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FOREWORD

The research covered in this report was performed by The Boelng Com-
pany, Renton, Washington, for tie Air Force Flight Dynamica Laboratory,
Rosearch and Tochnology Division, Alr Force Syatema Commard, Wright-
Patteraon Alr Force Base, under AF Contract No. AF 33(615)-2378, project
No, 1362, Task No, 136203, The Alr Force program monitor wasg Mr,
Marvin C. Whitney, office symbol FDFR, Recovery and Crew Station Branch,
The research was conducted from February 1065 to August 1966,

Thie rescarch is part of an offort to dctermine the crew cacape design
requircments for VTOL and low-allitude dush vehicloa; {nvestipgate various
crew escape conocopta such as ejoction scuts, encapsulated scatg, nose and
pod-type escape capaules; atudy the assoclatod escape problems such as sta=
bility, oritical timing, automatic initlation, high dynaumio forces, high perform-
ance escapo rockcts, eto; and determine the theoretical feasibility of the
techniquos and conocepts that will meet the vehicle requirementa,

This report covers a part of tha investigation which conaisted of acquiring
and complling available data for existing and advanced escape systems end
subsystems. All werk toward this effort by The Boeing Company Airplane
Division Froduct Development Technology Section wns coordinated by John Q
Bull, escape systems rescarch.engincer. Acknowledgement is made by the
authors to Mr, Larry J. Nolan, Mr, Jakob Schor, and Mr. Charles W. Bird of
Doelng for their aid {n preparing the Informatioa required for this rcport,
Acknowledgement 18 also made of the arsistence provided by the following facil-
itles who ocontributed inforrution and data necossary for the accomplishment of
Phase II: Aero-Space Crew Equipment Laboratory, Philadelphia, Pa,; Bendix
Radlo Division, Baltimore, Maryland; Burcau of Naval Weapons, Washington,
D.C.; David Clark Co., Inc,, Worcester, Mass.; Douglas Aircraft Co., Inc.
Long Bcach, Callf.; E. L du Pont de Nemcars and Co., Wilmington, Del. ; Alr
Forge Flizht Dynamics Lab., Ronearch and Technology Div. AF3C, WPAFB,
Ohio; Frankford Arsenal, Phlladelphia, Pa.; General Dynamics Corp.,

Convalr Div., Ban Dlogo, Calll., and Ft. Worth Div., Ft. Worth, Texas '

B. F. Goodrich Aercspace and Defonso Products Div, Akron, Ohlo; Goodyear
Aerospace Corp., Akron, Ohlo; Lockheed Californla Co., Burbank, Calif.; 1TV,
Aeronautics Oiv., Dallus, Texas; Martin-Baker Aireraft Co., Ltd., Denham,
Usbridge, Viddlesux, England; McDonnell Afreraft Corp., 8t. Louls, Missourt;
Thiokol Chainical Corporation, Elkton, Maryland; North American Aviation, Inc.,
Culumbus 11iv., Columbus, Ohto; North Amorican Aviatiou, Inc. , Los Angeles
Div., Los Angeles, Calif.; Pacific Scientific Co., Los Angeles, Calll.; Rocket
Power, Inc., Mesa, Ariz.; Stanley Aviation Corp., Denver, Colo.; Stancel Aero
Engineering Corp.,Asheville, N. C.; Talley Indurtriea, Mesa, Ariz.;U.8. Army
Transprriation Researck Command, Ft. Eustis, Va.; U, S. Naval Weapons Labor-
atory, Lhlgren, Vi.; Walter Kidde Ltd,, Northolt, Middlesex, England;and
Weber Atrceraft Corp. , Burbank, Calif.
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I Information in this report {s embargoed under the Department of Btate { ®
) Intervational Traffic In Arme Regulations. The report may be released to
! - foreign governments by departments or agencies of the U. 8. Goverament ,
! subject to approval of the Air Force Flight Dynamics Laboratory, or higher - «
' authority within the Department of the Air Force. Private individuals or
: firms require a Departmont of State export license. .
The manuscript was released by the authors in August 1968 for publication L ]
as a technical report.
DPublication of this report does not constitute Alr Force approval of the
report's findinga or concluaioas. It is published only for the exchange anl
stimulaticn of ideas.
. R T ey [ ]
~~ BOLOMON R. METRES, Acting Chief
Recovery and Crew Station Branch
. Vehicle Equipment Division
\ AT Flight Dynamics Laboratory
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ABSTRACT

A comprebennive group of appropriate vpen ejection seats, encapsulated
ejecticn seats, cockyplt pod cupsules, separable noae capsules, and subaystems
are doscribed. The descriptions provide informatiun on {tems such aa initiation,
crew posltioning and restraint, emergency pregsurization and oxygen, scat-
man separation, ~apsule sepsration, rocket motors, rocket catapulta, s:abill~
taticn, dcgeloration, recovery parachute, landing impaot attenuation, flotation,
location alds, and survival equipisent or provisions, Information is also pro-
vided on egcape aystem porformance, tests, accelerations exporienced, stabil-
ity characteristics, trajectories, escape tine suquence, envelope dimensions,
welghts, productlon or development atatus, and projected system improvementa,
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SECTION 1
INTRODUCTION

8 The ubjectives of this study are to define crew escape requirements for
VTOL and supersonic low-aliltude dash vehlclea, gather data on current and
projectod escape systems and subaystems, evaluate the various escape con-
vepts, and provide trade data and design criteria that will be useful in the
selection, design and evaluation of escape systems for future advanced

aircraft,

The results of the study are presented In two soparate reports. This
report covers that portion invelving the compilation of data on crew emergency
escape syatoms, and presents doscriptlons of current and projected escapo
systems, subpysiems, and components,
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SECTION LI

ESCAPE SYSTEMS AND SUESYSTEME INVESTIGATION

This investigation conalnted of aoquiring and compiling data to desoribo ap~
propriate open ejoction smats, encapaulated ejecilon seats, cockpit pod capsules,
separable nose capsules, miscellanecus escape devices, and subcystems. A
general description of each escape system concept and subsystem is included in
this report. The descriptions includn tachnical data, graphs, drawings, photo~
graphe, and other information necessary to desoribe each systcm,

1. OPEN EJECTION SEATS
». CONVAIR "B" SEAT

The Convalr ''B' seat 18 & rocket-powered, open-~type, upward ejection
seat, It was designed in 1957 to include recommendations of the joint USAF/
Industry Crew Eacape System Commitiee. The soat was subzequently installed
in the supersonic F-106A and B ‘airplanes to conform to the priginal rnquirement
for escape capability within the airplane mission profile. Belng the first USAF
ejection seat designed specifically for supersonic escape, particular emphasis
was placed on high-epeed fin=tip clearance, windblast protection, packaging of
the seat ocoupant and retention of equipment, seat stabilization, and safe decel-
eration rates. Low-level ejection was also an Impartant, but secondary aspect
of the design. In 1965, the results of an Alr Force review of high-speed snd
low-speed ejection statistics indicated a neod to favor low~-speed escape capa-
bility, so the Convalr '"B" seat was replaced in the F-108 with a Weber modified
subsonlo upwerd ejection seat having zero-speed, zero-altitude capability. The
change provided improved reliability and low-speed, low-altitude escape capa~
bility.

¥igure 1 shows the gneral arrangement of the "B seat, and Fig. 2
shows the Installation space requirements, Figure ? is a general schematic of
the system,

The ejectable seat conaists of a D-ring ejection handle; integratad hay-~
neass; combination shoulder strap inertia and power take-up recl; upward rotat-
ing foot pans, seat pan, and leg guards; gas-operated recls for ivot cable re-
traction; two gas=-operated telescoping booms for atabilization; drag chute
ejector with aneroid feature; drag and peruonnel recovery parachutes; chaff
dispenser; oxygen bottle; two survival kits; and emergency harneas release
handle, The sjectable seat {s attached to the nouejectable structure by four
breakaway bolts. The nonejectable hardware consists of a vertical adjustment
seat slectrical actuator; guide ralls; gas-operated, hydraulically-damped seat
vertical thruster; two gas-operated, hydraulically~damped seat rotaticaal

thrusters; and an electrical clreuit incorporating an airspeed switch,

Figure 4 shows the major phases of tha ejeciion sequence, Ejection
is initiated by pulling the D-ring. This jettisons the canopy, trips the nuto-
matio flight control system disconnect switch, retracts and locks the shoulder
harnesa, retracts the seat ocoupant's feet, end raises the foot pans, seat pan,
and leg guards. Feet retraction and canopy jettisca safety locks release,
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1. EJECTION CONTROL (D RING)

2. MECHANICALLY FIRED INITIATOK
3. LATCH THRUSTER

4. CANOPY LATCHES

5. GAS - FIRED INITIATOR

6. GAS - FIRED INITIATOR

1. CANOPY REMOVER

8. WIRE CUTTER

9. HOSE OISCONNECT
10, CANOPY
13, MECHANICALLY FIRED INITIATOR

12, GAS-ACTUATED EXACTOR

13, HOSE DISCONNECT

14, SEAT ADJUSTMENT ACTUATOR
15, VERTICAL SEAT THRUSTER

16, ANTIROTATIGN LOCKS

17, MECHANICALLY FIRED INITIATOR
18, ROTATIONAI. THRUSTER

19, BREAKAWAY BOLYS (LOWER)

20. BREAKAWAY BOLTS (UPPER)

21, MECHANICALLY FIRED INITIATOR
2, STABILIZING BOOMS

23, MECHANICALLY FIRED INITIATOR
24, SEAT ROCKET MOTOR

25, ARMING CAM

2, DRAG CHUTE EJECTOR
(CROGUE GUN)
27. HEADREST LID

28, DRAG PARACHUTE

2. LANYARD CUTTE", (0.8 SEC DELAY)
3, HEADREST LATCH

3l HEADREST

2, WECHANICALLY FIRED INITIATOR
13, CABLE DISCONNECT .

M, LAP-BELT DISCONNECT

35. SHOULDER STRAP DISCONNECT

3. PERSONAL LEADS DISCONNECT
(SEAT-TO-MAH)

37. DROGUE GUN TRIGGER
MECHANISM

38, HESITATION RISERS

39, RISER CUTTER (1.5 SEC DELAY)
Q0. RISER CUTTER (1.5 SEC DELAY)
41, DEPLOYMENT LINE

42, PERSONNEL PARACHUTE

43. SURVIVAL PACK LANYARD

44, SURVIVAL PACKS

6, LIFERAFT

46. INERTIA REEL

7. AFCS DISCONNECT SWITCH

48. FOOT AND SEAT PAN ACTUATOR
4. OCCUPANT'S FEET

50. FOOT PANS

51, SEAT PAN AND LEG GUARDS

52, EXTERNAL CANOPY JETTISON
CINTROL HANDLE

53, MECHANICALLY FIRED INITIATOR

54. GAS-FIRED IMITIATOR
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95, CHECK VALVE

5. ALTERNATIVE CANOPY JETTISON

CONTROL HANDLE
§7. ALTERNATIVE DISCONNECT
CONTROL

58, ALTERNATIVE LANYARD CUTTER

59, PERSONAL LEADS DISCONMECT
(AIRCRAFT-TC-SEAT)

60. RIPCORD HANDLE
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Yevee INDICATES SEAT OR LAUNCHING MECKANISH
XXXX INDICATES AIRPLANE STRUCTURE

61. BALLISTIC HOSE DISCONNECT (AUTOMATIC)
62. MANUAL KIT DISCUNNECT

6. VERTICAL THRUSTER TRIGGERING
TORQUE TUBE MECHANISM
64, EJECTION MECHANISM SAFETY LOCKS

65, EJECTION CONTROL SPOOL
66, INITIATOR-EXACTOR COMBINATI ON

67. BALLISTIC HOSE DISCONNECT
(AUTOMATIC)

68, ANTIHESITATION CUTTER
69, ANTIHESITATION CUTTER SWITCH

Figure 3. General Schematic of Convair Supersonic

Alrcraft Escope System
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UPWARD AND ROTATIONAL TRAVEL PRELAUNCH POSITION

PARACHUTE AND SURVIVAL FACK DEPLOYMENT

Figure 4, Convair **B" Saat .E[«:Hon Sequence
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elowing further pull on the D~ring. Further pull on the D-ring disconnocts tho
scat actuator and fires the seat vertical thruster, thus moving the seat up the
rails. At the beginning of vertical thruster stroke, the hose disconnect and
peraonal-loads-disconnect ia Beparated, and at the end of vertical thrustor
stroke the two rotational thrustors are fired, causing the scat to assume a hor-
izontal poasition on top of the alrplane, During rotation to the horizonwl launch
posaition, the gas-operatcd stabilization booms are extendod, the four breakaway
attachment bolts are fired, and tho rocket ls ignited, propelling the scat away
from tho airplane. (On F-106B airplancs the forward and rear scats are inter-
conneoted In such a manner that the rear scat is always ejected first,)

Sepavation of the seat from the airplane arms the anerold controlled
drag parachute ¢jector, which firca a 2-second tim= delay Inltiator if ejection Is

* initiated bolow 15,000 feet, If ejectlon is above 15,000 fect, firing of the 2-sce-

ond dolay {nitfator is prevented until the peat has descended to 15,000 foct, At
the end of the 2~sccond delay a slug is fired from the ejector, causing headrest
lid removal, deploymont of the drag parachute, and firing of the initintor to re-
lease the seat ocoupant's harness (except feet cables).

At spoeds exceeding 280 KIAS, drag parachute pull separates the head-
reat from the geat, which triggers the 1,5-gecond delay riser cutters. Contin-
ued drag parachute pull extracts the soat occupant with personncl parachute
from the seat by the hesitation risers. As the ocoupant {s pulled from the secat
his feet become separated from the feet retontion cables, and the man deceler~
ates until the 1. 6-second delay riser cutters sever the hesitation risera, Drag
parachute force then pulls the maln personnel chute from its pack, which fires
an 0.8-second delayed-action line cutter to separatc the drag parachute and
headrest from the inain parachute. The main parachute then fills and the
crewmember descends to earth,

At airspeeds of 280 KIAS or lesa, an alrspeed switch closes and, when
the D-ring I8 pulled, the antihesitation cutter !n the headrest cuts the hesitation
riser. This causes the drag chute to Immediately deploy the main paruchute at
low alrspeeds, eliminating the 1,5-second delay that ocers at alrapeeds above
280 KIAS. The remainder of the ejecntion sequence is the same as described
for high-speed ejection, '

The performance envelope of the Convalr "B" seat 1s shown in Fig. 5
and has been demonstrat.d by at least 15 sldd tests and 11 flight tests. During
sled tests utlllzing dummies of 5 to 95 perceftiles, satisfactory dummy re-
coveries were accomplished from 154 KEAS tp 755 KEAS, as shown in Fig. 6.
At low speeds the relationship between rocket thrust line and ejected mnss
centor of gravity aignificantly aff~cts trajectory height, as evidenced by a 173
KEAS, 95 percentile dummy trajeciory peak of D1 foet, compared with a 168
KLAS, 5 percentile dummy trajectnry peak of 215 fect. Accelerations imposed
on the dummy during a 755 KEAS sled test are shown In Fig. 7.

Flight tests wore conducted at aititudes of 10,000 to 50,000 feet and at
airspeeds of 176 to 733 KIAS. One flight test was conducted by ejecting a human
subject at 22,580 fest and 337 KIAS (Mach 0.77), Also, an 84,150 foot altitude
drop test using a dummy was accomplished te study freo-fall characteristics.
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Figure 6. Convait *'B" Seat Trajectsries - 154 and 755 KEAS Sled Tests
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From these teats typical escape event time values are shown in ¥ig. 8. In addi-

tion, all components have been environmentally tested per MIL-E-6272; each ’
cartridpo jtom has been firod mose than 100 tiimes at temperaturcs from ~65°F

to 200°F; and numernua subsystom tests have been accomplished on the oxygen ¢ L 1
system, parachute system, inertia reel, seat aotuator, ballistic items, and

basic scat.

N e T T T —

The Cenvalr "B" seat rocket, atabilizing booms, vertical thrustor, »
rotational thruster, fool pan actuator, and breskaway bolts are discussed in
Section 11, 6 of this report.

Table I givea the seat welght breakdown.
Table I. Convelr 8™ Scur Weight Breakdown

Itom Welght {Pounds)

Seat 128,0

Seat adjustment actuator . 4.5

Foot aud seat pan actuator 15.8

Oxygen system 11.4

Parachute systom 87.2 'Y
Survival pack assembly 97.4

Breakaway bolta (4) 5.2

Carriage

Rocket

Initiats »

Verticid thruster
Rotational thruster (2)
Booma (2)

Rails

Triggering mechaniam

0. €O bt [~ 7]
NGo=uCLm=m

;

=M =2G Y

e
hers
.:l_<
»

Total (l.ess Man and Personal Equipment)

NOTE: Ejectable welght of seat and 95 percentile man equipped with ’
flight cover:lls, HGU-2/P helmet, high-top shoes, and
integrated barness {3 515 pounds.

' b, DOUGLAS ESCAPAC IC SEAT

The Douglas Fscapac IC Is & modified version of the Navy qualified ’
; LEscapac ] rocket~catapult ejection seat which is installed in the A4 (A4D) Sky-
) hawk., Modification consisted of veplacing the RAPEC I with a higher impulse
rocket-catapult (RPI 2174~16) and adding a zero delay parachute lanyard to in- ’
I crease escape capability., The higher energy rocket-catapult provides added
: traje tory height and the zero delay lanyard assures early deployment of the
' parachute to provide the zero-zcro capa} ity. Due to the minor nature of these
/ modifications, the high-speed porformance of the seat 18 not affected signlfi-
. cantly, and {ts service-proven relinbility is maictained. Therefore, the system, ’
N as modified, will provide safe escape for a crewman when ejection la Initiated
i at ground level, at any altitude, and at speeds from zero to 600 knotg,

et ety



The Esnapac IC ejection sest systen 1s installed in the Ling-Temco-
Vought XC-142 and A-TA, Canadair CL-84 V/STOL, Douglas TA-4F, Lockheed
XV=4A, North American OV-10A, and General Dynamicve Charger airplanes,
A photograph of the seat is shown in Fig. 9, and the overall lastallation dimen-~
sions are shown {n Fig, 10,

Operation of either the {ace curtain or the seat D-ring ejection control
initiates a sequence to achieve sutomatic recovery of the ptlot, The system {a
also operable manually as shown by the ojection sequence achematic in Fig. 11,
After initiation, the canopy is jettisoned and the rocket catapult fires ejecting
the seat. Due to the canopy interlo:k mechanian, the canopy mast be jettisoned
automatically, or manually, prior to catapult firing. As the seat is propolled
up the gulde ralls, the parachute 2,0-second delay cartridge te actusted by a
lanyard, the 1.0-gsocond delay harnens release actuator is armed by a atriker
plate, and the emergency oxygen ls turned onm,

After the 1.0-second delay, the harness release actuator separates the
pilot's harness at three points, releases both ejection controls from the seat,
and opens the nitrogen bottle to inflatc the seat-mar separation bladders. One
bladder is located under the seat pan assembly, and the other behind the para-
chute kit. As tho bladders inflate, the seat is forcefully separated from the
pilot. After we additional second and when balow 10,000 feet, the NB-9 (28~
foot flat circulaxr canopy) parachute ia deployed. If thc parachute 2,0-second
delay cartridge vas not actuated as the seat ejected, It is actuated as the pilot
separates from the seat, This increases the parachute pack opening time delay
from 2.0 to 3.0 seconds. At bigh altitudes an anerold contalned in the para-
chute actuator will delay opening until a pre-set altitude s reached, A pararaft
kit, with supplies, is provided for survival at sea or nn land wrtll the pilot s
rescued. Several Escapac IC configurations utilize & rigid seat survival kit
(RSSX-8).

An outstanding subsystem used in the Escapac IC system is the DART
Stabilization system desoribed as follows:

® Trujectory and ecat rotational control are achieved by incorporation of the

directional automatic realignment of trajectory (DART) stabilization system.

-1f CG/thrust alignment induces rotation of the ejected muss, automatic
correction is supplied by DART to limit the system rotution at rocket burn-
out to a preprogrammed value,

Table II {s the ejection seat weight breakdown.

A series of flve tests was conducted on the Douglas Escapac IC ejection
seat to demonstrate the system for the zero-speed, zero-altitude condition.
These tests wera conducted by the Douglas Aircraft Company, Alreraft Division,
using the Long Beach Municipal Airport as the teat cite. In all tests, successful
recovery of the dummy was achieved, demonstrating that the performance of the
Escapac 1 scat could be extendad to include the rero-zero condition.

Typical test trajectorics and event-time sequence are shown In Figs. 12

and 13 for the 5th and 95th percentile crewman., The zero delay parachute lan~
yard was not used in Tests 1 through 3 and, although full parachute inflation was

15
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Table il. Dovglos Escapac 1C Seet Waight Breskdown | »
Weight (Lb) Welght (Lb) | ‘ X
Installed E{ectable : . '
Installed .__.1_____.__-__...» i
Basic seat structure 650,75 50,75 :
Rocket launch tube 6,00 . -—— '
Rocket motor and grain 21.60 21,50 ' ]
Parachute assembly 25,00 25,00
Seat pan assembly 8,00 8.00
*PK-2 pararaft kit 25,00 265.00 ;
Seat adjustment actuntor 4,50 -— f
Guide rails 8,70 —— l
Total Weight 149,45  %130.25 ! °
*With RSSK-8 add 6 1b. to total weight.

delayed, dummy recovery was accomplished at a comfortably safe height as
shown in Fig. 13 (Test 2). Recovery of the dummy in Tests 1 and 3 was com-
plete at 50 and 74 feet above the ground. respectively, Temporary entangle- ! »
ment of the parachute and dummy delayed full inflation, The entanglement
was believed partially induced by seat/dummy pitching gyrations due to exces-
sive CG/thrust eccentricity and partially by the low air velooity at time of |
deployment, ;

Accelerations and rates of onset were measured in three mutuslly ;
perpendicular planes in the dummy's chest durlng Tests 4 and £. The acceler- . ® ®
ations and rates of onset were lower than the equivalent readings jn the Escapac
1 tests that were subsequently proven to be tolerable in cperational use, It
wus conluded, therefore, that ejection acceleration loads imposed on the
Escapac IC seat occupant were well below the human tolerance limits.

¢. DOUGLAS ESCAPAC L1 SEAT

The Escapac II system was developed by Douglas as the basic version
of the next generation of the Escapac system. The major differences between
Escapac II and the Escapac IC system are the ballistically deployed parachute
system, stabilization drogue parachute, backrest assembly, ballistic takeup
inertia reel, a lower impulse rocket catapult, and a gyro-controlled stabiliza-
tion system. A high degree of commonality with existing fleet equipment is
maintained, thereby assuring high performance, rellabllily, comfort, and low
development and maintenance cost, The system was designed to provide safe
escape from ground level up, at speeds from zero knots through Mach 1.

Initiation of the system is accomplished by operation of either the face
curtain or the seat D-ring, After initiation, a completely automatic sequence
jettisons the canopy, actuates the ballistic Inertia reel, and then ejects the meat,
As the seat moves up the gulderails, emergency oxygen is supplied, IFF ia
turned on, personnel services (airplane oxygen and communication) are
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TEST NO. § g
(STH PERCENTILE)

PEAK TRAJECTCRY 4.07

FULL PARACHUTE INFLATION 6.28

PARACHUTE PACK OPEN 2.31

HARNESS RELEASE 1.01

ROCKET BURNQUT 0.66 SECONDS |

FORWARD DISTANCE (FEET)

Figure 12, Douglas Excapoc [C Seat Trajactories for Zero-Zero Condition
With 5th Percentile Crewman
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HEIGHT (FEET)

TEST NO. 2
(95TH PERCENTILE)

PEAK TRAJECTORY 3.72

PARACHUTE PACK OPEN 3.52

FULL CHUTE INFLATION

HARNESS RELEASE 0.98

ROCKET BURNOUT 0.69 SECONDS

1.8

0 | 1 1 { 1 (] L
0 100 200 300 0
FORWARD DISTANCE (FEET)
Figure 13, Douglas Escapac IC Seat Trojactary for Zero-Zero Condition
With 95th Percentile Crawman
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disconnected, the seat atabilization parachute release mechanism ls armed,
the personnel parachute drogue gun {s actuated, the pitch stabilization system ol
rate gyro Is brought up to speed, and the pltch system vernier rocket motor s
iguited, As the aeat ciears the top of the gulde ralls, the rocket motor {gnites, «
the seat stahilization chute ig deployed, and the vernicr rocket motor is rotated

by its rate gyro to provide a stabilizing moment, a8 required. After a pre- »
determined time delay, an anerold controlled initiator relcases tho pilot's
restraint harness and fires the parachute deploymont gun (f, or when, below
10,000 feet, The mortar reaction force is transmitted directly to the seat
structure, providing positive man-seat separation, Because of the man-seat
weight ratio and the direction of the mortar reactivn load and atehilization
chute drag, the seat is deflected away from the man, eliminating seat-man-
parachute collision or entanglement. At full-line stretch, a deployment bag »
strips away from the 28-foot diameter flat clrcular canopy parachute, allowing
aerodynamic Inflation. A typical ejection event-time sequence {8 as follows:

Ev}ent Time (Scconds)

e Firing contrc) actuated, balllatic inertia 0.0
roel actuates, catapult fires (0,04 second 0.40 »
delay) )

® Seat cleara top of guide rails (0.14 second), 0.54
rocket motor {gnites, stabilization thute

‘ drogue gun fires. L

i
]
|

e Rocket motox hwsns out, drogue chute 1,08 b ®
becomes effective,

e Harness release actuator fires (if below 2.40
10,000 feet), personnel parachute drogue
gun fires.

e Parachute is fully inflated (for high-speed 5.60
! ejections below 10,000 feet the time for
full parachute inflation would be reduced
to approximately 4,0 seconds),

The overall installation dimensjons of the Escapac II seat are the
same as Eacapac IC, however, the weight of the system Is slightly increased »
as shown in Table III,

The major improvements Incorporated into the Escapac II system are
as follows:

The back-headrest assembly is contoured for comfort and optimum
support of the crewman during asirplane catapulting, aerial mancuvers, ejection »
loads, and parachute landing, The assembly also provides stowuge for the
face curtain firing control and retention of the personnel parachute, Duriug
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Tuble lIl. Devyles Escapac Il Seat Weight Breakdewn

Installed Ejectable
Weight (Lbs) Weight {(Lbe)

Seat assembly 50.5 50.5
(including drogue)
Stabliization system (STAPAC) 8.5
Backrest assembly 1
Power inertia reels
and ocatrols
Parachute assembly 19,
Survival kit as,
(Including emergency oxygen)
Rocket catapult nssembly 18,
Eleotromechanical seat 6.0
actuator
Accessories 12.0 g )

Total 166.2 143.6

o CQO N“
1 CO QQ

normal flight conditions, the back-headrest assembly ia firmiy attached to the
seat structure, allowing the pllot to lean forward with only the weight of the
shoulder straps offoring any resistance to movement. During ejection or man-
ual egress from the cockpit, the back~headrent assembly is released auto-
matiocally from the aseat structure and is secured to the pilot's baok by the
power takeup reel,

The mortar deployed parachute assemhly consists of a standerd flat
olrcular 28-foot canopy, pliot chute, deployment bag, and a mogrtar, The mor-
tar utilizes a cartridge incorporating dusl firing plus and primers. It has an
inner and outer tube; the lnner tube Is attached tw the seai structure behind the
back-headrest, and the outer tube s secured in a verticul position in the
center of the packed parachute, The parschute sssewably is inatalled in a
supporting pouch aa the aft side of the back-hsadrest, and the entire ngsembly
is slid down over the innexr fube and secured to the seat structure, During
the escape sequence, if the harness release mechanism failg, the peroonnel
perachute will deploy and recover the pilot and seat as a unit.

The ballistic takeup inertia reel operates to properly position and
reatrain the pilot in the seat prior to ejection. By positively positioning the
pilot, rocket-thrust-center of gravity eccentricity can be controlled, re-
sulting in increased seat-man stability and trajectory helght.
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Stabilization of the seat-man ls acoomplished by the DART (Dirco-
tional Automatic Realignment of Trajectory) and drogue chute systems. A
slipline, attached to the alrplane, le routed through a bridle arrangement
and brake ussembly Installed on the scat. If the CG-thrust allgnment induces
rotatlon of the ejected mass, automatic correction is supplied by DART
Umiting the system rotation at rocket burnout to a preprogrammed valve,
The 42-inch dlameter ribless gulde surfoce drogue chute, Installed on the
seat back, 1s utilized to ensure proper scat attitude for ballistic parachute
operation, and to provide stability and velocity decay for high-speed ejec-
tion. A four-point bridle geometry is utilized with two attachmonts loeated
near the bottom geat rollers and two on the upper roller shafts. Initiated
by a striker plate arrangement, the droguc gun fires just before the seat
leaves tho rails, propelling tho slug upward and aft at an initial angle of
30 dogrees relative to the seat back structured. The lower rigers are en-
cased in a neoprene rubber extrusion to prevent burn damage from the
rocket catapult, Additional protection from burn damage is afforded by a
spec!al pounch-like contalnor that prevents the riscrs from prematurely
dropping down {nto the rocket wake,

Provisions for over-the-side bailout is retained in Escapac II,
The harness release handle, located on the right-hand siide of the seat buck-
et, is used for this purpose, It is also used in ditching eicape situations
and in normal servicing and parachute repacking procedure., Actuation of
the handle releases the lap belt and back-headrest, and disengages the
parachute mortar from the seat structure. As the pilot siands up in the
cockpit, he ig entirely free of the seat. A D-ring on the left=hand riscr
is pulled after bailout to deploy the parachute. For normal cgress the
parachute and survival kit are removed by releasing the four GFAE dis~
connect fittings locaied on the riser and lap belt. If It Is desired to re-
mln the survival kit, only the two top fittings on the parachute risers are
released,

The Douglas Company Is continuing an in-houze Escapac II de-
velopment program to lmprove system capability during high sink rates
and adverso airplane attitudes, Dynamic testing is also being accom-=
plislk.xd to improve and advence the stabilization and recovery systems to
enhance low-level eacape capability.

d. LOCKHEED C-2 SEAT
The Lockheed C-2 upward emergency ejection seat system was
developed for use in the F~104 airplanes. The syatem desribed here

applies {o the I'-104B and F-104D airplanes, and is similar to all F-104
escape systems currently in scrvice,
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The aystem fa completely automade after being intiated by pulling
the D-ring located on the forward edge of the seat bucket. Upon initiation,
the canopy 18 jeftisoned during the time the crewrnan is restrained in the
seat prior to catapult firing. If the canopy fails to jettison, the seat is
safely ejected through it. The forward and aft seats are similar but not
{nterchangeable, Seat differences, however, are of a m'nor nature and
have no effect on the overall seat system or its operation, The differences
are the canopy breakers, anti-g aud vent suit disconnect coupling, and arm
net fitting assembly located at the outer end of the leg guarda, The dif-
ferent configurations of the canopy breakers are a result of the variations
of scat-to-canopy clearance of the two cockpita, The differences In the
anti-g and vent suit disconnect coupling and arm net fitting ussemblies
are the result of the aft cockplt being narrower than the forward cockpit.

The C-2 seat incorporates the following design features:

e Single D-ring control which operates all seat primary and secondary
systems with one motion,

¢ Positive automatic foot retraction and retention system,

e Automatic erecting leg guards,

®  Automatically deployed arm support webbing.

e Automatic lap belt relcase and foot retention separation,

o Auxiliary manual control for pilot foot ratention separation, (The
primary purpose of the auxjliary manual control on the C-2 seat is
for uge by ground rescue personncl iu separating or releasing the
pilot's feet in an emergency sltuation.)

o Positive automatic pilot-seat separation device,

¢ Survival kit and positive pilot-kit separation system.

@ Dual oxygen system; diluter demand for under 42,000 feet flight altitude
and high pressure for over 42,000 feet flight altitude,

Installation dimensions and basic components of the efection seat
system are shown in Fig. 14 (Ref, 1), The ejection sequence, Including the
ballistic items currently used in the system, are shown in Fig. 15, When the
D-ring ia pulled, the firat M27 (T25) initlator operates the canopy primary
jettison system by firing the M13 (XM13) canopy latch release thruster, The
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1002 4, 111
SEAT FRONT VIEW

1 CANOPY BREAKER
2 HEADREST
3 INERTIA REEL STRAP
& ARM MEY OR RETENTION WEBBING
% ROTARY ACTUATOR STRAP (PILOT-SEAT SEPARATION)
¢ LEG GUARD (TYP 2 PLACES)
7 SEAT BUCKET
8 SEPARATION HARNESS STRAP PIN (TYP 2 PLACES)
9 STIRRUP
10 FOOT RAMP
11 FOOT RETAINER BALL ASSEMBLY
12 D-RING SAFETY PIN STREAMER
13 D-RING CABLE GUARD
14 D-RING SAFETY PIN
15 D-RING

SEAT LEFT JIDE VIEW

18 LAP BELT HOSE ASSEMBLY

17 MA-§ LAP BELY

18 SHOULDER HARNESS

19 DILUTER DEMAND OXYGEN HOSE STORAGE ASSEMBLY
20 AUXILIARY CABLE CUTTER HANOLE

21 SPACER OR RUB BLOCK (TYP EACH SIDE)

22 SEAT DiSCONNECT

23 WIRE HARNESS (SWITCH TO SEAT DISCONNECT)
24 SEAT ROLLERS (TYP 6 PLACES)

25 FOOT REYRACTION REEL PULLEY (RATCHET)
% CABLE CUTTER (TYP EACH SIDE}

27 CABLE (1.EG GUARD TO INERTIA REEL MANUAL
LOCKING HANDLE)

28 INERTIA REEL LOGK HANDLE

Figure 14, C-2 Ejection Seat System, Forward Cockpit
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&L\Q%EU SEAT D-RING

7 RIGHT SIDE

OF SEAT)
-\ CANOPY

INITIATOR |
W21(T25)

SECONDARY

-
-

FOOT RELEASE C

TO CANOPY
LATCH RELEASE
THRUSTER

RI0wL3) 0 SEC
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M0T3Y)
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ROTARY .
ACTUATOR

oS BoKLE
GENERATOR i
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SQEAS C

INITIATOR
M32(T35)

SAFETY PIN AND
STREAMER ASSEMBLY

ROCK
CATAPULT"
XM10€1 (M10)

MECHANICAL
TRIPPER

SEPARATION]

INITIATOR
M28(T26)

= | 17 e
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FOOT
CARLE

CUTTER

L
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CADLE

CUTTER
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Figure 15, C-2 Ejection Seat Sequence, Forward and Aft Cockpit Schematic
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second M27 (T25) initiator fires the M15 (T17E4) thruster, which deploys the

leg guarda and arm webbing, locks the Inertia reel, and retracta the pilot's

feet. As the leg guard torque tube rotates to the deployed position, mechanical

linkage is actuated, firing the third M27 (T25) Initiator, which fires the XMI10EL <

(M10) rocket-catapult, As the seat moves up the rails, a trip lever fires an

M32 (T35) one-sccond delay initintor, which operates one side of the foot re-

' traction coble cutters and fires an M28 (T26) initiator, The M28 (T26) initiator »

ﬁ opurates the lap belt and fires the gas generator that operates the rotary
actuator separating the pilot from the seat. Just prior to the end of the travel

of the D-ring an M32 (T35) onc~second delay initiator and an M30 (T33) two=

second delay initiator are fired. The M32 (T33) initiator is a backup for the

rocket-catapult initlator, and the M30 (T33) initiator operates tho secondary

side of the foot retention cable cuttera, The same M30 (T33) initiator may be

J fired by pulling the manual cable cutter handle located to the right of the head- »
rest. It should be noted that the secondary system provides complete backup

for the primary system and results ip increased system functioning reliability,

The parachuis and survival systems are actuated as the seat moves up
the fixed rails, Lanyard ection releases ihe survival kit disconnect, causing
the airplane oxygen supply ‘o be cut off, the emergency oxygen system to be
turned on, the life raft CO2 bottle arming device to be activated, and the sur- ®
vival kit armed (locked to the parachute attachment). For very low altitude
ejections, the parachute will open almost Instantly (zero lanyard); however, if
ejection occurs at high altitude, the parachute will be activated by an aneroid
control at approximately 15, 000 feet altitude. During descent, the survival kit -
! handle can be raised to release the right and left parachute attachments, unlock I
the front compartmeat cover (container can now separate and fall free), re- » ®
[ lease the kit-to-man oxygen quick disconnect, and actuate the COg bottle to
! inflate the life raft,

Table IV gives the C-2 seat weight breakdown,
Toble IV. Lockheed C-2 Ejection Seat Waight Breakdown

Weight (Lb) Weight (Lh) ]
Installed Ejectable

l
;‘ Seat assembly 102,13 102,13
: Rocket-catapult XM 10 26. 00 15.00
i Pyrotechnics inst — geat 14.17 14,17
| Actuator, seat adjusiment 8.170 e »
i Seat rails, support structure, and
i brackels 41.60 _—
. ! Clothing, shoes, helmet, and
| personal equipment 45, 00 45, 00 .
! BA-15 parachute pack with timer 28,15 28,75
Total Weight 266, 35 206. 06 ®
1




Teble IV. Lockheed C.2 Ejection Sec? Weight Breakdewn (Cont)

5th Percentile dummy 132. 6 pounds
50th Percuntile dummy 161. 9 pounds
96th Peroentile dummy 200. 8 pounds

An extensive test program was conducted on the C-2 eacape syatem at
the Hurricane Supersonic Research Site in Utah from July 1959 through March
1860, The meat was ejected at various sled speeds, and although xero speed-
zero altitude capability was not a requirement, four static ejoctions were per-
formed. 'Two of these were through the canopy to evaluate this emergency
condition,

Results of wne static ejection tests are as follows:

Test Ejected Top of Type of Pllot Quarter
Number Date Wt (1b) ‘Trajectory (Ft) Actuation Chute _ Bag
8- 12 8 July 1959 365 230 Zero 5td Yea
Lanyard 36"
(1 and 0)
8-13 8 July 1859 agl 215 Zero Std Yes
Lanyard 36"
(1 and 0)
S-18 18 March 1960 334 182 (land 1) Lge Yes
“H
S-19 18 March 1960 401 173 (land 1) Lge No
4‘"
Test Notes

e All the tests were conducted using the standard U.S. Air Force BA-15
(P/N 50C7024-15) parachute pack with the C-9 (28-foot flat circular)

canopy.

e S-18 and S-19 — ‘These efections were successfully accomplished through
the cockpit canopy. -

e 8-12 — The parachute D-ring hung up in its pocket; however, it was
tinally pulled below the Mesa level and the chute deployed and fully inflated

prior to ground contact. .

e 5-13 -~ The seat~dumnmy did not separate due to a faulty hose in the
ballistic system.

