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" This handbook —contaie’ 1g besic information and fundamental dats useful
in the design and devciope ent of Army materiel - one in the Engineering
Deviga tandbeck srries of the US Army Materie] Command. The handbook
is a revislen of @x cxzinting handbook published in 1963. The revision
updaten the cazdwixd and desicn methodology, and introduces the application
of compudm twcmigues. Also, the revision reorganizes the material and
presesn Ghe deuie information in a more logical sequence.
>~ The handBook i » guide to design engineers engaged in the development
of propeliaat ortumated thrust devices end gas ygenerstors for various
sppiications. The text—written by the Propellant Actuated Devices
Branch—is based on the experience of Frankford Arsenal, which has been
engzaged in the development of these devices for aircraft escape systems since
: 1945. 1t is interesting to note that more than 3200 US pilots have been maved
: : by using the Frankford designed propellant actuated devices (PAD); also
: : there is no record of a known failure.
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i ) Chapter | presents a brief history of PAD's, their application 2o various

v : types of aircraft, and possible future applications. Chapter 2 describes the
specific components of PAD’s and their function. Chaoter 3 considers the

. basic design parameters such as time and motion functions, load, size, and
environmental factors.

Chapters 4 and 5 deal with the mechanical and ballistic design of the
various PAD components. Chapter 5 illustrates the component design
techniques of the previous chapters by integrating the methodology into the
design of PAD systems. Realistic exampjes are used throughout.

e D el X

Chapter 7 describes the instrumentation, text fixtures, and various test
and evaluation programs used in the design process.

The Engineering Design Handbooks fall into two basic categories, those
approved for release and sale, and those classified for security reasons. The
US Army Materiel Command policy is to release these Engineeving Design
Handbooks in accordance with current DOD Directive 7230.7, dated 18
September 1973. All unclassified Handbooks can be obtained from the
National Technical Informstion Service (NT1S). Procedures for acquiring
these Handbooks follow:

a. All Department of Army activities having need for the Handbooks

must submit their request on an official requisition form (DA Form 17,
dated Jan 70) directly to:
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Commander

Letterkenny Army Depot
ATTN: AMXLE-ATD
Chambenburg, PA 17201

(Requests for classified documents must be submitted, with appropriate
“Need to Know™ justification, to Letterkenny Army Depot.) DA sctivities
will not requisition Handbooks for further free distribution.

b All other requesters, DOD, Navy, Air Force, Masine Corps,
nonmilitary Government agencies, contractors, private industry, individuahs,
universities, and others must purchase these Handbogks from:

National Technical Information Service
Department of Commerce
Springfield, VA 22151

Quassified documents may be released on a “Need to Know™ basis verified by
sn officisl Department of Army representative and processed from Defense
Documentaiion Center (DPC), ATTN: LEDC-TSR. Cameron Station,
Alexandria, VA 22314,

Comments and suggestions on this Handbook are welcome and should be
addressed to:

Commander

US Army Materiel Command
ATTN: AMCRD-TV
Alexandria, VA 22333

(DA Forms: 2028, Recommended Changes to Publications, which are
svailable through normal publications supply channels, may be used for
comments/suggestions.)

xv/xvi

St e et e - = e

[ -




.-

.

v

S AL S e e e

Lt
N

TR

Y T T A TN e s R
. . . :

Y

n

RE o adi L Y

v arm e

B
R gt L e

Downloaded from http://www.everyspec.com

CHAPTER 1

INTRODUCTION

%1 PURPOSE AND SCOPE

This design handbook is intended for the
dissemnination of such general and technical
information concerning propellant actuated
devices »s may be necessary for their care,

" handling, and utilization. It also serves as a

convenient reference of fundamental and .

practical mformation as well as analytical
procedures necessary to aid in the design,
performance estimation, and test evaluation
cf these devices Only the basic theory and
principles undertying the functioning and
design of most devices in the class are
discussed; no attempt is made to treat the
mechanical details or operating procedures
that differentiate one model from another.
General reference is only made to specific
models td give the reader an overall picture of
the development of propeilant actuated
devices from the conception and to serve as
examples in the design and ballistic analysis
chapters.

1-2 HISTORY

Prior to World War 11, escape from a
disabled aircraft in flight occurred in environ-
ments and at speeds that were physiologically
tolerable; therefore, muscular effort usually
was sufficient to separate the man from his
plane. As speeds increased, it became more
difficult to leave the aircraft safely in the
ewent of an emergency. The technique of
inverting the plane. opening the canopy,

releasing one’s safety belt, and falling out was -

no longer feasible.

In 1943, the US Army Air Corps made a
survey of emergency hailouts that had

occurred in 1942. The results showed that
12.5 percent had been fatal and 45.5 percent
had resulted in injury. A similar study of
bailouts from fighter aircraft for the year
1943 showed that 15§ percent had been fatal
and 47 percent had resulted in injury.

~ The Germans, who probably had similar
experience, were the first to take corrective
action. A German directive was issued in 1944
requirirg that all fighter aircraft be equipped
with ejection seats. The British followed with
a directive in 1945 requiring that all fighter
wircralt with speeds preater than 400 mph be
equipped with ejection seats.

The problems of escape from pusher-type
aircraft were studied by the Aircraft Labors-
tory at Wright Field as carly as 1940, At least
one experimental airplane made during World
War [] is reported 10 haw been equipped with
an escape mechanism, but it was not until
1945 that our Air Force and Navy began
serious development work on ejection seats.
In August 1945, the Pitman-Duvnn Labors-
tories of the Frankford Arsenal were re-
quested to develop ejection devices under the
cognizance of the Special Projects Branch,
Aircraft Laboratory, Engineering Division, Air
Materiel Coramand. Initial pertormance re-
quirements of the ejection devices were
established on the basis of data and
information from the Aircraft and Aero-Medi-
cal Laboratories of Engineering Division, Air
Materiel Command. With the passage of time
the orgarization now charged with this
responsibility is the Aerospace Medical
Research  Laboratory, Aerospace Medical
Division. Air Force Systems Command,
Wright-Patterson Air Force Base.
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Before as-type devices could be used on
personnel gjeciion seats, it was necessary to
determine tolerable aereleration kevels for the
humesp body and the minuvum separation
velocity necessary for ejected personnel o
clear the aircraft structure. The Aerospace
Medical Research Laboratosies have been
conducting a continuing study to determine
the paysiological limitations of the humen
body when subjected to the ejection eaviron-
ment. Recent studies have led to the
specification of a parameter called the
Dynamic Response Index (DRI) instead of
the previously specified limitations of maxi-
mum acceleration and rate of change of
accelenation as the criterion for determining
the physiological limitations for personnel
escape systems’. The DRI which is 2 measare
of human spire compression — and, therefore,
probability of injury — is intended to be a
more meaningful determinant in that it is a
measure of the stresses actually experienced
by the ejectee. A nominal value of 18 for the
average SO percentile flying population has
been specified for this parameter for ejection
systems conditioned at 70°F.

