 16,111         561 258 0.95 15,924         STS 2«l 

S 0.94 -- 5,254 281 149 0.99 16,126         546 248 1.02 15,929         561 2ST 

Varniar Rockat Burnout 10 1.10 -- 5,226 260 131 1.13 16,136          513 233 1.14 11.936         542 24« 

Parachuta Pack Firat Motion 11 0.55 -- 
S,22S 

(5,063) ®"7 157 14.44 
14,161 

0.00    Il4,312)sjv   171 

0.22      14,130          173 

79.5 11.97        0.00 
11,112 

(14, 613) A  170 

14,093         171 

78.1 

Lowar Drogue Bridle Savaranca 11 ® 14.66 80.5 12. 09         0.12 78.« 

Uppar Orogua Bridle Savaranca 1) ® 14.76 0.32      14,114          173 80.5 12.20         0.23 15,075         171 78. • 

Main Parachuta Pilot Chute Fillad u 0.71 0.16 5,235 296 1ST 14.14 0.41      14,100          173 10.3 12.23         0.26 15,069         171 78.» 

Main Parachuta Bag Unlock 11 0.86 0.31 5,248 290 153 14.90 0.47      14,790          172 80.0 12.13         0.46 11,0)8         171 78.« 

Main Parachuta Bag Stripoff 16 0.91 0.43 5,257 276 146 15.02 0.S9      14,770          169 78.6 12.41         0.50 15,031          170 78.4 

Parachuta Reefed Fill IT 1.12 0.67 J.273 23b 126 15.51 1.08      14,692          154 71.6 12.71          0.74 14,993          166 76.« 

Parachuta Olaroaf II 1.10 t.M 5,290 128 61.3 ® 13.24          1.27 14,916         131 60.« 

Parachuta Firat-Fill 19 2. IS 1.60 5,290 69.2 37.3 © 13.59          1.62 14,879          85.6 39.« 

Harnaaa Relaaaa 20 2.i7 2.12 5,215 2S.0 14.1 16.52 2.08      14,561          101 50.5 14.05         2.01 14,814          45 2 20.« 

Dummy/Seat Separation 22 1,11 3.30 5,257 26.5 14 0 16.12 2.39      14.536          103 48.0 14.47          2.50 14.836           39.0 18.0 

Parachuta Final FlU 21 4.91 4.43 5,224 25.9 13.7 ® 14.64-       2.67 14,831           37.8 17.1 

Impact 23 200.0 199 " -- .. 244.0 230.0 .• 491. 0        416. 0 — -- 
NOTES:   ©    indicated hy theaa nun 
ABBREVIATIONS:   T a time,   aacon 

nbar- on telemetry printout       0    not applic 
AT ■ time after parachuta  lirat motion, 

/ 

bla, Mtdal.       Q    roofing line cuttar (ailura, no diaree(.       ©   pree.ure altitude (U. S.Std. At» 
«econr:      H « height,  loot MSI,       V(TI a total velocity, true, feat/aaconri.       V(E) • Total Valocl 

  --■^'■^      _ a^„.^-^^-...^^!^^—aai^M^— 



TABLE XXII 

INFLIGHT EJECTION TEST EVENT DATA 
BBREVIATIONS, SEE BELOW) 

ABS 
1  

AES AE6 

H V(T) V(E) T AT H V(T) V(E) T AT H V(T) V(E) T AT H V(T) V(E) 

IS.898 606 276 0.00 41.759 8)2 244 0.000 41.800 844 248 0.00@ 

0. )S 

S,71) )2) 17) 

15,89« 606 276 0.36 41,758 8)6 245 0.34 41.824 801 2)6 5,642 m 173 

15.90J 607 276 -- -- -- — -- -- — -- 0.48 5.615 327 ITS 

15,901 607 276 -- -- - -- o.so 41.838 774 228 0.48 5,615 )27 ITS 

-- — -- -- -- -- -- — -- -- -- 0) 
15,903 607 276 -- -- -- -- 0.50 -- — -- 0.58 5,. 596 326 ITS 

IS. 90S 607 276 -• • > -• •- -- •• -- -- ® 
IS.908 604 274 -- -- " " " -- -- -- ® 
15,915 S95 271 -- -- •- •- -- -- -- -- ® 
IS, 924 S75 261 1.00 41,787 788 2)1 0.9) 41.877 731 215 ® 
IS, 929 S6S 257 -- -- -- -- 1.05 41, US 722 212 0.8) S,S52 m 1T0 

IS, 936 S4J 246 -- •• -- -- 1.16 41,898 702 206 0.98 5,526 302 162      { 

IS. 112 
10 (14,65 3)-. 

11 IS, 093 

170 78.2 124.86 0.00 
IS, 764 

(15,129)^ 

15,746 

176 80.0 123.81 0.00 
17,277 

(16.512)0 

17.270 

152 68.2 0.56 0.00 
5.600 

(».382)0 327 ITS 

171 78.6 124.96 0.09 173 79.0 12). 85 0.04 151 67.6 O 
11      15,1)75 171 78.8 125.01 0.14 15.736 172 78.) 123.85 0.04 17,270 151 67.6 • 
It      15, Ob» 171 78.» 12«. 92 0.06 15,752 174 79. 3 124.06 0.25 17,235 144 64.5 0.70 0.14 5,57) 324 IT4      | 

M      IS,0)8 171 78.6 125.28 0.42 15,68) 164 75.0 124.)) 0.52 17,197 1)2 59.6 0.85 0.28 5,549 315 169 

10      15.031 170 78.4 125.43 0.56 15,655 160 7). 2 124.47 0.66 17,178 12S 56.9 0.94 0.37 5,5)4 308 165      j 