29

b e r———— e ot ko - e s e ——

-

-3




W,{J \rp‘M g\ vuﬁngq-vquuw - ”:\E‘L“- o

(.

-

fme m—— b ————— o —— - =

@

Y

® 8-18 -~ The paruchute risers were not tied down in the pack, and the
parachute was fully inflated 55 feet above the ground,

parackute was fully deployed at 7 feet above the ground but not inflated,

Due to the successful recovery during test S-18, it was apparent that »
an operational zero-zero escape system was possible, Therefore, industry
effort was accelerated to improve the low-gpeed, low-altitnde capubility of all
existing oscape systems.

Test trajectories are shown in Fig. 16 for various speeds threughout
the operating range of the F-104 alrplane, The system capability has been
established by sled and flight tests and has also been proved during in-service »
emergency escapes. Figurel7 shows the standard C-2 escape system capa-
bility envelope, using the XM 10E.l rocket-catapult,

The continued design lmprovement effort by Lockheed to advance the
capability of the C-2 ejection seat resuited in the development of a zero-zern ‘
escape system (Ref, 2). Recovery capability at zero-speed and zero-altitude
with the current production version of the C-2 sezat was made poasible by the »
development of a new rocket catapult (RPI 2174-14), This rocket motor de-
velops approximately 60 percent more total energy than the original motor, o
{its in the same space envelope, and does not materially increase the g-forces
during onaration, . ‘

Other system improvements were: 1) providing for positive detach- . ®
ment of the pllot's personal (oxygen and communication) leads by a cable »
sttached to aircraft structure during seat ejection and by substitution of a more . ‘
effective rotary actuator; 2) automatic arming of the F-1B parachute opening
timer was made more positive, accomplished by shortening the timer arming
lanyard from 20 to 10 inches and by reversing the lap belt so the lanyard (attuched l
to the right belt) would be pulled by the initial movement of ihe pilot separating
from the seat; 3) requirement for the zero-delay lanyard was eliminated; and 4) »
deployment zad inflation of the P9B4 parachute system, that had been uncertain
and irregular under low-speed conditions, were rendered positive and consist- | {'
ent by modification in the area of the quarter bag. The quarter bag was modi- .
fied 7 renioving some stitching and thereby enlarging the op.ning through which /
the skirt of the main canopy is released. Closure was effected by installing ' '
another set of locking loops, to be locked by a bight in the shroud lines,

l ® 8-19 — The parachute risers were not tied down in the paclk, and the .
f
|
!
]
!
{

v This Improved system was successfully demonstrated by a static ’
ejection test on June 5, 1363, A comparison of the improved and original O-2 ‘
X escape system trajectories is shown in Fig. 18. The improved system peak
! trajectory was in excess of 400 feet, and full canopy inflation occurred 280 foet ®
. nbove the ground, The trajectory height represents a 100 percent increase
) over the maximum height attained with the original C-2 seat rocket catapult
: (XM 10E1). )
' ’
®
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DUMMY TRAJECTORY BEIGHT (FEET)
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DUMMY TRAJECTORIES AT VARIOUS SLED SPEEDS
F<104 8/0 UPWARD AFT SEAT = HURRICANE MESA

200
- USING XM 10 ROCKET-CATAPULT

lma-

219 KNOTS
37 KNOTS

0 KNOTS

. 136 KNOTS

5
0 ] L ] il !
0 0.5 1.0 LS 2.0 2.5 3.0 35
ELAPSED TIME (SECUNDS)
Figure 16, C.2 Ejection Seat Maximum Height Test Trajectories
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Figure 17. C-2 Ejection Sset System Capobility
START OF MAIN CANOPY INFLATION
soo'— 4.50 SEC
N MAX ALTITUDE #3 FY
5.12 SEC
o= RPI 2176 14
QUARTER BAG ROCKET CATAPULT
s APPEARS 2.92 SEC
L PILOT CHUTE APPEARS INITIAL FULL CANOPY
g 20}~ 2.46 SEC -..\s.sz e
w SEPARATION ADEQUATE TO FINAL FULL CANORY
= - ARM FIB TINER 1.27 SEC 11.08 SEC
i} SEPARATION BEGINS 1.02 SEC 20 FTALT
x 200 r"
B ROTARY ACTUATOR FIRES 0.922 SEC
100 BURNOUT 0.586 SEC XMI0E]
ROCKET CATAPULT
FIRST SMOKE 0 SEC
0 £ [ 1 1 Il I S | | 1 [
0 1 2 3 &4 5 6 1 & 9 10 11 12
ELAPSED TIME (SECONDS)

Figure 18, C.2 Ejection Seat Static Ejection Test = Rocket-Catapult Comparizon
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e¢. MARTIN-BAKER SEAT

The Martin- Baker MK-GRU-5 ejection seat system installed in the
Navy (Grumman-Iniruder) Model A-6A provides safe eacape at ground level
(with a minimum speed of 100 knots) and throughout the entire speed and
altitude range ot the aircraft.

The system's major subsystems and components are; 1) ejection gun
with a primary and two secondary catapult charges, 2) ballistically deployed
duplex drogue parachute system (controller and stabilization chutes), 3) leg
and body harness restraint system, 4) automatic g-oontroller in the person-
nel parachute systen’, and 5) survival kit and equipment. The seat is also pro-
vided with screw type electromechanical actuators for vertical and tilt adjust-
ments, The maximum vertical travel range is approximately five inches, and
the seat can be tilted to any angle through a maximum travel range of ten de-
grees. The seat and components are shown in Figs, 18 and 20.

The Martin- Baker escape system has been used in nearly 20 types of
U. 8. aireraft and ia in service with aireraft in 35 nations th.oughout the
world, Approximately 400 sucoessful ejections have been recorded over speed
ranges up to Mach 1,7 at 40, 000 fuet and at altitudes from ground level to
56, 000 feet, The cystem is currently used in the following U. S. aircraft:
TF9J, AF8J, F-11A, AO-1, A-6A, AF-1E, F-~8A, F-3C, F-4B, F-8A, RF-8A,
F-SB. Rnd T"IAQ

Emergency escape from the A-6A alrplane is normally accnmplished
by ejecting through the canopy glass; however, if time permite and the alr-
speed 18 below 200 KEAS, the canopy oan be jettisoned. There is no interlock
mechanism in this aircraft between the ejection seat and the canopy jettison
system. Jottisoning of the canopy must be accomplished us a separate function
prior to catapult initiation. Ejection sequence for low and high-altitude escape
conditions are shown in Figs, 321 and 32, respectively.

Once the escape aystem s initiated, the sequence of operation is com-
pletely automatic; however, provisions are made allowing the seat occupant to

manually override the events necessary for safe recoovery, The sequence of
operation is as follows:

(1) Initiution is accomplished by pulling the face curiain (primary
firing control) or the seat D-ring (secondary firing control) which fires the
primary ejection gun cartridge.

(2) Initial vertical g-loads.imposed during start of ejection locks the
harness restraint mechanism,

(3) Seat movement up the rails causes the following events:

(2) Pulls in and retains the ocoupant's legs against the forward
face of the seat bucket, through the action of the leg restraint mechanism.

(b) Drogue gun and time release mechanisms are armed.
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1, FACE CURTAIN SAFEYY PIN
4, FACE CURTAIN LOCX
3. HEAD RESY
4, TOP LATCH MECHANISM \
4. UPPER RESTRAINT HARNESS ROLLER YOKES (2)
6. DROGUE GUN 2
1. OROGUE GUN SAFETY PIN
8. PERSONNEL PARACHUTE D-RING
9. DROGUE GUM TRIP ROD
10, VENTILATED BACK PAD
11, ANTI-G HOSE
12. VENT AIR HOSE
13. PERSONNEL SERVICES DISCONNECT
(ANTIG AND VENT AIR)
14, LOWER RESTRAINT HARNESS (LAP BELT)
ADJUSTOR (2)
15, RARNESS (NERTIA LOCKING MECHANISM
L HANOLE

CONTRO

16. LEG LINE SNUBBER AND PERSONNEL SERVICES
DISCONNECT RELEASE L EVER

17, THIGH SUPPORT

18, LEG RESTHAINT CORDS

19, SECONDARY FIRING CONTROL GUARD

SAFETY PIN y
2, SECONDARY FIRING CONTROL LOCK GUARD
21. SECONDARY FIRING HANDLE .
. LAP GELT(LOWER RESTRAINT HARNESS)
23, OXYGEN (COMMUNICATION) HOSE

i

Figure 19, Martin-Baker MK~-GRU -5 Ejection Seat
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24, GROUND SAFETY LOCK FLAG (RED RIBBON)
25, FACE CURTAIN MANDLE (PRIMARY FIRING CONTROL)
2. UPPER RESTRAINT HARNESS ROCKET JET FITTING (2)
. VENTILATED SEAT PAD
| 4 2. SECONDARY FIRING CABLE HOUSING
% 2, SEAT MEIGHT ADJUSTMENT SW!TCH
30, SEAT TILT ADJUSTMENT SWITCH
31, MANUAL OVERRINE LEVER
32 OXYGEN REGULATOR
2 33, OXYGEN REGULATOR CONTROL VALVE
34, EMERGENCY OXYGEN MANUAL CONTROL
35, PERSONNEL SERVICES DISCONNECT (OXYGEN AND
COMMUNICATIONS)
3 36, EMERGENCY OXYGEN BOTTLE
37, TIME RELEASE MECHANIM TRIP ROD
38, TIME RELEASE MECHANISM
39, SHACKLE RELEASE PLUNGER ASSEMBLY
40, CANOPY BREAKER POINT (2)

~3
~—

Figure 20, Martin-Baker MK-GRU-5 Ejection Seat
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3 CONTROLLER DROGUE DEMLOYS AND
WITHORAWS STASILIZER DROGUE 4 STARILIZER DROGUE CLALOYS
STABILIZING AND DECELERATING

SEAT AND OGCUPANT.

DROGUE GUN FIRES APPROXIMATELY \
OMNE ECOND AFTEN EJECTION,

GKOGUE MSTON WitHoRaws CON- Ry,

TROLLER DROGUE PARACIGTE.

) 8 BAROSTAY SECURES TIME RELEASE
v ESCAPEMENT MECHANISM UNTIL
COMPLETION OF DESCENT 1O LOWER
ALTITUDL » DROGUE PARACHUTE
RETENTION SHACKLE REIMAINS
LOCKED TO SEAT BY RESTRAINT
SCISSOR. SEAT AND OCCUPAN? oy
DESCEND THROUGH HIOHER ALTI~
TUDES ON DROGUE PARACHUTES ONLY. l‘
OCCUPANT RECEIVES OXYGEN FROM ?‘_.‘
EMERGENC' OXYOEN BOTTLE ON SEAT, 'l

INIYIAL EJECTION: EMERGENCY
OXYGEN RELEASED, IFF SWITCH
ACTUATED, SHOULDER HARNESS
LOLKED, LEG AESTRAINT WITH-

DRAWN AND LOCKED AND TIME 4 4 rwegN 15,000 AND 10,000 FEET,
RELEASE AND DROGUE GUN & RAROSTAT FAEES TUME RRLEASE
MECHANISMS ARE THIFPLD A3 ESCAPEMENT MECHANISM, TIME
SEAT LIFTS OUT OF COCKAT. RELEASE MECHANSM SURSEQUENTLY

RELEASES DROGUE SHACKLE RESTRAINING,
SCISSOR, OCLUPANT'S UPRER AND
LOWER HARNESS RESTRAINT, LEG
RESTRAINT AND UPPER BLOCKS OF
PERSCONNIL SERVICES DISCONNECTS.
RELEASE OF SHAC KLY FROM RESTRAINT
SCISSOR MERMITS CONTINUED PULL OF
DROGUE PARACHLITES ON LINK LINES TO
RELEASE FACE CURTAIN RESTRAINT
PERSONNEL PARACHUTE SLIDE mséouusct
STATIC LINE CABLE ANCHORAGE AND
WITHORAW PERSONNEL MAIN PARACHUTE,
OCCUPANT REMAINS ATTACHED TO SEAT BY
STHCKER CLIP RETENTION OF LOWER RESTRAINT
HARNESS ON SEAT BUCKET,

HIGH ALTITUDE
EJLCTION SEQUENCE

OPENING SHOCK OF MAIN PARACHUTE
PULLS OCCUPANT, SURVIVAL KIT AND
LOWER RESTRAINT HARNESS FREE OF
STICRER CLIPS. SEAT FALLY FREE.
QCCUPAL'T DISCARDS FACE CURTA'N AND
CONTININ S NORMAL PARACHUTE DESCEMT.

-~

Figure 22. Martin-Baker Ejection Sequence (Above |5,000 Feet)

a

E' -s‘..\:bl"'l. ’—.- .

wetoey ‘




(v) Emergency cqygen supply is activated,

(d) Personnel sorvices (anti-g, vent alr, oxygen, and communi-
cation) disconnects are pulled free. .

(e) The emergency channel of the IFT system ia activated.

(4) Approximately 1 second after ejoction the drogue gun fires, de-
ploying the 22-inch controller chute which positions in the slipstream and with-
draws the 5~foot stabilizer parachute. The stabilizer drogue, sttached to the
seat by the locked restraint scissor mechanism, decelerates and stabilizes the
seat,

(5) After vertical (splnal) deceleration has been reduced to betwecn
8 to 4.5 g at an altitude below 15, 000 feet, the iime release mechaniam
begins n 1.65 to 1,85 second delay prior to operating and performing the fol-

lowing sctions: '

(a) Actuates shackle release plunger, allewing the drogue
parachuto restraint scissors to open nd free the drogue parachute shackle
from the meat. The pull of the drogue parachutes releases the face curtain
restraining strapa, the personnel paradhute slide disconnect atatic line cable
anchorage, ard withdraws the peraonnel parachute from its container.

(b) Actuates the harness release mechanism lever reieasing the -
upper axd lower restraint harness unchorage, the personnel parachute re-
straint straps, and ejects the upper block of both reat~mounted personnel sexrv-
icen dlsnonnects and both !eg restralint gords,

(8) The fully inflated personnel s.rachute pulls the occupant and sur-
vival kit free of the sticker clip retention, ansaring clean separation of the
occupant and seat,

Bullicient aystem testing has been .ucomplished by NACEL to ensure
safe escape throughout the A-8A performanc: sanvelope. However, results of
the testing accomplished on this aystem are not available for inclusion in this
document.,

The sticker clips and ejection gun used in the aystem are unique and
function as followa: The sticker clips are mounted on the inboard side of each
ceat bucket sideplate to retain a lug attached to the occupant's lower restraint
harness, As a result of the sticker clip spring action on the harness sticker
strap lug, the ocoupant will be retained in the seat unill tho opening shock of
the persornel parachute pulls the occupant's harneas free of the sticker clipa,
This ensures clean separation and eliminates the possibility of collision be- .
tween the ocoupant and the seat,

The ejoction gun consists of three telescoping tubes, a primary ex-
ploaive cartridge, two identical auxiliayy explosive cartridges, and a firing
mechanism, Operation of the firing mechaniem causes a firing pin to detonate
she primary cartridge and raise the seat away ‘rom the cockpit floor. The
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lower and uppor auxiliary cartridges are fived after 14 and 17 inches of seat
travel, respectively, and assist in ejecting the geat and occupant from the
slrcraft. ‘The ejection gun has two guide rails (channels), one on either side.
These ralls function as tracks for six alippers (three on each side) attached to
the ingide of the seat main beam assembly, Tho sUppers and guide rails guide
and align the seat during cjection and also during normal removal and installa-
tion, The ejection gun cartridgea will operate satisfactorily at a temperature
range between ~85°F and +160°F,

The Aerospace Crew Equipment Laboritory has conducted a test
program to compare the performance of the Martin-Baker Mark 5 ejection
seat utllizing the Martin-Baker seat pan rocket systein and the Rocket Power,
Inc. seat bpck rocket systemm. The RP1 system consists of two rocket catapults,
and the M-D systom conalsts of a catapult and a separate rocket system utilizing
18 propellant tubes that fire Into a manifold with six thrust nozzles, Photo-
graphs of the seat and rocket systems axre shown in Figs. 23, 24, and 26, Also,
evaluated in the tests was the Northrop Duplex Drogue and Skysail pirachuto
system,

Seven nled ejection tests were run on each system at approximately 0,
50, 400, and 600 knots IAS using 5 and 95 percentile dummies at each speed
(exoept the 800-knot test which was run with only & 6 percentile dummy). All
tests were considered successful except the 600-knot tests, during ‘which the
following failures were encountered: 1) the Skysail parachute did not fully in=-
flate due to insufficient trajectory height for zero~altitude recovery, and 2) the
g-loads measured were beyond the accepted human tolerance Umits, Test tra-
jectory data shown in Figs, 26 through 29 are the ime-gequence of events versus
altitude for the 0- and 400-knot tests, ‘Testing indicated the RPI rocket catapult
system porformance to be slightly superior to the M-B system; however, both sys-
tems were consldered adequate for use with the Martin-Baker Mark 6 ejectionseat.

The Northrop-dea{gned duplex drogue (22-inch drogue and 5-foot
deceleration parachute) and 29.7-foot Skysail parachute system performed
satisfantorily throughout the teat program, This parachute syatem can be
opened safely at higher speeds, eliminating the need for the g-Umiter device,

f. NORTH AMERICAN X-15 EJECTION SEAT

The X-15 rescarch airplane g designad to explore the space flight
regime and to {nvestigate the high load factors imposed by the accompanying
exit and re-entry phases. Paramount consideration wna given to pllot protec-
ti>n from the adverse pressure and thermal environment and to pilot motor
abilitins ‘while subjected to highly transient force systema. An extencive survey
of escape-system types Indicated that an open ejection sent in conjunction with
a full-pressure protective garment best satisfled the emergency escape re-
quirements,

The X~15 ejection seat s capable of providing safe escape at speeds
up to approximately 700 KEAS at pressure altitudes from sca level to 60,000

fect, and up to Mach 4,0 at altitudes from 60,000 to 120,000 feet. Ground-levcl
egcape is provided for level flight conditions at speeds between 90 ard 200 KEAS,
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Figure 23, Martin-Baker MK-.GRU -5 Ejection Seat with RPI Rocket-Catapult Sysiem )
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Figute 24, Mortin-Boker MK-GRU.5 Ejection Seat with RPI Roclmf-('ato.pul? System
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ALTITUDE (FEET)

ALTITUDE (FEET)

430

[

ALTITUDE VERSUS TIME

IESTNQ, 5 EJECTABLE WT 369 1.8 [ESTNQ 6 EJECTABLE WT 369 LB
«5 PERCENTILE ZERQ KNOTS~LEVEL~ =5 PERCENTILE ZERO KNOTS=~LEVEL~
SEAT BACK ROCKET /RPI=MARTIN MARTIN BAKER HIF-q SEAT
BAKER SEAT/H5 TEST 5 PAN ROCKETS

300 |
TEST6
o
200 CODE:
A. ROCKET IGNITION
B. RUCKET BURNOUT 0=
C. CROGUE FIRING
0. OPENED CHUTE
100 VERTICAL DESCENT
A e 1 A 'l 2 1 '
0 1 2 3 4 5 6 1
TIME (SECONDS)
Figure 26. Mortin-Boker MK-GRU-5 Slad Ejection Tests
ALTITUDE VERSUS TIME
TEST ) CODE:
0 A, ROCKET IGN; TIOM
B. ROCKET BURNOUT
C. DROGUE FIRING
0. OPENED CHUTE YERTICAL
IE EJECTABLEWT 439.3 L8
'%NTILE— ZERO KNOTS
~LEVEL~MARTIN-BAKER/H5~
150 SEAT BACK ROCKE TS (RP)
JES1 NO, 4 EJECTABLE WT 434.5 LB
95 PERCENTILE-ZERO KNOTS
«LEVEL-MARTINsBAKER/MT7F~1
10 Valt t31)! SEAT BACK ROCKETS (RPI)
]
XEST) i
50 |
I
) 2 4 ] 8 10
TIME (SE.CONDS)
Figure 27. Martin.Boker ME.GRU.5 Sled Ejection Tests
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ALTITUDE(FEET)

ALTITUDE (FEEDY

150

100

200

100

59

ALTITUDE VERSUS TIME
y EJECTABLE WT 370 LB
COOE: SPERCENTILE = 428 KNOTS = L EVEL
A.ROCKET IGNITION MARTIN = BAKER 'H5= SEAT BACK ROCKETS (RPI)
g'ROCKET BT 10 EJECTABLE WT 370 LB
.OROGUE FIRING
FP‘SEMQ""RCEN TILE =429 KNOTS=LEVEL

MARTIN-BAKER H7-1 SEAT FAN ROCKETS
(RECOVERY SUCCESSFUL FOR BOTH TLSTS

\/~TEST NO. %

\\
WY . . . A x‘ IS
J i 2 3 4 5 6 7 ?

TIME (SECONDS)
Figura 23. Martin-Baker MK-GRU.S Sled Ejection Tests

ALTITUDE VERSUS TIME
STNO, 13 EJECTABLE WT 435 LB
CODE: 95 ENTILE = 428 KNOTS = LEVEL
A. ROCKET IGNITION MARTIN-BAKER SEAT/H5 SEAT BACK
B. ROCKET BURNOUT ROCKETS (RFI)

C. DROSUE FIRING .

;§§[ NQ, H EJECTABLE WT 435 LB

5 PERCENTILE-416 KNOTS-LEVFL
MARTIN-BAKER/H7F =] SEAT PAN ROCKETS
(RECOVERY SUCCESSFUL FOR BOTH TESTS)

TEST NO. 13

TEST NO. 14

0 2 4 6 8 10

TIME {SECONDS)
Figure 29, Mastin-Baker MK-GRU-5 Sied Ejection Tests
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The pressure suit provides pilot protection from aerodvnumie heating,
reduced pressure levels, and windblust, A study of accudent potential for the
X-156 maximum effort mission indicaled, az shown on Fig, 30, that the escape
system capability includes 98 percent of the atrplane accident potential. [t was
concluded that the 2 percent of accident potential not ineluded can best be
countered by oceupying the airplane until the severe flight conditions have bheen
relicved.

The X-15 escape system is composed of an npen cjection scat, oxygen
system, A/P 2256-2 pressure suit, pilot restraint system, rocket catapult, fin
and boom’ stabilization system, and personnel parachute recovery system, The
general arrangement of the escape system is shown in Fig, 31,

Emergency escape from the airplane is accomplished in the following
manner and is shown In the block diagram Fig, 32, After electing to ubandon
the air vehicle, the pilot manually converts to the emergeney oxygen supply by
pulling a lanyard attached to the back-puck valving und manifold assembly, The
procedure is a precautionary measuro, since the conversion is ineluded as an
automatic feature during seat and pilot separation, After conversion of the
oxygen supply, the pilot kicks aft on the manacle restraint assemblies on cuch
footrest, thereby securing the fect and lower limbs, At the same time, both
ejection control release levers are squcezed and the handgrips rotated upward
and inboard. Movement of either handle will initiate the ojuction sequence,
although both should be operated since they also function as hand restraints
and are responsible for displacing the armrests inboard for elbow confinement,
The motion of the handgrips, through mechanical linkages and an inittator, fires
the canopy remover which foreibly sepurates the canopy from the cockpit. Dis-
placemeont of the canopy fires another initintor which in turn actuates the ballis-
tic-rocket catapult, resulting in separation of the seat and pilot from the air
vehicle, The rocket motor exhaust nozzle is canted at an angle of 34 degrees
to direct the centerline of thrust through, or very close to, the center of
gravity of the ejocted mass. The burning rate of the two charges is designed
to Limit the magnitude and rate of onset of ejection forces to 203 and 250 g per
second, respectively,

Firing of the catapult by the canopy motion is dependent on prior
raising of the ejection handles, This is required in order to retain provisions
fur emergency jettison of the canopy without ejecting the seat. Emergency
jottison of the canopy is effected by a console-mounted control, or by an exter-
aal ground reacue handle,

During seat displacement along the ejection guide rails, an in‘erference
tripper on the airframe engages a seat-attached bellcrank to arm the anerold
timer control for parachute deployment. Also actuated during this phase of
ejection are the stabillzing devices which become effective simultaneously with
geat-rail separation. During the finul phase of guided travel, the rocket motor
is ignited to add altitude and ensure clearance over the empennage under any
flight condition,
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Following ejectlon, the pilot occupies the seat during free full to
15, 000 fect, if ejection occurs above that altitude, or for 3 seconds if helow,
The automatic control containg a bellows and powder-train time delay, with tho
hellows being dominant, The aneroid timer is responsible for release of the
pilot restraint system and initiation of purachute deployment hy jettisoning the
hradrest,

Two zero-speed, zero-altitude tests were accomplished to evaluate
rocket catapult performance, the cffect of rocket thrust misalignment, and to
determine the system capability prior to sled testing, During hoth tests the
trajectory zenith was 240 feet, and the rocket catapult performence wus con-
sidered satisfactory, although zero-alrspeed, zero-altitude capability was not
Indicated due to parachute/seat entanglement,

Seven sled ejection tests were conducted at Edwards Air Force Base,
Successful parachute deployment was accomplished from ground level at speeds
ranging from 180 to 690 knots, The lift churacteristics of the seat are such
that the reccvery purachute was only partially inflated prior to ground contact
on the 690 knot test, However, the tests demonstrated the effectiveness of the
system to provide escape capubility within the design criterin, Figure 33
shows the acceleration histories of the three-uaxis resultant obuained from
ejection tosts, [Iigure 34 [s a seat and occupunt trajectory for a 186-knot
ejection,

g. NORTH AMERICAN HS-1 SEAT

The HS-1 seat was developed and manufactured by North American
Aviation, Inc,, Columbus, Ohio, for installation in the A-5 (A3J) airplunc,
This program commenced in 1956, covered the preliminary design, wind tunnel
model testing, staile firings, drop tesls, rocket sled ejections, cjections from
production aircraft, and component testing as presented in Ref, 3.

The HS-1 seat has an e¢scape capability of up to 750 knots at seca lovel
and up to Mach 2.2 at 35,000 to 70, 000 feet allitude. The seat has a ground
level capubility down to approximately 70 knots. The seat performance enve-
lope is shown in Fig., 35, The sea! space envelope is snown in Fig. 36. A
three quarter front view of "n occupied seat is shown in Fig. 37,

Escape is nitiated by actuation of the face curtain or either squeeze
grip. The arms, legs, and torse are positioned and restrained. Both front
and rear seat rocket catapults, Rocket Power, Inc., P/N 1289-4A, have a 0.40
secord time delay to allow complete crew packaging and canopy removal prior
to seat movement, When the crewman in the rear cockpit initiates ejection,
the rear canopy is jettisoned, the man s packaged, and the scat is ejected,
Initiation of the rear seat in no way affects the front seat or canopy. When the
crewman in the front cockpit initintes ejection, both canopies are jettisoned
simultancously, both crewmen are packaged, the rear catapult is initiated, and
0,75 second later the front catapult is initiated. The rear crewman i3 alwaysy
ejected prior to the front crewman. As the seat moves up the railg, the
harness release system sequence ts Inltiated and the 52-inch drogue chute is
fired, Immediately afier separation of the seat frem the rails, the drogue
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Figure 33. X-15 Seat Occupant Accelarations (CG 3-Resultant)
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INITIATOR '
HAND GRIP NEUTRAL

\ \_ w0 FaCE
. AIRCRAFT BLKD
FooT
RETRACTORS
Figure 36. Nosth American HS-1 Seat « Spoce Eavelape
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Figure 37, North American HS$-1 Seat and Occupant
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chute becomes fully inflated, The rocket further propels the seat upward, The
torso harness is released from the scat and the two acparation bladders are in-
fluted, Simultancous with this action, the leg restraint hooks are blown off

and the knee bar and lower drogue chute risers are released. The arm reten-
tion aystem is released by upward movement of the survival kit as the bladders
inflate. After the lower drogue risers are released from the lower part of the
seat, the seat ro.utes heud-aft until the upper risers become free of the top
hooks. As the drogue separates from the seat, a lanyard from the upper left
drogue riser attached to the paruchute static line provides deployment of the
28-foot dismeter NB-7E personncl parachute, A ballistic cutter severs the
static line after personnel parachute deployment to separate the dropue. A
dchemaitic of the front crewman's escape system is shown in Fig, 38, The
rear crewman's 8ystem is similar except as noted, Timing of lhe escape se-
quences is shown in Table V,

Toble ¥. Nurth Amarican HS -] Seot ~ Escape Sequence Timing

Time (Scc) Action
0.0 Front crowman initiates, *

Front and rear canopies jettisoned.
Torso and extremities positioned and restrained and seats
bhottomed (front and rear crewmen),
2 Both crewmen completely packaged
.3 Front canopy clears aft cockpit at 101 knots
Rear seat catapult fired
Rear seat separation manifold initiated
2 Rear seat drogue chute ballistically deployed
7 Rear seat clears aircraft
8 Rear seut drogue chute reacies full line stretch following
ejection at 750 KEAS
1.15 Front seat catapult fired

1.26 Front seat separation manifold initiated

1.27 Front seat drogue chute ballistically deployed

1.32 Front seat clears airrvaft

1.33 Front seul drogue chute reaches full line stretch following
ejection at 750 KEAS

2.26 Rear seat seat-man separation

3.01 Front seuat seat-man separation

* The rear crewman can eject by himself at any time. Timing would be
exactly as shown abeve for the rear seat. The front canopy would not
be jettisoned.

A backup system for personnel parachute deployment is provided.
A8 the man separates from the seat, a static line fires an 0, 75 second delay in
the automatic opener in the personnel parachute pack., Should the drogue chute
be inoperative or fail to release from the seat, the automatic openeyr will de-
ploy the personnel parachute after the time delay.

When ejection occurs below 13, 000 feet, drogue releasz, harness
release, and seat-man separation occur 1, 76 seconds after the separation
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manifold is initiated through a 1,46 second balliatic delay plus Inherent time
delays., When ejection occurs ahove 13, 000 feet, initiation of the ballistic
delay is biocked out until seat-man descend to this altitude, Should the pri-
mary personnel chute deployment system malfunction akove 10,900 feet, the
secondary system performs, except that the automatic opener will not open
the narachute pack until 0, 75 second after ceaching 10, 000 fect.

Manual overrides to the retention and separation systems are pro-
vided. The personnel parachute provides a ripcors for manual operation, and
provisions ar2 made for manually releusing the arms and legs following auto-

matic positioning and restraint.

Should the normal pneumatic canopy jettison system malfunction, the
canopy is removed by the seat moving up the rails,

The survival kit is located in the geat bucket and serves as & support
for the seated crewman, I¢ contains a standard PK-2 kit, a 70 cubic inch

oxygen buttle, and the presaure suit regulator.

Table VI gives the escape systom weight breakdown,

Toble Yi. North American HS—! Escaps System Waight Braokdown

Seat agsembly (includes drogue chute,
harness thruster, drogue thruster, inertia
reel, adjustment mechanism, seat struc-
ture, inner portion of catapult rocket, lift
plate, miscellaneous ballistic hardware).

Useful Load

NB-T7E parachute
Survival container with equipment

Nonejectable Items (Includes outer
portion of rocket catapult, arm retention
reel, ballistic devices on seat bulkhead
and miscellaneous hardware)

Note: Ejection rail weight not
inciuded, Weight of ejection
rail will depend upon mount-
ing bulkhead rigidity. On
A~5 airplane rails weigh
approximately 50 Ibs, I
bulkhead had increuased
rigidity with resulting less
deflection this weight
could be reduced.

Total Installed Weight {Less Seat Rails)

57

320 Ib
60
26 b
35 1b
23
{
303 1b ’
|
{
4
3
o B }
® ™ e ®

T T PP RN IR Oy

ot

L

®)

E7



A 5 percentile man will experience a peak transverse ncecleration of
about 53. 5 g with 1 mean rate of onsct of about 218 g/sec. and a4 maximum
rute of onset of nhout 562 g/sce. following un ejection from an A-5 airplune
at 750 KEAS at sca level, Similar figures for a 95 percentile man are 47.0 g
at rates of onset of 192 g/sec, and 495 g/sec., respectively. Typleal ne-
celeration-time historics nre shown in Figs, 39, 40, and 41 for 5 and 95 per-
centile crewmen at low, intermediate, and high speeds.  Trojectories at low,
intermediate, and high speeds are shown in Fig, 42,

h. NORTH AMERICAN LS~1 SEAT

The LS-1 ejection seat was developed and manufactured by North
American Aviation, Inc,, Columbus, Ohlo, for installution in the T-2A (T2J-1)
airplane, This program commenced In 1966 and covered design, unalysis, und
testing, The system is U, 8, Novy qualified and hus been operational in the
T2J~1 since January 1968, It hus undergone 40 dynamic tests from rocket
Bleds and aircraft at velocities from 50 to 600 KEAS and at altitudes from
ground level to 43, 000 feet, The LS-1 escape system will recover a crewman
ejecting "on the deck' at all atrspeeds from 650 to 525 knots indicated and at
all speeds less thun 525 knots indicated ut altitudes, with o Mach limitation of
hetween 2.5 and 3,0, The performance envelope is shown in Fig, 43, An
additional capability of zero altitude-zero speed recovery was obtalned by In-
corporating two seat modifications, The rocket impulse was increased from
940 1b sec to 1,060 1b sec, and the hesitator loops for the pcrsonnel para-
chutc shroud lines were changed to the conflguration previously developed and
qualified on the 1W-2 escupe system, A zero-zero statie {iring was success-
fully demonstrated on o modified L.S-1 seat system with a 95 percentile anthro-
pometric dummy, A minor structural change to the seat and drogue chute
rlsers extonds seat structural integrity from the demonstrated 525 KEAS to

600 KEAS. The seat space cenvelope is shown in Fig, 44, The general arrange-

ment is shown in Flg. 45, The Integrated harness release system Is shown in
Fig. 46.