The first ejection seat catapult was
standardized in 1947 and designated the M|
Personnel Catapult. The design and develop-
ment of the M! and M2 Canopy Removers
followed in quick succession. These ecarly
devices were initiated mechanically; ie.,
cocked firing pins were released by rotating or
withdrawing a sear. The “choke coil”,
bellcrank rod, and cable-actuated system left
much to be dcsired from a reliability,
simplicity, and maintenance standpoint.

In 1949, Frankford Arsenal developed a
propell~at gas pressure source that was
designated an initiator. Concurrently, the
Arsenal redesigned the existing devices to
incorporate a pressure operated firing mech-
anism. The propeliant gas was transmitted by
MS-28741 hydraulic hose assemblies from the
misiators to the firing mechanisma

With the advent of the B-52 airplane and its

1-2

requirements for multicrew, multifunction,
mtegrated escape system, it was realived that
new forms of propellant actrated devices
(PAD) would be required for such functions
as positioning ejection seats, unlocking
hatches, and stowing control columns. With
the support of the airframe contractors,
Wright-Pattersnn Air Force Base and Frank-
ford Arsenal commenced the design and
development of the first series of Thrusters,
designated M1, M2, M3, and MS in 1951.
Since that time many new and varked
applications for PAD have been found in
aircraft escape, aserial delivery, and other
systems.

Ever since the advent of powered ejection
seats, Frankford Arsenal has supported the
US Air Force in their requirements for
Government-fumnished (GFE) PAD in these
systems throughout their life cycle. With the
advent of the weapon system concept of
procurement, and the subsequent develop-
ment of much of the PAD used in newer
escape systems as contractor-furnished eguip-
ment (CFE), Frankford Arsenal procures and
remanufactures many of the CFE as well &
GFE items for all services.

Over 200 GFE propellant actuated devices
have been developed and standardized. An
engineering manual is published by Frankford
Arsenal listing about 175 propeilant actuated
devices?. In addition to the devices listed in
this reference, a nomendature list for
standardized propellant actuated devices as
well as those under development®, and a
publication listing propellant actuated device
patents and technical reports covering ke
period 1946 through 1969* gre available.

13 USES

Although propellant actuated devices orig-
inally were developed fcr emergency escape
from aircraft, their use has proliferated to a
growing number of nonescape system applica
tions. These include applications to large bore
gun scavenging, support of Army concepts for

— b e o
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sdvanced acrial delivery systems, spplications
to devices fue explosive ordnance disposal,
settable time delay mechxnisma, deployment
kits for retardation syitems used in the
delivery of special stores, and ocool g
genenators  for inflation and  rigidization
applicationy.

Propellant actusted devices are useful in
these and other applications because of their
reliability, simptlicity, light weight, small size,
snd ability to withstand long periods of
storage under extremes »f environment
without impairment of reliability.

REFERENCES

1. MIL-S9479A (USAF), Sear System Up-

ward Ejectinn. Aircraft, General Specifica-

tion for, 30 December 1969.

1EP 65-6370-8 REV A, Propeliant Acts
ated Devices Engineering Manual, 15 Jurne

1969, AD-872 430.

. Nomenchatsre List for Cartridge and

Propellant Acnuated Devices, Dept. of the

Army, Frankford Arsenal,

AD-872 429.

July 1969,

3 S.ummry of Staristics for Cartridge and

Propellant Actuated Devices, Dept. of the
Arnny, Frankford Aisenal, February 1970,

AD-872 426.
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CHAPTER 2 ' :
DESCRIPTION OF PROPELLANT ACTUATED DEVICES

21 GENERAL

The first aircrsft personne! escape catapults
and asvociated devices powered by soiid
propellants were called “Cartridge Actuated
Devices™ (CAD), a name which arose from the
similarity in appearance bet veen their propel-
lant containers and cartridge cases for
conventional small arms munitions. As new
spplications were developed. this similarity
disappeared, but the name continued to be
used. Many of the older records wili show this
neme. Ordnance Corp Technical Minutes
37418, 12 April 196Q, was published to
change the name of future developments of
these items to “Propellant Actuated Devices”
{PAD), this name more nearly expressing their

The propellant actusted devices described
in this chapter have been divided arbitrarily
into three categories. gas-generating devices,
stroking devices, and special purpose devices.
Although special purpose devices could, for
the most part, be classified in cither of the
first two calegories, they have been separated
because of their speci’ic applications.

Stroking devices may be further classified
as direct or highdow. Direct systems are
devices in which the propellant is consumed
in the working ciamber. In highJdow devices
the propellant is butned in a separate, or high
pressure chamber, and the resultant gases are
then bled througl. 4a orifice or nozzle into
the working chamber. Only direct systems
will be considered in this chapter. HighJow
systems will be considered in Chapter 4.

Various sources list information on the
physical and performance characteristics of

propeflant actusted devices which have been
developed. These dats and that listed in this
publication are presented to aid the design
engincer and to serve as & reference h
determining the feasibility of proposed
devices.

Escape systems are discussed and a specific
escape system application is described in
order to illustrate the use of propellant
sctuated devices and to demonstrate their
interrelationship in an actual systemn. Energy
transmission in systems also is discussed.

2-2 PROPELLANT ACTUATED DEVICES

Propellant actuated devices will be dis
cussed acording to three categories: gas
penerating  devices. stroking devices, and
special purpose devicea.

2.2.1 GAS GENERATING DEVICES

There are two basic types of gas-generating
devices: short duration “initiators™ and long
duration “gas generators”. These devices
consist of vented chambers contsining car
tridges and firing mechanisms. The method of
actuation may be either electrical, mechani-
cal, or ballistic (gas pressure).

2-2.1.1 INITIATORS

Initiators are short duration gas generating
devices designed primarily to supply gas
pressure to operate the firing mechanisms of
other propeliant actuated devices, but they
also may be used as sources of energy for
operating piston-type devices such as lap-belt
releases, personnel restraint systems, and
safety-pin extractors. Since they eliminate

21
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cumbersome and difficult to maintain cable-
pulley systems and provide a more reliable
method of actuation. initiators are used
extensively in aircraft to operate the firing
mechanism of other propellant actuated
devices. In systems where the propeliant
actuated device is remote from the initiator,
intermediate gas actuated initiators are used
23 boosters. For applications 'where propellant
actuated devices are fired in sequence,
initiators or other PAD's may contain a
combustion train or delay element to delay
propellant ignition for a specific time to
permit completion of another operation.