M     14,99) 166 76.5 125.6) 0.77 15,620 15) 70.1 124.68 0.87 17,149 116 »2.7 1.20 0.64 5,49) 273 UT 

IT      14,916 1)1 60.6 126.06 1.20 15,556 1)4 62.0 125.14 1.3) 17,097 95.9 4). 4 1.8) 1.27 5,422 161 ST. 2 

U      14,879 8S.6 39.9 126.10 1.54 15,503 119 54 6 125.47 1.66 17,075 81.7 )7.8 2.20 1.6) 5,)97 78.2 43.1 

M     I4,BS4 4S.2 20.9 126.84 1.98 15,460 99.0 46.) 125. 92 2.11 17,046 62.5 28.5 2.69 2.1) 5,)79 35.3 19.0 

SO     14,836 39.0 18.0 127.22 2.36 15,429 81.1 38.3 126. 17 2.36 17,037 54.4 24.8 ).0) 2.46 5.368 34.4 18.5 

67      14.831 37.8 17.5 127.88 3.02 15,397 56.9 26.8 126. 92 ). 11 17.021 )).* 15.5 ).65 ).09 5.)49 29.5 IS 9 

0 -- — 671.00 546.00 •• -- -- 766.00 6.42 -- -- -- 195.00 195.00 -- • • 

pruiurc altitud« (U. S. Std. Atmosphcr«)   in | 
l/itcond.       V(E) • Toul Velocity.  KEAS 

SylUm initiation apparently not indicated, times corrected from dm motion. 

X 
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EVENT 

P 
i! 

1. SYSTEM INITIATION 
2. SEAT FIRST MOTION 
3. CATAPULT SEMRATION 
4. MRACHUTE OEHOYMENT IAO FIRST MOTION 
8. MAIN ROCKET KURNOUT 
5. PARACHUTE OEPIOYMENT IAO STRIPOFF 
1. VERNIER ROCKET BURNOUT 
S. MAIN PARACHUTE OISREEFEO 
1. MAIN PARACHUTE FILLED 

II. HARNESS RELEASE 
11. DUMMY/SEAT SEPARATION 

•ESTIMATED 

TIME (SEC) 

14* 
MS 

Mi 
UM 
MS 
1.1S 
Ui 
Ml 
M7 
Ml 

i 
i 

HORIZONTAL DISTANCE (FT) 

FIGURE 119. TRAJECTORY, ACE8 INFLIGHT EJECTION TEST NO. 1 (1S6 KIAS. 6210 FT MOD 

System operation was normal throughout, except for the reefing line cutter 
failure.   This failure and the corrective action taken are described in ACES 
Failure Analysis Report No.  16, Reference 22. 

Parachute mortar initiation occured at 14,868 feet MSL (14, 312 feet pressure 
altitude),   14.44 seconds after ejection initiation.   Dummy/seat separation 
occurred at 14, 536 feet MSL, 2.39 seconds after parachute mortar initiation. 
Figure 120. 

Test No. 3 (276 KEAS,   15, 898 feet MSL) -This test employed a 95th per- 
centile dummy (424-pound ejected mass). 
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EVENT TIME (SEC) 

1. SYSTEM INITIATION M 
2. SEAT FIMT MOTION *M 
3. CATAPULT SEMRATION MS 
4. DROGUE INFLATION Ml 
i. MAIN ROCKET iURNOVT Ml 
t. VERNIER ROCKET lURNOUT 1.13 
1. PARACHUTE DEPLOYMENT SAG FIRST MOTION HM 
1. OR06UE ORIOLE RELEASE M.» 
1. PARACHUTE DEPLOYMENT IAO STRIPOFF 11.12 

II. HARNESS RELEASE «12 
11. DUMMY/SEAT SEPARATION 1M2 

NOTE: PARACHUTE FAILED TO OISREEF 

3* 
0 

-m 

N 

AIRCRAFT HEADING 117 DEO (TRUE) 

WIND 
NKN 

GROUND SPEED 
3MKN 

1                          1 1                     1- LJ 
14,312 FT 
PRESSURE ALTITUDE 

14,111 FT MEAN 
SEA LEVEL- 

210- 

i TRUE AIR SPEED 344 KN 

JL 

II.IN FT MEAN SEA LEVEL 
11.412 FT PRESSURE ALTITUDE 

-L. 
im iHo 

HORIZONTAL DISTANCE (FT) 

2111 tm 

HORIZONTAL DISTANCE (FT) 
PAMCHUTE OPERATION 

FIGURE 120. TRAJECTORY. ACES INFLIGHT EJECTION TEST NO. 2 (281 KEAS. 16.000 FT MSLi 

The test was successful with recovery parachute first-fill at 14, 879 feet MSL 
and dummy/seat separation at 14, 836 MSL.    System operation was normal 
throughout for a Mode 3 sequence. 

Following ejection and stabilized descent by the drogue, parachute mortar 
initiation occurred 11.97 seconds after ejection, at 15, 112 feet MSL 
(14, 653 feet pressure altitude).    Parachute first-fill occurred 1. 62 seconds 
after mortar initiation,  and dummy/seat separation at 2. 50 seconds.  Fig- 
ure 121. 

Test No. 4 (244 KEAS,  41. 759 feet MSL) - This test was conducted using a 
95th percentile dummy (421-pound ejected mass). 