Figure 47 shows a schematie of the LS-1 seat system used on the T-2A

airplane prior to the incorporation of a command ejcction system. In the system

shown in Fig., 47, the forward scat ejects through the canopy if the canopy has
not been jettisoned by the aft sent cccupant, or by the forward or aft cockpit
canopy jettison handle, Later models of the T-2A airplane are equipped with a
command selector system which prevents the forward seat from ejecting until
after the aft sent has ejected., The entive escape sequence is initiated by pulling
either the face curtain or D-ring. Actuation of cither fires two mechanieal
initiators which in turn gencrate pressure to fire the {nertia reel initiator,
canopy remover initiators, and the rocket-catupult. The rocket-catapult incor-
porates an 0,4 second delay to allow positioning of the crewmaun and removal of
the canopy. As the seat moves up the rails, a drogue gun is fired to deploy the
stabilization drogue chute, At the same time the aneroid fires the 0.5 second
harness release time delay. {f below 13, 000 feet, the anerold fires the 0.5
second harness release time delay. If above 13, 000 feet, the stabilized
seatman will descend to 13, 000 feet before the harness release time delay is
fired. Aflter this time delay, o thruster is fired to release the two lap belt and
shoulde r hamess attachment points.  Gas from this thruster also fires two
initiators which provide pressure to fire the face curtaln cable cutters and
infaate the scat-mun separation bladders. A static line fires the 0. 75 sccond
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delay in the wutomatie parachute opener at the time of seat-man separation,
'he opener then deploys the NB-7 personnel parachute after the time deloy.

The survival kit container is located in the seai bucket, It containy
the requlred survival equipment, the PK-2 pararaft, and the emergency oxygen
system,

A time history of escupe accelerations for n 485 KEAS ejection is
given in Fig., 490.

Trajectories at low, intermediate, and high speeds for the 5 percentile
man and the 95 percentile min are showi, in Fig, 49, Table VII gives the seat
escupe system welght breakdown,

i, NORTH AMERICAN LW-1 AND LW-1A SEATS

The North American LW-1 seat is a rocket-catapult, open-type, upward
cjection seat designed in 1960 to meet the emergency escape needs of VIOL-
STOL and flylng platform type U. 8. Army vehicles. It was produced in limited
quantities for U, 8, Army test vehicles, The LW-1 hag a zero-altitude, zero-
airspoed capability and a maximum speed capability of approximately 300 KEAS,
and was not designed for ejections nbove 10,000 feet altitude, The LW~1A seat
Is basieally an LW=1 seat strengthened to Increase the maximum speed capa-
bility to 400 KEAS und modified to incorporate features such as ballistie Inertia
reel, oxygen bottle, vertical adjustment, nneroid device for parachute deploy-
inent, and speed sensor. The LW-1A seat was not procured beeause the LW-2
seat fulfilled the same operational requirements,
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The LW-1 escape system consists of a structural chassis incorporating
guide rails: and an ejection seat incorporating an integrated harness, D-ring
ejection handle, parallel balligtic system, rocket-catapult, seat separation
system, parachute system, AN/PRC-49 transceiver, canopy breaker, emer-
gency relense handle, and space for survival equipment. Figure 50 shows an
early model LW-1 seat without some of these features. The rocket-catapult
is a modified type XM9 with XM 10 nozzle.

The seat separation system was designed so that the seat bottom and
ratls separate from the seat back, which is secured to the man's back through-
out the descent. Figure 51 shows the seat after sepavation. To accomplish the
separation, the seat back is secured to the rails by a toggle-typ» disconnect
and tongue and groove joint located at the headrest, and by a breakaway fitting
located at the hip line. The parachute system consists of a ballistic drogue
gun, a 36~inch diameter P-AY pilot chute, and a4 28-foot diameter flat canopv
main recovery chute located in a long, cylindrical bag fastened vertically to
the left side of the seat back. The canopy breaker is a wedge-shaped flat plate
on top of the headrest. The emcrgency release handle for releasing the man
and attached seat back [rom the seat is located on the right-hand side of the
headrest. An inertia reel is not on the seat, but may be incorporated. The
seat was designed to withstand crash loads of 20 g forward, 12 g dovn and
aft, 5 g upward, and ejection loads of 20 g upward. Figure 52 shows the
seat envelope, and the ejection sequence is shown in Fig. 6§3.
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Tabla VII, North Americon LS~1 Seat Escape System Weight Breckdown

Weight (Lb) Welight (Lb)
Ltem 5 Percentile 95 Percentile
Ejec'ed portion of seat 103 103
Nonelected seat provisions 38 38
Elect seat adjust 18
Lower half recket-catapult 10
Tracks and supports 12
Total Seat Ccmponents a1 14
Survival equipmens 47 47
Conients 12.7
Container with
bail-out oxygen 10.4
NB-7 parachute 24.0
Man 133 201
Flying apparel 20 20
Total Seat Instullation ' arr 109
Total Ejectable Weight ' 303 371

Ejection {8 accomplished by pulling on the D-ring handle, which fires
two T30E1 initiators plumbed in parailel'(for added reliability). Firing elther
initiator ignites the rocket catapult, which propels the seat up the fixed raila
and continues thrust force for a short duration during seat-man free flight. As
the seat travels up the fixed rails a lanyard actuates the transceiver location
aid, and a mechanical trip device fires the drogue gun, The projectile from
the gun is attached to the pilot chute, causing the pilot chute to be deployed.
Projectile momentum and pilot chute drag force immcdistely deploys the main
recovery chute. As the main recovery chute is deplored, a lanyard attached
to a riger trips an over-center latch on the seat, and the seat bottom and rails
fall free from the seat back. This leaves the survival kit andseat-back strapped
to the man throughout his desoent,

The rapid deployment of the main chute is advantageous for zero-speed
rero-altitude, sink rate (Fig. 54), and angle of dive capabilities (Fig. 55),
although it compromiues high speed ejections. The structural limitations of the
main chute and deceleration loads imposed on the man preclude ejections
greater than approximately 300 KEAS. The predicted trajectories are shown
in Fig, 6, and the LW-1 seat design performance envelope is shown in Fig.

57. Since the seat does not incorporate an oxygen boitie or aneroid device for
parachute deployment, it is pot suitable for high-aititude ejections.

The LW-1A seat is basicelly n strengthoned LW-1 ~cat designed to
add a seat vertical adjustment actuator, ballistic inertia reel, speed sensur,
aneroid device for parachute deployment, and oxygen bottle, All of these itenis
are {nciuded in the LW-1A weight breakdown (Table VII,) Strengthening the
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Figure 30, North American LW-.) Seot
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Table VIil. North American LW.] Seot Escaps System Weight Breakdown
Weight (Lb) Weight (Lb)

LW-1 LW-1A
Fifty percentile man 167.0 167.0
Clothing 10.0 10.0
Parachute and harness 22,8 22.6
Emergency cquipment 4.5 3.
Total man and equipment 204, 1 236.7
Seat 49, 7 61,2
Total Weight (Ejectable) 263.8 297,90
Nonejectable mechanism 17.3 28, 4
271.1 346, 3
Total Waight (Supported by parachute
after separation) 192.1 25,0 (approx.)

seal results in a capability of sustaining 40 g crash louds, The seat vertical
adjustment provigion consists of ruofl-mounted screw jacks und a worm gear
driven by either a hand crank or a flexibic shaft from a 3,000 ft/1b electric
actuator. A modiited B-4 integrated harness is used with the seat, The
ballistic inertin reel, which has a manual look handle, is actuated by one of the

two T31E1 initintors. The speed sensor (Pacific Scientifie Co., P/N 1201103-0) is

mounted on the nonejectable structure and has air lines connected to it from the
alrplane pitot static und dynamic pressure system, At speeds below 300 KEAS
the speed sensor pin s extended in such a manner that the aneroid device
arming pin is mechanically extracted as the seat :moves up the rails; at speeds
above 300 KEAS the speed sensor pin {8 retracted, At any airspeed, as the
seat moves up the rails the one-second delay MK IV Mod 0 cartridge is actuated
by a mechanical trip, and when the cartridge fires {t causes extraction of the
anerold device arming pin,

The aneroid device is a qualified Speicel Corporation P/N 63«104-A
Type II univ thet tires the parachute drogue gun. When the aneroid arming pin
is extract.d, the aneroid iminediately fires the drogue gun at ejection pressure
altitudes l. 33 than 10,000 feet, At ejection pressure altitudes greater than
10, 006 feet, the aneroid mechanism prevents drogue gun firing until descent
to 10, 000 feet pressure altitude., The oxygen bottle is a Firewel Company
P/N F15130") having "% cubic inches volume and pressurized to 1, £00 psi,
which provides adequate oxygen for descent from 47, 500 feet altitude with the
parachuie fully inflated.

}J.  NORTH AMERICAN LW-2, LW-2A, AND LW-2D SEATS

The North American LVW'-2, LW-2A  and LWW-2D seats arc easentially
the same rocket-catapult, opan-trnas, upward cjeciion seat. The LW-2 seat
was designed for high-performance VTOL and STOL U. S. Aimy aircraft and
was developed under coniract for use ‘a the XV-5A G. E, -Ryuu fan-in-wing
and Lockheed XV-4A Hummingbird afvercft. It {s enrrently used ir, or pro-
grammed for, the XV-4A, XV-5A, Curtiss-Wright X-19, and North Americun
YAT-28E, The LW-2 s=at has escape capabilii, 4t zero to 500 KEAS froin
ground level to 50,000 feet althwde, with a limitation of Mnch 2, 0 within rhis
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envelope. The LW-2A sent is an LW-2 scat,” modified to accommodate the
USAF type personnel harness and USAF survival equipinent.  The LW-2D seat
is an LW-2 geat with a modified cvent timing sequence tn permit ejections ut
500 to 650 KEAS at ultitudes as low as 50 feet above ground level, in addition
to the LW-2 scat capability, Also, the I.W-2D seat hag an energy ahsorption
systein to prevent vertical crash loads greater than 20 g,

The LW-2 gecat has a survival kit located in the seat bucket, an
emergency harnegs release handle located on the right-hand side of the head-
rest, a D~ring ejection handle located on the front of the seat bucket, n
ballistic inertin reel located on the seat buck, a rocket-catapult located he-
tween the rails, a canopy cutter locuted on top of the headrest, a speed sensor
located on the nonejectahle structure, an aneroid device loented near the
headrest, n drogue gun and 52-inch diameter ribless puide surface stabiliza-
tion parachute located near the headrest, o harness release actuator, and a
28+foot standard flat canopy main recovery purachute with a PA-T pilot chute
packed in a long, cyiindrical bag located on the left-hand side of the seat hack,
The LW-2 seat, less the canopy cutter, is gnown in Fig, 58, and Fig, 59.
These figures show the seat envelope and the ballistic system schematle.

Zjection is Initiated by pulling the D-ring e¢jection handle, which fires
two T-30E2 initintors, Pressure from one initiator fires the ballistie inertin
reel and one catapult time delay, and pressure from the other initintor fires a
redundant time delay in the catapult. The inertla reel positions and restraing
the scat occupant during the catapult time delay, After the 0.3 second cata-
pult time delay the catapult propels the scat up the ejection rails, the canopy
cutter cuts through the canopy, and the rocket i3 {gnited just prior to crtapult
tube separation, The LW-2 gseat two-mode selector system {8 shown in Fig. 60,

At apeeds less than 200 knots and at altitudes below 10, 000 feet, the
personnel parachute is deployed following a 0, 2 second delay, initiated during
seat movement up the rails. This Is accomplished by a low-speed striker
hitting the extended speed sensor pin and fiving the ballistically propelled
thruster slug attached to the personnel parachute, thereby providing positive
deployment of the parachute approximately 0.1 second after the seat leaves
the airplane. The man is positively scparated from the seat by the personncl
parachute after the 0.5 second harness relcase time delay (initiated by the
striker actuation described above) has expired.

At speeds greater than 200 knots and altitudes below 10, 000 feet, the
thruster slug deploys the drogue parnchute as the seat moves out of the cock~
pit, thus providing Immediate seat stability as it enters the windstream. The
drogue chute is attached to the seat by three risers; two attach to the hottom of
thc seat, one attuches to the top of the seat, and all meet at a confluence point.
After expiration of the 0, 5-second harness release delay, the lower risers are
released from the seat, and the seat is rotated head aft, This allows the top
riser to be relensed from the seat, and the drogue chute then deploys the per-
gonnel chute. Inflation of the personnel chute pulls the man from the seat,
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Figure 58. LW.2 Seat, Less Canopy

79

( J
q
<
y
:




[ ]
' L
®
¢ »
{ -
9.% 7
]
f »
- 1_1}._00
D-RING !
S |
) »
INITATORS 4
BALLISTIC
b~ INERTIA
REEL |
|
GAS »
GENERATOR
©
A .
4*/\;-/?]}'4 X
Lw= »
BALLISTIC ;
SCHEMATIC AND |
SEAT ENVELOPE :
[
b
;'
[ .
.
Figure 59. LW-2 Bollistic Schamatic and Seat Envelope
80 »
]

— e



) L 4
S o » » ® & [ 3 [ ] ®
3
wessdg soid81ag apo-omy Z-4 ‘99 enbry
PREE ]
YiLEIN IIINYHI3N J10WIVEY TINNOSA 34 STINUVH 3G TR0HS O
SSINHYH §30700HS \0
31OMIVEYL TIKNISHIS: guvany INB0NG 774
_ INIOd KIYLLY ¥3SiY
alg LBEdn sy 113841 309040 ¥3de
RE fw _._%-wuomwﬁuq ¢ it &
SYI138 S IKAYH ﬂ Y ILHIYEYd 7
NuYH d Q803 Ji¥
./ A — s W__3nsoua K-35 — INN J1LVLS
»
- LJ3INNCISI0
Lavedye ETRETE
H 'W Y r &
Au [N YLLY QUYANYY
35N H3401 123850250
n ILAKIVEYE
3805334 J2¥LS H_‘ bﬂrm. ML TY-807 03345°807 § i 01 35040
- 9 n_ﬁu - = -
FuSS38d L0114 Y {l QuvaNy?
I A -— § 193N03510
y Y i
& ! 3 ORI ~Y-HOH 0I345-HOIH 7 i \ inovavd
A
¥NY LNINAOT4IG .
(GIENGCA FRYNNIY) NKIVEYL NV INDNNA I70NYN 35Y3T3H
14000°0F 3A0GY 80 1v SLONW 05007 7 § . 1NN 14 —_— SSINYYH AINIDUINI
(14 CT'C1 801381 SiON pap T | X001 3A08Y: 301A30 oS avs
103 7CuLN0D 30011171 ¥O5X35 03348 ¥3804 GI043NY
|
Y . - -
T T T T T T T T T T T L v TTTTTTITWEYTT T T T T T v T -

81




\3

« R

At altitudes above 10, 000 feet the drogue chute is always deployed for
seat stubility, Initiatlion of the 0. 5-sccond hurness release time delay is
blocked by the aneroid unit until descent to 10, 000 feet, After expiration of
the 0, i-second delay, drogue release, harness reolease, and deployment of
the personnel parachute is accomplished as described for high-speed ejections,
In all cases, seat-man separation is effectod by personnel parachute deny,

Performance of the LW-2 sent has been demonstrated by static tests,
sled tests, laboratory tests, and operational experience, These tests were
conducied with 5 and 95 percentile anthropometric dummics to demonstrate
successful performance when the ejected seat-man mass, center of gravity,
and moment of inertia is varied, Catapult forces are legs than 12 g with
rates of onget less than 250 g/second. As a result of these tests, the 0, 2=~
second delay in personnel chute deployment was incorparated to preclude
roclet blast fusing the chute., Personnel chute shroud line stowage wus changed
from hesitator loops requiring 15 to 90 pounds pull force to pivoting sleeves
that require o muvimum pull foree of only 10 pounds, Figure 61 is a com=
posite photograph of a static ground test ejection. 3ink rate recovery capability
is shown in Fig. 62, dive angle recovery capability Is shown in Fig, 63, typical
ejection trajectories are shown ip Fig. 64, and the performance envelope i3
shown in Fig, 65,

*The LW-2D seuat has undergone sled tests and static firings that
demongtrate {ts ability to be ¢jected through the XV-5A, X-19, and YAT-28E
canoples.

The LW-2D seat escape eveat thme history is shown in Table IX.
Toble IX. North American LW-.2 Time History of Events

Abogve 200 Knotg Below 200 Knots

Time Time

{Sec), Event {Sec) Event

0.00 Escape system Initiation, 0, 00 Escupe system initiation,
canopy jettisoning system, canopy jettisoning system,
and ballistic incrtia reel and ballistic tnertia reel
actuation actuation

0.3 Crewman positioned 0.3 Crewman positioned

0,4 Catapult {gnition 0.4 Catapult ignition

0.49 Drogue gun firing, drogue 0.49 Drogue gun delay ignition

chute deployment
0.55 Rocket ignition 0.55
0. 56 Seat-aircraft separation 0,56
0.83 Rocket bnrnout 0.7

Rocket ignition

Seat-aircraft separation

.70 Drogue gun firing, personnel
chute deployment

1.39 Harness release actuation, 0.83 Rocket burnout
drogue chute release actu-
ation 1.39 Harness releuse actuation
2.5 Full personnel chute infla- 1.8 Full personnel chute infla-
tion, based on 600 KEAS tion, bnsed on 200 KEAS
ejection ejection
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The busic ditference {n the LW-2 and LW-2D timing scquence ir in
the seat harness colease actuator, which has a 0, 5-sccond delay on the LW-2

scat and an 0, 75-s¢cond delay on the LW-2D seat,  The system weight break=

down is snown in Table X,

Toble X. North American LW-2 Seat Escape System Weight Breakdown

Basic seat

Survival cquipment

Parachute 22,0
Harness 3,4
Survival kit with oxygen 21,9
Lap belt 1,7

Fjectable ballistic items

Rocket 12. 4
Miscellaneous carteidges 0.9

Nincty-Five perceentile man and clothing
Total ejectable weight
Alreraft fnstallation

Bu:lthead [ittings

Speed sensor
Cutapult

wow®
b= B~ ]

Total Weight (Instelled)

Weight (Pounds)

H9. 0

49, 0

13.3

208, 0
369.3

19.3

378.6

The ejected seal-man moments of inertia for axes shown on Fig., 59 are:

Percentile Man Maximum Minimum
95 Percentile 75,150 Ih-in? 26, 260 lh=in

]
5 pereentile 64, 883 Ih=-in? 25,750 lb-in’

kK., NORTH AMERICAN LW-3B SEAT

Pitch
81,685 lb-in®

2
63, 492 lh=in"

The LW-3B scat was being qualified as of FFebruary 1965 for the U. S,
Navy for use [n the OV-10A airplune, A demonstration of the system at speeds

from 0 to 461 KEAS at ground level was scheduled to be completed in July 1965,

This system is an outgrowth of the North Ameriean LW-1 and LW-2 escupe
systems.  The LW-1 meets the escape requiremens of flying platforms and
low-speed V/STOL ajreraft, The LW-3B seat complies with the escape re-
quiremems of medium speed V/STOL aireraft. It will recover a crewman
cjecting at zero altitude at all speeds from 0 to 500 KEAS. In addition, it
provides recovery when ejecting at or near zero altitude from an airplane
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having a high sink vate or nosedown attitude at time of ¢jection, The seat re-
covery envelope is shown in g, 66, The seat space envelope is shown in
Fig. 67, The general arrangement of the seat is shown in Fig. 68, Au ox-
ploded view ol the seat ju shown in Fig. 69,

Pulling the D-ving inftiates an automatie eseape sequence, The
canopy i jettisened, the 0, f=scconddelay in the eatapult ‘s fired, and the
hallistic inevtii reel {8 actuated,  The entapult delay allows canopy removal
and croewman positioning and restraint betore the catapult fives. If the canopy

fails to jettison, the crewman will he ejected through the canopy without & delay

ir the escape scquence, A schematic of the LW-3B sequencing system is
shown In Fig, 70. When using this svslem, the copilot is nutomatically cjected
by the pilot when the pilot initlates cjectlon.  However, the copilot can ¢ject
himsell nt any time without cjecting the pilot,

The I.W-3B is a two-mode system. The mode is selected at the time
of ejection by a speed sensor, U, S, Navy P/N 1201142, At altitudes below
10,000 feet and at speeds less than 200 knots, the recovery parachute is ballis-
tically deployed immediately after the seat leaves the ajreraft, At specds
greates than 200 knots and/or at altitudes nhove 10, 000 feet, a delay in the
parachutc thruster allows the seat to decelerate to a velocity safe for recovery
parachute deplovment, In both the low and high-speed mode, sent-man separa-
tion i3 cffectea hy inflntion of the recovery parachute, The U.S, Navy NB-7
recovery parnchute utilizes a standard, 24-foot flat, circular canopy, and a
conventional, spring-loaded pilot chute. The time history of events for the
two-mode system ts given in Table XI.

Table XI. North American LW-38 Time History of Events

Low soeed High Speed
{Scc) Fvent (Sec) Event
0. 00 Escape system initiation, 0. 00 Escape system [nitiation,
canopy jettisoning sys- canopy jettisoning sys-
tem, and ballistic tem, and ballistic
inertia reel actuation inertia veel actuation
0.30 Crewman positioned 0. 30 Crewman positioned
0.40 Catapult ignition 0.40 Catapult ignition
0.51 Parachute thruster 0,53 Paruachute thruster
delay ignition delay ignition
0. 55 Rocket ignition 0, 55 Rocket ignition
0. 56 Scat=aireraft separation 0,56 Scat-nircraft separation
0,64 Throster flving, para- 0.83 Rocket hurnout
chute deployment 2,53 Thruster firing, pura-
0. 83 Rocket burnout chute deployment
1.10 Seat-man separation. 3. 34 Seat-mun separation,
1,50 Full parachute inflation. 3.70 Full parachute infintion,
{Buscd on 200 KEAS (Bused on 500 KEAS
cjection, ) ejection,)
B7
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Figure 66. North American LW-3B Seat -~ Recovery Envelope
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Figure 69. North American LW-38 Seat — Exploded View
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Additfonal recovery cupability at altitude can he achleved by the addi-
tion of a seat ancroid, The recovery envelope with a seat ancroid nddad s
shown in Fia, 71, In this system, the long time delay (n the parachute thruster
is not fired, but instead the ancrod is armed.  The anecvoid immediately fives
the long time debav if helow 10, 000 feet, IV above 10, 000 feet, the ancroid witl
not fire the long time delay unttl the seat descends to 10,000 {.et,

The LW-1D seat is designed to accommodate a U, 8. Navy RSSK-6A
survival kit or cquivalent.

Peak catapult forces range from 12-15 ¢ with the rates of onset of
accele ntion from 150=180 y/second,

Representative recovery trajectories are shown in Fig. 72, Table
XII gives the seat escupe system estimated welght breakdown.

Tabic X!. North Americon LW-38B Seat Escape System Estimared Weight Breakdown

Weight {Lb) Welght (Lb)

Item 6 Percentile 95 Percentile
Fjected portion of seat 61.75 61.76

(Includes hasic seat structure,
rocset motor, initiators, hose
assembly, thruster gun, mechani-
¢al inertia rcel)

Nongjected seut provisions 18. 50 18, 50
{Includes catapult rocket
launch tube, eleetrical

seat actuator, attachment
hulkheasd seat guide fittings)

Total seat components 80, 25 B0, 25
Survival equipment 52,90 52, 90

Paruchute 21.90

Survival container

and equipment 31.00
Man 133. 00 201. 00
Flying apparel 20,00 20, 00

Total (Seat installation) 286,15 354. 15

Toial Weight (Ejectabie) 267, 65 335, 65
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Figure 71. North American LW-38 Seat — Recovery Envelope with Seat Aneroid Added
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l.  WEBER F-106 SEAT

The cjection seat escape system desceribed in this section Is.an {m-
proved version of the original Interim upward cjection scat used in F-106 air- v
craft prior to the availability of the Convair "B" seat supersonic escape sys-
tem. The modified F-10¢ upward ¢jectlon seats were developed and manutag-
tured by the Weber Alrcralt Corporation in 1964 and 1965 for instullation in
F-106A/B aircraft us a replacement for the "B" seut supersonic escape sys-
tem, The rcason for the change was to improve the reliability and low atitude

escape capablility of the F-104 escape system. '

The modified F~106 upward cjection scut escape system consists ol
the canopy jettison system, ejection initintion and ¢ject sequence installation, !
rocket catapult, lap belt and shoulde~ harness, inertia reel (powered inertia !
recl on aft seats), arm puards, vertical seat adjustment, rotary actuntor and
strap type seat-man separator, 1800 cu in, global survival kit, and modified
B-18 parachute with Weber cartridge actuated deployment gua and aneroid
block. Figure 73 shows a typieal F+106 A/B modified upward ejection seat,
Figure 74 is an outline drawing giving overall dimensions of the seat, and
Table XIII is o weight statement with a breakdown of the major components.

Tablo X1, F-106 Ejection Seat Weight Breokdown

Ejectable Weight (Lb}
Seat structure 78. 68 .
Inertia reel with shoulder straps 2.1
MA <5 lap bejt 3.0
Seat-man scparator 3.175
Modified BA-18 parachute pack with C~9 eanopy and .
drogue gun ] 27.0
RPI 2174-518 rocket~catapult - without shell 22.5
USAF survival kit 36,6
173. 53
Nonejectable
Track assembly 25.5
Ballistie hose disconnects 1,75
Seat adjustment actuator 6.1
Rocket catapult shell 2174 6.5
38. 8
Total Weight %12, 38
Ejection sequence schematic diagrams for the ¥-106A and F-106B M

aircraft modified ejection seat escupe systems are shown on Figs. 75 and 76.
A single mode eject sequence is provided for the single place F-106A aircraft,
For the two-place tandem seating arrangement of the F~-106B a two modde
eject sequence is required to ensure that the aft seat always ejects prior to
forward scat ejection to prevent rocket-catapult blast injury to the aft scat
oceupant. Thus, if escape is initiated from the forwurd seat position, the aft
seat occupant is automatically positioned by a powered shouldered harness
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Figure 73. F.106 Modified Upword Ejection Saa:
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inertia recl and is ejected from the aircraft.

cally ejccts one secontd efter cjection of the aft seat, The aft sent may be
{ndepondontly ejected at any time without affecting the forward seat.

Following is the sequence of events that ocnurs during emergency

escape for the F-100A modified upward cjection seat escape system:

Squeezing the handgrip relense trigger and raising efther of the two

ejection control handles on the seat causes the following events:

Locks shoulder harness inertin reel
Causes spring-loaded arm guards to rota” . - :iised position

Releases M3A1 catapult initiator safety lock
Fires canopy unlatch M-3A1 initiator

Firing of the canopy unlatch fnitiator results in the jettisoning of the
canopy.

As the canopy separates from the airoruft, a lanyard attached to the
canopy fires an M3AL Initlator. 'This actuates an M1A1 exactor, re-
leasing a apring load which fires the M3A1 catapult initiator,

4

The catapult {nitiator fires the rocket catapult cansing the seat to be
ejected from the alrcraft,

As the seat travels up the fixed ejection rails it fires the M-32 ouc
second delay lap belt initiator,

Aflter the one second delny, gas pressure from the M=-32 initiator
causes the iap belt and shoulder harness to release, fires the sest-

" man separator ballistic rotary actuator, and actuates the two recond

delay, Weber power-actuated-gun deployed parachute system.

The rotary actuator mounted on the top rear of the seat retracts
straps which are Initially routed behind the pilots parachute pack,
under the survival kit, and attached to the front of the seat bucket,
This forcibly separates the erewman from the secat,

Two seconds after seat-man separation, a modified BA-13 personnel
parachute is deployed by a Weber aneroid controlled deployment gun,
A detailed deacription of the Weber power-actuzted-gun deployed
parachute system is presented in the subsystems section of this re-
port.

The F-106A/B modified upward ejection seats were designed to pro-

vide escope at vero-speed and zero~-altitude, and at all speeds up to 600 knots
IAS at ground lcvel, Developmental and demonstration static und sled tests
have been accomplisned to prove the system capability throughout this speed

range,

Some typical ejection seut trojectories taken from sled test data are

101
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shown in Fig, 77, No special stabilization devices arc provided for the
F-106A/R ejection seats, Trajectory height and low=level recovery capability
of the ojection seat system is dependent upon the seat piteh attitude during
rocket burn time,  Therefore, to uttein adeqguate attitude control, close control
of the seut-man center of gravity relative to rociet thrust line I8 requived.

In the F-106 scut, the lne of rocket thrust {8 adjusted to cause the seal to
pitch aft, thereby attuining a preater vertical thrust component and greater
trajectory helght, Tests have demonsteated that seat=man center ol gravity
variations between the use of § to 95 percentile crewmen nre within the toler-
ance Hmits required for successful recovery,

m. WEBER EJECTION SEAT (T-a7

The T-37 Hightwelght cjection seat was developed and manufuctured by
the Weber Alreraft Corporation for the Cessna Afreralt Company, The T-37
lightweight ejection seat system provides safe escape for a crewmun at ground
level to 40, 000-feet altitude and at speeds Irom 120 to 400 knots IAS, The gen-
eral arvangement of the seat 18 shown {n Flg, 78 ond the mujor installation
dinensions are shown in Fig, 79,

The pre~ejection functions arve {nitiated by raising the arming handles
(leg braces), located on cach side of the seat, to the full up position where they
are locked, This action positions the catapult firing triggrer, locks the shoulder
harness and causes the cunopy to bhe jettisoned, Squeezing the ejeetion triggey
fires the catapult, As the seat leaves the alreraft, the M 12 one-sccond delay
initiator is fired to open the lap belt and release the shaulder harness enabling
the occupant to separate from the seat, (Note: This gent has heen modlfiet to
fnclude seat-man separation capability,) Automatic opening of the BA-15 para-
chute with C-9 canopy {s controlled by an F-1B type purachute timer and aneriod
block which is activated by the oceupant's separation from the seat, When neti-
vated above the preset altitude, the parachute pack remains closed until the pre-
ret altitude i8 reached, then after a one-sccond timer delay, the parachute pack
is opened. Figure 80 is a schematic diagram of the escape system.

A ong-second lap belt delay and a zera-second parachute delay system
is provided for improved low-altitude escape capability., This system makes
use of a detachable zero-delay lanyard attached to the parachute arming knob,
At low ultitude the zero-deluy lanyard is hooked to the parachute ripeord handle

to actuate the parachute Immediately after its separation from the seat, At other

altitudes or at high airspeed the lanyard is disconnected 1o allow the parachute
timer or anerold device to actuate the parachute, The minimum escape alifwdes
for lunding and take-off conditions are shown in Fig, 81,
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F-106 MODIFIED UPWARD EJECTION SEAT

WITH DROGUE GUN DEPLOYED PARACHUTE
EVENTS CODE:

A, ROCKET THRUST BURNOUT

8, LLAP BELT RELEASE SEAT-MAN SEPARATION
C. PILOT CHUTE OPEN

0. MAIN CANOPY DEPLOYMENT

E. FULL LINE STRETCH

F. CHUTE FULL BLOSSOM

TEST NUMBER ! I 11
PERCENTILE 5 95 95
EJECT VEL 315 KN 89 KN 0-0

BURN TIME 0.404 SEC 0.'90 SEC 0.555 SEC

ALTI wuE (FEET)

o

221, 17.0 13.0

700 700 500 300 TH00 T 190 600
TIME ZERO SECONDS

DOWN RANGE (FEET)

Figure 77. F.106 Modifiad Upward Ejection Seat with Drogus Gun Deployed Parachute -
Ejection ond Recovery Trojectories
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Table XIV gives the Hghtweight seat cscape system weight breakdown,

Table XIV. T.37 Lightweight Seat Escape System Weight Breakdown

Item Weight (Lb)
. Seat 62.25
Basic structure 63.00
" Inertia reel and control 2,50
Initiators 2,00
Pilot service disconnect 1.25
Ballistic disconnect .50
Lap belt harness 3.00
Seat ocushion 2,60
Prrachulo assembly 26.00
Boilistic catapult (Mb} 17,00
Fixed guide rail ussembly 14,00
Pilot (50 percentile) 176..00
Personal gear 10. 00
Total Weight 306.76

TRIGGER ON RIGHT BRACE ONLY
%Tﬁ'itl} .

SEAT AD) LEVER

IN “MANUAL LOCK"
POSITION

"AIJTQ LOCK™~
FOSITION

LEG BRACE

KANDLE CONTROL
LOCKED POSITION

LEG BRACE

3 SEAT RAIL
“’ 'EAT BACK

| . SEAT RCF POINT
11} =g, 0 ~»1e§ 720= NEUTRAL POSITION

h-9.75 | 9.75 el

|
~ .

e

a8, 57
o~ 17.14

Figure 79, Weber Lighiwaight Ejection Seat for T.37 - “"IW installation Dimensions !
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)
/— T-37 CANORY CANOPY REMOVER MIA ;
' /
,I EXACTOR MIAI " 11
THRUSTER M3A] \ ‘
INYERNAL CANOPY RIGHT SEAT-WEBER P N 802900
JETTISON HANDLE
EJECTION {
N TRIGGER ;
ARMING ‘
\ F l._._ . W HANDLE ;
l INITIATOR M3 '
LEFT SEAT ,
IDENTICAL
TO RIGHT
SEAT l WmToR |
frmgrey— L 1 ——— |
q
N b CATAPULT M5
- LAP BELT INITIATOR M12
INITIATOR M3 P
EXTERNAL CANOPY JETTISON HANOLE
Figure 80. Schemalic of Escape System ~ T.37 Airplane ;
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n. WEBER GEMINI SEAT

The Gemini escape and survival system consists of an opeu ejection
scat, cjection initiation system, escape hatch actuator system, rockct-campiil\..
erress kit, interrated harness release svstem, seat-man separator. ballute
The system is designed to provide safe escape from the ground to 70, 000 feet
altitude, while the capsule is positioned on the launch pad during boost, and dur-

titude, while the capsule is positionea on thelaunch pad during boost, and dur-
ing gapsule re-entry conditions. While ejection capability is available through-
out the mission, actual usage is determined by the altitude, type of emergency,
system condition, mission phasc, and the astronaut's evaluation of the prablem.
All subsystems and components were designed to function through an ambient
temperature of -65° to 200°F, Figure 82 is a photograph of the seat and the
overall installation dimensjors are shown in Fig, 83.

Two ejection seats are arranged side-by-side facing the small end of
the Gemini spacecraft crew compartment., The seats are identical with respect
to mode of operation, Both systems are initiated by either the pilot or copilot
pulling the cjection D-ring located on the front of an cgress kit which he sits
upon. After initiation, the systems arce completely automatic. However, pro-
visions are made for manual actuation of all subsystems that effect safe recovery

of the astronaut,

Dulling cither seat ejection D-ring results in mechanical and ballistic
actuation of mechanism to automatically perform the following functions: open
escape hatches: cject astronauts, scats. survival equipment: separate astronaut
with survival equipment from seat: provide hail-out oxygen: stabilize astronaut
in free fall: deploy recovery parachute, disconnect egress kit and backboard:
and deploy survival kit, Bclow 5,700 + GO0 fect the time from initiation of the
escape system to parachute deployment is approximately four seconds.

Pulling the D-ring fires an initiator, igniting the MDF (Mild Detona-
ting Fusc) train, which ignites the propellant in the hatch actuators. Latch
tripping plungers release the hateh locks, and as the plungers approach the end
of their stroke, the gas is vented through a port to power the hatch actuator
piston. The first few inches of the piston extension opens the hatches and locks
them in the open position, Further extension of the piston allows the gas to be
vented through a port to the RPI No. 2194-15 rocket-catapult. The initial cata-
pult thrust propels the seat up the fixed rails, and after approximately 38 inches
of travel. the rocket motor ignites and sustains thrust for about 0,23 seconds.
The rocket-catapult thrust is sufficient to propel the cjected mass along the re~
quired trajectory and tree of the capsule prior to astronaut-seat separation ana
parachute deployment,

Movement of the seat up the fixed rails exerts a pulling foree on four
lanyards which are attached to the ¢apsule structure and components of the
ejection seat,  The lanyvards causc the acromed, audio. and oxygen leads to be
separated from the capsule: the 15-minute (1,200 psi) emergency oxygen to be
turned on: supplies a 3.5 psia pressure in the suit: and initiates the harness re-
lease actuator assembly,
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The harness release actuator ussembly has a one-secoud time -'eluy
cartridge allowing the astronaut-seat to attain the required distuance 4longy the
trajeciary before firing the thruster, As the WAC thruster plston exteuds, it
pulls the seat-man separator strap nssembly taut and foreibly separates the
astronaut with the attached cgress kit and backboard assembly from the scat,
During separation, a palling foree is exerted on four lanyards; two of the lunyards
initiate the anerold mechanism of the balluwe deploy and release assemb'y, an-
other lanyard initiates the aneroid mechanism of the recovery parachute drogue
mortar. and the fourth lanyard initiates the avtomatic signal of the radio beacon
in the survival kit,

The aneroid mechanism in the ballute deploy and release nssembly pre-
vents deployment of the ballute {f the emergency occurs below 7,500 & 700 feet
Above that altitude the aneroid mechanisn fires a five-second delay cartridge
which generates high-pressure gas to operate a guillotine to cut the ballute pad
retaining cord and allow spring action to Jduploy the Goodyear four-foot diameter
ballute, Dynamic pressure inflates the co abination ballute and parachute which
stabilizes the astronaut and prevents hira {rom tumbling and/or going into a flat
spin at high altitude, When the astronaut {ulls to 7,500 & 700 .eet, the aneroid
mechanism flres another cartridge operating a guillotine to cut the ballute risers
and release 1t from the backboard assombly, permitting the astronaut to free
fall,

The aneroid mechanism in the .i‘ogue mortar permits firing only at
pl{itudes below 5,700 + 600 feer. The a..eroid mechanism triggers a firing
machanism which ignites a 2,3 sconnd delay cartridge supplying high-pressure
gas to propel the dro:ue slug sut of the mortar with sufficient velocity to forcibly
open the parachute pack, deploy the attached 40~inch diameter pilot chute, and
extract part of the C-9 canopy. Dynamic presaure inflates the pilot chute and
the resultant drag fully extracts the main canopy. I[nflation and drag of the main
canopy prevides a sufe descent rate and recovery of the estrenaut. Gas from the
drogue mortar cartridge activates a five-second MDF thae deloy cartridge. The
time delay allows adequate time for parachute deployment and astronant-egress
kit-backboard stubilization. The cartridge {ires the MDF line rurning to the
MDF monifold assembly where a cap is detonated that fires three high-explosive
capa in the manifold, The caps initiate three MDF lines: one to the inertia reel
strap cutter, one to the lap belt disconnect, and the other to the jotelox release
pin, Action ol the relcase mechanisins causes the backboard and egress kit to
fall from tha sctronaut, When the backbeard falls, it trails a 20-foat line which
is atiached tg the astronaut's parachute harness, The life raft and rucksacks
containing survival equipment are pulled from the two survival kit containers.
Momentum of the two rucksacks triggers a COp velve in the life raft, and the
astronaut ther descends with the survival equipment and the inflated life raft
attached to him,

After a water landing is made, there are three modes of flotation
survival cxisting in the system as follows:

s  Water ¥ings attached to the harness which the pilot can inflate.
e Life raft in the survival kit (primary}.
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o  Space gult may be used to float the astronwuat alter Jt s sealed from water
leakage by o rubber collr which is stored in a poeket on the space suit.