The development of the gas-actuated
cjection systern has paved the way for
sophisticated transmission systems that pro-
gram, sequence, and automate 1 complex
array of PAD devices during the entire
personnel ejection cycle. Initiator charges are
sized for a given length of transmission line.
Early initiators, such 25 the MSAQ, weighed
0.9 1d and occupied 6.5 in.®; more recently,
miniature initiators, of which the M28 is
typical, weigh 0.33 1b and occupy 4.0in,?

A need has existed for many years for a

small lightweight initiator that would further
reduce their size and vwvight. This need
appurently has Leen filled by the M104-type
Initiator. ‘The M104 weighs only 0.083 Ib. In
the F-104 aircraft, for example, 3.46 1b of
weight may be saved by using M104-type
Initiatoss for the 14 initiators now carried. In
addition, supgly and resupply can be
accomplished at considerable cost savings®.

Fig. 2-1 shows a cross-sectional drawing of
a typical mechanically actuated delay ini
tiator. Table 2-1 lists comparative data for
several existing initiators.

2-21.2 GAS GENERATORS

Gas generators primarily are designed to
supply gas pressure for a longer period of time
than initiators - and are used to inflate,
pressurize, or otherwise serve as a self-con-
tained propellant gas generating system. They
can be designed to deliver propellant gas for a
range of times from seconds to 1ainutes. The
delivered gas also may be filtered and cooled
as required for a specific application.

Fig. 2-2 is a partial cross-sectional drawing

SPRING CaP
BALL e
FILTER
Igg
P N N S S S ST
. AUERNY Ky ey At "\ V4
g -: CAPrIPe. 7] e 2 O SN
k"‘ ! i
AN, ez i RS
\ h-, N m AT
o/I/aVnna
FIRING PIN CHAMBER
SEAR PIN HOUSING .
5 2
a4

Figure 2-1. Mechanically Actusted Delay Initiator
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TABLE 241

COMPARAT'VE DATA FOR INITIATORS

Posk
Oevics  Weight®  Duisy.sec  poi (1)
MECHANICALLY ACTUATED!?)

[ ]

M4AY 10 24 760(10)
M12A1 10 1.0 750{10)
Mi14 (%) a0 7ECA10)
mi6 0.39 20 1000(15)
mM2? 03 - 1000{15)
M52 039 50 1000(15)
mas a3 - 750(10)
w98 09 - 1000(15)

GAS ACTUATED ()

M5A2 09 - 1000(15)
M10 09 20 1000(15)
M15 0.3 a0 750(10)
M28 0.33 - 1000{15)
MY LT - 1000(15)
Ma2 0.8 30 1G00{ 35}
MS5) 0.39 20 1000(15)
MT2 1.0 as 1000(15)
M104 0.08% - 1500{15)

! peak presmre in 0.062 in.” gage tocsted s end of » rength of
MS-28741-4 hose. The mumiver followwg the pristure indicstes
the hoss lengrh ir: faet, .

1 Actustion force 20-35

! Actustion premaes 750 peai meneruew

¢ Actuation — o5 Prewmre wth menusl override

of the M17 Gas Generator. It is gas initiated
and i designed to pressurize a 27-in.?
chamber to 7000 psi in 0.22 sec. and is used
to operate the parzchute ejector mechanism
for the BDU-12/B Practice Bomb.

2-2.2 STROKING DEVICES

Stroking devices, for purposes of this
discussion, include catapults, removers, and
thrustess. These devices can be further divided
into two groups: (1) upen devices or those
which separate and allow the escape of the
propellant gas, usually upon completion of
function. and (2)closed devices that retain
the gas after completion of function.

ALICP 706270

Qosed devices must be designed to an
sdditional constraint since a methed of
arresting the stroking member at the comple:
tion of its travel'is required.

222.1 CATAPULTS

The ballistic catapult was developed for
emergency escape of personnel from aircraft.
In this application it serves as a connecting
member between the crewman's scat and the
aircraft struciure.

2.2.2.1.1 CONVENTIONAL CATAPULTS

The conventional catapult or ballistic
catapult as it is sometimes known is a two- or
three-tube telescoping open device which is
mounted in the aircraft on trunnions. The
firing mechanism is mounted in one end of
the catapult along with a cartridze containing
a primer, igniter, and propellant charge. When
the cartridee is actuated. the propellant gas
fills the catapult and causes it to extend (Fig.
2-3). As the catapult extends, it ejects the
seat-man from the aircraft. Table 2-2 lists
typical conventional catapults and presents
performance data for these devices.

2-2.2.1.2 ROCKET-ASSISTED CATAPULTS

Rocket-assisted catapults combine the
operation of convenlional catapults with
those of a rocket to susiain thrust and thus
increzse ejection height. These devices are of
two basic designs. In the M8, M9, and M10,
for example, the launch tube surrounds the
rocket rmotor, while in the XM38 and XM39
the launch tube is housed within the
perforation of the rocket grain. As the launch
tube strokes out and separates from the
rocket, which is attached to the ejection seat,
the gas evolved during the launch phase is
used to ignite the sustainer rocket. For
stability in the pitch plane. the rocket nozzie
is angled to allow the resultant thrust vector
to pass through the seat-man center of mass,
In the 118, 9. M10. and XM39 the nozzle is
fixed at a precetermined angle. while in the
XM38 the nozzie angle is variable to allow for

23
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Z CROSS SECTION DRAWING |
Component Compocest
c— T

A Cap, Shipping F "0 Riag

B Pin, Fising G Cap, Shipping ]

C "D Ring H  Secscrew

D Cap, nitiacor 1 Caruidge Assendly, M37 1

E Body, Ciamber ] Pin, Shear 3
Figure 2-2. M17 Gas Generator L

.

variations in the location of the center of
mass.

The catapult portion of the XM38 and
XM39 Rocket-assisted Catapults are small
bore high-pressure devices which, because of
their concentric configuration, maximize the
impulse delivered for a unit of a given size.
Also. their high operating pressure, about
5000 psi as compared to about 1500 psi for
conventional catapults. tends to reduce the
sprecd in performance over the temperature
range —635° to +200°F.

Table 2-3 lists the performance data for
several existing rocket-assisted catapults. Fig.
24 is a cross-sectional drawing of the XM39
Rocket-assisted Catapult.

24

2.2.2.2 REMOVERS

Removers are two- or three-tube tele-
scoping devices which are designed to jettison
the canopy from high speed aircraft prior to
personnel ¢jection. They are either mechani-
cally or ballistically actuated. A third type.
the electromcchanicol-ballistic remover, is
designed to permit normal opening and
closing of the camopy as well as emergency
jettisoning. Comparative data for these
devices are presented in Table 24.