The test was successful, with stabilised descent, following ejection, to an 
altitude of 15,764 feet MSL where recovery was initiated.   Parachute inflation 
occurred at 1.54 seconds after mortar initiation and dummy/seat separation 
at 2.36 seconds, Figure 122.   System operation was normal except for two 
minor discrepancies: 

1.     A slight bend was evident in the catapult booster tube. 
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EVENT TIME (SEC» 

t. SYSTEM INITIATION 
t SEAT FIRST MOTION 
3. CATAPULT SEPARATION 
4. ORDSUE INFLATION 
I. MAIN ROCKET SURNOUT 
5. VERNIER ROCKET SURNOUT 
7. PARACHUTE DEPLOYMENT MO FIRST MOTION 
I. DROGUE IRIOLE RELEASE 
1. PARACHUTE DEPLOYMENT IAD STRIPOFF 

11. MAIN PARACHUTE MtREEFEO 
It. MAIN PARACHUTE FILLED 
II. HARNESS RELEASE 
IS. DUMMY/SEAT SEPARATION 

•ESTIMATED 

Ml 
Ml 
IN 
IJt 
I.M 

11.1» 
nn 
MM 
IIM 
UM 
MJi 
1447 

AIRCRAFT HEADING 143 DEC (TRUE) 

i 

I 
IM p ff^B-^ 1IJNFTMCAN 

SEA LEVEL 
TRUE AIR SPEED 3M KN 1I.3M FT PRESSURE 

. AITITUOI       | 

11.111 FT MEAN 
SEA LEVEL 

ISM II 
HORIZONTAL DISTANCE (FT) 

MM 

FIGURE 121.  TRAJECTORY, ACES INFLIGHT EJECTION TEST NO. 3 (276 KEAS, 15.898 FT MSU 

2.     Both environmental sensor pitot tube* failed to erect because their 
release latches were not actuated.   The malfunction was caused by a 
mislocation (on assembly in the test aircraft cockpit) of the pitot- 
release arms on a replacement torque tube which was installed for 
re-use of the extendable guide rails.   As the seat was ejected in a 
Mode 3 environment, where the pitot-measured velocity is of no con- 
sequence, a normal Mode 3 recovery sequence occurred. 

During the initial part of the ejection sequence the rate gyro record showed 
erroneous undamped oscillations.   When the drogue became effective, an 
alternating rotation of the seat about the drogue axis was evident for periods 
of 20 to 25 seconds in each direction, with peak roll rates at about 200 degrees/ 
second.   Analysis of test films corroborated the rate gyro data. 

Test No.  5 (248 KEAS. 41, 800 feet MSL) - This test was conducted using a 
5th percentile dummy (356-pound ejected mass). 
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EVCMT TMK WC) 

I. SVtTCMIWnATION U 
I. SEAT FIMT MOTION Ul 
J. CAT/tmT SEMMTION Ml 
4. DII06UEINFUTIOII 1« 
I. MMCmm OCnOVMEMT MS FIMT MOTION IM« 
L OROSUE imOLE NEIEMC »Ml 
I. MMCHUTE OEPIOVMCNT SAC tTRirOFF IKIl 
1. MAIN MMCHUTE WMEEFEO IHM 
1. MAIN MMCHUTE ElllEO 11141 

II. HAMEtt REUASE IM.M 
It. OUMMV/KAT SEMNATION UTil 

IN 

I 

«mo 
MKN 

AIRCRAFT HEAMNS IM DEB (TRUE) 

\   BROMOIKIO      ■■ 
\   417 U 
N  ^^^ 

m 1 _L.     . -           1.     ... 1                       1 

§ 
i 

tin 
,„,^i^ IMMFTMEAN 
11,111 FT «A i [VIL . 
HHWUREAimUBt-T % 

TRUE AIR SFIED 411 KN 

X 

41.7N FT MEAN SEA LEVEL 
41,1» FT FREttURE ALTITUDt 

J  
IM 11 

HORIZONTAL OMTANCE (FT) 

HORIZONTAL WITANCE (FT) 
FARACHUTE OFERATION 

FIGURE 122. TRAJECTORY, ACES INFLIGHT EJECTION TEST NO. 4 (244 KEAS. 41.75« FT MSU 

The teit was auccesiful, with recovery initiation, following stabilised descent, 
at 17. 277 feet MSL (pressure altitude 16, 512 feet).   System operation (sequenc- 
ing and function) was normal throughout for a Mode 3 sequence.   Following 
ejection, descent was stabilised by the drogue until parachute mortar initia- 
tion 123. 81 seconds after ejection initiation.   Parachute first-fill occurred 
1. 66 seconds after mortar initiation and dummy/seat separation at 2. 36 sec- 
onds. Figure 123. 

Test No. 6 (173 KEAS, 5, 713 feet MSL) - This test was conducted using a 
95th percentile dummy (421-pound ejected mass).   The test airplane was in 
descending flight, at approximately 55 degrees nose-down attitude and 
flight-path angle, relative to the horison, at the ejection point.    The airplane 
rate of descent was 10, 896 ft/min. when the test was initiated.   As in 
test No.  1, a shorting plug was fitted to the recovery sequencer to ensure 
operation in Mode 1.   The test was successful with recovery parachute 
inflation occurring 2. 2 seconds after ejection initiation, followed by 
dummy/seat separation at 3. 0 seconds,  345 feet below the ejection 
altitude.  Figure 124.   All subsystems functioned normally for a Mode 1 
sequence. 
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i 
im 

I ntm 

JU 

mm HMEtSECI 

1. SVSTEM IMTIATION M 
1. KATFIMTHOTION Ul 
X OROSUf MFMTIOM Ml 
4. MM« HOCKET IUMOUT tu 
1- VEMHER ROCUT ■UMMUT I.N 
1. MMCNim NHOVMfNT MS HMT MOTION 11341 
1. DROBUf IMDIE REIEAIE mu 
1. MMCNim NHOVMMT Mt STWrOFf mjo 
1. MAIN MMCHUTE MMEEFEO mu 