An extensive test program was accomplizhed on the Gemind escape
system, The complete system was fived under the conditions s shown in
Tuble XV, There were a total ol 25 cjection tests eonsisting of 7 sled ejections
at various speeds, 15 simuliuted off-the-puad ejections, nnd 3 ejeetions from the
F-106 at various airspeeds and altitudes,  The test program was devised Lo test
the complete system under virious simulated enteraency conditions throughout
the designed performance envelope,  Typical pe formance teajectories with the
cvent-tine sequence arve shown in Figs, 84 and »5. The seat performancee capn-
bility during the boost and re-entry phase is shown in Fig, 86,

Table XV. Weber Gemini Seat — Ejection Tests

TEST DATE SINGLE DUAL  SPEED (FPS) ALTITUDE {FT)
SOPE 1 7-2-62 X 0 160
SOPL 2 7-17-62 X 0 150
SOPE 3 7-26-62 X 0 150
SOPE 4 7-26-62 X 0 150
SOPE 3 H-3-62 X 0 150
SOPE 6 9-12-62 X 0 150
SOPE 7 9-26-62 X 0 150
SOPFE & 2-7-63 X 0 150
SOPE 9 3-17-63 X 0 150
SOPE 94 5.25-43 X 0 150
SET 2 6-19--63 X 893 GROUND LEVEL
SOPE 10 7-2-63 X 0 130
SOPE 11 7-16-63 X 150
SET 3A §-9-63 X 848 GROUND LEVEL
SET 4 1-16-64 X 367 GROUND LEVEL
SET 5 2-7-64 X 910 GROUND LEVEL
SET 7 7-1-6+4 X 400 GROUND LEVEL
HAET 1 10-15-6+4 X 0 GROUND LEVEL
SET 3 11-5-64 X 943 GROUND LEVEL
SET 8 12-11-64 X 872 GROUND LEVEL
SOPE 12 1-16-65 X 0 150
HAET 2 1-28-65 X 693 15,700
112
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Table XV. Weber Gemini Seat — Ejectinon Testy (Cont)

TEST DATE SINGLE DUAL SPEED (FP%) ALTITUDE (FT)
SOPE 13 2-12-GH X 0 150
HAET 3 2-12-66 X 1.72 M 10,000
SOPE 14 3-6-65 X 0 150

SOPE = SIMULATED OFF PAD EJECTION (NOTS TOWER)
SET = SLED EJECTION TEST (SNORT - NOTS)

HAET = HIGH ALTITUDE EJECTION TEST (EL CENTRO F-106)

The accelerations imposed on the dummy occupants during the tests
were measured to be approximately 12 g average, with 4 peak of 20 g during the
catapult stroke. The accelerations measured during rocket burning were, in all
tests, of a lower magnitudc. Performance of the escape system during the test
program was successful, and it was accepted us operational Gemini equipment.

Table XVI gives the seat weight breakdown,

Table XVI. Weber Gemini Seat Weigh! Braakdown

Ejectable

Seat structuye

Integratcd harness release system

Seat/Man separator

Backboard and survival gear

Egress kit assembly (including oxygen)

Egress kit cushion, back cushion, and
pelvic block .

Lap belt and strap assembly

Parachute assembly

Ballute assembly

Survival system

RPI 2194 rocket-catapult

}
Nonejectable

Track assemhly .
Rocket-catapult shell 2194

Total Weight
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Weight (Lb)

54.90
7.10
3.40

18,80

20,26

6,53
4.23
17.55
8.00
22,05
23,00

184,81

[ X3
Do
o R

(4
>
o

«d
(-4
=
.

@
—

Tnda

®
()

=~

)



SHAFEED

ELEVATH

DOWN RANCE (FEET)

SYSTEM TOTAL WEIGHT:
15 PERCENTILE DUMMY 370 LB
79 PERCLNTILE DuMMY 410 LB

15 PERCENTILE DUMMY

400

i - //;:’:*?‘\\\\:

L

o E 75 PERCENTILE DUMMY

ol -~

15 PERCENTILE
0 ' DUMMY o
o § MAIN CANOPY INFLATED' -
o}
* 75 PERCENTILE DUMMY

300 Er A vaAN

SEPARATIO

[ S L A 2 [ 1 L L Il

A
o 1 2 3 4 5 & 7 8 9 b 10 12 .13 M I5

TIME (SECONDS)

Figure 84, Weber Gemini Escope System Test Trajectories Simuloted Off Pad Ejection
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15 PERCENTILE DUMMY TOTAL SYSTEM WEIGHT 370 LB
SLED VELOCITY 520 KEAS

15 PERCENTILE DUMMY TOTAL SYSTEM WEIGHT 40
SLED VELOCITY 210 KEAS BL8

e
[¥S]
£ 0
i | ~_
g Lsoof 15 PERCENTILE DIIMMY
a
o 1L000) K—
Z s | // 75 PERCENTILE OUNMY
e 0 4 | i A 1 L | 1 L J
HARNESS RELEASE ACTUATOR LANYARD PULLED
o 0 chure FULLY INFLATED
[
£ 150
2, 75 PERCENTILE DUMMY
< 10 DROGUE
2 GUN FIRED /S PERCENTILE DUHY
w50 SEAT-MAN
SEPARATION
L ' ] 1 g2 1 1 I L -y _h
b2 3 4 5 6 7 8 9 10 1
TIME (SECONDS)

CATAPULT INITIATION

Figure 85. Waber Cemini Escape System Test Trajectories ~ Varisus Sled Velocities
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ALTITUDE (1000 FEET)

100
EJECTION CEILING
FOR BOOST PHASE
0 (SECONDARY ESCAPE)==
4
) CEILING FOR
VARR EJECTION AS
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N | Escare—
ONE-BOOST My | )
. EJECTION CEILING / N \\
FOR RE-ENTRY / \ | /
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) —7 I/ )
¢ )4
LAy P
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- .
]
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/f
—_l
0
0 X0 40 600 800 1000
. o . DYNAMIC PRESSURE,, 4 (LB/SQ FT). )
0 1 2 3 ' 5
MACH NUMBER , M,
Figure 86. Weler Gemini Escape System Seat Performance Capability
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0. WEBER DYNA-SOAR SEAT

The Dyua-Soar escape system consists of an open ejection seat, seat
adjustment mechamsms. rocketecatapult, powered inertia reel, body restraint
system, leg and arm supporvts, seat-man separator, parachute system and sur-
vival kit, A photogr=ph of the syster i3 shown in Fig. 87 and the overall
installation dimensions are shown in Fig, 88,

Ejection sequence is initlated by uctuating a two-handed ejection con-
trol located on the front edge of the seat bucket and extending upward between
the pilot's legs. A schematic of the ejection and timing sequence {8 shown in
Fig. 89, When the ejection control is pulled toward the pilot the seat recline
snubber is unlocked and the inertia recl Initiator is fired. The hatch is jetti-
soned, removing the safety pin and allowing the catapult initintor to be mechan-
ically fired, Gas from the inertia reel cartridge operates the reel and foreibly
puils tha pllot back inte the confines of the movable scat back and the seat back
to the full aft position. Aocceleration of the seat back is controlled by the seat
back snubher as 1t is moved to the cjection poaition, After the pilot and seat
are properly positioned, the rouket-catapult fires and propels the seat up the
fixed rails. As the seat moves up the rails the arm guarde are rotated inward,
the chaff dispenser .8 opened, and the 0. 75-gecond delay integrated hamess
release Initiator is fired. When the harness release is openad, the seat-mun
separator initiator i5 fired and, as the man separates from the seat, the auto-
matic parachute timer is actuated. The recovery parachute is deployed at or
below 14, 000 feet altitude after a one-second delay.

Table XVII gives the seat weight breakdown,

Table XVI, Weber Dyno-Soar Seat Weight Breakdown

Weight (Lb)

Ejectable

Seat structure ' €5.5
Parachute pack (B-5 with C-9 canopy: 22.3
Survivel kit and equipment 40.0
Pivoted seat back “"_’
Frankford arsenal XM10E1 rocket-catapult 213
Pressure suit fittings and emergency oxygen Lo
191. 6

Nonejecinable
Fixel cail assembly 1.8
Rockcet-catapult shell and brackat 4.7
_24.6
Total Weight 216.1
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Figure 88. Weber Dyna-Soar Sect — [nstallation Dimensions
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Performance analysis of the system was conduceted utilizineg the weber
Abreeaft Analog Computer Faellity, The caleulations indicated the system
would provide sale escape (rom zero-gpeed to 313 knots (900 pah) at sea level
and at Mach (0,8 at 50,000 Jeet altitude,  The analysts also indicated the accelor-
atlon loads fmposed on the pilol were well within human tolerance Hmits when
eseipe was indtiated during simalated conditions within the Dyna-S8owr perform-
ance envelope,

p. WEBER LUNAR LANDING R ARCH VEHICLE SEAT

The LLRV escape system is comprised of 2o open ejection seat, pilot
restraint system (without inertia recl), mocket-citapult, scat-man separator,
and drozue pun deployed parachute system. The scat is shown in Flg, 90 and
the overall installation dimensions aie shown in Fig, 91,

Escape system {uitiation {s accomplished by pulling upwiard on a D-
ring handle mounted on the front of the seat bucket to mechanically five the
catapult initiator, Initial movement of the seat up the fixed ralls fires a one-
seeond delay initiator to release the pilot threo-polint restraint system and fire
the seat-mun sepasator, The rocket motor b5 ignited as the sent leaves the
Fixed rails and continues to supply thrust for approximately 0. 25 sceonds,

. As the restraint system releuses arve opened o one-second delay dropue
pun initiator in the personnel parachute pack is fired. The dropgue gun firves at
approximately peak trajectory and deploys the 23-fout at eireular parachute.

Emeoergeney ground egress or "over the side ballout” ts accomplished
by pulling uprward on the ditching handle located on the right side of the seat
bucket. Movement of the ditehing handle releases lap belt and shoulder re-
stradnts and disconnecets the parachute lanyard to permit exit of the pllot with
parvichute from the scat.  The parachuie must now be deployed in the normal
manner by the manual rip cord which overrides the automatic drogue powered
system,

Survival equipment, emergency oxygen, flotatlon systom, and stabili-
zation devices are not provided in the escape system,  Stabilization of the seat-
man was attempted by keeping the recket thrust line near the center of gravity.

The seat has been tested in various attitudes of roli, yaw and piteh
from the static position, These tests were conducted by the Weber Aireraft
Test Laboratory and the system performances were satisfactory, meeting
the requiremenis of the NASA gpecification, During the three tests conducted,
the statle cccontrieity of the rocket thrust lne varied from 1,70 to 1, 83
inches below the CG while the rocket thrust lne wias 49 degrees 35 minutes
forward of the rocket centerline,  The test sequence timing of events are
piven in.Tables XVIIT, XIX ond XX for various sceat attitudes from the static
position, Table XXI gives the seat weight breakdown,
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Figure 91. Weber (LLRY] Sect - Installation Dimensions
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Time

{Seg).
0.9

0.563
1,069
1.337
2,120
3,037
6,100

Table XYIlI. Weber (LLRY) Escape Sysitem Tining

Seat {in Normal Upright Position, Zero-Zero Condition
Total Ejectable Weight 294, 8 1b, Dummy’s Weight 182 ]b;

Elev,

{EY |

Bvent

Firing switch is pulled and rocket-catapult launch
launch stage fires

Rocket burnout

Start of veat/man separation cycle

Seat/1an separation

Drogve gun fires personnel chute

Peak trajectory

Dummy's parachute fully inflated

Toble XI1X. Webear (LLRY) Escaope System Timing

Seat Rolled 30° to the Right from Vertical Attitude Zero-Zero Condition
Total Ejectable Weight 278, 6 1b, Dummy's Weight 172,5 Ib

Time
{Sec)

0.0

0,687
0,858
1.072
1.992
3,372
6.012

Elev
{FY

¢

36
60
84
148
187
106

Event

Firing awitch is pulled and rocket-c.uapult launch
stage fires

Rocket buraout

Start of seat, man separation cycle

Seat/man separatton

Drogue gun fires personnel chute

Peak trajectory

Dummy‘s parachute fully inflated

126



. -
®
@
»
. ()
Toble XX. Weber (LLRV) Escape System Timing
Seat Pitched 30° Forward from Vertical Zero-Zero Condition R »
Total Ejectable Welght 268 Ih, Dummy's Weight, 178 1b
Time Elev.
(5eq) (R Event
0.0 (! Firing switch Iy pulled and rocket -
catapult launch stage fires e
0,835 a6 Rocket burnout
1.102 47 Start of seat/man scparation cycle
1.500 60 Scat/man separation
2,220 11 Drogue gun fires personnel chute
2.360 72 Peak trajectory
* 17 Dummy's parachute fully inflated
|
*No data recorded,
]
. . ] ®
Toble XX1. Weber (LLRY) Seat Weipht Breakdown
Installed Ejectable  Nonejectable
. Weight (1b)  Weight (Lh) _Welght (Lb)
14
Seat assembly 35,0 35.0
Delay initiator 1. 06 1. 06 »
Scat-man separator 3.26 3.28
Lap belts 2.00 2.00
Cushion 2,25 2.25
Fixed rail 10,72 10,72
Catapult {nitiator 0. 35 0.35
Rocket-catapult 18, 26
Parachute assembly 24, 75 24,75 °
Catapult housing 3.256
Pilot assembly
\75 percentile) 176, 00
Clothes and harness 10.00
Rocket (1/2 burned) __9.5%0
Total Weight 97. 63 263. 81 14. 32 . ’
Note: These are actual weights
®
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q. B-62 UPWARD EJECTION SEAT

The B=52 airplanc upward ejection seat escape aystem has undergone
various Improvements by production changes and retrofits. Some of these Im«
provements were Incorporated as a result of the eirplane mission being rede-
fined to fnclude low=level flight, This desceription of the B-52 airplane upward
ejection seat eacape syatem is bascd on the latest system configuration.

A Weber-Iailt, conventionia) halllstic catapult-powered, open-type
upward ¢jection scat, and an automatically jettisoned overhead escape hatch (s
provided for cach of the four crew members on the upper deck (pilot, copilot,
EW officer, and gunner), There nre no system interconnections between ata-
tions. The pilot nnd copilot ride and ¢ject facing forward, and the EW officer
and gunner ride and eject facing aft., Figure 92 shows the seat, Fig. 93
identifies the components, Fig. 94 shows the system schematie, Fig. 95.
shows the seal envelope, and Table XXI1 shows the weight breakdown,

Table XXIl. B-52 Upward Ejection Seot Weight Breakdown

Welight
(Pounds)
Nonejectable 33
Fixed rails 28
Ballistic items 2
Miscellaneous N
hardware
Ejcctable 119
Scat bueket with
fnertial reel 9o
Catapult 256
Ballistic items Q
Harness o
Mian and Fquipment 251
Fifty percentile man 147
Clothing 10
Survival kit 47
Parachute 27
Total Welght (L jected) _ 370
Total Welght 403
127 }
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CATAPULT SAFETY
PIN-PULL INITIATOR

TUBE DISCONNECT

,-(D

INTEGRATED HARNESS ™
RELEASE INITIATOR

INITIATOR
FIRING LEVE
FLEXIBLE

ORIVE
CABLE

SAFETY PIN  omemd
STREAMER

SAFETY PiN KO, |
STOWAGE POUCH

? ® 22 CHAFF DISPENSER

1 JETTISONABLE RAILS
2 FIXED RAILS
3 POSITIONING ACTUATOR
4 HEADRES
5 UPPER HARNESS ATTACHMENT FITTING
6 SEAT BUCK
I PARACHUTE
8 CATAPULT SAFETY PIN-PULL CYLINDER
9 ARMRE,T
10 CATAPULT TRIGGER
11 UNLOCKING LEVER
12 ARMING LEVER
13 SAFETY BELT
14 INERTIA REEL MANUAL CONTIOL
15 SURVIVAL KIT
16 LEG SUPPORT
17 SEAT POSITIONING SWITCHES
18 ARMKEST RELEASE TAB
19 SURVIVAL KIT RELEASE HANDLE
20 HARNESS ATTACHMENT FITTING
21 INERTIA REEL (HIDDEN)

SURVIVAL KIT BUCKLE &

NGTE ® 373 '
Leg swport shown in extended position for
claity,

Pilol seal shown; copilol, EW officer, and
Qunner seats sinilar except as noted,

Figure 93, B.52 Upward Ejection Sear
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*FLOT™S AND COPILOT'S SEATS ONLY
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Figure 94, B.52 Upword Ejection Seut Schematic
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Figyre 95. B.52 Upward Ejection Se~t Envelope
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Euach seat consists of a seat bucket, three electrical seat hucket posi-
tioning actuators, jettisonuble rails, fixed roily, and chaff dispenser, The seut
bucket is equipped with a spring-powercd incrtin recl, stowable armraosts,
headrest, ejection controls, leg support plate, and lap helt, and contuins u glo-
bal survival kit and personnel parachute. The jeitisonable rafls are roller-
mounted to the fixed rails, wh'eh are instalied 13 deg.ees from vertical Inr
aft-facing seats and 17 degrees from vertical for forward-facing seats. The
seat hucket is anchored to the jettisonable rails tirough three positioning actua-
tors. The horlzontal posiiloning actuiator provides o maximum of 2,80 inches
travel, the vertical positioning actuator provides a maximum of §, 40 Inches
travel, and the tilt actuator provides a maximum of plus or minus 4,76 degrees
adjustment from rail angle. Uhe actuators arve independently oporable, but one
sct of jnckscrews on the tilt actuator is cable-driven from the horizontal posi-
tioning actuator to climinate seat hucket tilt during horizontal adjustment.,

The crewmember sits on the global sirvival kit located in the scat
bucket and is strapped to the survival kit and to his parachute. He is socured
to the seat by hia parachute harness and a nonautomatic lap belt. Thé pura-
chute harness shoulder straps attach to the inertia reel through a releaso fitting
on the harness tabs, The belt is attached to the seat by relcasable hooks, The
seat armrests may be stowed for erew conifort or for {acilitating crew move-
ment. ‘The parachute has two lanyarde for controlling deployment. One lanyard
runs from the ancroid timer in the parachute pack to the lanyard attachment
point on the left hand side of the seat bucket as shown on Fig. 94, and remuins
connccted throughout the flight, ‘This lanyard actuates a one~-second delay from
seat-man separation hefore parachute deployment at altitudes below 14, 000
feet (the aneroid feature prevents parachute deployment at higher altitudes).
The second lunyard branches from the first and hos a snap hook for attnchment
to the parnchute manunl deployment handle as shown in Fig. 93. This low-

level lanvard, when conneeted, pulls the parachute rip cord during scot~man
sepiaration,

Eljection is nccomplished by 1ifting both armrests to the unstowed posi-
tion (if they aren't already up), rotating cither ot both arming levers up, and
squeezing the teigger in either arming lever. Rotation of either arming lever
locks the inevtia reel, extends the leg gunrd plate, stows the control column
von pilot and copilot scats), and jettisons the hateh, Hateh jettison fires nn ini-
tiator that provides the gus pressure for automatic catapult safety pin retraction,
(The catapult safety pin bas a handle for manual pin retraction nlgo.) Squeezing
the trigger fires the catapult, and as the seat moves up the rails the one-second
delay, integrated harness release initintor is fired, This lndtiator provides the
energy to release the restraining harness frem the seat, and perimits the scat
and occupant to separute, Man-seat separation actuates the parachute paek
deplovment system, The parachute is deployed by a spring-loaded pilot chute
thu¢ pulls the recovery parachute from the pack. After the parachute s inflated,
the crewmember may pull a handle on his survival kit to cause it to fall below
him, where it is suspended {rom his parachute harneds; the life raft then is in-
flated,
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Performance of the B-52 upwared ojcection scats hns heen demonstrated
by sled tests conducted nt speads from 191 to 444 KEAS, Digital computer ox-
trapolation of test data resulted tn predieting full recovery during ground level
cjections at airspeeds from 120 (o dii KIAS with the low-level parachute de~
ployment lanyard connected,  Without the Jow-level parachute deployment
lanyard conncuted, at feast 125 feet altitude above ground {8 required for full
recovery., Figure 96 <hows the flicht conditions for which low -level lanyard
is, and is not, commn‘\mulurl. Firures 97 and 98 show computer predicted

teajectories,

The sled tests vevealod that the B=G2 upward ejection seats tumble in
flight, primarily because the oo tapult stroke length exceeds the guided redl
length, thua imparting u rotational velovity to the seat, The tumbling facilitates
scat-man separation, Also, the sled tests showed that spinal accelnvation
during catapult stroke was less than 20 ¢, Seat pitch rates nnd dummy spinal
arcelerations recorded during 193 and 437 knnts equivalent afrspoed tosts are

shown in Fig., 99.
2, ENCAPSULATED SEATS

&, GOODYEAR ENCAPSULATED SEAT

The Goodyear encapsulated scutl resulted from a research and develop=
mant program conducted under an Alr Force sontract for the {nvestigation of
esoape capsule systems for a hypotheifcal multiplace ajroraft, This program
covered the preliminary design and dynumic model and wind tunnel model test-
) }{:gt ot4 an individual escape capsule, A report of the program is presented in

el, 2. )

The Goodyear cncapsulated seat vseape system 15 desigred to provide
safe escape over an aircraft performunve envelope having a maximum equivalent
airspeed of 800 knots through an altitwle runge from sea level to 65, 000 feet, and
at Mach 4, 0 from §E, 000 to 100,000 feet with a flight duration of 3v hours. The
capaule will provide saf: cscupe at a 150 knot speed under landing or takeoff,

The system design pevformance capabillty is shown in Fig. 10C¢. The general
arrangement of the capsule is shown jn Flg, 101,

A echematic of the pre-cjection and ejection scquence i8 shown tn Fig,
102, If an Inflight emergency develops, lifring either handgrip initiates erew
restraint, closing of cupsule doors, and pressurization of capsule, Abandon-
ment of the aircraft {8 accomplished by squeezing either or both of the ejection
triggers, Three ballistic subsystems muke up the complete automatic sequence
with two manually enerated ballistic subsystems supplemcating the automatic
system, Thoese subsystems are the proe-ejection system, emergeney cjection
system, ballistic recovery system, mununily oparated water and ground landing
functions, und munudlly operated door opening system,

A solld propellunt rockel engine (Frankford Avsenal No. XM7) s
utilized to eject the cupaule from the alveralt, The rocket is 23 inches long by
8 faclhies diainetor and provides a thrust of 9000 pounds in 0, 075 second, lasting
for an additional 0,625 sccond for 4 total impulse of 6000 pound-scconds, The
rate of onset of acceleration imparted (o the capsule is approximately 200
g/sceond.
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Figure 96. B.52 Upward Ejection Seat Lanyard Attachment Flight Conditicns
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The ground impact device consists of a buffer bug attached to the
bottom of the capsule, The bag is constructed of nylon-woven Airmat fabric
which is coated with neoprene gum, Preset pop-off valves allow metering of
the air from the bag during the compresajon cycele, .

The flotution system consists of two float bags, a COg cylinder, two
chemical eylindars, a mixing valve, and associated plumbing, Each bag is
infiated by polyurethane foum to 6 inches diumcter by 24 fnches long, In
addition to the flotation bags, a sct of curtains iy provided to increase the
capsule freeboard when the doors ure open, Fig. 103 shows the capsule with
flotution bugs inflated during flotution and habitability tests,

Preliminary investigations involving wind tunnel tests and static and
dynamic analyses were accomplished to evaluate three favorable stabilization
configurations, These consisted of: 1) trailing drag bedy, 2) Inflatable spheres
located at the ends of a pair of telescoping booms, and 3) a fin stability system.
Each system provides static and dynamfe stability in pitch, and, with modifica~
tion of the initial concepts, provides static yaw stability. Therefore, the
sclection of the stab{lization system was based on weight, volume, and com-
plexity considerations. As a result, the trailing drag body concept was
selected. Of two trailing drag body concepts considered, a parachute system
offers lightweight and well-proven deployment techniques, but does not possess
predictable drag and inflation characteristics above Mach 1.5. An inflatable
drag body corrects these deficiencics and was therefore selected for the final
analysis, although some penalty in welght and stowage volume results, Figure
104 shows the inflatable drag cone and attachment geometry, The drag cone

congista of a fabric membrane attached to inflatable tori and may be deployved
in 2 reeied condition,

The stabilization and recovery system consists of three basic stuges:
1) the stabilization drag body, 2) a second-stage conical ribbon parachute, and
3) a 35-fool diameter extended skirt main recovery parachute which is initially
deployed in the reefed condition, The deployment sequence and timing of the
various stages |s dependent on altitude and airspecd at the time of escape
initiation. Figure 105 gshows the drag arcas for the various stages and indicutes
the deployment and aisreefing sequences for the various escape conditions,

The calculated pitch stability characteristics, capsule trajectories
relative to airciraft fin, capsule trajectories relative to the ground, and trans-
verse and longitudinal accelerations on the capsule occupant for ejections at
Mach 1,2 and 301 knots at sea level are shown in Fig, 106 through 109. These
conditions represent the maximum design dynamie pressure condition and the
lowest sea level veloeity where all three stages are acting.

Table XXIII gives the system weight breakdown.
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Figure 103. Goudyear Encapsulated Seat during Flotation and Habitability Tests
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Yable XX1II, Goodyeatr Encapsuloted Seat Excope System Welght Breokdown

Item Weight (1.b)
Shell 448, 1
Side plates 17. 4
Scat assembly (including recompression, air and
emeorgency oxygen systema, survival drinking water) 43.0
Upter doot 2.8
Middle deor 34,7
lLower door 38,9
Brake system 13.0
Scal Installation 4.5
Survivial equipment 70.0
Fool retracting mechanism 3.0
First-atage drag body 10.5
Second-stage parinchute 6.7
Min recovery parachute 20,0
Sequencing hardware 18,7
Stahtlizntion frume nssembly 67.6
Buffor bag 10,0
#lotution aystem 7.7
Rocket 60,0
Mun with clothing 200.0
Total 689. 4
o N DISREEFED FIRST STAGE (LARGE CONE) DEPLOYED ] ' \
O SECOND STAGE PARACHUTE DEPLOYED 4
7 MAIN PARACHUTE DEFLOYSD Lo {
500 [ e T RNOT CONDTTION — -
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Figute 108, Goodyeor Encapsulated Seat — Escape Trajectory ot Sau Level
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b. NORTH AMERICAN 3-70 ENCAPSULATED SEAT

There are two crew stations, side-by~-slde, In the XB-70A alrplane,
Each cvewman Is provided with an cncapsulsted seat (Fig. 11¢) for emergency
escape, Upon entering the seat, the crevwman connects the one~point oxygen
and communication lead and the torso~hip restraint harness at two fittings,
Other than these devices, there {8 o tie to the occupant.

The major subsystems Incorporated in the escape capsnle axe the
rocket catapult, torso rcstraint, stabilization booms and parachutes, pressuri-
zation system, and reccvery system. The seat is 20 inches wide at the hips
and 21,25 inches wide at the elbows and shoulders. Figure !11 shows the over-
all installation dimensions and Table X3V shows the weight breakdown of the
capsule. To reduce fatigue during flight, arm rests are provided ard the seat
may be reclined, electrically raised and lowered, and the under-thigh surface
may be varied,

The seat occupant in normal flight (Fig. 112) sits well forward of the
capsule shell and is abla to perform flight dut.es unrestricted. Actuation of
either of two control levers ballistically retracts the seut and crewman into the
shell, closes the clamshell doors from top and bottom, and pressurizes the
capaule., From this position the pilot can monitor the instrumeutspanel snd
coatrol the airplane, or he may eject by squeezing one of twc triggers at his
side. The retracting-enclosing sequence raay be performed alternately by
hand and may be reversed to restore the crewman to his usual position,

Operation of either handgrip trigger jettisons the individual overhead
hatch and, in Bequence, ejects the capsule by firing the rocket-catapult, which
produces an impulse of 4500 pound-seconds, Within one~tenth second after
ejection, a palr of eylindrical booms rotate and extend to a length of nine feet
from the capsule back. imparting medium- and high-speed aerodynamic
stability to the capsule. A photograph of the capsule in flight during rocket
burning ie shown in Fig. 113. For increased stebility during low- speed ejec-
tions and for free-fall, a parachute deploys from each boom tip 1.5 seconds
after extension. Thc main recovery parachute ia deployed 1.9 seconds after
ejection below 15,500 feet; if above 15, 060 feet, the parachute withholds
deployment until the capsule descends to this altitude. A radio homing beacon
is actuated upon parachuie deployment. To reduce opening loads and to ecsu:e
uniform inflation, the 34.5-foot yolid canopy with 10 percent extended skirt
parachute is recfed for two seconds. A cautionary light illwninates within the
capsule at 15,500 fuet to inform the occupant that parachute opeining altitude
has been reached and deployment may be initiated manually, if necessary.

During degcent the capsule is in an upright attitude, as shown in Fig.
114, and contucts the ground or water in this position. Onc gecond after main
parachute deployment, a biadder inflatcs from the bottom of the capsule to
attenuate landing loads and, In corijunction with the stakilization boomas, to
bring the capsule to a rest position affording rapid exit. The occupunt may
collapse tke parachute to avold dragging the capsule during high winds. Egress
can be accomplished by raising the upper door or by explosively separating
both doors.
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Table XXIV. Morik Americon B-70 Encopaviated Seat Waight Breakdown

Crprule structure

Seat

Catepult tnner tube and nropellant

Stabiilzation hooms

Recovery parachute ‘natallstion
(parachute = 31 pounds})

Oxygen {asteilation

Impact attenvator installation

Carf “idge dovices, hoses and titlings

Miscellaneous (capsulue)

Clothes and personnel equipment

Survival gear

Catapult outer tiube
Ejection 3ails
Miscellaneous (alrpiane)

Ejectable Weizht
None!ectable Weight
Tnotal Installed Weight

Crewmember Weight (Lb)

5 Percentile 134

50 Percentile 162

95 Percentile 200
152

Weight (Lb)
Ejectahle

Weight (Lb)

205
67
38

102
a8

a6
17
24
33
12
27

601

664

Nonejeotable

13
3G
14

63
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All gurvival equipment is readily availuble to the scated occupant
within the enclosed capsule. The cquipment is stowed in two contniners heside
the erewman's hearl and n an uaderseat compartment. After water landings
the capsule floals stably in the supine position, allowing the erewmun to scan
the horizon and sky through the three capsule windows while awailing rescuc,

A complete developmental and qualification test program was accom-
plished on the capsule and the capsule subsystems, The complete system was
demonstrated in 32 ejection tests which simulated escape conditions covering
the complete XB-70A (light envelope. Nineteen ejections were aceomplished in
flight, eleven from sleds, und two from a static ground position, Typlcal test
trajectories demonstrating the system's capability are shown in Fig, 1.5, The
event-time-sequence history recorded during a 93 KEAS test wag as follows:

Event Seconds
Ejection initintion 0.0
Cupsulc flrst motinn 0, 22
Tripper actuation 0, 145
Stabilization booms unlock 0,173
Upprr roller tipoff 0,177
Catapult tube sepatation 0,195
Center roller tipoff 1, 1906
Lower roller tipoff 0,214
Stabilization booms fully rotated 0,227
Stabilization hooms fully extended 0, 264
Rocket cutapult burnout 0,43
Stabili zation hoom parachute caps fired 1.83
Recovery parachute lid firved 2.27
Impact uttenuator door jettisoned 3.56
Recovery pacachute line stretch 3.70
Recovery parachute recfed onen H,47
Impact attennator fully inflated 5,96
Recovery parachute disrecfed 6. 85
Recovery parachute fully open 7.08
Capsule touchdown 11,05

Capsule uccelerations are moderated by aerodynamic characteristics,
recovery parachute reefing, and by the gas-filled bag landing impact attenuator,
The most severe conuitions result in maximum foree applicntions of 21 o seal~
to-head and 15 g chest-to-back during ejection of a 5 percentile occupant uat
maximum indicated afrspeed. Accelerations experienced during and {mmediately
following capsule ejections during a low- and high-speed sled test are shown in
Figs. 116 and 117. Since the cjected capsule trims aerodynamically at an angle
clogse to the zevo Llift attitude, the varciations in vertical accelerutions nrve small
with changes in airspeed. During deployment and inflation of the recovoery par-
achute a maximum of approximately 11 g (at reefed open time) was recorded
with force applications from secat-to-head predominating, Touchdown upplicd
forces, recorded by instrumentation ncar the mass center-of-gravity during
water entry, peak to 7 g seat-to-head and 4 g chest~-to=hack and lateraily,
while accelerations upon drifting contact unto decomposed granite and vertieal
approach auto concrete reach maximums of 12 g seat-to-Yead and chest-to-bick
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with 6 p laterally. Tmposition of o 16-knot wind dreift onto conerete roises
maximum to 19 p scat=to=head and 9 g chest=to=back and Iateraily.

The encapsulnted seat will provide sate escape throughout a gpecd
ronge from 99 KEAS Lo supersonfe and from ground level to altitudes exceeding
100,000 feet, The eseape system's eapabtlity envelope is shown in Flg, 118,

By addition of an altepnative manual control and/or a speed-altitule sensor, the
XB-70A encopsulated sent can be eastly modified Lo achicve safe escape at zerp-
speed, zero-alijtude,

¢, STANLEY B-i8 ENCAPSULATED SEAT

The B-3% encapsulated seat was developed and manufactured by the
Stanley Avintion Corporatlion under Afr Foree contracts for the Convair
Division of General Dynamles Corporation, Development of the eneapsulated
seat eseape system began in seplember 19538 and consisted of the following
vstem testy:

5 gtatie fivings; one from n B-08 nireraft, and the vemainder from test vigs,

2 drop tests from o halloon pondola at 8N, 000 feet,

s 33 single cjections ind 15 dunt ejections from a rocket propelled sled,  The
sled test veloeities ranged from 97 knots to approximately 690 knots,

¢ 13 or mure ¢jections from a production B-38 alveraft ot conditions from
100 knots taxiing on the runway w Much 1, 6 at -5, 000 feet,

e 14 drop testy from o B-47 nireraft at o maximum altitude of approximately
47,000 feet,

o 104 slow-speed reliability drop tests from o T-28 niveraft,

The B-58 encapsuluted seat escape system provides safe eseape for a
crewman at speeds up to 600 knots at sea level and up to Mach 2.2 at altiiudes
up to 80,000 feat, Ground level eseape iy provided at speeds between 100 and
286 knots. The escape capability Is,shown In Fig, 119, A proposal for zerg-
zero capability Is presented in Ref. . The encapsulated seat dimensions are
shown in Fig, 120, The arrangement of the encapsulated seat is shown in
Fig. 121,

The B-58 capsule functions much like an open ejection senat during
normal flight, except that a pressure sujt is not worn by the occupant, If pres-
surization is lost, the crewmember pulls a handle, aleng either side of the seat,
to initiate encapsulation and pressurization, The alrplane mav be flown, from
within the encapsulated seat, down to lower altitudes where pressurization s
not required, using basic controls contained within the eapsule. Encapsulation
may be reversed and repeated.  Escape is initiated by pulling either trigger
under the pre-cjection handles. This results in jettisoning of the canopy. The
capsule is boosted by a rocket~catapult, and stabilized by a drogue parachute
und fins attached to a frame to provide adequate moment arm, An initirlly
reefod recovery parachute is deployed after a suitable time delay for speed
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deeay or to allow the capsule to deseend to below 15, 000~foat #titude, Tanding
impact 18 absorbed by two yielding metal cylinders plus cutting of flanges by
the stabilization frame ling, which are retracted to the landing position after
recovery parachute deployment.  Four flotation booms nugment buovaney in
cage of a water landing, The sequence of events during ¢jectlon and recovery
s shown in Fig. 122, The escape sequence times are summagized in Table
XXV. A systems schematic is8 shown in Fig, 123.