Removers are similar in design to conven-
tional catapults with one important excep-
tion: they are designed to be capable of
retaining the maximum pressure produced by
the buming propellant in the event of

[,
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\ OPERATIONS :

i

[T S s

() N UNFIRED STATE

INNER AND TELESCOPING

TUBES EXTENDED

(® TELESCOPING TUBE
STOPPED AND INNER
TUBE EXTENDED

(@ FIRING COMPLETED

!

PROPELLED !
MASS

CARTRIDGE

/ .
(724

restricted motion of tlie propelled load*. This
feature is described as being able to withstand

“locked shut™ firings. Also. greater accelera-

tion is permissible with removers since human
physiologital limitations are not a factor. The
only limiting factor is the strength of the

;",-,/. A7 A
/7% AIRCR
2227777

OPERATIONS: (D @

%

|

|

INNER |,

TUBE |

T

; !
TELESCOPING %
TuBte §§ |

WLy,

®

Figure 2-3. Operation of a Conventional Catapult

aircraft structure. Fig. 2-5 is a sketch of a
typical gas actuated remover.

2-2.2.3 THRUSTERS

A thruster is a propellant actuated device

2-5
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. TABLE 2-2 ( ) b
: COMFARATIVE DATA FOR CONVENTIONAL CATAPULTS ‘
’ Maxizmur
Rate of . 3
Maximum Changs of Waeight H
Velocity Accsisration Accelerstion ot ‘;
Propeilsd  0170°F, s 70°F, At 70°F, Derice, g
Dwvice  Stroks,in.  Weight, Ib o 0 /rec » !
— e g
Mh‘-\l, 68 00 60 20 170 8.2 A
m2! 60 300 38 12 150 130

M3A1 88 350 77 20 180 249 i
' M4AT 45 325 38 125 100 8.7 ;
: MSA: ) 86 300 60 20 170 82 * :
: MmEA'! 21 300 ] 85 150 ns ‘1
! Multishot training catapult - ’i
primurily developed to scrve as a source of and. in these instances, are made as integral :.;
energy or excrt a thrust. through a short parts of the thruster. These buffering }
stroke. to move a weight and probably mechanisms are used to restrict the velocity 3
overcome a resistive force. Thrusters are used and accelergtion of the propellant load 5‘
for operations such as seat  positioning, because of structural or human physiological . E

storage of equipment, hatch or canopy limitations. Fig. 2-6 depicts the Mi6 Oii 1 ;

unlock and canopy ejection. They generally
are designed as a closed ballistic system so
that the piston does not scparate under any
operational condition including “locked shut™
and “no load™ firings. Each thruster is
designed to operate against a spocific mass
and a constant or varying forces,

Buffer or ¢il dampet mechanisms are used
occasionally 1n conjunction with thrusters

TABLE 2-3

Buffered Thruster.

Thrusters have been developed which
function in the usual manner, except that at
the end of the stroke, they bypass gas through
high pressure flexible hose to initiate other
propellant actuated devices. An example is
the MI9 Thruster in the F-106B aircraft
escape ‘system. This thruster unlocks the
canopy and, at the completion of stmke

COMPARATIVE DATA FOR ROCKET-ASS!STED CATAPULTS

Separstion Maximum Rocket
Weight Velocity  Acceleration Roeket Action Time  Weight of
Catapulit Propelled, g1 70°F, st 70°F, Invpulse st 70°F, n 70°F, Devica,

Device  Stroke, in. b fps 9 b-sec [ 1]

M8 40 350 40 12 1200 0.40

M9 35.75 350 40 12 1100 0.35 24
M10 34 400 40 12 1100 0.40

XM38 3 363 47 18 1350 0.41 k<]
XM39 34 415 52 19 1140 0.40 19.5

26
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TABLE 24

VOMPARATIVE DATA FOR REMOVERS

Prepeied  Thrust # 70°F,

Velocity st Stroks Time  Method of Systsm

Novice Stroka, i Weign, B n 70°F.tps St70°F,sec  Initistion Weighn, ib
M1A3 23 300 2800 200 0.135 Gas 2.1
M2AY 260 300 2600 2085 0.180 Mech a4
M3AY 280 300 2600 205 0.160 Gas Y
e 18.0 300 2900 200 0.114 Gn 384
190 1000 4500 100 - G 3.4
mea1) 120 350 5400 M0 0.150 Gas 78
molt) 270 300 6000 20 0.090 Gns 35.0
! Eloc hanical-beltlstic canopy actustor

(after the canopy is unlocked), bypasses gas
to asctuate the canopy removet.

22.3 SPECIAL PURPOSE. DEVICES

A number of propellant actuated d=vices
have been developed {or special avplications
that do not fall into the previcily r.entioned
categories. These devices mulude “cutters,
relcases, electric ignition elements, pulse
generators, and cjectors.

2-23.1 CUTTERS

Cutters have been developed (or a number

of specific applications including the severing
of electrical connections and reefing lines that
restrain a parachute from opening initially to
full size.

2-23.1.1 CABLE CUTTERS

Catle cutters have been designed to sever
electrical cables prior to the removal or
cjection of an aircraft canopy or ejection seat.
Although most cablc cutters were developed
to sever a single cable, the M8 Cable Cutter
was designed to sever a bundle of 41 electrical
wires privr to the removal of the aircraft
canopy. The M3 has a blade attached to the

HEAD CARTRIDUE ASSY FLIND SET SCREW LOCKING PIN
SHEAR PN SPACER SPRING, MAIN PISTON SHEAR PIN
b s v 7

o O
‘_' oq?‘g 1

y /8 o e Sy

/ L]
FIRING PIN

SET SCREW “-FLOATING PISTON -BNOY CLEVIS

\— GAS ENTRY PORT

8.64-

Figure 2-6. M16 Oil Buffered Thruster
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forward end of a piston. Gas produced by the
buming propellant in the cartridge propels the
piston forward, driving the blade into the
wires to be seversd. The blade of the cutter
may be coated to prevent electrical shorting
a8 it passes through the current carrying wires.

223.1.2 REEFING LINE CUTTERS
22.3.12.1 Cowontional Type

Reefing line cutters are designed to sever
the reefing lines of parachutes®. Unlike cable
Cutters that may be electrically or gas
initiated, reefing line cutters are initiated
mechanically. Fig. 2-7 shows a typical reefing
line cutter. The firing mechanism of the
cutter is attached by lanyard to the shroud of
a parachute. When the shroud Fnes are pulled
taut by the opening of the parachute, the
cable (secar) is pulled out of the end of the
cutter, cocking and refeasing the firing
rxechanism. The firing pin strikes the primer
in the cartridge which ignites a pyrotechnic
delay clement. After 2 predetermined delay.
the cartridge is fired and the pronellant gas
propels the cutter blade forward. The blade
shears the reefing line that is passed through
the hole in the end of the cutter. A whole
famiy of . r* "*ses has been developed to
provide a rang of different delay times (2-,
4-, 6-, 8, and 10seconds). The sear-type firing
mechcnism may be operuted by pulling the

cable (sear) from any angle up to and
including 180 deg to the cutter main axis.