11. UUI 
11. HAMEttREUMt nut 
11. OUMMV/UATUMMTIOH IM.» 

RVE Mil mto        nm FT MEAN MA UHJ 
53« FT MEKURI AITITUOC 

IM IIN 
HOMZORTAl OMTANCE (FT) 

I I 

HORIZONTAL OltTAME (FT» 
FARACHUTE OfERATION 

FIGURE 123. TRAJECTORY. ACES INFLIGHT EJECTION TEST NO. 6 (248 KEAS. 41.800 FT MSÜ 

DISCUSSION OF ACCELERATION DATA 

AH acceleration loads measured during the inflight tests were within the 
limits specified in MIL-S-9479A.   Dynamic Response Index (DRI) values, 
calculated in accordance with the method described in MIL-S-9479A, 
resulted in acceptable values for the rocket catapult,  stabilisation and 
recovery phases of the ejection,  Reference 21. 

Accelerations measured on the seat system during the qualification track 
ejection tests exceeded, in some cases, the allowable values for the GB axis 
(eyeballs down).   In these cases, calculated DRI data were higher than that 
permitted by MIL-S-9479A for the catapult, stabilisation and recovery phases 
of the ejection sequence. Reference 19. 

Although the DRI values obtained on the rocket catapult compared reasonably 
well for all track ejection tests, the average DRI for the qualification tests 
was slightly lower than that obtained for the development ejection tests. 
This is explained by a change made in the catapult launch cartridge propellent 
following the development ejection tests.   According to the Frankford Arsenal 
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EVENT TIME (SEC) 

IN- 
I 
i I 

-IN 

i-. 
I 
3-3« 

1. SYSTEM INITIATION 
2. SEAT FIRST MOTION 
3. CATAPULT SEPARATION 
4. PARACHUTE DEPLOYMENT SAG FIRST MOTION 
8. MAIN ROCKET IURNOUT 
I. PARACHUTE DEPLOYMENT IA6 STRIPOFF 
7. VERNIER ROCKET IURNOUT 
I. MAIN PARACHUTE DISREEFED 
I. MAIN PARACHUTE FILLED 

11 HARNESS RELEASE 
11. DUMMY/SEAT SEPARATION 

•ESTIMATED 

^ 

MND 
14 KN 

•ROUND SPEED 111 KN 

IJ» 
135 
MS 
1.» 
IJ3 
•J4 
I.N 
1J3 
2.21 
2.11 
3.03 

AIRCRAFT HEADING 131 DEC (TRUE) 
'   

HORIZONTAL AIR SPEED IM KN 

PM FT MEAN SEA LEVEL 
1447 FT PRESSURE ALTITUDE 

TRUE AIR 
SPEED 111 

ik   ik  ik  ik  ik  ik  ik 
HORIZONTAL DISTANCE (FT) 

FIGURE 124 TRAJECTORY. ACES INFLIGHT EJECTION TEST NO. I (173 KEAS, 6713 FT 
•ML, AIRCRAFT RATE OF DESCENT 10^00 FT/MIN) 
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project engineer, the propellant alteration was intended to reduce DRI values 
but with no appreciable degradation of catapult end-velocity.   A tabulation of 
DRI data resulting from the rocket catapult in the inflight,  static and track 
ejection tests is presented below.   In the qualification tests, the DRI limit 
of 18.0 was exceeded only in test No. Q8, aft seat. 

Inflight Ejection Tests Static and Track Ejection Tests 

♦♦Development (Static) Qualification 

1 Test 
{   No. 

Dummy 
%ile DRI 

Test 
No. 

Dummy 
%ile DRI 

Test 
No. 

Dummy 
%ile DRI 

AE-1 5th NR* 4 5th 18.2 Ql 95th 17.8 

AE-2 5th NR 5 95th 15.2 Q2 5th 14.7 

AE-3 95th 14.6 8 95th 18.4 Q3 95th 17.1   1 

AE-4 95th 13.7 9 5th 18.2 Q4 (Aft) 5th 17.0 

AE-5 5th 15.3 Q4 (Fwd) 95th 16.4 

AE-6 95th 12.0 Q5 5th 16.1 

Q6 5th 15.2 

-'. 
Q7 95th 17.6 

Q8 (Aft) 95th 18.8  | 
! 

Q8 (Fwd) 5th 15.0   j 

♦NR - Not recorded (instrumentation malfunction) 
♦♦DRI data were not obtained for the track development tests (tests No.  10, 

11, and 12), and DRI values have been omitted for test No. 7 and for tests 
No.  1, 2, 3, and 6 in which the Quantic rocket catapult was used. 

The parachute loads, in some of the qualification ejection tests, exceeded the 
17-g vertical acceleration limit (Gz) specified in MIL-S-9479A.   This limit 
was exceeded during drogue parachute inflation in tests No. Q6, Q7, and Q8 
and during main parachute reefed inflation in tests No. Ql and Q5.   The 
maximum vertical acceleration recorded during drogue parachute inflation 
was 20.0 g (test No. Q6) and, during main parachute reefed inflation,  19.7 g 
(test No. Q5).    The Gx limit of 35 was not exceeded in any of the qualification 
ejection tests.   Accelerations with respect to the Gz axis, measured during 
drogue and recovery parachute operation, are summarised for the track 
ejection qualification tests in Table XXIII.   Total acceleration, Gt. the vector 
sum of the lateral, longitudinal and vertical acceleration values, is also listed 
for the recovery parachute, with G   loads given for the drogue. 
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Although the Gz drogue-induced accelerations exceeded the 17-g limit 
specified by MIL-S-9479A, the Gx loads were well below the specified 
35-g limit.    The problem of excessive Gz-axis acceleration could be 
solved by either reducing the drogue size, or by altering the drogue 
bridle geometry to trim the seat in a more upright attitude.   The latter 
approach is more desirable because reducing the size of the drogue 
degrades system performance. 