Table XXV, Stenley B-58 Encapsulated Seat Operation Sequence Times
Delow 15,000 Feet

Maximum Time

Flotation hooms projoect

12.632

166

—{Scconds)
Pre~Ejection
Handle pulled 0.0
Legs voetract 0.6
Doors close 1,0
Cuapsule pressurizes 7.0
Ejection
Trigger pulled 0.00 ———r
Cunopy jettisons 0,04 o
Catapult fires 0.36 - . 30, 06
Stahilization chute deploys 0,495 :_[13" 164 L 17-,20
Rocket fires 0,524 =" g9l £
Pattery ol switch teips 0,652 t
Cupsule full emergence 0. 56 -
Stabilizativn
, 021415
Stabilizavion Trame thrusters five 0.576 02:)0:; '
Frame treips recovery aneroid 0.582 015 !
Froame trips oxygen system 0,591 =t=—=2* 057
Frame completes rotation 0.633 s 4
Rocket bupns out 0, 924 1,552, 5"
Recovery
Recovery chute deploys 3,232 51,0
Recovery chute lines stretch 4,232 ,)“(}3 -
Recovery chute disrects 6,832 — L 2230 | 52207
Recovery chute anchor relenses 10, 232 5T LA
Capsule repositions 11,232 —L8-1.5 1.3 } 22200
Stabit{zation frame repositions 11,532 . ¢
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INTERIM RECOVERY CHUTE
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m UNITS ARE FIRED
———
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AUTOMATICALLY INFLATED BY
MANUAL PARACHUTE RELEASE

LOWER FLOTATION BLADDERSG MAY
AE MANUALLY INFLATED

Figure 122, Stonley B<58 Encopsulated Seat — Ejection and Recovery Sequence
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Accelerations ol the capsule reach & maximum of approximately 29 g
in o teansverse direetion and approximately 25 g in a lateral direction at
T00 KEAS, The nominal spinal accelerations imposed on o 50th percentile
mun by the catapult are approximately 13 g, which will vary depending upon
temperature, bateh tolerance, and weight of the man,

The capsule eseape trajectory relative to the ground during a low=-speed
test at Fdwards Alr Porce Base 1s shown in Fig, 124, The capsule escape
trajectories relatlve to the aireraft during tests at Edwnrds Afr Foree Base and
Hurricane Mesa, Utah, for low, intermediate, and high speeds are shown in
Figs. 135, 126, and 127,

Table XXVI gives the seat welght breukdown,
Table XXVI. Stanley B-58 Encopsulated Seat Waight Breckdown

Weight
lem, (Pounds)

"Bare" seat 150.5
Structural less chute and stick boxea
System plumbing
Scat, actuator and inertin reel

@

s
oo
(=R I RN N

Wiring
Miscellaneous pnint, glue and filler
Disconnect
Catapult 1
Door installation and curtain 6.6
Door installation 63.0
Curtain installation 3.5
Surviva] gear and attachments 52.6
Precjection system 14.4
Precjection plumbing and balliatics 7.9
Leg retraction 6.5
Recovery parachute and box 45.3
Recovery parachute and bag 30.0
Recovery parachute box 15.3
Recovery system 51.1
Impact attenuators 8.0 )
Plumbing and ballistics 14,9
Manual override controls and gas ;encrator 11.3
Miscellaneous 16.0
Stabilization system (frame and parachute) 43,1
Flotaiion system (booms and inflation system) 10.3
Oxygen, pressurizationand relief valve 13.1
Rocket 40.7
Canopy actuator, stick, stick box und manual overrides 13.6
Canopy actuatoy 5.5
Stick 3.2
Stick box structure 3.3
Manual overrides 1.6
Crewman (less personal cquipment) 200.0
Total 706,2
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3N -
i1y .,
K— v\
100
0 i
0 500 1,000 1,500

& EJECTION

© STABILIZATION PARACHUTE DEPLOYED

HORIZONTAL TRAVEL (FEET)
o LANDING ATTITUDE

¥ MAIN PARACHUTE DEPLOYED

Figure 124, Stanley B.58 Encapauvinted Seat = Capzule Escape Trajectory Relative
to Ground. Ejection No. I ot 106 KEAS - EAFB Test B-58 No. 2 ‘

d.

the B-58 capsule for strike/intercept aireraft application, Wind tunnel tests

© IMPACT

STANLEY TWO-PLACE ENCAPSULATED SEAT
'The Stanley two-place encapsulated seat is a further development of

were conducted at the University of Colorado and the U,S. Air Force Academy
The teats at the University of Colorado were made
primarily to investigate the yawing and pitching moment characteristics of the
capsule body. A configuration study was conducted at the Air Force Academy
facility where all 8ix aerodynamic forces and moments were measured.

subsonic wind tunnels,

systems,

This escape capsule may be briefly described as.the minimum sized
modular escape system that will encapsulate two people plus a center console
and a boom stabilized vehicle that is boosted by both catapult and rocket.
Provisions are made for safe escape for two crewmen at speeds between zero
and 300 KEAS at ground level and up to Mach 1.25 at near ground level. Escape
is also provided up to Mach 3.0 at altitudes between 42,000 feet and 80,000
feet. The escape system design capability is shown in Fig. 128,
latlon envelope of the two-place encapsulated seat is shown in Fig. 129 and the
interior arrangement Is shown in Fig. 130,

The instal-

Pre-ejection functions are electrically initiated by pulling the ejection

handle. This actuates the torso-retracting, leg-positioning, and door-closing

The crewmen are driven back against the seats with their heads in

the headrests. Their legs are ralsed, and their fect are drawn back into the .
capsule. The capsule doors are then closed to provide a pressurized compart-

ment equivalent to an altitude of 37,500 feet. At this point, the crewman may
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ALTITUDE (1000 FEET)

ALTITUGE ABOVE GRCUND (FEET)

80

60 ¢

GQr

MACH NUMBER

400
200 '
O | | ;.
1.0

MACH NUMBER

Figure 128, Stanley Two-Ploce Encapsuloted Seat — Escape System Parformance Capobility
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choose to abandon the aireraft or, if the capsule was closed for emergency '
pressurization only, the airplane can be flown to a lower altitude, the capsule
can be reopened, and the flight can continue. Should a subsequent emergency

arise, the capsule can'be reclosed, repressurized, and ejected from the alr-
craft,

When ejection is necessary, it is initiated by rotating the ¢jection
T-handle 90 degrees in either direction and then pulling., The first action
initiates removal of the canopy. A brllisti~ time delay is built into the eatapult
to permit canopy removal prior to capsule ejection. In case of maltunction of
the canopy sfctuator, the puwer of the catupult can be used to remove the canopy.

The sequence ~f events during ejestion, stabilization, recovery, and
landing are shown in Fig., 131, The operation sequence times are summarized

in Table XXXVII. A schematic diagram of the escape system is shown in Fig,
132,

The capsule attitude for ground landing Is with the oceupan.’s bach at
about 30 degrees to the orizonta! (head up). Landing shock is absorbed by the
stabilization booms in bending and sheuring of metal in the landing geor
support struts. The landing skid ailows the capsule to skid in any direction
during a crosswind landing. Water landing is the same as ground landing
except the shock attenuation system does nut operate due to the low forces in-
volved. The capsule will float by itself. Water~filled stabilization booras will
provide flotation stability for the capsule in its normal backdowr. flotation
attitude, A flotation system consisting of four flotation bags is provided as a .
backup to ensure flotation capabilities of the evpsule itself,

Accelerations along the capsule X and Z axes and angle of attack
computed for the first 0,6 second after separation of the capsule from the air-
craft ave shown in Figs. 133 and 134,

Trajectory and velocity curves for the two-place encapsulated seat
during a zero-zero ejection are shown In Fig. 135, Computed trajectories of
the capsule relative to the airerait under various conditions of speed and
altitude nre shown in Fig. 130,
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Figure 131, Stanley Two~Place Encopsuloted Seat - !
Ejection, Stabilization, Recovery, and Londing
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Table XXVIII gives the system welght breakdown,

Table XXVIll. Stanley Twe-Ploce Encupsulated Seat Escaps System Weight Breakdown

The following estimated weight is baged on calculations made from pre-
liminary design and stress data.

Item

Baslec structure

Seats and foot retraction mechanisms (2)
Doors, seals, and actuation mechanism
Console and capsule disconnect

Oxygen and pressurization systems
Encapsulation

Ejection and recovery systems

Catapult and rocket

Headrest {nstailations (2)

Stabilizatiou booms (2)

Recovery parachutes (2)

Recovery system (less parachutes)
Water and ground landing systems
Survival gearboxes and structural attachments

Proposed specification weight

Console A/C equipment and control sticks
Survival gear

Capsule weight (empty)
Ejection valls
Capsule installed weight (embty)
50th percentile men (2) with pcraonal gear
Total weight installed
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Weight (Lb)

201.90
72.0
128.0

1014.0 .

50.0

1054.0
354.0

1408.0
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3. COCKPIT POD CAPSULES

a. STANLEY CANOPY CAPSULE

The Stanley canopy capsule is the result of an Air Force sponcared
program which was initiated in 1952 to develop a generai purpose escape cap-
sule for protecting the pilot against the adverse conditions of windblast, ex-
cessive deceleration, and low ambient pressures and temperatures during
emergency escape. The graeral-purpose concept was later changed to have
the capsule design oriented to the Convair F- 102 interceptor airplane. How-
ever, the principal featurcs of the universal capsule were adhered to through-
out the design work to guarantee adaptability to most modern fighters, A full-
scale working mockup of the capsule was constructed to test and demonstrate
the feasibility of the capsule and its various operating components, This pro-
gram included a weight and balance estimate, qualitative capsi’n low-speed
aerodynamic tests, preliminary study of parachute recovery, capsule structural
design, wind tunnel tests, estimated napsule aerodynamic characteristics and
trajectory studles, and full-scale sled ejection tests, Construction of sled test
capsule models was initiated in 1957, and sled testing was started in June of
1959, Sled tests werc terminated in 1960 after the lose of available capsule
models,

The Stanley canopy capsule escape system is a separating canopy
section which comprises the airoraft canopy as the maii body of the capsule.
This is accomplished by enclosing the lower surface to produce a pressure-
tight compartment. The system design performance objectives were to provide
safe escape at speeds of from 150 KEAS to 700 KEAS and to Mach 2,% at
35,000 feet altitude, The general arrangement of the capsule with sled test
instrumentatioa is shown in Fig, 137, Figure 138 shows the capsule witi hatch
closed, doors and seat retracted, and occupied.

Escape is initiated by pulling two handgrips at the forward end of the
seat pan. The crewman is then automatically restrained, the seat is bottomer,
and the crewman and seat are retracted up and aft into the canopy., The clam-
shell doors at the bottom of the capsule are retracted to their closed position
which seals the capsule. Retraction of the doors initiates the firing of four
explosive bolts, releasing the capsule from the aircraft. The RATO solid-
propellant rocket ejection unit then fires, ejecting the capsule from the aircraft,
The nominal thrust rating of the RATO unit is approximately 9200 pounds for
0.25 second. During capsule ejection, the control stick, personal leads, and
instrument leads are disconnected. As the capsule clears the aircraft, a static.
Jine atteched to the ajrcraft structure fires the drogue gun which deploys the
3, 44~foot diameter guide surface-type drogue paracnute, When the capsule
has slowed down to 190 knots or less and is below 10,000 feet altitude, an auto-
matic release device releases a lanyard which permits the drogue parachute
to deploy the 48-foot diameter formed gore type main recovery parachute. A
manual release is provided for the pilot when it is necegsary to uvervide the
automatic main parachute release system,
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Wind tunnel tests of the Stanley canopy capsule were conducted under
an Alr Force contract. The supersonic tests were conducted in the wind tunnel
at the M.1.T. Naval Supersonic Laboratory. The transonic tests were run in
the 10~foot tunnel at the Wright Air Development Center. The general acro-
dynamic characteristics of the capsule model were determined in the range
from Mach 0,6 to 3.0, Stahle-trim attitudes in the pitch plane were located,
and tests were carried out to obtain yaw-stability data at these positions,

Six track tests of the canopy escape capsule were conducted at speeds
of 150, 300, and 400 KEAS at the Hurricane Supersonic Research Site, Utah, by
the Coleman Engineering Company, Inc., under an Air Force contract, The
purposes of these tests were to evaluate the ejection and recovery of the cup-
sule and to obtain aerodynamic, structural, component functioning, and physio~
logical information, The tests showed that unguided separation of the capsule
was svcoessful, that proper functioning of the recovery system was demonstrated,
and that low-level ejection capability of the escape capsule was indicated,

The effect of capsule pitchup on the norma) acceleration during the
300 KEAS sled test, as reported in Ref. 6, i8 shown in Fig. 139, This figure
glves transverse acceleration (head), normal acceleration (station 216), and
normal acceleration (CG). All three traces show the initial acceleration duce .
to thrust of the rocket, and a second acceleration of lesser magnitude that
corresponds to the time of maximum pitchup as can be seen by comparison ,
with Fig, 140,

Pitch, roll, and yaw characteristics recorded during the 300 KEAS
sled teat are shown in Fig. 140 and illustrate the inatability of the capsule
shortly after ejection. The capsule was unstable even after full development of

the drogue parachute, indicating the importance of achieving flight stability
cally in the escape sequence,

Figure 141 gives a summary of the indicated tail clearance for straight
and Jevel flight as derived from sled test trajectory data at various speeds,
Thia figure indicates sufficient clearance for speeds betweun 150 and 300 KEAS,

Table XXIX gives the system weight breakdown.
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Toble XXIX. Stanley Canopy Capsule Escape System Weight Breakdown

Weight (Lb
472 ‘,0

Item
Capsule structure

Main canopy structure

Glass

Hatch (Including glass)

Bottom door (including latches)
Stabilizing boom

Seat system

Seat assembly (including leg
recovery and controls)

Lap belt, harness and inertia
reel installation

Retraction carringe assembly
(including headrest and actuator
pin pull)

Scat retraction cylinder

Seat bottoming cylinder

Secat adjust actuator

Recovery systen

Main parachute installation
(includes manual release)
Drogue parachute and installation
Drogue gun
Mein parachute release device
Equipment

Pilot's instrumeat panel and
instruments

Radar scope

Instrument and radar disconnects

Control stick and disconnects

Personal lead and disconnect

RATC ejection unit installation
(charge expanded)

Survival kit

Crew
Installation and expeudable items

Capsule main disconnect system
RATO unit propellant
Seal-airplane to capsule

Total Weight

195

137.6
238.4
32.1
31.4
32.6

25.4

47.4

50.0
11,0
13.8

1.8
3.1

12,3

—
-3 L3 ¢
-0 o

87.2

68.2

170.4

230.0
36.9

1063.7
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Figure 141, Stonley Canopy Capsule — Tail Cleurance Indicoted by Test Trajsctories for Straight
and Love! Flight
b. GENERAL DYNAMICS F-111 CREW MODULE ESCAPE SYSTEM
»

The F-111 ¢jectable ¢rew module escape system was developed by
General Dynamics Corporation and MeDonnell Aircraft Corporation, The crew
module forms an integrated portion of the forward fuselage during normal
flight, encompassing the pressurized cabin and forward portion of the wing
glove. The system is designed for maximum protection for both crew members
throughout the airplane performance envelope, including zero-altitude and
zero=-speed ejection capability, It also provides underwater cscap.a capabilities »
and protects the occupants from environmental hazards on either land or water.
Freedom of movement and comfort are enhanced by eliminating a man-fitted
parachute and survival equipment, The crew module retains both crew members
in the same side-by-side position occupied during normal flight., Adequate
restraints protect the oceupants in event of a crash landing. The crew module
features a five~point hookup — two lap belt buckies, un upper torao harness
buckle, an oxygen hose, and an interphone lead., The c¢rew module is engineered »
around the "'shirt sleeve" flying concept and contains an emergency oxygen supply
and emergency cabin pressurization supply, Full pressure suit capability also
is incorporated for use if desived, Both Air Force and Navy airplancs have
identical egeape systems. A photograph of the capsule is shown in Fig, 142
and the module geonetry is shown on Fig, 143, Fipgure 144 shows the location
of escape system components. The c¢jected welght of the erew module {8 -
approximately 3,000 pounds, comprising approximntely 1/5 siructure and 2/3
equipment and flight personnel,
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= SELF = RIGHTING BAGS (2)

STABILIZATION BRAXE
PARACHUTE

PITCH
FLAPS(2)

AFT
FLOTATION
BAGS (2)

STABILIZATION GLOVE
RECOVERY PARACHUTE

IMPACT ATTENUATION BAGS

= AUXILIARY FLOTATICN BAGS
Figure 144, F=111 Crew Moduls Excape Equipment Arrangement

Figurc 145 is n schematic diagram of the system, and Fig. 146 shows
the escape scquence, Either erew member may initiate ejection by pulling
cither of two handles located between the seats on the center console. After
actuation, all succeceding functions including the landing are sutomatic., Each
handle can firve an initintor that, in turn, retracts buth powered inertia=lock
reels, actuates the emergeney oxygzen and cabin pressurization groups, actuates
the chaff dispenser, fires explosive guillotines (severing secondary controls
and antenna leads), unlocks the manual recovory chute deployment handle
(provided as a backup to the automatic deployment system), and fires a 0.35-
sccond time delay which in turn ignites the rocket motor, Rocket pressure
buildup fires two initiators,

The first initiator detonates un explosive train which actuates the
emergency oxygen and pressurization groupa, if not already actuated by the
ejection handle initiator or the manual backup handle; actuates the chaff dis~
penser, if not alrcady actuated; and ignites the crew module severance group,

The severance group shaped-charge train cuts the structure to release
the crew module from the airplanc. Other systems separate through discon-
nects and the crew module is [reo to be thrust from the fuselage by the solid
propellant rocket motor, The rocket motor is a two-mode binozzle unit,
Figurc 147 shows the rocket motor thrust-time charactcristics for the low-
and high-speed modes,
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Crew module stabilization is critical upon separation and while clnse
to the parent aircraft. The stabilization glove provides stability and aero~
dynamfc lift, The stabilization-brake parachute provides additional stability
and deceleration, Immediately upon separation of the crew module, two apring-
loaded pitch flaps deploy on the underside of the glove to provide longitudinal
stability. At speeds above 300 knots, the upper secondary rocket nozzle i8
severcd, This results in lowering the thrust at the lower main nozzle and
supplying a thrust at the upper nozzle which acts on a line above the module
center of gravity, The counter morent provided by the upper nozzle prevents
excessive pitch-up at high specds.

The second rocket-actuated initiator ignites a shielded mild detonating
cord (SMDC) train that fires the stabilization-brake parachute catapult, The
six-foot diameter Hemisflo-type stabilization parachute is ejected aft from a
compartment on top of the wing glove, It s tiined to deplor 0.16 second ufter
rocket motor ignition, so as to be fully effective at time of separation,

The rocket actuated iniliator also provides power, through SMDC,
to the g-actuated sclector, The g-actuated selector continuously senses air-
eralt speed and sclects either the low- or high-speed rocket mode, and the
proper time delay for recovery parachute deployment. For speeds above 300
knots the selector, through a SMDC train and a 0, 15 second time delay, fires
the rocket motor secondary nozzle flexible linear shaped charge (FLSC) sever~
ance ring, thereby activating the secondary nozzle. The recovery parachute
deployment time delays as selected by the gq-sctuated selector are: 1,0 second
for speeds below 300 knots, 2.0 seconds for gapeeds between 300 and 450 knots,
and 1.4 seconds for speeds above 450 knots. These time declays assure crew
module deceleration o a safe parachute deployment speed before propagating
the detonation to the barostat delay device.

The barostat delay prevents parachute deployment atove 15,000 feet.
The aneroid bellows of this device are normally locked to prevent constant
cyeling 2ad wear. The firing of SMDC into the barostat inlet ports initiates
an explosive charge that retri.-ts the pins that normally lock the beilows. Below
15,000 feet, atmospheric pressure compresses the bellows suificiently to re-
lease the firing pins that initiate booster caps and continue the detonation
scquence that removes the recovery chute cover, and fires the recovery
parachute catapult.

The catapult forceably deploys the 70=-foot flat diameter ringsail
parachute at a velocity sufficient to ensure proper bag strip-off, The opening
shoch is minimized by reefing the parachute to appraximately twelve pexcent
of its full dianmeter. Line stretch fires the reefing line cutters to disreef the
parachute after two-scconds delay. The canopy then expands to full-
blossom. Approximately 7 seconds after parachute catapult firing, un ex-
plosively operated pin retractor releases the repositioning bridle cable allowing
the erew module to assume the correct touchdown attitude, Pulling the para-
chute release handle actuates explosive releases at both recovery parachute
attach points. The parachute should be jettisoned to avoid dragging the crew
module in high winds and, if on water, to prcvent wave action on the parachute
that would tend to overturn or prevent self-righting of the crew module,



Impact attenuation bags are provided to reduce the landing shock of
the crew module during either land or wat~r impact, The impact system Is
activated by the barostat lock initiator through a 2.0-sccond deloy, The time
delay prevents bag inflation before parachute deployment to cnsure against
loss of the bag. After the required delay, the detonation sequence continues
through the SMDC to sever the atienuation hag sevierable cover and fire the
explosive valves In the pressure sources (nitrogen bottles), The impact bags
are inflated and malntained at a pressure of 2 £ 1/4 psig.  Landing impact is
absorbed by controlled gas expulsion from the impact attenuation bag blowout
plugs.

After a water landing following crew module ejection or in the cvent
the aircraft {s ditched with the module still attached, the severance and the
primary flotation system may be activated by pulling the severance and ‘lotation
handle. In the event the crew is incapacitated and the aircraft should submerge
to a depth of ten to twenty feet, the automatic underwater severance initlator
will activate the system, Following either manual or automatic activation,
SMDC will transfer detonation thiroughout the system to actuute the severance
and emergency oxygen systems (if not already accomplished) inflate the self-
righting bags (located on the stabilization glove upper surface) and inflaie the
aft flotation bags (located on the glove underside). Inflation of the self~righting
bags 18 sBequenced 30 that the left bag is inflated first, The right bag is nflated
after a delay of 75 seconds,

Should the crew modulo' flood, flotation is aided by auxiliary bags
located on the forward crew module separation plane surface. Bag {nflation
is achieved by pulling the auxiliary flotation handle,

A bilge pump located on the crew module floor can be connected to the
lower portion of the first station crew member's control stick. The control -
stick is used as the bilge pump handle to expel water that might have leaked m

o

or inflate the flotation bags; a simultancous operation. Y

Egress from the crew module 18 accomplished by releasing the cancpy
latches, using either the normal or emergency canopy release handles, and
rotating the canopy hatch up on either or both sides. A radin beacon set, two
UHF radio sets, and a ilashing light beacon are providid to facilitate rescue.
The crew module's use as a shelter after a ground or water landing is aug-
mented by a full complement of vations, clothing, and other survival equipmeat.

The flexible linear~shaped charge (FLSC) is used extensively in the
F-111 crew module escape concept. Its functiop {8 to ensure the complete
severance of crew module~-to-airplane splice plates, Subsequent to ejection,
the severance of various covers in the external 8! . i8 also required.

FLSC is an explosive formed in an inverted "V' cross section ard
sheathed in a thin metal cover. It is made up in exact lengths for use in
severance strips, covers, and FLSC holders. A booster tip is instatled on
each end. The amount of explosive per fout of FLSC has been selected to cut
epecified thicknesses of metal. Success in cutting the metal depends on the
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proper charge and the proper gap or "stend off'" between the charge and the
surface tu be cut. This "stand ofi" is established by the design of the holder,
cover, or strip installations, Deviations of 40,010 {nch will not seriously
degrade cutting.

Certain access covers are severed to free the painchuies and the
various bogs. Theoe covers are instolled ocver FLSC holders and contain bonded
silicone rubber strips that seal the opening,  Severable covers are installed
over the right sclf~righting bag, the impact attenuation ongs, both paruchutes,
and the rocket-motor compartment, These covers have a machined groove
under the aren to be cut, They are secured by screws or bults around their
peripheries. Cutting occurs just inboard of the line of fasteners. FLSC's are
bonded into the grooves, The ends of these charges contain booster assemblies
to ensure initiution of the FLSC by the matching beooster assembly installed
under the cover. The installed FLEC s protected by a covering of metal foil
bonded to the cover over the FLSC, This covering ‘s a moisture barrier and
ensurcs that the FLSC remains in good condition,

FLSC severance strips are installed under cover plates that lie over
the splice plates that join the crew module to the aircraft. The cover plates
are extruded aluminum and contain a groove into which the FLSC scverance strip
is pressed when the plates are installed, The FLSC severance strips used in

"this application are of light gauge sheet metal with a "V" formed into them,

The FLSC is bonded into the V' and protected by a seal, These severance
strips are very loag and formed to the contour of the module at the fuselage
splice planes, Antenna leads, secondary ¢~ ntrol cables, and an oxygen line
are severed by explosive guillotine cutters. Disconnects located in the crew
module floor are used to separate the cabin air duct, defog air duct, electrical
package cooling duct, pressure suit air duct, cabin pressure regulator lines,
flight controls, and electrical wiring.

. The crew module seats and restraint harness will accommodate 5
through 95 percentile personnel, The seats are light weight and constructed of
aluminum and honeycomb. The cushions are made of a plastic foam, giving
maximum support and comfort for extended flights. Cushions are of a low
rebound~type material that prevents injury to the crew by amplifying acoclera-
tions during the escape sequence. An electriv aciuator cuntrols the up-and-
down movement of the seat, The fore-and-aft motion ts accomplished by re-
leasing a mechunical lock ard a crew member moving the scat pen in the
carriage. Eoch seat has five inches of powered vertical adjustment and five
inches of manual fore~and-aft adjustment, The headrest is spring-loaded and,
when mechanically released by a erew member, can be sel to any desired
position and relocked. The upper torso harness is the basic eruciform design
with adcitional lateral restraint (horizontal chest straps), The powered inertia-~
lock reel is mounted in the headrest housing and is attached to the upper torso
restraint harness. it is explosively activated during ejectior and, through the
harness take-up, places the crew member in the most desirable position for
ejection, Figure 148 shows the general arrangement of the crew seat and
restrai=it system.
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The F-111 crew module has been subjected to extensive development and
qualification tests, These include six full-scale sled ejections with boiler plate
hardware, and 10 full-gcale ejections with production hardwrre, Specds lor cach
test, in the erder run, are as follows: (1) 100 KEAS, (2) Static, (3) Statie, (d)
300 KEAS, (5) 380 KEAS, (6) 300 KEAS, (7) 450 KEAS, (8) 450 KEAS, (9) 150
KEAS, (10) 600 KEAS, (11) 100 KEAS, (12) Static, (13) 250 KEAS, (14) Static,
(15) 450 KEAS, and (16) 800 KEAS.

The lowest apogec was appraximately 250 foet. The highest apegece
was approximately 1,700 feet, The range down the track varied from approxi-
matoly 400 feet to approximately 3,700 feet, The last test (800 KEAS) had an
apogoee of 1,775 feet, recovery height of 1,400 feet, range of 3,336 feet, and
a flight time of 8.1 seconds. Figure 149 is a photograph of the erew module

immediately following rocket ignition and severance from the parent afreralt
duxing a sled test.
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Figure 149. F~111 Crew Module Sled Ejection Test
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4. SEPARABLE NOSE CAPSULES

a. LTV VOUGHT AERONAUTICS INTEGRATED FLIGHT CAPSULE

The escape system is the result of an experimental design based on
the LTV Vought Acronautics F-8A Crusader aircraft. The escape system
consists of a separable nose section which comprises the forward fuselage
section, The capsule project was a research and developraent program con-
ducted under a Naval Air Systems Command contract for the purpose of
designirg the system and proving the operational feasibility of its concept.
The system is designed to provide safe escape for a single crewman at the
landing configuration stalling speed of the airplane for a zero-altitude, zero
8ink speed condition and at all altitudes within the performance capabilities
of the F-8A airplanc. The escape system performance envelope shown in
Fig. 150 is compatible with the capsule design eriteria and the flight envelope
of the F-8A. The general arrangement of the integrated flight capsule (s
shown in Fig, 151, The mockup of the capsule as modified to incorporate the
"wrap around’’ concept is shown in Fig, 1562.

In the event of an Inflight emergency, actuation of either the manual
switch or the "dead man's" switch initiates the sequence of events necessary for
escape and recuvery., Escape on the runway at the stalling speed of the alrplane
is designed for manual initiation only. The semiautomatic "dead mon's' mode
of escape is designed for the recovery of an incapacitated pllot, Firs!, the fuel
supply to the engine afterburner is shut off, pilot restraint {s energized, and
four external stabilizer fins are actuated to stabilize the capsule after separa-
tion, After a time delay of one second, the capsule {s separated from the after-
body by a linear-shaped charge (Fig. 153). Simultaneous wiiii this event, two
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boost rockets are initiated to provide clearance with the afterbody at sepavation
and suificient altitude during low=level eseape, The boost rocket system ls
shown mn Fig, 154, The sequencing functions of the deceleration and recovery
system are shown in Fig. 1556, The parachute recovery system's first stage
(deceleration parachule) consists of a single nine=foot diameter ribhon para~
chute, The sceond stage (recovery parachutes) is a cluster of three 40, 5-foot
diameter flat civcular parachutes, Shortly after capsule separation from the
afreraft, the rescue detection and emergency communications are actuated as
shown In Fig. 150,

Four 35,7=-inch influtable bags absorb the impact energy of a capsule
lunding. These bags arve automatically inflated by high-pressure air when the
second-stage parachute is opened,

If the girplane should go into the water with the capsule attached,
a water-actuated switch deactivates the firing circuits to the hoost rockets,
impact bags, and the parachutes and inftiutes the separation sequence. The
capsule is separated by a shaped charge, the two 30-inch bags are inflated
from an air bottle, and the capsule rises to the surface, At the surface, the
emergency communications and other rescue devices become operative,

The results of computer analysis of escape from pilot-fnduced oscillation
and divergent roll mancuvers show that the capsule remalns stable and that the
limits on pilot tolerance to accelerations are not exceeded throughout the escape
trajectories. The angle-of-attack and angle-of-sideslip curves for Mach,1,2
(sca level condition) are shown in Fig. 167,

One of the most critical escape conditions occurring within the atrplane
flight enveiope is the low-altitude, high-speed condition. Figure 158 {llustrates
this condition based on the maximum sea level speed of the F-8A flight test
vehicle,

b. LOCKHEED F-104 CAPSULE

-

A track test program was conducted by the Aeronautical Sysiems
Division, Flight Dynamnics Laboratory to further investigate the feasibility of
a nose capsule crew escape system. This program was initiated due to the
favorable results obtained from the preliminary investigation and design study
coirducted by the Lockheed Aircraft Corporation on a separable nose capsule.
The capsule studied was tne nose section of the single place F-104 aircraft with
an increased hypothetical performance of 900 KEAS or Mach 4, whichever is
lower, through ar altitude range from sea level to 100,000 feet. Lockheed was
requested to design and fabricate five capsules and a gled, based on the data
evolved from the study program.

The five capsules fabricated ‘were based upon the external contours of
the single place F-104 alreraft, The cockpit hulkheads, windshleld any canopy
frames, seat pan, and headrest were in fact taken from the F-104 assembly
line, The windshicld glass was replaced by aluminum and the plexiglass in the
canopy was replaced by fiberglass since strength rather than transparency was
required, From the rear cockpit bulkhead aft, the capsule was primarily of
steel construction {n order to absorb the loads imposed in this area by the
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stabllization wedges, rocket motor, and recovery system, The radome was
replaced by a erushable aluminum wose cope designed so that it would buckle
between rings and act us a shock absorber,

The major subsystems incorporated in the nose capsule escape system

are the stabilization system, scparation system, rocket motor, and the recovery
system,

The stabilization system consists of three wedge-shuped booms,
approximately seven and one half feet in length, extending from the hack of the
capsule 120 degrees apart around the periphery and 30 degrees out into the
airstream, The wedges are triangular in eross scction and 12 inches wide on
cach surface. In order to provide pitch stability in the high speed range, o 1.5
square foot trimmer plate was installed on the aft end of the upper wedge.
Normally, each wedge would be contained In a recess in the fusclage and cover-
ed by a door which would be jettisoned during the first motion of the stabiliza-
tion system deployment, In order to save development time, and since the
wedges must be in the deployed position before capsule separation occurs, they
were fixed in the deployed position throughout the test program.

The separation system designed for use on the ¢jectabie nose capsule
is a gas operated' system. Gas from a generator in the aircraft interior will be
piped to the cylinder~piston assemblics at the four attachment fittings, freeing
them for scparation by the action of the rocket motor, However, for the test
program the device used for capsule retention and subsequent separation from
the fusclage was an explosive nut, The capsule was attached to the sled {uselage
at four places with one inch djameter aircraft bolts secured by captive explosive
nuts, Each of the four cxplosive nuts was actuated by two pyrotechnic squibs on
parallel firing circuits, If one squib should fail to fire, the other would be
capable of effecting separation. g

The XM-15 rocket motor (Franikford Arsensl), thut was designed and
built for this test program, is a solid propellant motor containing 12 tubular
grains of HEX-12 propellant 2,85 inches {n diameter. Thoe assembled motor (s
12 fuches in dinmeter, 32 inches long (excluding the nozzle), and weighs 218
pounds, The rocket motor casings are made of stainless steel in order to per-
mit reugse, which accounts for the casing and nozzle welght of 133 pounds. It is
attached to the alt side of the cockpit bulkhead, on the eapsule centerline, hy
six bolts and two shear pins. The rocket motor is designed to deliver a peak
thrust of 45,000 pounds and a burning time of 0, 5 seconds. Firing of the rocket
motor {s accomplished by two XM-21 squibs connected in parallel, cither of
which Is capable of actuating the rocket motor igniter., Temperature capabilities
for ignition of the rocket were only proven between 70 and 90 degrees Fahrenheit,

The capsule recovery system consists of a 71, 5-foot nominal diameter
(51 foot inflated diameter) ring slot main parachute, a 5-foot diameter Fist )
ribbon all speed pilot chute, and an XM-1 ejector gun. The entire assembly
welghs approximately 125 pounds, The main parachute is pressure packed in a
cloth bag and installed in a fiberglass compartmernt in the aft section of the
capsule. The compartment door has a cavity jor the pllot chute, The pilot ’
chute is packed in a wedge=shaped deployment bag and is attached to the main
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parachute by a 35-foot deployment bridle to permit deployment beyond the cap-
sule wake, The XM-1 ejector gun fir:s a onc-pound slug at a nozzle velocity of
400 fps, The ejector gun performs two functions, it unlatches the main and
pilot parachute doors and extracts the pilot chute. The delay Initiators, dual
for reliabilily, that supply gas pressure to fire the zjector gun are Initiated as
the capsule leaves the sled. The time delay was varied for each test so the
recovery system wag never initiated until capsule velocity was below 350 hnots.
The main parachute suspensgion lines are connected to the capsule by four steel
risers as a precaution against high temperatures and blast from the rocket
motor exhaust during separation, Two of the cables are attuched below the
parachute compartment on the rear bulkhead and the other two are attached to
the underside of the upper stabilization wodge. The length of the cables I8 such
thut the parachute opening shock passes through the capsule center of gravity,

During the test program the escape system was initinted at a specified
track station as the rocket~proplled sled reached the test velocity, Initiation
wns accomplished by simultaneously firing the two pyrotechnic squibs connected
to each of the four explosive nuto and to the XM-15 rocket motor fgniter. Upon
capsule separation the two delay initiators, that ectuate the XM-1 two second
delay pilot chute ejector gun, are armed by pull rods attached to the sled,
After a apecified delay the ejector gun fires, opens the parachute compartinent
door, and deploys the pilot ckute, The pilot chute inflates and extracts the
main parachute bag, After the imain parachute lires are fully stretched, the
bag 1s pulled off und canopy inflation begins. For the tests, reefing lines wers
used {0 the main parachute, disrecfing was accomplished with reefing line
cuttera utiliziag u 1.7-second delay cartridge.