223,122 Ssttable Delay Rasfing Lins
Cuteer |

Present technology for serial delivery of
cargo by parachute is hampered by inaccu-
racies due to variables such as drop height and
prevailing winds. To improve delivery accurs-
¢y and reduce vulnerability, the parachute is
reefed during the iitial portion of the
descent trajectory. Present technology uses a
fixed pyrotechnic delay reefing line cutter tc
disreef tinc parachute and allow for soft cargo
landing. However, this arrangement limits the
effectivencss of aeria) cargo delivery systems
to performance prescribed by a fixed time
delay and a corresponding preselected drop
height.

A prototype settable Mechanical Delay
Reefing Line Cutter, the XM31, has been
developed. This device is a combinstion of 8
modified MS Mechanically Initiated Reefing
Line Cutter and the M564 Mechanical
Artillery Time Fuze. The XM3! is settable

and resettable in 0.1sec increments from 2 to
100 sec®.

By use of this device it is possible to
compensate for variables that are identified in
flight and that otherwise might detract from
the accuracy of the drop.

! /
_77//'

CLOSURE (ANVIL)/ J
HOUSING

R %\\\\-\\X\\\\\\. \\\\\\\\\\““‘\\\\.\\

CUTTING EDSE
HOLE FOR REEFING LINE

WASHER \ CABLE (SEAR)
FIRING "IN

CARTRIDGE ASSEMBLY

Figure 2.7. Typical Reefing Line Cutter
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2-2.32 RELEASES

Releases have been developed to perform a
variety of functions including relezsing
external stores from aircraft and extracting
the safety pins from other propellant actuated
devices. Fig. 2-8 thows a device designed to
sccomplish this larter function. [t consists of
a cylinder (body), piston with integral pin,
and locking mechanism. The release pin
replaces the safety pin in the firing mechan-
ism of a propellant actuated device. The
releass contains no cartridge, tut rather uses
gas supplied by another device. The supplied
propellant gas unlocks the piston and causes it
to withdraw its pin from the device to be
aimed.

This type of device has been used in
aircraft escape systems. For instance, the
MI1Al Release is used to release a spring
loaded firing pin in the MIA3 Canopy
Remover. For this application, the release is
actuated automatically during the pre-ejection
cy<le. This prevents personnel ejection prior
1o canopy removal.

2233 ELECTRIC IGNITION
ELEMENTS

2-2.33.1 CONVENTIONAL TYPE

The electric ignition clement is a device
designed to replrce the firing pins and
percussion primers used with gas or mechani-
cally actuated propellant actuated Jevices.

l“ .
A

GAS BILEY PORT
Figure 2-8. Relesse

Ignition clements have been developed that
are capable of being fired by an electrical
pewer source such as an gircraft 28-V supply.
The fast ignition elements developed were
designed to pass 0.5 A without firing and to
fire when the current wus 1.0 A. This early
series of ignition elements used the body of
the element for a ground. A latter series was
designed with four intemnal pins insulated
from the body of the device (Fig. 2-9). Two
pins are interconnected and provide a testing
circuit separate from the firing circit. The
other pins are connected to the firing circuit.
These units are designed to a i-A, 1-W, S-min
no firr and a S-A, SO-msec all fire
specification’.

The two pins in the firing circuit are
connected to a wire filament in the element.
This wire is coated with an ignition bead that
is ignited when the filament is heated by
passagc of the required current. Ignition of
the bead sets off the main charge. The gas
generated exerts a force against the firing pin
of the device to be actuated.

22332 ELECTROMAGNETIC IMPULSE
GENERATORS

To improve the reliability of electrically
initiated systems. auxiliary firing sources such
as electromagnetic impulse generators have
been developed®. These devices are composed
of several magnets and a coil of wire, They are
operated manually and automatically reset,
and are designed to generate sufficient

211
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Figurs 2.9. Electric ignition Elerment

clectrical energy to fire specified electric
ignition element.. Movement of the handle or
trigger on the generator changes the reluc-
tance in the magnetic circuit. generating a
current in the coil. These units may be
designed to have an indefinite life and to be
unaffected by environmental extremes.

2234 EJECTORS

A number of ejeclors or launching devices
have been developed for a number of specific
applications including stores and mumitions
launchers, drogue guns, and parachute ejec-
tors. One such device is the XM7 Reserve
Parachute Ejector. This cartridge actuated
parachute ejector is a device used to insure
deployment of the paratrooper reserve para-
chute in the event of main chute malfunction.
The deployment bag and parachute are chest
mounted on the paratrooper and are actuated
manually. The parachute and canopy with
ballistic components are ejected laterally. As
the shroud lines become taut, the parachute is
separated. from the deployment bag and
ballistic launcher. The deployment bag and
launcher in turn deploy their own 36-in.
chute to arrest their descent.

2-12
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A ballistic rarity that occurs with the XM?
Ejector is the variation of the efTective load.
The ejector travels nearly 60 percent of its
stroke with almost no load while absorbing
the elasticity of the parachute container;
thereupon, it abruptly picks up the entire
parachute mass and continues to accelerate it
until the end of stroke.

2-3 ESCAPE SYSTEMS

Escape systems are only one of the many
possibtle systems applications of propellant
actuated devices. This application will be
discussed, however, because of its relative
importance not only in military but also
commercial applications.

2.3.1 CONVENTIONAL AIRCRAFT ES
CAPE

Initially. relatively simple systcms for
canopy removal and sea! ejection were
provided for escape of personne! from fighter
aircraft. In these systems. two separate
operations — canopy removal followed by
seat cjection — were required: mechanical
interlock insured thc order of actuation. As
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the operation of aircraft became more
compiex, escape gystems were expanded to
include precjection operations, tuch &
positioning the ejection seat and restraining
the djectee. The development -of escape
systems for bomber aircraft necessitated that
initiation be possible from several points and
provision be made for the escape of many
crewmen.

The sequence of events which make up »
compiete emergency egress trajectory is
depicted in Fig 2-10.

As an exemple of the application of
propellant actuated devices to comventional
escape systems, the escape systern for the
F-104A and F-104C aircraft is presented.