The recovery parachute Gc-axis acceleration loads can be attenuated by 
relocating the riser-to-seat attachment closer to the system eg or by 
revising the Mode 1 - Mode 2 crossover velocity downward.   The former 
approach is somewhat complex while the latter results in degradation of 
system performance.   Another alternative is to separate the crewman from 
the seat prior to the time any appreciable parachute loading is experienced. 
This approach allows the parachute-imposed accelerations to be distributed 
into the crewman's harness in the conventional manner. 

EVENT TIMING 

The timing for all the recovery sequencer-initiated events was within the 
specified tolerance during the inflight and track qualification ejection tests. 
To illustrate the accuracy and repeatability of the electronic timing, a com- 
parison of design nominal and actual times for recovery sequencer-initiated 
events is shown below for the track tests. 

MODE 1 

EVENT DESIGN Ql Q2 Q3       Q4(Aft)       Q5 

STAPAC 0.46 ±5% 0.46 0.48 

Parachute Mortar 0. 50 ±3% 0.49 0. 51 

Lower Drogue Cutter 0. 62 ±3% 0. 61 0. 63 

Upper Drogue Cutter 0. 65 ±3% 0. 64 0. 66 

Harness Release 2. 60 ±3% 2. 54 2. 69 

0.47 0.46 0.46 

0.51 0.50 0.49 

0.62 0. 62 0.61 

0.65 0.65 0.64 

2.60 2.66 2.55 
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MODE 2 

EVENT DESIGN Q4(Fwd)    Q6 Q7 Q8(Aft) Q8(Fwd) 

STAPAC 0.46 ±5% 0.50 0.48 0.47 0.47 0.48 

Drogue Gun 0.46 ±3% 0.53 0.47 0.46 0.46 0.48 

Parachute Mortar (t) 1.30 ±3% 1.36 1.32 1.31 1.28 1.29 

Lower Drogue Cutter t+0. 12 ±3% 0. 12 0. 12 0. 11 0. 11 0. 12 

Upper Drogue Cutter t+0. 15 ±3% 0. 15 0. 15 0. 14 0. 14 0. 15 

Harness Release t+2. 10 ±3% 2.13 2.18 2.12 2.06 2.02 

Note:   All times are in seconds. 

Time zero is at system initiation. 

The initiation time established for each event is based on an observed 
function following the ignition signal from the Recovery Sequencer: 
therefore,  certain event times shown may be outside the required 
tolerance band. 

SYSTEM IMPROVEMENTS 

During the seat system development and qualification tests, various problems 
were encountered with the functional portions of the system.    The specific 
problems and the corrective actions taken have been noted previously in this 
section. 

Solutions provided for problems experienced in the overall research and 
development program were satisfactory, as evidenced in the final stages of 
the test program.   However, the following improvements to the ACES-1 
system would be beneficial in terms of performance and reliability: 

1. The seat should be released earlier In the ejection sequence. This will 
provide more positive and rapid man-seat separation, as the parachute 
will be applying greater acceleration loading. In addition, an improve- 
ment in recovery performance will be achieved for all escape conditions. 

2. The reefing line cutter should be modified to strengthen the sear pin. 
This would eliminate the necessity of special rigging of the arming 
lanyard and contribute to higher reliability. 

3. The recovery parachute deployment bag should be modified to eliminate 
any mortar flash-burning of the canopy.    This anomaly was only 
encountered in the track ejection tests, and the actual damage sustained 
by the canopy was not detrimental to it* performance. 

4. The survival kit should be altered to promote more rapid deployment 
of the kit contents. 
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SECTION XV 
SYSTEM PERFORMANCE 

The performance of the ACES system has been analyzed for escape conditions 
other than those included in the test program.   The analysis was performed 
using the McDonnell Douglas ESCAP-TRAC computer program (No. H5HA), 
which calculates escape system trajectories in three-degrees-of-freedom 
for all aircraft flight conditions in a vertical plane and. by approximation, 
for bank conditions.    The program incorporates ICAO standard atmosphere 
data, aerodynamic coefficients for the ejection seat and occupant. Refer- 
ence 23, and for the crewman and survival kit, T eference 24.    A simula- 
tion of rocket catapult propulsion forces and the dynamics of the gyro- 
controlled vernier rocket also are contained in the program.    Drogue and 
recovery parachute operation is simulated by a method incorporating the 
dynamics of parachute inflation and parachute mass effect following inflation 
(swing through). 

The H5HA program is an outgrowth of several older Douglas computer 
programs including escape system trajectory (No.  B9DA), STAPAC Vernier 
Rocket Dynamic Simulation (No. F2LA), Dynamic Response Index(No. L.5WA) 
and Parachute Opening Dynamics (No. M7UA).   The program is written in 
FORTRAN IV source language for the IBM 360/65 computer. 

ACES performance predictions were computed originally on estimated and 
calculated input data. Reference 1.   As the full-scale seat system test 
results became available, and were analyzed, the computer input parameters 
were progressively updated and adjusted to best simulate the performance 
observed.   The original ACES performance predictions and the computed 
performance, based on seat ejection test results, are shown in Table XXIII. 
The difference in performance noted is attributable to the increased reefing 
time (1. 0 to 1. 3 seconds) and the fact that the computer program now better 
simulates the performance of the system.   A factor that adversely affects 
performance of the present ACES is the 2.1-second delay between parachute 
mortar initiation and release of the seat.   The parachute attains full inflation 
p ior to seat release in nearly all cases, but unlike other contemporary seat 
systems, recovery is not accomplished until the seat is released.    Reduction 
of the seat-release delay from 2. 1 to 1. 8 seconds would not only improve 
performance but would promote more rapid man/seat separation. 