Figure 159 shows the test configuration including the nose capsule,
track sled with fuselage, and rocket pusher elc.!., The first test was a horizontal
staiic ejection conducted cn 19 September 1962 at AFFTC, Edwards AFE,
California., Subsequent testing was also conducted te demonstrate the system
at track speeds of 100, 300, 500, 700 and 900 KEAS and from a vertical stalic
position, ‘The 900 KEAS test was atiempted; however, structural failure allowed
the capsule and afterbody ¢o leave the sled priur to capsule release, and the test
equipment was destroyed, This test was later attempted on the Naval Ordnance
Test Station Track at China Lake, California, and another failure was experi-
enced. The slippers failed, resulting in the destruction of the pusher sled, ke
arrape capsule was not damaged and was used when the test was rerun at a later
date. (This timre the lower left wedge falled during capsule separation and the
capsule wag desiroyed,) A summary of the ¥-104 capsule track test program
is show: in Table XXX and the test trajectories are shown in Fig. 160, It was
concluded thot this program has demonstrated that tho separable noss capsule
escape system concept iB feasible and that successful escape Is poosible at high
dynamic pressures and low altitude,
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i ¢, VERTOL H-25 SEPARABLE CAPSULE ()

The Vertol Division of The Boeing Company conducted a study to
determine the requirement and also the feasibility of a kelicopter escape '
system. The study definitely established the requirement for an escape >
system by showing that approximately 36 percent of Navy helicopter oceupant
fatalities, during the 1952~1960 period, occurred in emergencies demanding ‘
inflight escape as the only means of survival. The study also indicated the
capsule concept, rather than manual batlout or ejection seats, will pe the most
suitable escape system. A comparison of the systems showed the capsule will
offer a safer system in view of the rotor hazard, will allow a passive role for
the passengers, will be lighter in weight, and will be offective at altitudos above »
100 feet at hover and/or crulsing speeds,

A capsule escape system program was initiated by the Burcau of
Maval Weapons to design, develop, and test demonstrate a fuselage capsule
escape system for possible use in future helicopters, The UH 258
{formerly HUP2) Twin-Rotor Navy Helicopter was chosen as the test vehicle
due to its recent retirement from service and its availability in the quantity | [
required for this program. Some of the ground firing tests and all of the
planned droning tests will result in the destruction of the test vehicle, ‘

The escupe system's major components are the forward fuselage
section, initintion and separation system, aft fuselage roclket system, und the
parachute system. Structural modificaiion of the HUP2 helicopter consisted ’
of the following: ] o

& A hulikhead was added to enclose the capsule and to provide strong
points for the rear attnchments of the parachute bridle, R

o A «pecial {itting was inserted into the front hoist fitting to provide
forward attachment of the parachute bridle, »

® Two canisters were fitted in the cabin area (capsule portion) to
accommodate the four ballistic parachuies,

e Mounting brackets were fitted on both sides of the rear fuselage for
the separation rockets.

Various hallistic components and subsystems are employed to ®
separate the capsule from the aft fuselage as follows:
e Fuseluge structure separation is accomplished by a continuous ring
linear-shaped charge with conical-shaped charges fitted into the four
longerons. ,
: »
& The trunsmission midshaft cutting device conaists of a linear-shaped
charge ring mounted close to the shaft,
' -]
i
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e Survices ineluding ofl Tubrication Lines, electrice eable bundles, and
steel control cables are severed by 32 bhallistically operated
puiliotines,

e The rotor shalts ure cut with a lincar-shaped charge ring emploving
an energy transler slip=ring to initiate the blude separation charpes,
Four of the flapping hinge pins ure fitted with internally located
explosive charpes to release the bludes ws the shalt is severea, The
third blade remaing attached and carrics cach rotor away from the
helicopter,

o  The separation rockets (PGM-1100 [b-sec) mounted on the aft fusclage
thrust toward the rear and downward to move it away from the eseape
capsule, '

* Recovery of the capsule {8 necomplished by four ultra-fast-opening.
parachutes developed by Stencel Aero Engineering Corporation,  The 35=-fuot
parachutes are ballistieally deployed from the upper and lower portion of
the two capsule-muounted canisters 0,6 second after escape system initiation,
After the parachutes pre fully deployed (line streteh), the eanopies are
instuntly onened by bullistic spreader charges, a feature of the Urop
parachute, '

Development testing has been completed on the capsule subsystems,
fncluding drop testing of the H-25 capsule to demonstrate the recovory
system, A complete system demonstration utilizing a tled-down helicopter,
as shown In Fig, 161, was also accomplished, Flguve 182 shows the separatior
system and aft rocket initiation, Firing the linear-shaped charges severs the
rotors und blades, and separates the capsule from the aft fuselage as shown in
Fig, 163, After rocket burnout the parachute deployment mortars are fired.
Figure 164 shows the parachutie bags emerging from the capsule canisters, The
parachuies are ballistically spread upon reaching full deployment, as shown in
Fig., 165. Ior the test, the two lower portions of the canisters were fitted with
dummies to simulato the mass ond renct the explosive deployment charge.

Further testing of the system is tentatively planned for 196G. The
tests will consist of [ull-scale capsule drops from a C-130 to demonstrate the
recovery system and also drvoning tests of the complete systom, It is antici-
pated that the development of the Stencel automatically-reefed parachute will
be completed and incorporated into the capsule system for these tests,

d. DBOEING ADO-12 SEPARABLE NOSE CAPSULE

The ADO-1% separable nose capsule escape system was designed to
provide safe escape during tlight conditions from zero-speed to Mach 1.2 at
zero-altitude and up to Mach 3,0 at 70,000 feet, Tigure 166 shows a block
diagrim of the sequence of events, and Fig, 167 is a pictorial representation of
this sequence, I escape Is inftlated above 15,000 feet, a haroswitch prevents
recovery peruachute deployment until the capsule descends to 16,000 feet.
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OROGUE BOOMS HOOST ROCKET REVENTS RECOVERY
PARACHUTE DEPLOY
DEPLOYED IGNITION PARACHUTE.
15,000 FEET
DROGUE CHUTES
DEPLOVED - SEPARATION
REEFED
L ;
2 SECOND
TIME DELAY
4 SECOND
DROGUE
DROSuE TIME DELAY
DISREEFED RECOVERY PARACHUTE
EJECTED - PILOT
CHUTE DEPLOYED
RECOVERY PARACHUTE
LINE STRETCH
RECOVERY PARACHUTE
REEFED
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TIME DELAY
RECOVERY PARACHUTE
DISREEFED

2 SECOND
TIME DELAY

CAPSULE
REPOSITIONED

Figure 166, Boeing ADO-12 Separable Nose Copsule Escape System
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The following is a dereription of the system and sequence of operation
for escape below 15,000 feet:

e  Telescoping propellunt actuated drogue parachute hooms are extended
outward ard aft from either side of the capsule.

e A six-foot diameter conical ~ibbon stabilization/deceleration parachute
is deployed, reefaid to four teet, from each drogue boom, These reefed
drogues provide neceessary capsule stability,

@ A 68,000-pound thrust, 0.6-second burning time solid propellant boost
rocket is ignited.  The rocket thrus: is directed forward and upward
through the capsule eenter of gravity,

¢ Linear-shaped charge severs the airplane structure, wire bundles,
cables, ducts, etc., separating the nose capsuie from the airplane
afterbody.

¢ After a two-seccnd time delay from capsule separation, the stabilizetion
and deceleration drogues arc disreefed to their full six-foot dinmeter,
These disreeled parachules provide rapid deceletation of the capsule to
sufe deployment speeds for the main recovery parachute,

& After a four-second time delay from separation, a 74,2-foot diameter
ringsail main recovery parachute is mortar ejected and deployed by
pilot chute.

& The main recovery parachute inflates to a veefed diameter of 5,5 feet,
After a time delay of three scconds from parachute line stretch, the
main vecovery parachute is disre:fed,

e Two seconds after main parachute disreef, the capsule is reoriented
to a near horizontal attitude for landing.

e  After water landing, flotation cells are automatically deployed and
inflated.

The major subsystems incorporated in the separable riogse capsule are:
separation system, boost rocket system, stabilization/deceleration system,
recovery system, and landing and flotation system. The following is a {functional
description of the subsystems and the gencral arrangement of the cscape system
components, as shown {n I'ig., 168,

‘[ae nose capsule is8 separated from the airplane along a diagonal line
aft of the rear cockpit pressure bulkhead, as shewn in Fig. 168, Separation is
accomplished after the boost rocket has built up to a maximum thrust to assure
forward moticn of the capsule when escape is initiatud during high-speed, high~
drag conditions, The time requized for the rocket to reach maximum thrust is
approximately 6,05 scconds, Gas pressure from the rocket enters two sepaxra-

tion marifolds and ignites mild detonating cords that lead to a series of linear- o
shaped charge segments, Detonation of the linear-shaped charge segments , N
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severs the airplane fuselage skin, longerons, wire bundles, alr conditioning
ducts, and vontrol cables that pass through the separation plane,  The rocket
thrust immediately pushes tle escape capside away from the airplane,

The boost system consists of a solid propellint rocket motor of
68,000 pounds average thrust and a burn time of 9.6 second. The rocket
thrusts forward and upward through the capsule center of gravity at an
angle of 34 degrees to the capsule horizontal axts.  The rocket is sized to
provide sufficient horizontal thrust to separate the nose capsule {rom the
airplane alterbody at the maximum dynamic pressure condition of 800 knots
EAS. The vertical thrust component {s based on trajectory height requive-
ments for ground level recovery at oll speeds from zevo to Mach 1,2 at sea
level, The angle of thrust and tota] thrust was established by the resultant
of vertical and horizontal thrust vectors,

Capsule stabilization and deceleration functions are integraled into
a single system, Cartridge actuated booms are depleyed unward und aft
from ejther side of the capsule prior to scparation, as shown in Fig, 183,
Initinl vertical and lateral stabilization is accomplished by deploying a
reefed conical ribbon purachute from the end of cach boom at the time of
scparation, Disreefing of the parachutes provides nccessary capsule decelera~-
tion prior to the deployment and filling of the recovery parachute. The conical
ribbon parachutes of the size and loading capacitics required have the advantage

of a low supersome drag coeftlcient (0,31) and a larger subsonic drag coeffi-
cient (0.40),

Since the stabilizing forces must be applied to the eapsule during
scparation, the boost rocket st provide sufticient thrust to overcome the
additional drag of the reefed parachutes, Figure 169 shows the effect on
rocket thrust and welght requiremenis of varions recfed parachute sizes.

It may be noted that the beost rocket weight must be increased by 74 pounds
in order to accommodate the minimum effective drag area required for
stabilization. This additional 10cket weight is justified beeause the combined
weight of the stabilization/deceleration and boost system, as designed, is

substantially less than if aerodynamic surface stabilization und separate
deceleration systems are used.

Rapid deceleration of the escape capsule from high escupe speeds
to safe main recovery parachute opening speeds {8 requirad for effective
low level/dive escapes, However, deceleration rates must be compromised
hy hutan tolerance, practicul structural and weight considerations, und
time sequencing that is compatible with zero~speed, zero-altitude cscape.
To provide the required deceleration, the stabilization/deceleration parachutes
are disrecfed from the four~foot diameter to a full diameter of six feet,
To establish the opimum disrecfing time, performance computaifons weve
made at the critical recovery condition of 800 KEAS at 15,000~{eot,
Figure 170 shows the cffect of various disrnefing times on the decreasc of
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dynamic pressure () as the capsule s decelerated to the main recovery para-
chute sule opening speed (equivalent to a g of 300 psl), The two-second recling
time was selected beenuse it provides the least time delay requirod to reach
recovery parachute opening speed, while maintaining the disvecfing deceleration
peak within reasonable limits (11.6Gg).  The one-second disreceling was not used
because the eapsule deceleration upon disreeling would peak to 18,38, This
would require ngreater parachute strength than is compatible with the reefed
strength requirements and would have resulted in a higher parachute weight than
the selected gystem,

The recovery system consists of a single 74, 2-foot diameter ringsail
parachute. This parachute opens considerably faster than large solid cloth
canopies and cun compete with smaller canopies such as would be required in
an cquivalent eluster. Further, the single fast opening parachute can satisfy
the performance roquirements with less weight and lower design toads,

For escapes below 15, 000-foot altitude (baroswitch prevents recovery
parachute deployment at higher altitude), the recovery parachute pick is for=
cibly ejected four seconds after separation of the eapsule from the aiveraft,
Since parachute deployment to line streteh requires approximately one second,
a totiul of five seconds clapses prior to line streteh, This allows the capsule to
reach the upogee of Its trajectory, and to decelerate to the safe parachute
opening speed, when escape s initiated at the eritical condition of 800 KISAS at
15,000 feet,

The recovery parachute is reefed to 7,5 percent of the full dianicter
for three scconds from canopy line streteh. Upon disreefing, the recovery
parachute completes inflation and retards the capsule velocity to a 30-foot per
sccond sca level rate of descent.  Alter a two-sccond time delay from recovery
parachute disreef, the capsule is automatically reorlenied to a near horizontal
attitude. This lunding attitude eliminates tumbling during landing on rough
terrain and ground wind conditions. Cockpit volume provides sufficient dis-~
placement for capsule flotution. However, inflatable flotation cells nre used
to provide adequate free-honrd and stability,

A 7090 IBM computer program, '"Cockpit Capsule Escape System
Dynamic Analysis = Six Degrees of Freedom, " was utilized to analyze the
capsule flight characteristics after escape Initiation, However, due to the
limited amount of nose capsule wind tunnel dawa available, the computer pro-
gram caleulations were restricted to the pitch plane and a three degrees of
freedom performance analysis,

Results of the analyses are summarized In Figs, 171, 172, and 173
showing the appropriate capsule trajectories and subsystem sequence of opera-
tion for siruiated runway escapes, spinal and transverse aceelerations for
maximum speed at the eritfcal altitudes and the effects of the subsystems opera-
tion timing sequence, and capsule angle of attack from vapsule separation
through recovery,

Table XXXI gives the welght breakdown of the capsule,

© 237




SN AY e e M fmts e et e P s pemascey - awe mw e p s

[ ]
®
»
L} .
%)
-
"]
~
W0 ¢ )
300 p
&
o] ]
-
i
wl
=
B 200 }
ned
Pa]
= (10.1y
»
g TSRS 3EC [ EvenT ® @
- 0 | STABILIZATION CHUTES DEPLOYED=REEFED
100 e 0 | CAPSULE SEPARATION AND ROCKET MAX = THRUSY
¢ 0.6 | ROCKET BURNOUT
. o 2,0 | SYABILIZATION CHUTES DISRELF
v 4.0 | RECOVERY PARACHUTE EJECTED »
o 5.0 | RECOVERY PARACHUTE LINE STRETCH
° 8,0 | RECOVERY PARACHUTE DISREEF
v (SEC )] RECOVERY PARACHUTE FULL INFLATION
o 4 " e n L 3 n " b .
0 1,000 <,000 3,000 4,000 5,000
HORIZONTAL TRAVEL (FEET)
Figure 171. Boeing ADO-12 Separable Nose Capsule Trajectories and Calculations (Sea Leval) Y
) »
]
]
238 ;
¥
»

[




. .
®
®

»

%)
LEGEND SEC EVENT
— 0 STABILIZATION CHUTES DEPLOYEC=REEFED
— 0 CAPSULE SEPARATION AND ROCKET MAX THRUST
@) 06 ROCKET BURNOUT i
Fa 2.0 STABILIZATION CHUTES DISREEF
\v) 40 RECOVERY PARACHUTE EJECTED
O 5.0 RECOVERY PARACHUTE LINE STRETCH
O 8.0 RECOVERY PARACHUTE DISREEF
Vv (SEC) RECOVERY PARACHUTE FULL INFLATION ®
wf
10 ®
SPINAL (9.7
0 L1 1 O S ]
» ®
-0
TRANSVERSE
=20 -
20F 800 KEAS = SL »
1 i i 1 [ J .
®
) ) § L I 4
SECONDS
Figure 172, Boeing ADQ-12 Separable Nose Capsule Colculated Capsule C5 Accelerations ®
239
[ ]




w e
0 ] ! )
r-

-4 |
a Wr
w
w
§ 400 KEAS
8 -
b
2
E 0% ] 1 L ) 1 ! 1 A l !
[
[=]
wt
o~
3 -
-3

N o

4@ |-

" 000 KEAS
",—-——""‘—-—‘—.—

~40

| 1 1 | L. | l : A

Figure 173, Boeing ADO-12 Separable Nose Copsule Angle of Attack versus Time (Seo Level)

~—

] i
SECONDS

240

%)

P




Toble XXX!. ADO.12 Weight Breckdown

Controls and Initintion System
Primary firing controls
Alternate separation controls
Pressure actuated initistor

Separation System

Separation system initiation manifolds -

Linear-shaped chorge

Buost Rocket
Rocket motor
Support structure

Stabilization/Deceleration Parachute
System and Controls

Booms
Parachutes

Recovery System and Controls

Recovery parachute

Anerold controls

Bridle

Chute disconnect

Repositioning controuls and bridle
Support structure

Flotation System
Cool gas generators

Cells and stowage provisione

Emergency Pressurization System

2,000 pst flask, regulatoxr, lines
and attachments

Sucvival Equipment
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Volume Weight
(Cu In) 4Lb)
- 605
-- 2.0
- 2.0
10.5
- 1.2
-- 12.5
13,7
6702 264, 0
- 25.0
289.0
3020 136.6
2000 20.0
156.6
5500 125.0
2.0
7.0
05
9.7
_33.0
197.2
20.5
30.5
51.0
24.0
24.0
85.0
85.0
Total weight 807.0
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¢. BOFING SUPERSONIC 5k PARABLE NOSE CAPSULE

The Boeing separable nose eapsule escape system is the result of a
deslgn study. It comprises the forward fuselage section of a supersonic alrplane
und f8 an integral part of the basfe airframe. The system provides safe escape
for a swde=hy=~side, two=man crew during (light conditions from zero speed to
Mach 1,2 at zero altitude; up to Mach 2,5 at 60,000 feet. Underwater egeape is
also provided. The escape system performance envelope is shown in Fiyg, 174,

the general arrangement in Pig, 173, and a side profile of the capsule in Pig. 176,

In the event of an inflight emergency, actuation of either crew member's
peimary [iving control initinles a completely nutomatic escape sequence which
fgnites the boost rocket, Gas pressure from the hoost rocket initiates the sep-
aration, deceleration, and recovery systems, The nose eapsule is separated
by lincar=-shaped charge installations adjacent to, or around, aireraft structure,
skin, formers, contrel cables, wire bundles, lines, and all other components
passing through the parting plane, Concurrent with escape initiation, the bul-
listic inertia reels, emergeney radio beacon, pressurization, and emergency
oxypen systems are nctiated, The rocket motor boosts the nose capsule up-
ward and away from the tusclage. As the nose eapsule separates tfrom the
fuseluge, two four-foot dinmeter fist ribbon stabilizing parachutes are deployed.
Cne=~quarter sceond after fnitintion, a 10=foot diameter fist riblon deceleration
parachute is forcibly deployed direetly aft to sufficiently reduce the speed of
the nose capsule permitiing safe deployment of the recovery parachutes, TFol-
lowing descent to 15,000 feet, or in four seconds after initiation if below 15,000
fcet, the deceleration parachute is jettisoned and two 63-foot diameter moditiod
ring sail recovery parachutes are forcibly deployed, These parachutes are
deployed in a reeled condition to further reduce the speed of the nose capsule
amnd to ensure orderly Inflation, After two move scconds, the reofing lines are
cut and the recovery parachutes inflate to their full diameter, Full inflation
oceurs cight and one-quarter sccondds after initiation. Two scedhds after the
recovery parachutes inflate, the nose capsule is repositioned t¢ a nose-up sus-
pension concition,  Following descent, the recovery parachutes are manually

disconnected to prevent dragping of the nose capgitle. A system schematic is
shown in Fig. 177,

80 ¢
- CONDITIONS: SYRAIGHT AND LEVEL FLIGHT
60 Jramea

ALTITUDE (1000 FEET)

0 i o 1 1 2 J
0 3.0 1.0 20 3.0
MAGH NUMBER

Figwe 174, Boeing Supersonic Separable Nuse Capsule ~ Performance Envelops
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I the afreralt is submerged in water, the nose capsule is automatically
separated from the afreraft, A water-pressure sensor set at 12 psi (26 [oot
depth) actuates a ballistic initintor to start the automatic sequence, The boost
rocket Is bypassed and only the separation, [lotatfon, amd rescue aids subsys- ?
tems are actuated, Flotation cells inflate to stabilize the nose section and
expedite ascent to the surlace,
A timie history of the escape sequence aceelerations through recovery
parachute inflation shows them to be within the specified limits of human tol-
erance as 'shown in Flg, 175, On ground landing, the nese capsule stracture
ahsorbs encrgy by crushing, This results in an average g-loading on the crew- [
men of 13g for 0,07 second,  When landing in water, the nose eapsule penctrates
to n depth of approximately five feet and immediately rises and adopts a flotation ’
attitude,  Maximum loads on the crewmen during water entry are approximately
AR
Table XXXU shows the Boelng supersonic separable nose escape sys-
tem weight breakdown, ]
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Table XXXil. Boeing Supersonic Seporable Nose Escapa Svstem Weight Breckdown

Iiem

Adjustable seat, Including inertia reels and restraint harness

Survival and rescue cquipment, including katiery, rudio,
beacon light, and chaff dispenser

Controls and injtiation system

Separation system

Boost rocket

Beost 10cket support structure

Flotation vy stem

Recovery system and convroly

Recavery system attach fittings

Emergency pressurization system

Crew (less personal equipment)

Crew oxygen provisions

Personal equipment

Total

Wel [.Jff:(. Lb
110

85
13
16
26
25
52
250
18
21
400
20

~8Y

1,306

Yaw time histories for gca level escape conuitions encompassging the
critical speed rangv are shown in Flg, 179, The angic-cf~attack vucves Lo,

varfous speeds are shown in Fig. 180,
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Trajectory analysis of the separable nose capsule during the escape

period shows that successful recovery will be made at all speeds from zero (o
800 KIAS as shown In Fig. 181 Adequate clearance of the scparable nose cap~
sule from the aircraft is attained at all airplane speeds. The tralectory of the
scparable nose capsule over the airplane for the 5800 KIAS condition i{s shown
in Fig. 182,
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5., MISCELLANEOUS ESCAPE DEVICES
4. STANLEY YANKEE ESCAPE SYSTEM
‘The Yunkee escape system was conceived, designed, and tested by the 4 »

Stanley Aviation Corporation, Three roafiguretions cun be provided to meet

speclfie applications. The basic system, for escape above 200 feet altitude and

at speeds to at least 350 knots, consists of a tractor extraction rocket and a

stondard personnel parachute. A zero-zero system for extending escape cupa-

bility to zero speed and zero-altiliele consists of the basic system plus a rocket

extracted-ballistically opernted parachute (REBOP) (n licu of the standard para- »
chute, a drogue parachute for directional stability, and a lolding scat whose back

remalns with the man, A high-spoed system, for eseape capabllities equal to

thnse of ejection scats (450 knots), consists of the sero-zero system plus a

powered inertia reel and a limb restraint garment.

When ejection (8 necessary, actuation of the ejection control jettisons
the cunopy and initiates launching of the spin-stabilized extraction rocket with »
integral launcher, Upon reaching viser line stretch, the extruction rocket is
ignited and the crewman is ejected from the airplane to a height sufficient for
safe roecovery. The folding soal provides ihe knee and toe clearance required
to remove the crewmaninan erect posture through a small escape opening.
An integral sensor separates the rocket from the ocrewman just prior to rocket
burnout, A drogue parachute positions the crewman facing the relative wind
for optimum recovery parachute deployment, A amall tractor rocket extracts » ®
the REBOP parachut¢ near apogee at low ultitude, or by aneroid control during !
descent through 15,000 feet at high altitude, The drogue parachute Is a pilot
parachute for che REBOP if it is deployed manually. Following extraction, the

parachute is forcibly spread ballistically. The ejection and recovery sequence
is shown in Fig. 183,

6. ESCAPE AND SURVIVAL SUBSYSTEMS AND COMPONENTS

a. CAPSULE SEPARATION SYSTEMS

Tho successful development of the linear-shaped charge as the primary
separation system for capsular escape vehicles i providing a method for solving
the vroblem of increasing complexity of escape from supersonic aircraft, This
concept offers a reliable, lightweight system for separating the inhabited section »
from the rest of the airplane by directive explosive cutting.

A survey of Information and organizations regarding linear~ghaped
charges wag conducted Lo obtain design data pertinent to linear-shaped charge
separation systems in figure military aircerafi, and to determine the advantages,
penaltics, and problems assoclated with the application of the linear-shaped
charge (LSC) concept.

. »
During the survey, published literature and induatrlial and govern- ,
mental knowledge was collected and studfed. It was found that important ad~ ‘
vances have been made in the field of high-temperature explosive materials. I
’ i
k »
|
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One example .8 . Dul'ont development of & high-temperature explosive, ‘Tacot,
which hitg a4 worbing temperature up to 610°1F and a melling point of 710°F, The
latest heat: verostant explosives wsed in Hnear-shaped charges are listed inTablo
XXX, with available information on maximum working temperatures and melt-

ing polats, PETN and DX are presentiy the most commonly used LSC explosive  *

materials,

‘Ine most populnr sheath materials for I8C are lead and aluminum
shuped futo o V-type configuration,  Optimum standoff his been determined by
vendor tests to be approximately two tones the sheath groove depth, Core
sizing I8 most reliably deternuned b oenual testing of the part to be cut, How-
ever, & optimum standoff, core sizing can be cstimated by the following for- o
mula: W = Kt2(1e)0.0 where W = corc weldght gr./it, t = thickness of materinl
cut mils, H = Brincll hardness, e = density g/ce, and K = constant reflecting
elficiency of charge design and materials against the particular target, During ;
tests, the maximum thickness of 2024T-4 aluminum plate severed was 0,500
inch, using a 250 grain/foot RDX explosive linear-shaped charge, The same
charge severed a 0,250 plate of 304 stuinless steel, Thicker plates could be :
cut using larger charges. Linear-shaped charges must be initiated by an ex~ o
plosive shock, ‘This shock is usually produced by Indtintors that nre actuated
by percussion technigues or eleetrical stimulus, The linenr-shaped charge s
detonated at o determined distance from the torget and produces o sharply de-
fined cutting netion,  (The shocek wave is focused and reaches maximum velosity
Lefore striking the turget,) Figure 184 shows a typical linear-shaped charge
get up with resnect to the target, . ® ®

Results of the survey Indicated that the use of linear=-shaped charges
for capsule separation from supersonie afveraft will provide a reliahle, light-
weight, precigely controlled system capable of instantancous high-power cutting
action, The development of Tacot high-temperature explosive strongly supports
the feasibility ol the shaped charge system in high-performance afreradt,
Information was lacking for sizing the LSC for cutting such {tems as wire »
bundles, control cables, hydraulic tubes, and structural angle supports. Also,
it was concluded that further investigation should be made of explosive material
breakdown due to environmcutal conditions,

Table XXXIIl. Capsule Separation Systems ~ lHeat Resistant Explosives

Moximum Working Melting -
Explosive Temperature Temperature
PETN 160°TF 285°F
RDX 280°F 400°T
HMX 546°F ‘
DATB .
TACOT 610°F 710°F ' ®
EL 511
DiPAM
HNS




b. LEDC ENERGY TRANSMISSION SYSTEMS

. The low-encrgy detonating cord (LEDC) is a joint development of the
Ensign Bickford Company and DuPont. It consists of a propellant train of PETN
or RDX contained in a lead tube 0,040 inch in diameter. A PETN charge of one
grein por foot provides reliable transmissfon and a detonation velooity of 24,000

{eet per second,

Overbraided or sheathed LEDC and parts required for the adaptation of
LEDC, as an improved energy transmission system for emergency crew escape
systems, werc developed by the Frankford Arsenal for the Air Force Flight
Dyanamics Laboratory. The sheathed LEIXC i3 used as a replacement for gas
conduit lines for the initintion of various propellant actuated devices and lincar-
shaped charge capsule separation systems, LEDC systems have the advantages
of reduced size and weight, higher operating speeds, and elimination of line
boosters and restriotions on length of line between components, They are
totally {ndependent because they need no power supply, and are safe to handle
because they require a specific means of inftiation.

Figure 185 is a cross section of the overbraided, totally confined
LEDC. It consists of a propellant train of 0.015~inch diameter PETN contained
in & lead tube of 0,040 inch diameter. This lead tube is covered witn rayon
yarn, and held in place with a 0,170~inch diameter polyethylene sleeve which
acts as a damping mcdium té the detonation. The fiberglass overbraiding is for
added strength and isg in n jacket of extruded polyethylene having an OD of 0,25
fnch. In addition to resisting rupturs, the cord has the adsantages of being
highly flexible, can he rendily coiled in a 1-1/2 inch radius, is resistant to
reasonable abrasion, and is light in weight (0.0267 pound per foot).

Figure 186 shows the XM58 mechanical initiator that is normally used
to initiate an LEDC system by mechanical actuation from the cockpit or control
point, A force of 25 to 30 pounds is required to withdraw the {nitiator pin which
results in the firing of the unit, Figure 187 shows the XM59 gas initfator. This
unit is used in applications where gns pressure is used to {nitiate LEDC sys~
tems. XMG6, 67, 68, and 69 initiators {Fig. 188) are units that are actuated by
LEDC, and contain amall cartridges that produce gas pressure to actuate the
firing pin of any propellant actuation device (PAD). These units are provided
as straight fittings, similar to a standard union or couple, or as 90~degree
elbow fittings. They nre available with either MS or pipe thieaded ports, thereby
making them computible with existing PAD,

Varfous types of fittings are avoilable for interconnecting LEDC systems.
Figure 189 shows a cross fitting and Fig, 190 shuwe a T-fitting, 30-degree bulk-

head, and union bulkheail (ittings.

Figure 191 shows a check valve that allows a detonation wave, traveling
in one direction in a LEDC line, to pass through the valve and continue through
the system, However, a detonation wave traveling in the opposite direction will

be stopped by the valve,
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¢. PROPELLANT-ACTUATED DEVICES

Antuator, Center Beam Relerse, Canopy,
Talley Industries, P/N 30189

Used on the F-111 to release the canopy from the airplane. It pulls
ugeinat a 1000 pound load for 0.3 inch, and then strokes out to 0,8 inch while
the load reduces to almoet zero, The unit 8’ lg 2,15 inches by 4.37 inches
by 4.67 inches extended, or 3.88 inches retr. sted, See Flg. 192, Unit welght
is 0.3 pound.

Actuator, Sent Adjustment,
Talley Industriea, P/N 30147-3

Used in conjuncticr with Talley rocket-catapult, P/N 10,100-1, to
raise aud lower the rocket-catapult with seat on the F~105, airplane.

This electromechanical unit maintains proper relationship between
rocket motor thrust line and CG of man and seat to prevent tumbling, Kated
operating load is 500 pounds, Maximum operating load is 700 pounds. Elec-
trival stroke is 4,26 inches nominal, The stroke velocity at raied load iz 1.4
to 3.0 feet/minute, The unit size is approximately 5 by 5 by 12,58 inches -
extended, or 8,12 inches retracted. Sec Fig. 193, Unit weight is 7 pounds
maximum,

Actuatox, '"B'" Seat Foot Pan,
Rocket Power, Inc,, P/N 1964-11

Ballistically rotyacts the foot cables and positions the feet and legs
for safe ejection in the '"B" seet, Unit hag two spring-operat:d cables (one at
each end of unit) which attach to the crewman's heels with slight tension main-

tained for normal flight operations. Unit contains a dual function rotary actuator.
The unit aize is 4.75 inches diameter by 17.70 inches, See Fig. 194,

Actuator: Rotary (Man~Seat Separator),
Talley Industriee, N 1000

The unit is applicable to the B-47, B-32, B-68, B-08, F-100, F-101,
£-102, F-104, F-106, T-33, T-37, T-38, and CL-141

In operation, upon lap belt opening, the lap belt {nitiator fires the
rotary actuator cartridge to retract the actuator webbing an average of 15 inches.
The webbing, which extends down between the seat and man's back pack, undex
survival kit, to attachmoent on the fiont lip of the seat, is then pulled taut to
aeparate the crewman from the seat,
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The unit 1s capable of separating a mass varying in welght from 100
to 400 pounds, from an immovable sea*. n 0,50 second maximum. Rate of
onset, acceleration, etc, are shown in the plota below.
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The unit's size is 2,26 inches diameter by 3.134 inches long., See
Fig. 195, Unit weight is 3,5 pounds maximum.

Ballistic Rotary Actuator {Man-Boat Separaior),
Rocket Power, Inc., P/N 192§

The unit i8 used on T-33, ¥-84, ¥-100, F-101, F-102, F-104, and
F-105. I separates man from seat during the emergency ejection sequence.
Retraction length is 15 inches., Retraction force Is 1700 pounds. Retraction
acceleration Is 7g maximum against a 100~-pound load. Retraction time ls
0.45 second maximum. Is size Is 2,25 inches by 8,25 incheas. See Fig, 196.
Tnit weight te 2.5 pounds (approximately).

Brealm¥5[ Bolta gProgllmt-Powered),
owsr, Inc,, P/N's 1546 and 1548

Four of these bolts attach the Convair '"B" seat to the cradle frame,
When {nitiated at instant of sest-man launch, the holts preal: away simultaneously
to release seat from airplane.

The small charge cf propellant in the nolt cavity, when ignited, de-
velops internal pressure sufficient to causo the bolt body o fail at the break-
away secotion without fragmentation,
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Figuee 196, Bellistic Retary Actuaror (Man-Seat Sepcrater) — Recket Power, inc. P/N 1928
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Ultimate tenslon i8 22,000 pounds. Tension failure is at 25,000 poinds.
Separation time after initiation ig 0.002 second. Unit 1646-13 {s 1.4 by 2,75
by 3.35 inches and welghs 1 pound. See Flg. 197. Unit 1548-13 I8 1.48 by 2,75
by 4.64 Inches and weighs 1.4 pounds, See Fig. 198,

Ballistic-Inertin Hamoss Reel,
Rocket Power, Inc,, /N 1293

This unit i8 used on tha A-5 (A3J). It combines the normal inertial
reel functions and emergency ejection positioning of the seat occupant, Per-
formance data are as follows:

Strop extension, 18 inches,

Retractfon tine, 0.3 second nominal,
Rotraction velocity, 12 fps maxfmum,
Rate of accoleration change, 250 g/second,
Stall force, 800 pounda. 3

Unit 2a shown {n Fig, 199, Weight lu 6.75 pounds (total system weight
i3 7.6 pounds).

Gas Generator
Talley Industries, F/N 14£0~14

The gas generator 18 used on the B~58 encapsulated seat to actuate the

* torso~retracting Inertin reel and the leg-positioning mechanism, and to pres-

surize the deor-closing thruster., The unit has a 20 cubic inch capacity with
an output of 1000 psl in 0.5 second, Its size is 2,00 by 6,22 by 14,20 inches,
Unit weight is 2,75 pounds (see Fig. 200).

Gas Gunerator

Franldord Arsenal XM14

The XMl4 gas generator was developed by Frankiord Arsenal for the
same use a3 the Talley Industries P/N 1450-14 gas generator. The unit provides
a source of pneumatic power for operating preejection leg positioning, torso
positioning, and capsule door closure for the B-58 encapsulated ejection seat,

A dual power source i provided that permits enclosure of the crew member in
an emergency, I the emergency passes and the capsule doors are reopened,
the second charge may be fired to operate the system i necessary, A high
tetnperature resistant propellant and igniter are used to mect extended storage
life and operating requirements at 200°F, Figure 201 shows the pressure versus
time operasing characteristics for a test firing into a 21 cubic inch volume test
{ixture.