232 ESCAPE SYSTEM FOR THE F104A
AND F-104C AIRCRAFTS

A schematic of the C2 secat cjection system
for the F-104A and F-104C aircrafts (single-
place fighters) is presented in Fig. 2-11. When
the “D” ring is pulled, three cables attached
to it are pulled actuating four initiators. One
M27 Initiator supplies gas pressure to actuate
the M13 Thruster that unlocks the aircraft
canopy and then supplies gas to a remover to

Concurrently, a second M27 Initiator,
actuated by pulling the D" ring. supplies gas
prassure to initiate an MIS Thruster that
positions the pilot’s legs by tightening cables
attached to the spurs of his 1tiight dboots. As
the piston of the thruster retracts, it actuates
an M27 initistor that supplies gas pressure to
initiate the M10 Catapult that ejects the piloi
from the aircraft. .

The third initiator. actuated dby pulling the
“D” ri'g, is an M32 Delay Initiator that
supplies gas pressure to fire the M10 Catapuit
after a 1-sec delay. This initiator is insurance

against 8 maintenance failure or malfunction-

of the preejection portion of the system;
when the catapult is actuated by the M32

The fourth Initiator sctuxted by the
original pull of the “D™ ring is an M30Al
Delay Initiator that contsins a 2-sec delay
element. After the 29ec delay, the initiator is

is supplied to the cable
rom the M32 Initiator is also

3

separates the pilot from the sest.

Tommmﬂu.unpilotpdl.nhc"b"m

scparated from the seat. Al this is acoom-
plished in the proper sequence, and backed up
by paralle]l systems to insure operation of the
catapult and leg release cable cutters.

233 CAPSULE ESCAPE SYSTEMS

With the development of higher perfor
mance flight aircraft operating st supersonic
speeds and extreme altitudes, it became
necessary to develop escape systems whose
pariormance envelopes would be compatible
with those of the advanced vehicles The
gection seat escape system is cffective in the
region below 600 ki indicated air speed.
Above 600 ki the probability of a safe escape
with this system rapidly decreases®. One of
the systems sclected for study was the
separable nose capsule. Such an escape system
would allcw the crewmen to scparate safely
from the aircraft throughout its a “tude and
speed range. Air Force Specifications require
that escape capsules with protective and
survival equipment be used in sl aircraft with
speeds exceeding 600 kt equivalent air speed
and operational altitudes exceeding 50,000 fi.

A design study a3 well as the fabrication

2-13
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and testing of & rocket for a separable nose
capsule escape system was conducted by
Frankford Amenal’®. The test capsule (Fig
2:12), based on the F-104 aircraft coniigura-
tion, was designed to operate in the
performance envelope of 0 to 900 kt
equivalent air speed and an altitude range
from sea level to 100,000 fi.

234 HELICOPTER ESCAPE SYSTEMS

The need for emergency escape from
disabled aircraft is not limited to fixed-wing
gircraft. Recent emphasis and the increased
usage of heticopters for military and commer-
dal applications have pointed out the
necessity of equipping these aircraft with
emergency escape systems. The presence and
location of the rotor blades above the
helicopter fuselage, however, prevent the use
of the conventional upward escape trajectory.

Current conceprs for effecting rescue
include: the capsule concept in which the
rotor blades and either all or a portion of the
fusclage are scparated ballistically from the
Crew oOr passenger compartments and the
helicopter descends by parachute; ballistic
separation of the rotor blades followed by
conventional upvard egesms: and lateral

cjection to a point beyond the rotor blades
and then an upward rocket impulse to » safe
recovery altitude! !,

235 EMERGENCY ESCAPE FROM
COMMERCIAL AIRCRAFY

Emergency escape or means of providing
for rapid evacustion from commercial‘ sircraft
in the event of a crash landing ' a serious and
vexing. problem. This situstion is even more
critical in the event of a fire. Under these
circumstances it is essential to provide for
multiple exits for maximum safety of the
passengers. One possible solution to this
problem is shown in Fig. 2-13 and involves a
concept using linear shaped charges to create
emergency exits.

Accurding to this concept, empty shaped
charge tubing and a two-part liquid explosive
gystem are provided for the creation of
emergency exits. At the time of emergency
and only when the aircraft is on the ground,
the two liquid components are introduced
into the shaped charge tubing by an initiator
and are then detonated. The separate storage
of these liquid components, each of which is
nonexplosive, eliminates the hazards asso-
ciated with the day-in and day-out transport

Figure 2-12. Separable Nose Capsule
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of an explosive ordnance system on the
aircraft.

This concept has been cvaluated by the
Federal Aviation Agency.

24 ENERGY TRANSMISSION IN SYS
TEMS

In early aircraft escape systems all propel
lant actuated devices were initiated mechani-
cally. This mechanical initiation required
claborate cable pulley arrangements to release
cocked or precocked firing pins by rotating or
witbdrawing sears. The drawbacks of this
system include cable routing and tensioning,
and crash safety problems.

Gas initiated systems gradually replaced
these early systems. Gas systems use steel-
braided hose lined with Teflon and stainless
steel tubing to transmit the gas from the
gasgenerating device to the propellant ~Jt-
ated device to be operated. The gas initiated
systems not only provide a more reliable
means 9!‘ initiating a system of devices. but
also permit the use of delay initiators and

bypass thrusters to sequence operations in the
system.

Electrically initiated systems have reliabil-
ity comparable to gas initiated systems. The
weight of electrical systems is less than gas
systems since all initiators, couplings, check
valves, and high pressure hose can be
eliminated; however, an auxiliary. power
source must be provided. Where the propel-
lant actuated device and the initiating device
are some distance apart, booster initiators are
required. Electrical systems offer the advan-
tage of economy, smaller size, easier installa-
tion, and less maintenance, as we)l as
permitting continuity checks by pilot or
ground crews. The disadvantages of electrical
systems lie in their need for an external power
source and the possible danger of accidental
initiation by stray electromagnetic radtiation
or static electricity.

Hybrid systems such as those used in the
F-111 and F-14A aircraft incorporate gas
opersted and clectrical components together
with mild detonating cord (MDC).
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CHAFTER 3
BASIC DESIGN CONSIDERATIONS

31 GENERAL CONSIDERATIONS

Propellant actuated devices are basically
simple devices containing a minimim number
of parts. They are light in weight, yet strong
enough to withstand the maximum pressure
created by the combustion of the propeliant
they contain. The materials selected for use in
these devices must be compatible with the
propellant, igniter, and primer formulations at
the various temperatures and in the functional
and storage conditions to which these devices
are exposed.

Constant awarcness of basic concepts must
be mainiained when designing propellant
actuated devices, the most important being
religbility. Determination of how these
devices will opzrate in conjunction with other
compotients in a system must be establiched
along with a reliable method of initiation and
a simple but sure method of ins:allation.