With referer.ee to Table XXIV, it is evident that despite the difference in 
performance between the proposed and present ACES configurations, the 
MIL-S-9479A requirements are met or exceeded by the present ACES system. 

Performance of ACES for various aircraft flight conditions is illustrated in 
Figures 12 5 through 129.   All trajectories were computed with the H5HA 
program.   The origin of all trajectories is the point at which the crewman 
pulls the firing control handle.    In all cases except Figure 125,  recovery is 
considered to occur at seat release, which follows full inflation of the 
recovery parachute.   A 50th percentile seat occupant is assumed for all 
ejections, except in Figure 125,  which shows seat trajectories with 5th and 
95th percentile crewman for a 4-inch eg excursion. 
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FIGURE 125.  ACES ZERO/ZERO PERFORMANCE 

IN 

A velocity decay profile for a 600-KEAS sea-level ejection is plotted in 
Figure 130,   The significant events occurring during the ejection and recov- 
ery phases are noted on the velocity curve. 
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SECTION XVI 

RELIABILITY AND MAINTAINABILITY 

RELIABILITY 

A reliability assessment of the ACES system was made in accordance with 
ground rulea outlined in the Reliability Program Plan, Reference 25.    The 
goal for probability of success for the seat system was established at 0. 98 
at the 90-percent lower confidence limit,  as specified by MIL-S-9479A, which 
also requires a demonstrated system reliability of 0.90 at the 90-percent 
confidence level. 

Because the ACES program did not include a series of tests specifically for 
reliability demonstration purposes, the final assessment was made using 
results of the qualification tests to establish the system-level reliability. 
For all subsystems and components,  only qualification test results were used 
in the assessment.   The results of the reliability analysis are summarized in 
Table XXV. 

Assessment Criteria 

To use results of a limited test program for reliability demonstration purposes, 
it is appropriate to employ a technique wherein certain failures are excluded 
from the chargeable failures.   A chargeable failure is one in which the failure 
is random and the rationale for corrective design action cannot be established. 
A nonchargeable failure is one in which the mode of failure is identified and 
the validity of the corrective action demonstrated in subsequent tests.    Design 
deficiencies are excluded from the analysis as chargeable failures, only if 
the following criteria are satisfied: 

1. The system or component is redesigned to eliminate the failure mode. 

2. The redesigned component is tested to verify that the failure mode has 
been eliminated. 

3.     The failure does not repeat in subsequent tests. 

Successful Test - A successful test is a test that provides all the required 
data and demonstrates that all functional and sequencing requirements are 
accomplished.    The test data must indicate that a crew member would have 
landed on the earth's surface without exceeding the human tolerance specified 
in the performance specification. Reference 26. 

No Test - A no-test disposition is made for the following reasons: 

1. Test apparatus malfunction such as unachieved vehicle velocity. 

2. Human error such as misrigging 

3. Insufficient data to justify a design revision in the case of a system 
anomaly in which malfunction of a specific component did not occur. 
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TABLE XXV 

ACES RELIABILITY ASSESSMENT 

System, Subsystem or Component Report No. 

Reliability 
Demonstrated 

at the 90% 
Confidence I^evel 

Seat System MDC-J53561 
MDC-J5327J 0.85 

Recovery Subsystem MDC-J52191 
MDC-J5366/ 0.97 

Parachute Mortar Ogden F-70182 0.97 

Gyro Spin-up Actuator Ogden F-70181 0.97 

Harness Release Thruster and 
Cartridge 

Upco TR 1016 0.97 

Mortar Cartridge (1) Upco TR 1011A\ 
Upco        1335    f 0.90 

Arm Restraint Thruster and 
Cartridge 

Upco TR 1023 0,97 

Drogue Gun and Cartridge Upco TR 10151 
and TR 1046   / 

0.98 

Seat Stabilization Rocket Motor Talley 10700 0.96 

Drogue Severance FLSC 
Assemblies 

Teledyne HI 3194 0.96 

Gas Generator and Initiator 
(for inertia reel) 

Pacific Scientific) 
TR 718                 / 

0.93 

Automatic Programmer Dor sett ER-077 0.96 

Reefing line Cutter Atlas ACDL 70-7 0.98 

Environmental Sensors HTLNo. 300408 (2) 

(1) Report No. TR 1011A covers qualification tests of cartridge P/N 1005-1. 
Report No. 1335 covers qualification tests of cartridge P/N 1005-2. 

(2) Quantitative reliability data were not obtained on the environmental 
sensors, as the testing consisted only of dynamic and static pressure 
tests following exposure of the units to the prescribed environments. 
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When the above-described criteria are used to assess the results of the 
system qualification tests (Section XIV),   14 tests are counted as successful, 
with tests Number Q7 and AE-2 being designated as no tests.    Fourteen 
successful tests provide a reliability of 0.85 at the 90-percent confidence 
level,  Reference 27. 

MAINTAINABILITY 

The maintenance concept for the ACES system was developed by utilizing 
proven maintainability analysis procedures used on other Douglas ejection 
seat systems.    The ACES maintenance analysis procedure considers direct- 
preventive and corrective maintenance at the organizational level. 

Maintenance, inspection, and test procedures are established to the depth 
and at the interval necessary to assure and maintain the highest degree of 
operational safety and serviceability.    This concept is based on the following: 

1. Items such as rockets, cartridges,  nylon components, initiators,  and 
survival kits will be time-controlled on a scheduled preventive basis. 