1

Gos Generator,
Talley Industriez, P/N 2600-17

The gas generator is used in the recovery system of the B~58 encap-
sulated seat, It contains an aneroid that permits capsule free fall to 15,000
feet, \Vhon 15,000 fect is veached, the gas generator is activated and the
parachute is deployed, The gas gencrator (s activated immediately if ejection
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Figure 198, Sceakoway Bolt - Rocket Power, Inc. P/N 1548
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Figure 200. Gas Generator - Talley Industries P/N 1450-14
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is below 16,000 fect, The unit size is 2,515 {nches maximum by 4,26 inches :
maximum by 5, 082 Inches maximum. See Fig. 202, Unit weight is 4,75 pounds,
Y {
200 F
150" 00 ¢ -
/q' J
Q. o
& / - PROPELLANT: HTN
5 750 WEIGHT: 29,1 GRAMS
i} PRIMER: 51M
& IGNITER: 20, 1 GRAM
. Y (
0 { L I 1 j
0 02 04 0.6 0.8 1.0
TIME (SECONDS)
Figure 201, XM14 Gas Generator Pressure-Time for 21 Cu In.Vol ® @ {

Barostat Lock Initiatox,
Talley Industries, P/N 90160

This is an anerofd~controlled unit used on the F-~111 to actuate at [} [
15,000 feot or below, If ejection is accomplished at an altitude over 15,000 feet,
the initiator will not actuate. When the pilot descends to 15,000 feet, the initiator
actuates ard initiates SMDC (Sh/olded Mild Detonating Cord), The SMDC accom-
plishes a number of ejection functions, one of which Is deploying the chute, The

unit size 13 2.22 by 3,54 by 4,75 inches. See Fig. 203, Unit weight {s 1,55
pounds.,

® 4
Rocket Catapult,
Rocket Power, Inc,, P/N 172010

The unit is used on the North American B-70 to launch emergency
escape capsule from aircrafi. Thrust data is as follows:

¢ Catapult and cartridge, 12,400 pounds, o ‘
s lmpulse, 3100 pound-seconds,
e Time, 0,30 second,

Acceloration dota is 16g, 160g/second. The unit {8 4 inches by 5 feet,

5 inches (approximately), Sce Fig, 204. Unit welght !s 50 pounds (approx{-
matoly).
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Figure 202. Gas Generator - Talley Industries P/N 2600-17
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Figure 203, Barostat Lock Initiator ~ Talley Industries P/N 90166

Figure 204, Rocket Catapult — Rocket Power, Inc. P/N 172010
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Rocket Catapult,
Talley Industrica, P/N 10,100

The unit is applicable to the F-102, F~104, F~108, and X-15, It {8
phyaically inierchangeable with the XM10, but {s designed to give the crewman
sufficlent altitude to ailow a zero~zero ejection,

Total impulse of rocket and catapult s 2700 pound~seconds. Bura time
of motor is 0.5 sccond, Maximum acceleration is 16g., Maximum rate of onsct
is 160g/sccond, Altitudes as high as 450 fect have been reached with a 400
pound ejected mass. The unit is 3.25 inches dlameter by 45.00 inches, See
Fig. 205, Unit weight i3 32 pounds (approximately).

Rocket Catapult
Talley Induatrica, P/N 2400

The unit ia used on the F-86, F-100, T-33, and CL~141. Performance
data are as follows:

e Catapult thrust, 4,700 pounds (-65°F), 5,250 pounds (+70°F), 6,000 pounds
(+200°F),

o  Rocket thrust, 5,500 pounds {-65*F), 6,000 pounds (+70°F), 6,400 pounds
(+200°F).

¢ Rocket burn time (average), 0.25 second,

e Acceleration, 14,6g (-G5°F), 16,0g (+70°F), 18,0g (+200°F),

# Rate of acceleration, 160g second (-65°F), 170g/cecond (+70°F), 200
g/Becond (+200°F).

e Velocity at separation (average), 50 feet/second,

e Total impulse {average), 1,550 pound/seconda,

Performance figures are basced on 1 specific seat using a 45-degree
rocket nozzle angle and vith a 375 pound seat-man mass, Unic size {8 2,5 by 4
by 39 inches., See Fig, 206, Unit weight is 20 pounds.
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Figure 205. Rocket Catepult - Talley Industries P/N 10
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Rocket-Catspult
Talley Indusiries, P/N 10006

The unit ia applicable to the AS(A3J), T2(T2J), 0V10A, and LW2 seat.
Performance characteristics are the same as for Talley P/N 2400, but the
catapult, instead of being carried piggy-back, 18 now in line with the rocket
motor. Unit size is 3 inches dlameter by 43.5 inches. See Fig, 207. Unit
weight varies from 21,25 pounds to 23,5 pounds.

Rocket Catapult,
Rocket Power, Inc,, P/N 1057

The unit is government standard LAU 28/A and is applicable to the
F~102 and F-106. Performance data are as follows:

Impulse, oatapult — 500 pound seconds, rocket —1,100 pound seconds.
Maximum thrust, catapuit — 6,000 pounds, rocket motor ~—3,600 pounds.
Max{mum acceleration, 15,2g.

Maximum onsel rate, 122g/second,

Burning time, catapult — 0,169 second, rucket motor — 0,274 second.

The unil gize 13 3.5 by 50 inches, and it weighs 35 pounds.

Rocket-Catapult,
Rocket Power, Inc,, P/N 1192

The unit is a replacement for NAMC, Type II, and used on the T-2
(T2J), Performance data are as follcws:

Impulse, catapult — 500 pound seconds, rocket — 900 pound seconds,
Maximum thrust, catapult — 5,500 pounds, rocket motor — 4,700 pounds.
Maximum acceleration, 15, 5g.

Maximum onset rate, 151g/second,

Burning lime, catapult — 0,147 second, rocket motor ~— 0.212 second.,

Unit size {8 4 by 43 inches, and it weighs 30 pounds.
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Figure 206. Rocket Catapuli ~ Talley Industries P/N 2400
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Figure 207. Rocket Catapuit ~ Talley Industries P/N 10,006
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Rocket Catapult,
Rocket Power, Inc,, P/N 1289

The unit iy a rcplacement for NAMC, Type II, and {8 used on the A-5
{A3J), Performance data are as follows:

Impulse, catapult ~ 500 pound seconds, rocket ~- 900 pound seconds.
Maximum thrust, catapult — 5,000 pounds . rocket niotor — 4,400 pounds,
Max{mum accsleration, 14,2g.

Max{mum onsct rate, i63g/sccond,

Burning time, catapult — 0,165 second, rocket motor =~ 0,201 second,

Unit size 1s 4 by 43 Inches. See Fig, 208, Unit weight {8 30 pounds,

Rocket-Catapult
Rocket Power; The., P/N 1407

The unit is applicable to the X-15, Performance data are as follows:

Impalse, catapult —700 pound seconds, rocket -—1,050 pound seconds,
Maximum thrust, catapult — 7,500 pounds, rocket motor — 4,400 pounds,
Maxiuwm acceleration, 16.0g,

Maximum onset rate, 188g/second,

Burning time, catapult — 0,140 second, rocket motor — 0,243 second.

Undt size {8 3.6 by 50,312 {nches. See Flg. 209. Unit welght {a.-
36 pounds.

Rocket=Catapult
Rocket Power, llncu P/N 2124
The unit {s a replacement for the M5 catapult and {a applicable to the

F-84, M-2, X224, CT114, OV10A, MOD Pack II, and LL simulator. Per-
formance data are as follows:

Impulse, catapult — 555 pound seconds, rocket —1,210 pound seconds,
Maximum thrust, catapult — 4,700 pounds, rocket motor —- 4,600 pounds.
Maximum acceleration, 16,0g.

Maximum onset rate, 160g/second,

Burning time, catapult — 0,155 second, rocket motor — 0,272 sacond,

Unit sizoe is 2,44 by 41,50 inches, See Fig. 210, Unit weight is 18,5
pounds,
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Figure 208. Rocket Catapult — Rocket Power, Inc. P/N 1289
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Figure 209. Rocket Catupult - Rocket Power, Inc. P/N 1407
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Rocket-Catapult
focket Power, l’nc.. P/N 2174

The unlt is a repiaccment for the M10, M8, M9, Repac I, and M3
calapult and (s applicable to the F-106, F-104, ATA, SC-142, TA 4E, CL-84,
XV4A, and COIN (G.C, Charger). Performance data are as follows:

Impulse, catapult ~-6C2 pound seconds, rocket — 2,000 pound seconds,
Maximum thrust, catapult ~— 5,800 pounds, rocket motor — 4,500 pounds,
M:azimum acceleration, 14,3g,

Maximum onset rate, 177g/second,

Buraing time, catapult - 0,155 second, rocket motor — 0,465 second,

Uait size 18 3.5 by 44 inches, Sece Fig. 211. Unit weight i3 28 pounds,

Rocket-Catapult
Rocket TPower, ﬂw.. F/N 2184

The unit is a replacement for the M5 catapult and {s uapplicable to the
=100 and T-33. Performance data are as follows:

I ulse, catapult — 546 pound seconds, rocket —1,250 pound seconds.
Maximum thrust, catapult — 4,500 pounds, rocket motor — 4,800 pounds,
Mux{mum acceleration, 17g.

Maximum onset rate, 170g/second,

Durning time, catapult — 0,151 second, rocket mntor -—— 0,302 second,

eaewese

Unit size is 2,56 by 39 inches, Sce ¥ig, 212. Unit weight is 23
pounds,

Rocket -Catapult,
Rocket Yower, Inc,, P/N 2194

The urit is used on the Gemini, Performance data is ag follows:

Impulse, catapult 700 pound seconds, rocket —1,800 pound seconds,
Maximum thrust, catapult — 7,500 pounds, rocket motor -— 8,200 pounds.
Maximum acceleration, 19.7g.

Maximum onsct rate, 318g/second.

Burning time, catapult -~ 0,134 second, rocket motor - 0,273 second,

e G oe

Unit sizc 18 3,92 by 45 inches., See Fig, 213. Unit weight is 28,5 pounds,
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Figure 211, Rocket Catopult = Rocket Power, Inc. P/N 2174
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Figute 212, Rocket Covapult — Rocket Powwr, Inc. P/N 2184 ®
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Thiokol Chemical Corporation
Principal characteristics and nominal ballistic performance at 60°F, ¥
‘ 1M l
ENGINE OF S 1GNATION nep LRTR LU L ST LR AT B2 1M H-b 30 [fmdon {AID- |00k
v DS . (R']
APPLICASBLL AIRCRAFY [0 (81 [HEY ) HUTROHIT -1 b-48 n CAPSULE
by o oo Jomn Jan Jav Jwe | lome » 4
TENGEH LINCHLS) d;o 150 W A.o - Qo B o o
OIAMITER 1INCHEST 2% [T 79 1% 1% Yoo L Yo
NOZILE CANT ANGLE oy YV PO 4w . 49 5y’ an w L
TOTAL W IGHT LB 00 HEY 1o X0 mo 210 »o s
PROP{LLANT WEIOHT ILUI . 3 b0 (] %) 93 wo (Y] ] » ‘
PROP(LLANT Ty POLYSULF10€ |POLY SULFIDE [FOLYSULH1DE [POLYSULEIDL | POLYSULE 1D [POUY SULFIDE | POXY SULFIDX { POLY SULF 10K
TEMPMAATURE RANGE 40 Flovie0 F[-45 F102100 F| 45 710 4160 [ 0% F10+160 | 60 Flo 160 F| -4 7 103200°7| 45'F 104200 F| 45 Flo o200 F
MAS MU THRUST (LB Lu L% Y] 4,600 v, %00 1,000 10, 000 1,50
AVERAGE THRUST iL8) 3, 200 1500 1.0 3,000 4,000 2,000 4. 00 1%
DURATION 18I0) (3] [ %] (%] Q. 300 (9} 0650 [¥: ] (S ]
- TOTAL IMPUILSE LO-SLC 1,100 1,100 L3 |10 "w 1, 30 )00 L4n -] #
MAXIMUM PRESSURL (PSIAT | 4,000 3,00 4,0 4,000 T 5,000 3, o 3,00
AVIRAGL PRESSURE 1PS:AY | 2, 400 140 7,900 280 1 1,50 2,300 1,00

The following graph shows the pressure and thust versus time charac-
teristics for the TE-M-324 engine.
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Boost Rocket,
Talley Industrics, P/N 50136

The Rocket was proposed for the Boeing ADO-12 airplanec design

separable nose capsule., Performance charucteristics at +59°F axe as follows:

e  Averago thrust, 68,000 pounds.,
¢ Burn time, 0.6 second,
e Total impulse, 40, 809 pound/scconds.

Dimensions are shown below. Total unit weight 1s 264 pounde,

tu 1‘*

3CMIN

t 50,00
Escape Rocket
Rocket Power, Inc., P/N 1078

The rorket is used for launching Convair "B" gecat irom airplane, It
oonsisis of twin RP1 P1 L1 rocket motors manifolded together to provide maxi-

mum stability at launch with twin nozzles canted to thrust through CG of seat-
man mass.

Performance data are: total impulse (sea level), 2,300 pound seconds;
thrust time, 0.78 second.
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Unit size {8 4 by 10 by 18 Inches (approximately). See Fig 214, Unit
weight {s 35 pounds (arproximately).

Rocket Motor (Back Mount),
Talley Industries, /N 50100

Proposed for the Martin-Baker seat, this unit has a design thrust of
5,500 pounds at 70°F with a burn time of 0,25 second minimum ut T0°F, Its
size I3 2 by 3,75 by 21 inches, Estimated weight is 8 pounds.

Rocket Motor (Pan Mount),
Talley Industries, /N 50101

Proposed for the Martin-Baker seat, has same performance ao Talley
P/N 50100. Unit size 18 3.1 by 12,38 by 15,5 faches. Estimatod weight s

17.'5 pounds,

Boom Stabflizer.
Rocket Power, Inc., P/N'a 1618 and 1619

Stabllizers are v ied to stablize the Convair """ seat following ejection.
Extension time iz 76 milliscconds, Units are 2 fect, 4 inches loug before ex-
tension, See Fig. 215, Units are 10 ieet, 4 inches long aftor ectension, Sece
Fig. 216, Unit weight is 16,5 pounds each (approximately).

Stahilization System,
Talley Industries, P/N 90140

System was proposed for the Boeing ADO-12 airplane design separable
node capsuls, System consists of two hallistically deployed booms with a 4-foot
diameter first ribbon parachute attached to and deployed from each hoom. The
drag force on cach parachute {8 13,800 pounds maximum.

The boony and parachute stowage envelcpe {8 8 inches diameter by 30
inches, Boom stroke is 60 inches, Parachute stowage voluma ie 650 cubic
inchea., The estimated systan weight is 100 pounds,

Vertical Thruster (Propellant Powered),
Rocket Poweyr, Inc,, P/N 1610

The unit is a three-section telescopin,, tube thruster used to elevate the
Convalr '"B" seat and inan unft up and out of the cockpit for inftial ejection,
Stroke is hydraulically buffered fo: stroke zontrul within human tolerance, The
stroke is 28 inches (approximately). Unit will 1ift a 500 pound maes against a
maximum 23,000 pound aerodynamic force in system.

The {nstalled length of the thruster {s 20 {nches (approximately), See
Fig. 217. Unit weight is 17 pounds.
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Figure 214. Escape Rocket - Rocket Power, Inc. P-N 1978
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Rotational Thruster (Propellant Powered),
Rocket Power, Inc,, P/N 16i2

Two of these hydraulically buffered thrusters arc used to rotate the
Convair "BY scat and man combination to a supine position as it emorges from
the cockpit in readiness for launching, The stroke is 12 inches (approximately);
operating time, 1.4 seconds; thrust, 510 pounds; acceleration, 3g; velocity, 11
fect/second maximum, ‘The installed length of the thruster is 22 inchea (approxi-
mately). See Fig. 218. Unit weight is ¢ povnds,

Representative Frarkford Arsenal Catapults

The catapult is a twa or three tube telescoping device, containing an
explosive component, desigaed for upward or downward ¢jection of crewmen and
thelr seat from disabled aircraft. The following table presents principal charac-
teristics of typical Frankford Arsenal Catapults,

Frankford Arsenal Designation M3AL M4Al M5AL
e Number of tubes '’ 3 3 3
®  Length (inches) 61 31 39
¢ Diameter (inches) 3 2.6 2.3
o Stroke (Inches) 88 45 6%
e  Weight (pounds) 24.9 6.7 B.2
e Propelled weight (pounds) . 350 325 300
e Direction Up Down Up
e Temperature limits (*F) =65 to +160
e Maximum acceleraticn at 70°F (g) 20 12.5 20
e  Minimum velocity at 70°F (fps) Kk 38 60
e - Maximum onsot ratc at 70°F (g/sec) 180 100 170
e Firing method Gas Gus Gas
e Cartridge Mi6 M3? M28A1
e Stroke time at 70°F (seconds) 24 .24 22

Representative Frankford Arsenal Rocket-Catapults

The rocket-catapult i a two tube telescoping catapult device with an
integral rocket motor, to provide sustained thrust, designed for "nff~-the-deck™
as wull as high-specd ejection capability, The following table presents the
principal charactevistics for some Frankford Arsenal Rocket-Catapults,

¥rankford Arsennl Designation M8 M3 Mio
®  Length (inches) 46,3 41.9 44.1
e Djamecter (inches) 2,89 2,89 2,89
e  Weight (pounds) 27 24 26
o Propelled weight (pounds) 350 360 400
e Temperaturc limits (*F) -85 to +160
288
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Figwe 218. Rotational Thiuster (Propellant Powered) — Rocket? Power, Inc. P/N 1612
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Catnpult (booster section) Ms Mo M10
e  Stroke (inches) ' 40 35.75 34
© Maximum acccleration at T0°F (g) 20 20 20
o Velocity at 70°F (fps) 40 40 40
e Muximum onset rate at 70°F (g/sec) 300 300 350
o Stroke time at 70°F (seconds) 0.175 0.160 0,155
e  Firing method Gas Gas Gus

Rocket (sustainer section)
o Maximum action time at 70°F (seconds) 0.4 0.36 0.4
e Impulse resultant at 70°F pounds-seconds i,200 1,100 1,100
¢ Moaximum pressure (psl) 4,600 4,600 4,600
¢ Maximum [gnition delay at 70°F (second) 0,012 0.012 0,012
¢ Nozzle angle (degrecs) 37.5 47.5 36.4

Figure 219 shows a cross-section and envelope drawing ot the M10
rocket-catapult and Fig, 220 shows its operating characteristics. This unit is
used on the F-104 airceraft to provide "off-the-deck" and high speed ejection
capability.

Frankford Arsenal Rocket-Catapult XM30

The XM30 rocket~catapult was developed by Frankford Arsenal as a
direct retrofit for M10 catapults, but with rocket impulse increased to 2,300
pounds-sneconds and with storage life and operational capabilities at 200°F, A
novel feature of the design is a swivel, adjustable angle, nozzle which permits
the catapult launching tube to be stored Inside the rocket and functionally pass
through the rocket nozzle, Immediately after exit of the launch tube through
the nozzle, gas pressure, acting on a sleeve, causes the nozzle to rotate to
a predetermincd fixed angle. This design permits a 50 percent increaso in
propellant weight without an increase in installation diameter. Figure 221
shows a crogs=-sectlon of the unit, Inst:'lation dimensions are the same as for
the M10 rocket-catap:itlt. Design data are:

e Catapult stroke 34.0 inches

e Nozzle angle 34° to 38* adjustable
¢ Rocket motor outeide diameter 3.12 inches

e  Overall length * 41,6 inches

¢ Total impulse 2,500 pounds-seconds
¢ Performance range -65°F through +200°F
e \eight 35.5 pounds

Representative Frankford Arsenal Thrusters

A thruster is & component of an aircraft escape system that is used to
accomplish a certain task before Implementing the final phases of the escape
procedure. The basic parts of a thruster consist of a gas operated firing
mechanism, cartridge, chamber, and piston. Each thruster is provided with
an tnitial lock mechanism that is releascd when the cartridge functions.
Thrusters have been developed with piston strokes between 1-1/2 and 13 inches,
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Buffer or damper mechanisms are used with thrusters to restriet veloeity and

acceleration of the propelled load,

Frankiord Arscenal thrusters:

Frankford Arscenal Desighation M3A3
Leagth (inches) 9
Diameter (inches) 1,07
Peak thrust at 70°F (pounds) 1,660
Completed stroke (inches) 1.6
Weight (pounds) 1
Propelled mass (pounds) 360
Firing method ’ Gas
Temperature limits I -GH
Siroke time (scconds) 0,09
Restraining foree (pounds) 0

M17

25,37
1.82
1,660
13.25
12
350
Gas
to

0.6
525

Mig

21.69

1.82
1,080 at 160°F
9.5

12

a50

Gas

1160===
0.245
525

Following are some typical examplec of the

M20A]

12,6

Gas
+200
0. 0406
3,000

M2A3 used to releage contro! column storage spring and operite seat
actuntor disconnect,

M7 und M18 used to position seat prior to ejection,

1 M20A1 usced to jettison the canopy.

chrcscntatlvc Frankford Arscnal Canopy Removers

speed alreraft before ejection of the crewman,

The canopy remover s a two- or three-tube telescoping device con~
tadning an explosive component, and desgigned to jettison the canopy from high
Tollowing are some examples

of typical Frankford Arsenal removers:

Frankford Arsenal Designation Al
Number of tubes 2
Lespth {inchas) . a1
Diamecter {inches) 2.19
Strokc (inches) 26
Weight (pounds) 4.4
Propelled weight (pounds) 300
Temperature limits (°F) ~65
Minimum velocity at 70°F (fps) 20,5
Minimum thrust at 70°F (pounds) 2,600
Stroke time at 70°F (secon-is) 0.15
Cartridge Mi1A1
Firing method Mecch,

M3Al

2

g1
2.19
26
4.4
300

to
20,5
2,600
0.15
M31lAl
Gas

M4

M22A2
Gas

Representative Frankford Arsenal Electro-Mechanieal-Ballistic Removers

Electromechanical-hallistie removers are desiymed to raise and lower
alreraft canoples under normal ¢rnditions during ground operation, and to
jettison the canopy before ejectivn during an emergency., The following table
wives the principal characteristics of the M8 and M9 Frankford Arsenal
removers, designed for use on the F-1G66A and F-106B aircralt,
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Frankford Arsenn! Designation Ms
Number of tubes 2
Length (inches) 20.25
Diameter (inches) 3.07
Welight including motor (pounda) 23
Temperature limits (°F) . -66

Ballistic Performance

Peak thrust (pounds) 6,000
Stroke length (iaches) 12
Stroke time (zeconds) 0.13
Propelled mass (pounds) 360
Maximum terminal velooity (fps) 25

Electromechanical Performance

Stroke length (inches) 9.38
Stroke time (seconds) 9
Propelled mass {pounds) 350
Electric ourrent (amps) 9
Electric voltage (volts) 28

Representative Frankford Arsonal Initiators

Iz

[~}

3.07
35
to +200

6,750
24.5
0.16
286
4.4

45.6

286
17
28

Initiators are used to provide actuating energy for the operation of
firing mechanisms of other propellant actuated devices of aircrew escape sys-
tems. They are cylindrical devices consisting of a chamber with a pressure
outlet port, firing mechanism, and cartridge. They are available with either
mechanical or gas pressure actuation and tii1e delays from 0.0 to 5.0 seconds.
Also, they will dellver pressures up to 3,000 psi at the end of a 30-foot length of
MS28741-4 hose, and will have various mounting provisions., The principal
characteristics of some of the Frankford Arsenal initiators are as follows:

Frankford Arsenal Mi4
Designation M3A1l M4 M5A2 M6Al1  (Miniature)

Length (inches) 4,34 65,03 4.51 65.21 5,28
Diameter (inches) 1.38 1,38 1,88 1,35 0,876
Actuation method Mech Mech Gas Gas Mech
Minimum actuation force

(pound or psi) 40 10 750 750 40
Temperature limits (°F) -65 to +160 -85 to +160°F
Assembled weight (pounds) 0.9 1.0 0.9 0.9 0.39
Delay time (seconds) 0 2 0 2 3

Figures 222 and 223 show cross~section and envelope drawings and
pical performance for M5A2 and M14 initiators.
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Incrtin larness Reel with Power Rotrnctlon;
Paclfic Scientific Co,, P/N 0103114-2

Unit is applicable to the B-58 encapsulated seat, The incrtia reel is
normally instalied behind the scat occupant, Dual steaps pase forward over the
scat occupunt's shoulders and conneet with his restraint harness, The inortia
reel allows freedom of movement during normal operating conditions, The reel
locks automatically when accelerations on the shoulder straps are in excoss of
g, A manual lock {s also previded, Power retraction by a remote pressuro
source I8 inltiated just prior to seat or capsule ¢jection, The occupant is re-
tracted and restrained against the seat back and the reol is locked, The recl
may be returned to normal operation after pressure has been released. Per-
formance data are as follows:

Normal Operation

e Strap extension ' 21 inches
e  Strap tension 1 to 5 pounds
e Automatio lock setting 2 to 3g
e Ultimate lond 3,300 pounds
e Temperature range -65* to +160°F
Power Retraction Operation
¢ Operating pressure 1,000 psi £15 percent
e Strap retraction 18 inches
¢ Retraction force 92 pounds
¢ Retractlon time 0.3 to 0.6 sacond
e Reel-in velocity 12 feet/second maximum
e DPcak nceeleration 500g/scoond maximum
e Retraction stall force 100 pounds +0 pounds per strap

at extended position
Just under 50 pouunds per strap
in the retracted position

A sketch of the unit showing its overall size in inches is shown,
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d. PARACHUTE SYSTEMS
(1) Stencel Ultra Precision Parachute

The Ulira Precision Parachute (UPP) was developed by the Stencel
Aero Engineering Corporation, Asheville, N,.C. The UPF gystcm incorporates
internal ballistic energy sources for canopy deployment and spreading.

Under a U,S, Navy contract, a UPP for ejection seat recovery sys-
tems was developed incorporating the 28-foot flat solid personne! recovery canopy.
The results of static and flight testing of this parachute, identified as the 1.S-1
Ballistic Parachute, are presented in Fig, 224. This figure also presents analyt-
ically determined opening times and inflation times for the same canopy with con-
ventional deployment. In teets performed at zero air speed, the drop load was
released to free fall at the same instant the LS-1 parachute was initiated, The
canopy was fully inflated in less than two seconds, In flight tests, a stuble 235
pound load was dropped from the test aircraft and the LS-1 parachute was pro~
jected at an anglc of approximately 45 degrees to the ulrstream. The openingtime
of the UPP parachute {s almost constant throughout \ie range of zero to 260 knots
1AS as shown in Fig. 224, Although only two tests were performed at 260 knots,
the desired upward trend of the curve appeared to be valid,

‘The UPP inco: wirates any standard canopy, although imost work hag
beea with flat solid <anopics to which two ballistically powered guns arc added,
The first gun projects the pack to full line stretch. Line stretch is utilized to fire
the second gun which spreads the canopy out of the pack. Any relative motion of
the canopy to the airstrcam then produces rapid inflation of the canopy. The two
guns are identific-4 as the projection gun and the spreading ¢'u, respectively,

The LS~1 parachute shown in Fig. 225 18 no larger than the parachute with conven-
tional performance which it replaces. U required, the bulk of the UPP can be
further reduced by special packing techniques, since the UPP with internal energy
sources is readily wdaptable to pressure or vacuum packing.

The periormance churacteristics of a given parachute can be con~
trolled to a large degree by means of the amount of energy released in either one
or both of the guns, Other controlling factors include the angle of pack projection
with respect to the alrstream, and timing the firing of the spreading gun. As a
result, the performance characteristics of a parachute can usually Lo tailored to

any specific system requirements.

The force time history of the LS~1 parachute when operated at air
speeds above 170 knots hus heen succeezsfully controlied. The results of a test in
which the LS-1 parachute was operated at an air speed of 200 knots are shown In
Fig. 226, The results of u test in which the LS~1 parachute was operated at an air
speed of 150 kmots are shown in Fig. 227, The peak deceleration force reduced
slightly from the value ut 200 knots alr apeed whereus the mean deceleration force

was appreciably reduced.

T installed weight of the LS-? parachute Is 19,6 pounds, The pro-
jected weight .. 8.0 pounds,
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{(2) Weber Alreraft Corporation Ballistic Parachute System

The gun deployed personnel parachute is different from other para-
chutes in that the pun is within the pack, The gun fires o slug that deploys the pilot
chute and the main canopy. The deployment gun is located in the upper right hand
corner of the parachute pack and is aimed up and outboard at a 45 degree angle,
There is a nylon strap attached to the slug with a screw and spacer, The strap is
routed beneath the top protector flap to the manual vverride mechanism, The firing
cable to the deploy ment gun comes out of the parachute on the lower left hand side
of the parachute packs The end of the cable has o special protective device and
cover to prevent inacdvertent actuation of the firing cable. The parachute con be
deployed in the nornma! manner with the manual pull on the T-handle. Pulling the
T~handie will not fice the deployment gun, Pulling the special end fitting on the
firing vable after the special housing oh the end of the outer housing is retracted
will lire the deployment gun,

TEST MO Al<| LIUME (%]

UAIN CHUTE 28 F1 CIRCULAR FLAT
LOAD WEIGHT 213 PQUNDS
RELEASE ALKSPEED 00 niAS

L S Y A I L L R e e T R Y
TIME (4ECONDS:

Figura 226, Stencel LS1 Bollistic Parachute Decelerotion versus Time
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Figure 227. Stence! LS-1 Ballistic Parachute Decelearation versus Time
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e. LIFE SUPPORT SYSTEMS
(1) High Altitude Full Pressure Suits

With the advent of military requirements for high altitude flying,
a variety of high altitude pressure suits have been developed to allow crew
members to guxv /e in atmospheres that would not normally support life. At
altitudes ahave 35, 000 feet, oxygen must be delivered to the lungs under
pressure; however, by the time an altitude of 45, 000 feet 1s reached this
pressure will attain an equivalent value of about 12 inches of water, rendering
breathing difficult if no compensatory pressure 18 applied to the external trunk
of the body (Ref. 7). Above 63, 000 feet another barrier is encountered. The
atmospheric pressure drops to a point where bolling of the blood would occur
unless counter pressure is applied, Full pressure suits developed by bath
Alr Force and Navy have prevented these problems,

Air Force Full Pressure Sujt A/P228-2 -= description of this
suit was gathered from Refs, 8, 9, 10, and 11, The Air Force A/P225-2 full
pressure suit is designed to maintuin an internal pressure of 3.96x 0,2 psia
(equivalent to amblent pressure at 356, 000 feet) at altitudes up to 100, 000 feet,
while del'vering oxygen to the wearer and rendering pressure breathing un-

necessary.

The suit helmet, Model HGK-13/P228-2, weighs 6-1/2 pounds

and consists of three husic components: 1) a hard plastic cuter shell providing
protection and pressure retention, 2) an internal rubber bladder providing
counter pressure, 3) a transparent facepiece. Helmet diameter i approximately
14 inches. Oxygen flow into the face aren is regulated by a positive pressure
demand type regulator dusigned to operute in the pressure range of 50 to 90 psia,
while pressure within the oral-nasal cavity of the helmet 18 maintained within

the range of 0.0 to 1.6 inches of water throughout the flow range of 0 to 100
LPM. A neoprene-fonm rubber face seal i8 positioned on the inner support
frame of the helmet, sealing the face area off from other suit cavities, A spring
loaded exhalation valve, mounted on the face seol, routes exhalation gases into
the suit. Standard equipment includes foam=-rubber exrphone cups and adjusta~
ble microphone. In many models the communications cable supplying these

two components has been integrated with the oxygen line, A plexiglass front
piece is hinged on each side and can he opened to a position on top of the shell

or closed over the face. A sun-glare visor is located at the same position and
may be superimposed over the clear plate. The ring bearing disconnect,

located ot the base of the helmet shell, is used for attachment of the helmet to

the suit,

The coveralls, Model CSK-6/P22S-2, weigh 11 pounds and consist
of four distiinct protective layers: 1) a polyurethane coated nylon cloth outer
layer, 2) a dacron link-net restraint layer with a single wall distensible bladder
of neoprene-coated nylon underneath, 3) a ventilation layer attached to,

4) the innermost laver which contains channels for air distributfon to the ex~
tremities and upper torso, The suit has been designed to accommodate a full
standing position, a feature lacking in many of the earlier morlels,
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Glovea (weight, 1 pound) connect to the aujt at the wrists by dis-
connect rings or zipper, und consist of a leather and nylon outer shell with a
single -wall distensible bladder flocked on the inside. Flocked neoprene pressure

socks are cemented to the sult legs. Conventional flight boots are worn over these,

Three, and sometimes four, life lines sre attached to the suit,
The ventilation air inlet hose is attached to the left front of the suit while the
suit pressure controller is mounted on the right front. The controller
functions as a pressure sensing and flow control device which senges pressure
changes within the cockpit and restricts ventilating air accordingly, opening
to allow gas loss when an internal pressure of 5 psi is reached, The con-
troller can also sense loss of suit ventilating air and direct either alreraft or
emergency System oxygen through the suit for pressurization, (See Flg. 228.)

Navy Full Pressure Suit Mark IV —description of this suit has
been gath:red from Ref, 12, 13, and 14, Although research is currendy being
conducted with regard to development of an improved full pressure suit, the
Mark IV I3 considered ndequate as a pressure/oxygen system for current naval
aircraft, The suit is designed to maintain an internal pressure of 3,36 £ 0.2 psia
at altitudes up to 100, 000 feet when cabin pressure is lost above 36, 000 fect,
while supplying oxygen to the crew member,

Helmet Model GF 70, or GR 90, weighs 5 pounds and containg
systerns and components acarly ideptical to those found in the Air Force
HGK 13/P2258-2 model. The helmet is secured to the suit through a ball bearing
neck ring, which permits the wearer to rotate the helmet, providing about
240 degrees of visibility from side to side.

The voveralls weigh 11 pounds and consist of two disc.ete layers:
1) a reinforced rubber inner bladlder, and 2) a nylon outer fabric, A series of
straps run ucross the shoulders and chest, reducing ballooning. As on the Air
Force coverall, a set of lacings run up the back of legs, arms, and torso
providing adjustment capabillty., The suit pressure controller, whose function
is identical to that on the A/P22S-2 sult, is located in the seat pack, Ducts
supplying ventitation air to the suit are attached to the inner bladder, distri-
buting air to the wrists, ankles, groin, and torso area.

Gloves (weight, 8 0z,) are congtructed of suit material with soft
leather sewn over the palms and fingers. A wire is imbedded in the palm and
secured to the back of the gloves to prevent ballooning and to increase dexterity.
Leather boots fit over the rubber feet of the suit.

Both suita are pressurized automatically by meeans of the suit
pressure controller and the helmet mounted broathing regulator whenever the
cabin altitude reaches 35,000 feet (Fig. 229). The helmet breathing pressure
regulator monitors suit pressure and is pre-set to deliver oxygen to the helmet
face area, ata pressure slightly greater than that of the suit, in order to pre-
clude entry of suit gas into the oral-nasal area,

The complete suit weighs between 17 and 25 pounds depending upon
length and type of hoses used, boots und gloves worn, ete. An experienced pilot
should be able to don either suit in about 10 minutes. This includes putting on the
long underwear which is always worn beneath the suit.
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Suit pressurce/temperature air system gasses emanaie from two
sources: 1) the air conditioning system which usually consists of a heat
exchanger and an expansion turbine, with shutoff and pressurc regulaing mixing
valves, providing reirigerated alr which 18 mixed with 2) bleed air from either
or both engines, Gases from this system are fed into the pressure suit at a
tmperature selected by the wearer. Should this pressurization system fafl,
the pressure contral volve would automatically close, preventing loss of gas from
the suit; repressurization would be instituted through the oxygen system (Ref. 9).

Both Air Force and Navy full pregsure suits have been worn by
over 150 Individuals in simuwlator tests and evaluation flights, The following
tests and results were recorded for the two suits (Refs. 9, 15, and 16),

Altitude Chamber Tests — individuals were exposed to simulated
altitudes ranging from 7, 000 to 100, 000 feet for time intervals o 5 minutes to
2 hours. Explosive decompression was simulated from 25, 000 to 66,000 feet
in about 1 second, The suits adequately rnaintained the pressures required by
the wearer for survival, Although the decomuression effects were unpleasant,
no extreme discomfort was ngted.

Low Speed Parachute Jump Tests — these tests have been conducted
utilizing 10 and 20 seconds of free fall from 16, 000 and 10, 000 feet respectively
before chute Jdeployment, The suits proved to be satisfactory.