Standard parts are used wherever possible,
and when =pecial pans are accessary, they are
designed for ease of manufacture. All
components of propellant actuated devices
are interchangeable between similar units, and
under no conditions may the functional
reliability of a device be dependent upon the
seiective fit of any or all parts. Propellant
actuated devices are designed for ease of
proper assembly and, wherever possible, parts
are made nonreversible to preclude improper
assembly.

32 MGTION OR TIME FUNCTIONS

The functioning time for propellant actu-
ated devices is the time interval between
initiation and completion of function, e.g.,

e Mmoot m Ve el B2

end of stroke for a stroking device or
termination of effective thrust or pressure
output for rockets or gas-gencrating devices.
This interval may vary from as little as a few
milliseconds for initiators to as nuch as
minutes for gas generators. This is illustrated
by two examples: a stroking device and 2
solid propellant rocket.

3-2.1 PROPELLANT ACTUATED STROK-
ING DEVICES

In the system shown in Fig. 3-1, a
mechanically operated initiator is connected
to a thruster by a length of hose. When the
lanyard is pulled. the initistor cartridge is
fired. The burning propellant ir the initiatos
generates gas that flows through the hose to
the thruster. When sufficient gas pressure is
exerted on the thruslst firing mechanism, the

thruster cartridge is fired. As the propellant

burns in the thruster. the pressure generated
causes t"e thiuster piston to extend and move
the load. A curve showing the interrelation-
ship of prassure and time in the thruster is
presented in Fig. 3-2. Point A represents the
point in time when the ianyard was pulled;
point B, the pressure rise at the thruster firing
mechanism: point C, initiation of the thruster
firing mechanism; point D, the maximum
delivered pressure from the initiator; point E,
the rise in pressure in the thruster; point F,
the first of a series of pressure wave
reflections in the thruster firing mechanism;
point G, the maximum pressure in the
thruster; and point H, the completion of
thruster strnxe.

If it is assumed that the piston motion
starts at time E, the actual work cyde of the
device extends from points E to H. However,
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800Y TO BE MOVED

/THRUSTER

INIT'ATOR
LANYARD

Figure 3-1. Simple PAD Systern

GAS TRANSMISSION

_thnsten normally have intemmal locking

mechanisms to prevent the piston from
extending prior to thruster cartridge actua-
tion, and the initial lock is released when the
pressure reaches some intermcdiate point
between E and G.

Every eifort s made 10 minimize the time
from point A to point E. The exception to
this s in the Jesign of the delay initiator
where the time from point A to point B is
increased intentionally to establish a specific
sequence ot operetions. The delay function of
the initiator is a major consideration in the
design of elaborate systems. The interval of
time from C to E, the time between initiation
and the beginning of a sustained pressure rise,
is referred to as the ignition delay. The
interval E to G affects the selection of
pvopellant, propellant geometry, internal
volume, and expansion ratio (ratio of final
internal volume to initial intemal volume).
The time from E to G varies from a few
milliseconds for relesses and initiators to 100
msec or more for some catapults.

Peak pressure, point G, also is importar:
since it determines the maximum acceleration
and working pressure the unit must with-
stand. This working pressure affects the
selection of piston size, the wall thickness,
material seiection, and overall weight.

Finelly, the interval from point G to point
H represents the remaining time required to
complete the piston stroke. Most of the
piston movement occurs during this interval,

32
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and so it is during this time that velocity and
scceleration can be controlled most effec-
tively. Without acce'eration control, the
maximum velocity normally oceurs at time H,
the end of stroke.

Acceleration and rate of change of
acceleration of a dJevine are controlled by
selection of the interior bailistic parameters
such as grain design. Occasionally, further
control is effected by the addition of a buffer
or damper. External dampers were used in
earlier propellant actuated devices. Internal
dampers hive been used successfully in several
newer thruster designs. Fig 2-6 illustrates the
operation of an oil damped thruster. The
spring acting &gainst the flvating piston is
compressed or extended as (ke buffer fluid
reacts to temperature changes. When the
thruster is fired, the expanding gss drives the
flooting niston against the fluid, exerting
pressure on the main piston. The main piston
begins to stroke when the pressure buildup is
sufficicnt to shear the locking pin. The flvid
surrounding the main piston then i forced
through the orifice into the volume between
the floating piston and the main piston The
velocity of the main piston is a function of
the viscosity of the buffer fluid, the orifice
area, and the difference in force due to the
same pressure acting against a large area on
one tide of the main piston and on a
considerably smaller area on the opposite
side.

Motion not only is controled by grain
design and the - idition of campers bat also

may be regulated tallistically by metering the
flow of propclant gas thwomgh an orifice. A
lngh-lo- systree 8 aa czampie of such

A pressure reliefl valve also can be used to
control the motion of a propellant actusted
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1M TIATOR OUTPUT

A 3 D ) 4
/\\an
1 ———
cC B G H

HOTUPUUOE

Initiator Firing Pulse

Pressure Rise at Thruster Firing Mechanism
Thruster Initiation

Peak Presgure Qutput of Initiator

Pressure Rise in Thruster

First Pressure Wave Reflectiom

Maximsms Thruster Pressure

Bnd of Thruster Stroke

TIME

Figure 3-2, Pressure-time Curve for PAD System in Fig. 3-1

device by poiting the gas that would cause
excessive acceleration. Throughout ths stroke,
the valve ovens and closes to maintain a
nearly constant pressure within the device!,

322 GAS-GENERATING PROPELLANT
ACTUATED DEVICES

For gas-generating devices where stroks is
not a consideration, the ourput of a
propellant actuated device can be thought of
#s 3 peak pressure at the end of a given length
of hose (initiators), volume of gas Gelivered
{gas generators), or impulse (rockets).

Consider the case of a rocket. A typical
thrust-time output is represented in Fig. 3-3.
Point A represents the point of the applied
ignition pulse; point B, the point of sustained
thrust or pressure rise; point C, the point at
which the thrust atuins a value of 10 percent
of its maximum; point D, the point of
maximum thrust; point F, the point at which
the thrust declines to 10 percent of
maximum; and G, the point of effective zero
thrust level.

As with the stroking device, every attempt
s made to minimize the ignition interval A to

33
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A Tiring Pule.
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C 107 Maximm Thruat
D Maximm Thrust

E ?ropellant Burnout
F 10X Maximum Thrust
G Zero Thrust Level

Figure 33 Thrust-time Curve

B. The interval E to F is called the tail off or
sliver bumning portion of the curve. For most
applications it is also desirable to keep this
interval to a minimum.

Th: output of a rocket is messured in
terms of th: impulse or integral of the
thrust-time curve. The total impulse is simply
the integral over the interval B to G. The
impulse also may be given in terms of the 10
percent points, C to F. For prmactical
considerations, however, the effective impulse
usually is stated in terms of the interval C to
E, the 10 percent thrust level to the grain
bumout point. The cutoff peint E usually is
taken to be the intersection of the slopes
defining the buming and tail off portion of
the curve.