2. Items such as the power inertia reel and seat actuator assembly will 
be maintained on an unscheduled corrective basis. 

The scheduled maintenance consists of preflight inspection, postflight 
inspection,  replacement of time-compliance items, and phased inspection, 
which is based on aircraft maintenance interval requirements.   During phased 
inspection, preventive maintenance is performed on the ejection seat and 
includes corrosion control, repairs to seat structure, and replacement or 
adjustment of any components not conforming to specifications or seat rigging 
requirements.   AH manual controls are actuated to ascertain compliance with 
pull-force specifications and to verify that linkages are intact and operating 
freely. 

A maintainability program was conducted in accordance with the Maintain- 
ability Program Plan, Reference 27.    This consisted of full maintenance 
engineering analysis with emphasis on the quantitative and qualitative main- 
tainability parameters established within the design specification, 
MIL-S-9479A (USAF). 

A value of 0.03538 maintenance man-hours per flight hour (MMH/FH) was 
achieved for all significant maintenance actions required to be performed at the 
Organizational Maintenance Level.   This value is broken down as follows: 

Preventive (Scheduled) Maintenance 

Time Compliance Items 

Corrective (Unscheduled) Maintenance 

TOTAL 

MMH/FH 

0.03104 

0.00175 

0.00259 

0.03538 
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SECTION XVII 

CONCLUSIONS 

It is concluded that: 

I.     The Advanced Concept Ejection Seat meets the performance requirements 
of MIL-S-9479A,  except for Gz-axis acceleration loads imposed on the 
occupant. 

2.,   The use of an electronic programmer to sequence the initiation of pre- 
ejection and recovery events results in the precise control required for 
an advanced-performance emergency escape system.   Logic and timing 
functions of the ACES automatic programmer satisfy all design criteria. 

3. The concept of an erectable, on-board speed/altitude sensing system 
has been successfully demonstrated, and the performance of the system 
is considered compatible with the functional requirements of the ACES 
multi-mode system. 

4. The stability of the ACES system is considered satisfactory throughout 
the ejection and recovery sequence for all speeds and altitudes tested. 

5. The mortar-deployed recovery parachute, in combination with the 
variable effective reefing scheme, meets the escape system perform- 
ance requirements. 

6«     The concept of releasing the seat following recovery of the man/seat 
combination eliminates the possibility of subsequent man/seat and/or 
seat/parachute interference. 

7. Recovery of the crewman in the seat,  and subsequent release of the 
seat,  does not consistently result in positive separation of the seat. 
Actuation of the man/seat release system prior to recovery, when the 
parachute drag load is substantially higher, will improve the man/ 
seat separation characteristics. 

8. The ACES single-point release crew restraint system meets structural 
and performance criteria on the basis of evaluations made by Air Force 
flight personnel;   however, additional development may be necessary to 
improve harness donning characteristics. 

9. The ACES survival kit, in combination with the seat-mounted deployment 
selector meets the design requirements.   A minor modification to the 
front corners of the outer container may promote more rapid deployment 
of the kit contents. 

i ^ •WCKDI»,^ «UNK*» riDBD.. 



. 

REFERENCES 

1. Advanced Concept Ejection Seat for Model Ejection Seat Development 
Program, Report No. 3650T, Douglas Aircraft Company   29 
March 1969 

2. U.S. Air Force Contract F33657-69-C-0223 

3. H. R. Moy, Detailed Design Study, Advanced Concept Ejection Seat, 
Contract F33657-69-C-0223, Report DAC 67616A, Douglas Aircraft 
Company, February 1969 

4. Rearward Vision Improvement, ECP-ACES-01 

5. W. J. C ha gar is, Drogue Parachute Study for Advanced Concept 
Ejection Seat (ACES), Report No. MDC J0028, Douglas Aircraft 
Company,  18 August 1969 

6. Drogue Parachute Revision,  ECP-ACES-04 

7. Wilder, Deans and Kottler, Loads and Stress Analysis, ACES 
(Advanced Concept Escape System) Report No. DAC 67892 

8. H. R. Moy, Advanced Stabilized Ejection Seat Development Program, 
Technical Report SEG-TR-67-51,  January 1968 

9. M.  E. Wilfert, Recovery Subsystem Study for the Advanced Concept 
Ejection Seat (ACES), Report No. MDC J5030, January 19,   1971 

10. H.  R. Moy, R. McLaughlin, Advanced Concept Ejection Seat (ACES) 
Recovery Subsystem Qualification Drop Tests, Report No. 
MDC J5219. Revision A. January 6.   1972 

11. A. R. Barker, Report No. DAC 67759. Test Plan Model 412A 
Advanced Concept Ejection Seat, Contract F33657-69-C-0223, 
February 17,  1969 

12. R. W. Duer, Test Report of Leak Test at Room Temperature of 
One (1) McDonnell Douglas Corporation Part Number Dl 14435.1, 
Sierra Engineering Report No. 266-936, Addendum I, March 5,  1971. 

13. M.  E. Wilfert and J.L.T. Williams,  Report No.  MDC J5259. 
Advanced Concept Ejection Seat (ACES) System Development Static 
and Dynamic Ejection Tests, Revision A, April 26, 1971. 

14. Ogden Technology Laboratories,  Inc.  Report No. F-70182, Report 
of Environmental Test on ACES Parachute Mortar, October 1971. 

15. Ogden Technology Laboratories, Inc.  Report No. F-70181,  Report 
on Environmental Tests on ACES Gyro Spin-up Actuator, September 
1971. 