Windblest Tests — the sults were subjected to high speed windblast
eled tests ranging from Mach 6.68 to 1,08, High speed ejection tests have also
been conducted where ejection was accomplished from an F-106 aircraft at
22,000 to 23,000 feet and air specds of 730 knots (Mach 1.58), The suits with-
stood these windblaat subjections in a satisfactory manner,

Thermal Evaluation -—- pilots wearing a full pressure suit have
expericnced temperatures of =26°F with windblasts up to 30 mph without
adverse effects, while test subjects wearing full pressure suits were able to
withstand a 30-minute stay in water of 33°F coupled with a period of 76 minutes
on.a rubber raft wherc air temperature was 10° to 21°F. Subjects indicated a
possible tolerance of 5 to 6 hours under these conditions while wearing a suit.
It wae noted that the suits floated quite well with air trapped inside and were
watertight; however, regular flotation equipment was required.

“The extreme importance of obtaining a proper fitting suit was
emphasized since air and water leakage occur when the suits fail to fit well,
Extra equipment suggested for exposure protection included:

2 suits of long underwear

2 pair wool socks

1 pair mukluk boots

1 combisuit

1 pair thermal rubber boots
1 pair exposure mittens
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Lapeannce of pilot task performance while wearing a full pressure
suit has, in some instances, been siight while in other situations the per-
formance decrement hag been quite large, Grosgs tusks such as knob turning
and lever pushing are affected very ttle by the unpressurized suit, while
pressurization introduces u degree of cumbergsomeness and a fatigue fuctor which
are significant in pilot performance. Subjects who ware asked to perform tusks
of finer resolution with the Purdue Peg Bourd while wearing a pressure suit
showed a decrement in dexterity of 35 to 63 percent depending on whether the
suit hud been inflated, (Ref, 17),

Pilots at Selfridge Air Force Base, Michigan, reported that
regtricted mobility while wearing the pressurized suit made (t difficult to
actuate fuel switches, armament recyele buttons, M-A-1 power switch, and
manually ne the UNE radio,

Target acquisition through an optical sight is very difficult when a
suit {8 worn, face plate glire and Interference make it difficult to get a full
field of view. Glare has been found to be a real problem when flying on top of
an undercast when the sun is forward at the 3 or 9 o'clock position, while scope
interpretation is difficult to impoysible when flying into the sun (Ref. 13),

In one test, pilots wearing the suit found that glare from the helmet
vigor was a contributing tactor in lowering pilot efficiency. In this Instunce it
was listed as the direct cause of 6 missed intercepts out of 205 that were attempted.

During formation flying, most pilots complained about the restricted
mobility that prevented the flight leader [rom secing his wing man: the inuability
to quickly trim the alveraft because of the gloves, and the always present fatigue
fuctor. Periods of high bumidity caused a fog proeblem with the face plate.

Examinution of sweat patterns of pilots wearing the suitg for 3-hour
periods or longer hus shown that ventilating air within the suit is gencrally not
adequute to meet the heat removal demands of the wearer. With extended use,
the suits soon become filthy and odorous. To date, no compeient cleaning pro-
cedure has been devised to overcome this problem,

Weather flying or night flying in the suit has created no problems,
ard no physical, psychological, or mental problems have been found in connection

with the suits,

One of the main problems with the suits seens to be the longitudinnl
stretching which occurs with pressurization, The helmet is pushed off the top of
the suit and the gloves have a tendency to clongate one to several inches past the
finger tips, decreasing manual dexterity and increasing fatigue.

In tests conducted by the 94th squadron, Air Defense Command,
Selfridge Air Force Base, during which 135 sorties were flown in the A/P228-2
pressure suit, the following conclusions were made:

¢ The suit is too uncomfortible to permit continuous wear during alert, or
for perinds in oxcess of 6 hours.
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¢ Pllota do not want to wear the suit for anything other than sustained flight
above 50,000 feet,

e A flve-minute soramble is almost an impossibility.

e The pilots ability to react to a serious emergency would be degraded by the
suit,

e The suit should not be used in combat,
¢ Training flighta in the suit should be continued on a limited basis,

{2) Antisxposure Clothing

Alrcrew antiexpoyury clothing plays an important role in the success
or fallure of many missiors, as well as providing an element of survival for the
crew following ejoction, Light to medium welight garments are presently available
which are fully effective within established temperature limits. Pilot acceptance
of these suits has beun good, whereas the heavier suits have not been well re-
ceived due to ventilation requirements, the comfort factor, degradation of mobil-

ity, etc,

The development of arctic survival clothing has heen hampered to
some extent due to a lack of adequate insulation materfal, Several models
affording protection from arctic cnvironments are now available; however, these
have not proven to be entirely adequate since the Air Force Life Support Systems
Program Office continies to show an interest in the development of an antiexpo=
sure garment capable of providing protection at ~65°F which would also be fire~

proaf, waterproof, and lightweight,

The following antiexposure garments are considered representative
of those found in Alr Force and Navy stores, For a more complete compilation
see Refs, 19 and 20,

Lightweight Antiexposure Clothing — Alr Force Flying Coverall,
CWU-1/P (Ref. 22). This lined, one-plece suil provides lightwelght protection
for flying personnel operating in the temperature range of 35°F to 85°I*, The
outer shell js nylon twill while the inner lining s rayon taced wool-backed cloth.
A nylon hood retracts within the fabric collar when not in use, Suit closure is
effected with a zipper extending from the crotch to the neck. Suit welght is less
than 4 pounds, making it simple to don and providing ease of movement.

Navy Winter Flying Suit (Ref. 20) — The two picce suit (jacket and
trousers) is made in three layers of fabric: 1) an outer shell of water resistant
nylon, 2) middle insulating layer, 3) inner lining, The suit comes equipped
with a detachable fur-lined hood. Suit weight is less than 5 pounds.

Regulation flight boots and gloves are worn with both the
above suits, |
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Heavy Duty Antiexposure Clothing

Alr Force Heavy Duty Sult (Ref. 21). This antiexposure assembly
consists of four discrete layers: 1) long underwear, 2) ventilating garment,
3) !nner garment, 4) outer garment, The MA-3 (s a one picce garment without
sleeves and with open logs, made of 2 layers of {lexible vinyi, the surface of
which {8 cross-corrugated into a fine waffle-weave pattern which facilitates
ventilating alrtluw between layers and along the outer surfaces. Alr is blown
between the 2 vinyl lnyers, through the air inlet hose at the front, and reaches
the body through numerons spucially arranged small holes In the inner loyer.
In fligh:ing, the garment may be ventilated with air from the systemn within the
alrernft or from a small lightweight blower (4 in, x 8-1/2 ir., welghing 3-3/4
Ib) that can supply air for two suits. During standby, the garment may be
ventilated with the small blower, or with a large blower which can supply air
to 12 garments. The inner garment (CWU-2/P), worn over the ventilating
garment, is primarily an insulation garment for the uuter coverall, It may also
be used as a scp.lrntc fly ing; coverall in the temperatare range of 14°F to 40"F,
1t is fabricated from 2 luycrs of wool-backed-nylon with portals for the hoses
of the ventilating and anti-g garments located in the front. A separate hood of
single-ply wool-backed=-nylon accompanies thias suit along with leather combat
boots. The outer gnrment (CWU-3/P), consists of the CWU-3/P coveralls,
permaneatly aitached FWU-2/P overshoes, a separable protective hood, and
ncoprene=coated, water-repellent fabric mittens, '

The antiexposure overshoe is designed to fit over the standard,
ankle-high scrvice shoe, or the 10-inch leather aircrew flight boot.

Alr Force/Navy-R-1A Quick Donning Antiexposure Coverall
(Ref. 19), This suit was designed to protect personnel from immersjon in
water as well as arctie snow conditions, In addition, the suit provides the
wearer with buoyancy to keep afloat until a life raft can be reached. The R-1A
is a one-piece coverall constructed of rubberized nylon. An attached hood is
optional, The sult completely encases the users body with the exceptlon of the
face and hands, and may be donned in 30 to 40 seconds over regular flight
clothing by an experienced airman,

Navy Antiexposw e Suit MK~4 (Ref. 20). This watertight suit
provides warmth under extremely cold conditions and buoyancy in case of emer-
geney bailout or crash landing at sea. The suit consists of: 1) an {nsulation
liner which consists of the two-plece navy winter flying sujt described under
lightweight antiexposure clothing, and 2) a waterproof outer garnient. Rub-
ber wrist and neck scals are part of the suit, combned with the attached MK-4
boot,

The suit and liner have given protection from exposure for two
hours in water at 28°F and in subzero weather on land for several hours.
There is, however, no ventilation capability within the suit, and its bulk
(approximately 15 pounds) makes It less desirable than the MK-5 suit,
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Navy Antlexposure Suit, MK-56. The two-plece garment consists
of 1) an inner suit conslsting of a one-piece nylon twill coverall with built-in
ventilating capability furnished through ducts woven into the fabric, and 2) an
outer layer, very similar to that of the MK-4; however, improved wrist and
neck seals along with improved mobility make the sult more desirable, Total
welght of the MK-~6 {8 approximately 10 pounds, Hose attachments for the anti-g
and ventilaling garments are located walst high on the left front of the suit.

Down-Filled Arctic Exposure Clothing (Ref. 22). A down-filled,
nylon covered, winter survival ensemble has been developed by the Gerry
Mountain Sperts Company and {8 currently undergoing evaluation tests ut WPAFB,
It consists of the following items:

o Walk Around Sleeper —- semimobile sleeping bag which is designed for
walking and working as well as sleeping. Welght,3~1/2 pounds.

e Mittens ~- welight, 8 ounces.

e Overboota — used for both lower leg and foot protection, not for walking.
Weight, 1 pound.

¢ Wind Pants — extra leg protectlon. Weight, 4 ounces,

The above ensemble weighs 5-1/4 pounds, and hand stuffs into 900
cubic inches or vacuum packs into 350 cubic inches, In lieu of the walkaround
sleeper, the following items may be used:

e Combination Coat —used as a short coat which snaps around the upper part
of the legs indit idually, or forms top half of sleeping bag. Welght, 3 pounds,

e Walst Sack — half length sleeping bay for use with the combi-coat. Weight,
1-1/4 pounds,

® Wind Parka — for usc with the combi~suit. Weight, 8 ounces,

Thege garments, when worn together, have been found to be adequate
in cold chamber tesats of ~40 degrees and to provide a bady CLO value of 5,25,
The suita' limitations are:

e Some manual coutrol is necessary to maintain down distribution while he
garments are being worn,

e When sleeping directly on snow, the Insuiation of a parachute or other
material must be used underneath the wearer.

e The nylon covering of the garment will melt at 482°F, care must be taken
around cpen fires,
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(3) Locator Beacons and Transcelversy

At present there exists an inadequacy in emergeney locator de-
vices, Some of the problems involved are lack of dependability, unsatisfuctory
modes of actuation, lack of standardization nf existing models, and non-avail-~
ability, In nddition to this, the Air Force hag expressed a desire for develop-
mont of o digcrete radio signal system, because those in use at the present
time may be monitored by enemy as well as friendly forces,

The following localor devices are presently being employed by the

military and are considered to he representative of equipment available to Air
Force and Navy aviators,

Air Force Radio Devices

AN/URC-10, a waterproof solid state transceiver operating

in the frequency band of 240-260 m¢. May generate a sweep audio tone
beacon mode, which can be locked in for unattended operation, or provide

a CW signal for location by homing devices. The tranaceiver s equippedd with
a telescoping antenna, measures 6-3/4 by 11/ hy 3 inches, welghs less than
27 ounces, and can be operated in one hand. The dry battery is carried ina
separate metal holder, similar in size to the transceiver, and weighs 36
ounces. [t is connected to the transceiver by 2-1/2 feet of cable, The trans-
ceiver will operate on u 60 pevcent transmit-receive duty. oyele for 70 hours,
The set will operate within the temperature range of =657 lo +55°C. [Its signnl
is reljable to an altitude of 20, 000 feet, a~" hes a range of 100-160 miles.

RT-285A/URC-11. A waterpt =i battery operated transcelver
with transistorized audio system and telearoning antenna, The transceiver
" provides for the transmisaion rad reception f CW, moduifated CW, and voice
signald on n frequency of 243. ¢ me,, permittiig location bx homing devices
at a range of approximately 100 miles ard an altitude of 10, 000 feet. Voice
communication is possible witi:in a range of 65 miles. The battery has an
operational life of 24 hours (50 percent transmission). Waight of the conpleie
sot 18 3-1/2 pounds. When used in an ejection cupsule, thuo operational life
and utility of the URC-11 radio may be greatly enhanced with the installation
of an automa‘ie, externally mounted antenna, Four BA-1315 batteries insm!led
within the capsule provide radio transmission life of over 300 hours. Modification
of the radio also allows standard headphones to plug into the set, providing voice
reception from the moment of ojertion. The radio, in operational condition,
may be removed from the capsule by unlocking a hand operated snap (Ref, 23},

AN/URT-21 (Rel, 24). This miriature transmisgion bencon 18 nor-
mally housed in an open end packet in the parachute; however, it may be carried
in the shirt or pants pocket since complete set size s only 5-1,/2 x 3-1/2

X 1-1/2 Inches with a weight of 18 ounces. Opening of the purachute activates

the chute mounted set; the antenna I8 incorporated within onc of the parachute
risers. The set will transmit a gonstant beacon on a frequency of 243 me, for

24 hours at an 80-mile range to aircraft at 10, 000 fect altitude. This beacon

is currently being used by the Tactical Air Force, A lighter wodel (URT=27),

with the same range, has been proposed hy the Air Force and ahiculd be in
production by 1966 ,
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Navy Radio Devices

AN/PRC-49 (Ref, 25). A two~-way volce radic beacon with an op-
erational life of 24 hours on the 243 mc. guard channel. Total weight, including
battery. is 3 vounds, with the baitery in a separate package. Range varies with
antenna configuration, but is from 20 to 60 miles within line of sight distance.
This set can be stowed on the airman or in the survival kit. The aewar PRC-61
radio which is nearly identical to the PRC-49, except that it can transceive with
the Alr Force URT-27, is being procured by the Navy.

AN/URC-39 (Ref. 25). Perronzl two-way voice radio plus heacon
which oparates on 243 mc, Operational life is 24 hours with a range of 20-60
miles to aircraft at 10, 000 feet altitude. Weight ia approximately 2 pounds,

AN/CRT-3, Gibson Girl (Ref, 25), A life raft radio beacon weigh-
ing appraximately 40 pounds with a self-contalned, hand-cperated generator.,
The unit requires a 300-foot long, balloon-raised antenna for operation. Range
can be up to 1600 miles depending on atmospheric conditions, frequency, etc.
A program has been initiated for the development of a lighter, smaller, battery-
powered high-pexformance replacement for the AN/CRT-3,

Additional Aids

Cheffing System (Ref, 26). The B58-A aircraft ejection capsule
is equipped with a chaffing system which dispenses shredded tinfoil strips into
the atmosphere, siding radar si;mal reflection and affcrding a means of capsule
location. Ao the capsule ia ejected, an aneroid unit senses the pressure change
and sutomatically opens the compartment containing the chaff, The slipstream
then dispenees the chaff during capsule descent.

Redar Reflectors (Ref. 27). The most commonly used is the
corner, or "target, " reflector which {8 an umbrella-1ike antenna made of 8
triangular planes of metal mesh that intersect at right anglea. Effective
ranpge of the reflector is 2 to 18 miles.

MK-13 MOD O Distreas Signal (Ref, 28), The distress signal is
a pyrotechnic torch that burns for approximately 18 seconds. Signals are
locuted on both ends of the cylindrical container, with orange smoke for day
and red glow for aight.

Pencil Flare M-131 (Ref, 29). These are small, pencil-sized
flares which may be carried on the aviators person, and used principally for
signel during parachute descent. :

Dye Marker (Ref, 27), Dye marker packets are worn, attached'to
life vests, und carried in life rofts. Under good conditions the dye l8 exhausted
in 20-30 safnutes and cecases to e a good target after 1 hour. It is visible ‘
at an approximate distance of 10 miles at 3, 000 feet.
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Signal Mirror (Ref, 27), Hand mirrer which can usually be scen
at a distance three Lo five times greater than the distancee nt which a life roft &)
can be sighted at sea. On a clear day, the mirvor will reflect the equivalent
of 8 million candlepower., Flashes from a mirror have been seen from a dis-
tance of 40 miles.

Whistle (Ref, 27), This signalling device can be heard up toa
distance of 1, 000 yardaz,

38 Caliber Revolver with Tracer Bullets (Itef, 24),
1 (4) Survival Fquipraent and Contalners

The increased range ol today's high=perlormance afrerafl has
changed the coneept ol survival Kit confipurationy, packaging, und component
items, The individual kit must now provide the downed airerew member with
a capability to supplement living off any envivenment ¢, ., avctic, tundra,
jungle, or descrt regions, as well as the sea. There are several types of
survival kits used by both Afr Foree ad Navy,  These kits are packed for
cither individual or airercew use, In the container most aduptible to the alreratt
and area over which the {Tight will take place: however, most kits presently ave
packed for global survival, 'The following are examples ol survival equipment
containers and survivul equipment now in use, (This informintion was obtalned

from Refs, 19 and 30), -~
survival Equipment Containers
® ®

MD-1 Container, Global kit container used primarily in ejection
scats of various types of fighter and bomber airerafl,  Consists of an outew
expandable fabric container amd o waterproof inner container,  Container size
may be adjusted with a drawstieing positioned around the bottom edpe of the

contuiner,

ML=2 Container, Global kit container used in B=32 and B-3% air-
craft consists of a fiberglass or reinforced plastie container with an inner
waterprool container,

Cuntainers Applicable to F-101, =102, F-104, F-=103, and F-100
Aircrait, ‘There ave rigid survival kit containers which ave similar in config-
uration to the ML-2 contiainer, the basie difference heing that these hits eontain ®
an integrated smecgeney oxvgen system containing a 10 minute supply of oxygen
for breathing and maintaining a pressure suit,

Container Tor Rotational Upward Ejection Seat,  Container used
in the F-106A nd F=10613 wirerift,  Kit consists ol two detachable finerplass
packs which attach to the back ol the seat,

®
F-dl=1 Contiiner,  This contiainer is part of the Martin-Baker
ejection seat installation in the Fe seties, all=service aiveraft, Contuiner is
a rigid, molded, wo-part assembly which is cuvried in the soat pan and is at-
tached to the inteprated luap belt assembly,
®
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ML-3 Contalner. A long-renge, nonejection kit, normally stowed
in a place readily accessible to the crewmember, may be attached to either back-
or chest-style parachute accessory V-rings before bailout, The kit may be worn
as a rucksack after landing,

Other Survival Items, The following lists itemize muandatory,
recommended, and optional items for inclusion in survival equipment:

SURVIVAL EQUIPMENT

MANDATORY
Quantity Item Use Weight {Cu 1n)
1 Mirror MK3, BuAer Spec Signal, 6 oz 4
23M5 Operational
3 Signal, Smoke and [lumina- Hand-held, 40z 10

tion, Marine Mk13, Mod 0  doytime, night-
(SAC--Optional if Radio Is  time

Used) ilare
2 Signal, M131, Dlumination Sighal
1 Whistle, Police, Plastic Signal 202 2
(SAC--Optional)
1 Radio Set, AN/URC~11 Signal 11lb 110
or
1 . Radjo Set, AN/URC-10 Signal 11b 110
1 Battery, Type BA1315/U with Radio
1 Battery, Type BA1387/URC- with Radio
10
1 Cable Assy (Comes w/ with Radio
Radio)
3 Box, Match, Waterproof For Stowing 2 oz 6
60B3693 Matches
1 Life Raft, MB-1| Flotation 71b 40z
100 Matches, Strike-Any- Store in
(Approx)  where Kitchen N Waterproof
Match Box

1 7 Radiagc Meter (SAC Only) Radiation

1 Menual, Survival Inatruction 3oz .
Manual .
K3 I
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Quantity
1

1 pr
1 pr
1 pr

1 pr

1
2

3 tubes
1

100

SURVIVAL EQUIPMENT {Cont)

MANDATORY
Item Use Weight (Cu in)
Water, Drinking, Cunned
(8AC)
RECOMMENDED ITEMS
Sccks, Wool, Cushion Sole  All Climatic 2 oz N/A
Ranges
Socke, 1007 Down All Climatic B oz 25
Insulated Ranges
Socks, Wnol, Winter All Climatiec 3 oz N/A
Ranges
Gogples, Sun, Type lor II  Against Sun und 3 oz 5
Snow Blindness
Lipstick, Anti-Chup, Type 1, Avetic 1 o2 1
Type I, 1T Use; Type 2,
Tropie Use
Repair Kit, Life Raft 1oz 24
Ration, RS-1 food Ration 11h 8 oz B5
Sodium Chloride Tanlets Heat Fatigue 11h 5oz 1.5
Spocn, Spec MIL-F-254 102 1
Cartridge, Ball, Cal, 22, M-4 and M-6
Hornet Survival
\Weapons
Packet Sea Mavker Sigmal ]
Shark Deteirent 9
Kit, Fishing, Survival Foraging b oz 7
Ecquipment
Net, Gill, Nylon Fishing 2 ox N/A
Otler, Carbine, Cal. 30, Survival J oz !
M-1 Weapons
316
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Quantity

20 ft

1 box,
24 ea,

SURVIVAL EQUIPMENT (Cont)

RECOMMENDED ITEMS

Rtem

Rifle, Survival, M-d,
22 Hornet

Wire, Comm. Brass
Candie, Long-Burning,
MI1.-C-26h39

Heat Tabs, J. W, Speaker,
P/N 1118

First Ald Kit, Survival,
Individual

Bag, $lecping, MC-1, Dwg
No 59D3948

Saw, Hand, Fiager Grip,
MI1L-C-380, Type MB-2

Knife, Pocket, Spec i
MIL-J=R18

Stone, Sharpening,
Type VIII

Compnss, Pocket,
MIL-C-6235

Compass Lensatic

Bag, Storage, Drinking
Wateor, Size B, MIL-}B-
8571

Cantcen, Plastic
(3 Pints)

Bag, Storuge, Drinking
Water, Size A, MIL-B-8571

Use
Foraging
For Making
Snares

Emergency

Heat, Coisking

Firgt Aid

All Climatic

Cutting Metals,
Wood, Plastic,
Glass In Any
Direction

Combination,
Screwdriver,
Opener, 4
Blades

Reading
Aziinuths

Storing
Drinking
\Water

Storing
Drinking “Vater

Weight {Cu in)
3lh 1002 90
202 N/A
N/A N/A
N/A N/A
6 oz 12
350
4 oz 1,69
20z 2,65
104 1
4 02 9
3 oz
202
J oz
.
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Quuatity

1pr

1pr

1pr

1pr

1pr

1pr

SURVIVAL EQUIPMENT (Cont)

RECOMMENDED ITEMS

Item
Kit, Desalting, MK-2,
MIL-L-56531
Magazine, 22 tlornet

Radine Meter, Minirad

Hood, Winter MI1.-H-25704

Pocket Flare Kit

Use
Drinking Woter
from Salt
Water
M4, Weapon
Detecting

Gamma
Radiation

Signal

OPTIONAL ITEMS

Lirawers, Wool, MIL-D-
2224

Jacket, 1007 Down In-
sulated

Gloves, Inserts

Trousers, 10077 Down
Insulated

Mittens, Aircrew

Mittens, Inserts

Gloves, Cloth, Work,
MIL-G-2874, Type 1

Hat, Reversible, Sun

Moccasin, Survival,
Type 11

Poncho, Lightweight
Undershirt, Winter
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Cold Climate

Cold Climate

Cold Weather
When Finger
Duxterity
Required
Cold Climate
Cold Temp~-
erate Climate
Liner for N2

Hot Climate

Hot Climate
Cold Climate

Cold Climate
Cold Climate

Weight

(Cu in)

11b 6 oz

4 oz

8 oz

12 oz

21b

2 02

21b

8 oz

11b

21

8 oz

8 oz

36

49

150

126

14

20
10

16

20

50
103

)



¢ ¢ SURVIVAL EQUIPMENT (Cont)
OPTIONAL ITEMS
1 Quantity Item Use Weipht Cu in
P 1 Inseot Repellent Insect 40z 6.7
Repellent
1 Hat and Mosquito Net Insect Joz
Protection
1 Ointment, Sun Sunburn 3oz 6.5
]
2 Food Packet, Type SA Food for | 1lb 3oz 49
Man, 1 Day,
Cold Climate
1 Food Packet, Type ST Food for 1 1lb 30z 49
Man, 3 Days,
| Tropics
l Rifle, Shotgun, Ma, In Place of 31 100z 90
22 Hornet, 410 Gage M-4 Rifle
s 1 Box Shell, 410 Gage, 3 in For M-6 1.
p Case Weapon
2 Starter, Fire, Type M2, Starting
Spec MIL-S-131175 Fires
1 Snake Bite Kit, Suction Snake Biics b oz 13
1 Razor, Safety, Travel Kit
‘ 57C3785
1 Soap, Toilet, Floating Personal 20z 1
1 File, Flat, 6 in., Type 3 3oz .6
P 1 Knife, Hunting, w/Sheath 5 oz 27
1 Survival Tool Kit Type Comb, Tool
SRU=~18/P Dwg. 62D4406 .
1 Plotter, Type B-2 Measuring 8 oz 12
Angles,
e Distance
1 Hand Axe, 16 in Handle 11lb 4oz 40
¢ 319
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(5) Automotic Lite Raft (Waltev-Kidde Co. Ltd.)

In the past, many injuries hive been sustained by flying person-
nel, either due to combat or through cjection from high-speed aircraft, making
it difficult or impossible to carry out the manual operations necegsary to in-
flate the conventional type of emergeney life raft, An automatic, single-seat
life raft is now available which climinates the previous necessity of marual opera-
tion. The only conscious activity required in the automatic system s that the
pilot successfully cjects himself from the aircraft (Ref. 31),

The dinghy is basically the standard, hoat-shaped, pueumatie,
one-man raft, but hds a small diameter, high-pressurae tube attached to the
periphery of the main buoynney tube which spreads the raft beneath the subjeet,
ready for inflation, ofter n predetermined interval,

On separation from the ejection seat, the pilot's life jacket is
inflated and the raft deployment tube operating head is primed, both actions
heing performed by a static line. Upon entering the water the pilot going im-
mediate support from his life jncket.- Following a period of 10 to 15 secouds
the deployment tube inflates, spreading the dinghy under him. At this stuge,
tho operating head of the main tube {3 primed, After a further interval of 10 to
15 scconds, the maln buoyancy tube inflates und the subject is fully supported
by the dinghy, Automatic inflation of the raft is accomplished through soluble
plugs which are shielded from the water until the inflation mechanisms are
primed in proper sequence, See Fig. 230 for an fuflation sequence following
water touchdown,

In the case of alrcraft ditching and abandonment, the only de~
parture from the fully automatic mode (s manual operation of the inflation
mechanism of the life Jacket. Underwater e¢scape is feasible with this system.
While submerged, the pilot ejects from the aircraft in the normal manner.
Separation of the pilot from the seat is assisted by inflatable bags which are
situated in the scat; these bags automatically inflate during the initial stages of
¢jection, The life jacket and life rait then automatically inflate in their normal
sequence,
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Figure 230. Walter-Kidde Automotic Life Raft, Inflation
Sequence Following Water Tauchdown
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SECTION 1
ESCAPE SYSTEM EVALUATION

Comparisons were made of the design factors {nvolving escape capability,
subsystems, welght, and developraent/production status for like escape system
concepts Inveatigated during this phase of the program, A comparison of these
factors is shown in Table XXXIV for ejection scats, Table XXXV for encapsulated
ejection seats, and Table XXXVI for escape capsules.
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ESCAPE
CAPABILITY

CREWMAN
RESTRAINT

CATAPULT

STABILIZATION
DEVICES

SL to 55,000
ft at mux speed

Torso positioning
and restraint;

Solid propellant
rocket engine,

Stabilization drag
body

of 80O knots; foot retraction; Frankford Ar-
GOCGDYEAR 65, 000 ft. to arm guarding genal P/N XM-7
ENCAPSULATED 100,000 £ at
SEAT Mach 4. 0
150 knots under
landing or take-
off conditions
SL to altitudes Torso positioning | Rocket catapult, Stabilization
NORTH exceeding 100, and restraint; Rocket Power booms with boom
AMERICAN 000 ft from 90 foot positioning; inc. P/N1720-10 tip deployed
B-70 ENCAP- KE?S to m:iper- forearm support- parachutes
sonic speeds up ing '
SULATED SEAT to Mach 3. 1
SL up to 600 Torso positioning Rockei catapult, Stabilizgtion
STANLEY knots and to and restraint by Thiokol P/N frame and
B-58 ENCAP- Mach 2.2 up to inertia reel./ A273-1006~1 stabilization
. 80,000 ft; Pac, -Sct, P/N parachute
SULATED SEAT ground 1e.vel 010 3114~2; leg
between 100 and retraction and
285 knots positioning
0 to 300 KEAS Torso positioning A separate | Stabilization
ST at ground level and restraint; leg catapult and booms
TWOANLEY‘ and up to Mach and foot retraction roc! ot
ENGAP-SII)JIA('BI‘LT' 1.25 at near and restraint;
PSULATED GL up to arm and knee
SEAT Mach 3.0 between | guarding
42,000 ft and
80,000 ft
A
A1
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DESIGN FACTORS

CREWMAN CATAPULT STABILIZATION RECOVERY L;:\‘ﬁ,lirg: s
RESTRAINT DEVICES DEVICES ATTENUATION INT
Forso positioning Solid propellant Stabilization drag One 35-loot dia- Buffer bag tlr\i\:g:\.
wnd restrain; rocket engine, body muter extended P
‘oot retruction; Prankford Ar- skirt parachute tic M
irm gunrdlng senal P/N XM-17 pre-ef
systen
ninug
of sce
hatlist
recovi
Forso positioning | Rocket catapult, Stabiltzatton One 34.5-foot Inflatable Two ¢
ind restraint; Rocket Power booms with houm- diameter solid bladder plus trirpo:
‘oot positinning; Inc, P/N1720-10 tip deployed exiended skirt stabllization munun
‘orearm support- parachutes canopy hooms of rec
ng chute «
Two €
Torsc pouitioning | Rocket catapult, Stubilization One 41-foot Two yi:lding trisge
and restraint by Thiokol P/N frame and diameter ring- metal cylinders dual @
inertia veel, A273-1005-1 stabilization gail parachute plus cutting of fiving
Pac, -Sci. P/N parachute flanges by the mitnua
010 3114-2; leg stabilization jetliso
retraction and frame fins manud
positioning paract
ride hi
forso positioning A separate Stahilization Two 41-foot Stabilization Manuan
ind restridnty leg catapult and booms dinmeter ring- booms in jettiso
nd foot retraction rocket sail parachutes bending and manua
wnd restraint; in shearing of paruach
om and knce metal In ment
uurding landing gear
support struts
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Toble XXXV. Enccyvlated Ejection Seats Comparisan

O
GIOUND SY$1EM SURVIVAL INSTALLED DEVELOPMENT/
IMPACT INFTATION oI ET A PRODUCTION

ITENUATION QUIPMEN WEIGHT STATUS

Buffer Lag

Two cjection
triggers;
secondary bullis-
tic firing of
pre-ejection
system;

manual initiation
of secondary
ballistic firing of
recovery system

Space provided
for 110 cu in
of survival gear

659, 4 pounds
including 200~
pound man

Praliminary design
and dynamic model
and wind tunhnel
model tesws

Inflatable
bladder plus
stabilization
booms

Two ejection
triggers;

maaual initiation
of recovery pari-
chute deployment

Survival equip-
ment stowed in
two containers
hegide crew-
man's head and
in an underseat
compartment;
emergency
radio heacon;
chalf dispenser

B64 pounds
including 200-
pound man

Development and
qualification tost
program accom-
plished; produced
for XB70 airpluncs.

wo vieiding
etal cylinders
us cutting of
anges by the
abilization
ame [ins

Two ejection
triggers;

dual catapult
firing;

mamal canopy
Jettisoning;
manual recovery
parachute over-
rid.> handle

56-3/4 pounds

of survival
equipment

with capsule;
chuff dispenser;
radio transcciver

706. 2 pounds
including 200
pound man

Developed.
qualified, and
produced for

the B-58 alrplanes

tabilization

Manual canopy

Automatic "May-

1408 pounds

Wind tunnel tests

2oms in jettisoning; day" signal over including two conducted; design
2niing and manual recovery alrplane radio; 177-pound 50th is a further
 shearing of parachute deploy- chaft dispenser. percentile men development of
ietal in ment Suitable survival B-58 encapsulated
nding gear gear tor test seat
ipport struts aircraft
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CHANCE - VOUGHT

CAPSULH

LOCKHPEED F-104
CAPSULE

VERTOL H-25
CAPSULLE

ESCADPE CAPARILITY

Zeco alt Tanding stall

speed to Mach L4 and
to Mach 0 at 30,000

It

Slad tests from
statie to 700 KEAS

Frasibility study for

hover or cruising
spoed above 100 1t
alt

CREW RESTRAINT

Not specificd

Not specified

Not specified

BOOST ROCKETS

2 solid motors, total
thrust 30,000 1 total

impulse 26,000 1 per
sue, clectrically started

Solid motor, thrust
45, 600 1h bum
time 0,6 sec sauib
sturted

None

SEPARATION

Lincar-shaped
charges

Gas-operated
piston assemblies
which free attaci-
ment fittings

Shaped charges for
rotors, shatts, and
fuselage; hallistic
gulllotines fov lines,
cables, and wires

STABILIZATRON

Four external
stabilizing tins are
actuated at separa-
ticn

Three wedge-
shaped hooms 7-1/2
ft lony, triangular
cross=-section

Not speeitied

GROUND INPACT
ATTENUATION

Four 35, 7=in, dia
inflatable bags

Not snecified

Not specified

STOTATION

Two Ji-in, flotadon
v

Not specilied

Not gpecified

RECOVERY PARACHUTES

O-t1 din vibhon
doceel parachute (1st

stage) Cluster of three
40, S0t dia {Iat civeulor
parachutes (2nrd stuge)

Main parochute
71.5«ft din ring,
slot parachute

Four ultra-ilast-
opening di-fu para-
chutes

NO, OF CREWMENMBERS

1

2

SURVIVAL EQUIPMENT

Rescue deteetion
and emergency
communications

Not specificd

Not speeitied

WEIGHT

3, 600 1

2,400 1b

2,700 1 (include s
2 passengors)

DEVELOPMENT

Developed for
FsU-1 eapsule

Track test on
F-101 capsule

Ground feasibtaty
test conducted
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“-ble XXXVi. Escepe Capsule Comparison

RTOL 4-20
\PSULE

BOLIING SUPERSONIC
CAPSULE

BOEING ADC-,2
CAPSULE

CONVAIR F-111 COCKDPIT
POD CADPSULE

lity study for
or crulsing
above 100 (t

Zero-2cro to Mach 1,2 at
sea level and to Mach 2.5
30, 000 to 60,000 ft

Zero-zero to Mach 1,2
at sea level and Mach 3.0
at 70,000 ft

Zero-zera to max
vehicle capability

zcified

Restraint harness

Not specified

Bagic harness with
lateral chest straps ~
powered incrtia reel

None

Solid motor, thrust
65,310 1b for 0. 6 sec

Solid motor, thrust
68,000 1b for 0,6 seo

Two=-ode binozzle,
approx 26,000 b

for 0.8-sec baosic single

nogzlothrust

charges for
shafts, und
e; hallistie
nes for lines,
and wires

Rocket exhaust gas pres-
sure initiates linear-shaped
charges.

Liusar-sheped charges

Shielded mild deto-
nating cord, flexible
linear shaped charge,
balltstic guillotines,
and disconnects

One 6-ft dia conical
stab parachute

Wing gloJe, pitch flaps, and
onc 6-foot diameter hemisflo

ecified Two 4-ft dia first ribhon
stabilizing parachutes 2‘3&1]?;?;;{:;‘ d:g;::f parachute
booms
. Crushing of structure forward .
reified of pilots compartment Not specified lmpact vags
Two stab & 1 vighiing cell +2 fwd 11
seificd and 1 res Flotation sys similar Flotation bags
vgl 1 ’!(?’lj‘ ﬂlr?muon cell total to Boeing supersonic
‘r‘}‘?*“ls“ Two 63-ft din modified 74. 2-ft dla ringsail One 70-foot diameter
P AS=fl para- ring sail parachutes plus perachute ringsail parachute
12-ft fist rilibon decel :
parachute
2 2 2 2
eitied Emergency transceiver and | Survival equipment, 2 Survival cqulplT\cnt.
«t flashing beacon light location aids within and location aids
capsule within capsule
3 (includes
ngers) 5,000 1b 4,000 b 3,000 Ib
feasibinty Prelim des! i
\ gn, model wind tunnel| preliminary design Operaticr.al
ducted & model flotat{on sys tests reli Y
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