195 



16. D.  L.  Mundell,  Report No. MDC J5366,  Advanced Concept Ejection 
Seat (ACES) Recovery Subsystem Qualification Gravity-Launched Seat 
Tests,   Revision A,  March 3,  1972. 

17. J. A.  Buonauro,  Report MDC J5146,  Static Structural Tests - Advanced 
Concept Ejection Seat,  Model 412A. 

18. Ogden Technology Laboratories, Inc.,   Test Report No. F-70183, 
Report of Environmental Tests on ACES Escape System Assembly, 
September 1971. 

19. A. R.  Barker,  Report No. MDC J5356-01,  Advanced Concept Ejection 
Seat 'ACES) System Qualification Static and Dynamic Ejection Tests, 
Revision B,  October 31,   1972. 

20. G. Mas,  Advanced Concept Ejection Seat Failure Analysis Report 
No.  15,  Revision A dated 24 September 1971. 

21. J.  L.  T.  Williams,  Report No. MDC J5327,  Advanced Concept Ejection 
Seat (ACES) System Qualification Inflight Ejection Tests, Revision A, 
March 13,   1972. 

22. H.  R. Moy, ACES System Failure Analysis Report No.  16,  dated 
20 October 1971. 

23. D. E.  Reichenau,  Aerodynamic Characteristics of an Ejection Seat 
Escape System with Cold Flow Rocket Plume Simulation at Mach 
Numbers from 0.6 through 1.5, Report No. AEDC-TR-69-218, Arnold 
Engineering Development Center, Arnold Air Force Station,  Tennessee, 
October 1969. 

** A. Rickards, and J. M. Collins; Full Scale Subsonic Wind Tunnel 
,ts on Fully Equipped 75 and 5 Percentile Dumndes; Technical 

report AFFDL-TR-67-44; Air Force Flight Dynamics Laboratory, 
Wright-Patterson Air Force Base,  Dayton,  Ohio; August 1957. 

25. J.  N.  Dalrymple,  Douglas Aircraft Company Report No. ER-247, 
Reliability Program Plan for Advanced Concept Ejection Seat, 
February 12,   1969. 

26. MIL-STD-846 (USAF), 6 July 1967, Military Standard Escape System 
Testing:   Ground,  Track, and Flight Test. 

27. J. N.  Dalrymple,  Report No. MDC-Jl 171,  Advanced Concept Ejection 
Seat (ACES) Reliability Assessment and Analysis,  Revision B, 
November 28,  1972. 

28. R. L.  Gaskey, Douglas Aircraft Division Report No. PS-MM01, 
Maintainability Program Plan for the Advanced Concept Ejection Seat, 
February 12, 1969. 

196 



smm^vm.mmw-'' ' ■ 

UNCLASSIFIED 
Security CUi«i(lc«tton 

DOCUMENT CONTROL DATA -R&D 
(Smcurlly clmulltcmllon ol »III«, boar »> mbuncl mnd lnd»*lnt annotmllcn muni bm mntmd wlwn l/i« onrmll npott It elmnlll»d) 

I. ORIGINATING ACTIVITY (Corporaf mulhor) 

Douglas Aircraft Co. 
McDonnell Douglas Corporation 
3855 Lakewood Blvd.,  Long Beach, Ca.    90801 

2«. REPORT SECURITY   CLASSIFICATION 

UNCLASSIFIED 
2ft.   OROUP 

None 
3.  REPORT   TITLE 

ADVANCED CONCEPT EJECTION SEAT (ACES) 
DEVELOPMENT AND QUALIFICATION 

4. DESCRIPTIVE NOTES CTVp* of rsport and incluaiY« d«r*«j 

Final Report - September 1968 to April 1972 
1. AUTHORISI (Flttt naiM, mlddlm Inlllml, Imtl nmmt) 

Hammond R.  Moy 

«. REPORT DATE 

January 1973 
Ta.  TOTAL NO. OP PAGES 

196 
76.  NO. OF REFS 

27 
Ü,   CONTRACT  OR GRANT NO. 

F33657-69-C-0223 
6.  PROJECT NO. 

None 

M. ORIGINATOR'S REPORT NUMGERdl 

None 

•ft. OTHER REPORT NO(S> (Any olhmt 
Ml« Mpon; 

ASD-TR-73-2 

nuaift«r« (/>«» may ft« «««Ifwd 

10.  DISTRIBUTION STATEMENT 

Distribution limited to U.S. Government agencies only; Test and Evaluation; 
21 December 1972.    Other requests for this document must be referred to 
ASD/SML,  Wright-Patterson Air Force Base, Ohio 45433. 

II. SUPPLEMENTARY NOTES 

None 

12.  SPONSORING MILITARY   ACTIVITY 

Life Support System Program Office 
Aeronautical Systems Division 
U. S. Air Force Systems Command 

IS.   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 system 
at speeds up to 690 KEAS and at altitudes up to 41, 000 feet (MSL).   The major 
performance improvement was achieved by incorporation 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. 

DD FORM 1473 
197 

UNCLASSIFIED 
Security Classification 



Security CUssification 

1                                                                                          KIV   WOKDI 
LINK A LINK • LINK C          | 

»OLE IKT ROLE WT ROLK WT 

Ejection Seat 

Gyro-Controlled Pitch Stabilization 

Drogue Parachute 

Reefed Recovery Parachute 

Electronic Time-Delays 

Rocket Catapult 

Airspeed/Altitude Sensors 

Base Pressure Effects 

Electroexplosive Sequencing 

Survival Equipment 

Ejection Seat Testing 

Mortar-Deployed Parachute 

i 

*U.S.Qov«rimwflt Printing OfflMi 1»73 - 7n-4t2/4M 198 Security Claiaincailon 