34
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The maximum thrust level (point D) and
operating time, which are specified by the
grain and nozzle parameters, determine the
maximum working pressure, rocket size, and
corresponding system weight.

The - ballistic equations poverning the
operation of stroking and gas-generating
devices will be covered in detail in Chapter 4.

33 LOAD

The load experienced by a propellant
actuated device is the total of all forces acting
on th2 device. These loads may assist as well
as resist motion. They include the inertia
forces of .the body being propelled and the
moving parts of the device itself, initia) and
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fined locks (if used), friction forces, and
damping forces In aircraflt installations,
friction and bending forces mzy be present sa
a result of asircal mancuvers snd scrody-
namic loading. In addition, aircraft maneuvers
may result in variations of “g” loading. Such
varistions may either resist or, depending on
the device and boading level, incresse the
output level?,

34 WEIGHT AND SIZE

Weight and size, afthough subordinate to
reliability, generalty are critical considerations
{n sircraft snd other soplications. The design
of *he propellant sctuated device is dependent
upon a specific space allocation, which can
result in ‘mounting problems, insufficient
sctuator stroke for the task, and complicated
meochanical and ballistic designs. As an
exampie, space limitations can cause a device
— which Gould B¢ fabricnted exily from a
single tube with piston, chamber, and end
connections all on the same axis — to be
designed with telescoping tubes or in-a folded
or stacked configuration as for example the
M 15 Thruster depicted in Fig. 34.

To reduce weight, the designer operates

with working stresses that approach the yield
stresses of the materiasis wed. The size of the

PISTON CHAMBER

CHEN:

4

purts are adjusted and readjusted to provide
safety factors that experience has indicated
will produce a reliable (tem. The sfety
factors used are covered in Chapter 6 of this
handbook. .

Some progpellsnt. actusted devices sre used
integrally as structure of force lnkage In
sirenaft, o.g., the M2S Thruster is a forcs link
n the canopy opersting mechanism of the
T-38 and F-$ arcraft. In eddition to firing
Joads, the M2S has been designed for long
term setvice Gfe a3 a Righly stressed force
member capable of repeated sctuation cydes.

The selection of materials for propellant
actusted devices entzsils mote than juxt
strength and weight consideration. Resistance
to oorrosion, esse of fabrication, and
resistance to erosion nd chemical action with
yropellants or damper fluids ahwo are factors.

35 ENVIRONMENT

The environment (temperature, humidity,
dirt, vibration, shock, etc.) in which propel-
lant actuated devices are required to openate,
is discussed in detail in Ref. 3. A summary
explanation of some of these facton is
presented here,

CARTRIDGE CHMAMBER

CONTAINER FOR /

EXPENDED LIQUID

Figure 34. Thruster \+ith Stacked Configuration
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38.1 TERPERATURE

In sircraft applications propellant actuated
devices are exposed to temperstures within
1 the rarge of —65° to +200°F. A maximum
. upper limit of only +160°F is imposed on

catapults and rocket catapults in view of their
- normal position in a8 cockpit (behind the »at

and mostly shielded from the direct radiant
ensrgy of whe sun). Nonpropulsive systems as
wel} as igniters or firing mechanisms, however,
will be qualified to +200°F. Propellant,
primers, and o) mechanicel comporents must
Ve selected so that they operate throughout
this rnge with minimun wariation in
performance. Particular attention must be
given to the selection of nonmetallic materials
that may age and cease to function property.
The coefficient of expansion and viscosity of
damping and buffing fluids are also important
considerations because of this wide tempera-
ture range.
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In addition to meeting these specification
temperature limits, various propellant actu-
ated devices are designed to operate at
temperature levels in excess of +200°F; the
primary limiting factor for temperature
extremes being the stability of the primer and
propellant formulations.

Rt v sl g d

Tt

Many devices can operate up to +350°F
and the operational range of others may be
extended to +400°F. It is recommended,
however, that Frankford Arsenal be consulted
for use at temperatures above +200°F.

S8 At ng A Yoty

:

: 362 HUMIDITY AND DUST

Propellamy actuated devices are supplied as
sealed units to prevent moisture or dirt entry
during long storage periods (as long 5 5§ yr
either on a shelf or mounted in a system). As
zdded insurance, cartridges are hermetically
sealed and are replaced periodically to prevent
propellant aging from adversely affecting
performance.

e
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353 VIBRATION

Threaded connections must be capable of
36
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withstanding torque tests in eccordance with
Ref. 3 o8 insurence agrinst loosening whee
exposed to vitwstion encountered in handling,
shipment, or installation. A thresd Jocking
agent — such 3 a Nylock pellet or Loctite
inserted in the threaded joint ~ crestes
sufficient friction to prevent loosening, yet
the device may bc dizassembled by applying
sufficient torque. Staking the threads is not
oonsidered an acceplable way of meeting
vibration (torque) reguirements of a device
contains a cartridge, since the device may
roquire disassembly .

354 SHOCK

If a propellant actuated device can survive a
specified drop in a variety of attitudes and in
accordance with Ref. 3 onto concrete, it can
withstand the maximum shock thst will occur
in service. Devices, therefore, are designed to
withstand this drop test, which means that
the propellant greins +il not shatler and the
firing mechanism will not function as a result
of this shock. The design of shesr pins vsed to
retain the firing pins in gas actuated devices is
critical; the pins must withstand the shock of
the drop test and yet shear when the pin it
subjected to a specific gas pressure. The
design of shear pins is presented in Chapter 6.

38 HEAT LOSS

A highly theoretical discussion of heat loss
in the design of propellant actuated devices
considering conductive, convective, and radi-
ant processes is both tedious and, from the
practical standpoint, unneessary. Propellant
sctuated devices tend to have an efficiency
(percent of mechanical energy to total
propellant energy) of about 10 percent. For
ballistic snalyses a simplified energy balance
has been derived which sufficcs for most
applications. A derivation of this equation as
well as a discussion of the analytical
techniques used for propellant actuated
devices is presented in Chapter 5.

It s important, however, that several
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factors be underctood. To minimize heat loss,
the metal surface in contact with the hot
propellant gas should be kept to & minimum,
consistent with hardware requirements. Heat
loss, which can sccount for over SO% of the
available energy. reduces the performance of
devices that retsin or produce hot gas over an

extended period.

In transferring hot gas from onz device to
snother, as with initiators, Teflondined hose
is used primarily because it absorbs less heat
than stainless steel tubing and introduces less
friction loaz than rubber hose.
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CHAFTER 4

PRELIMINARY DESIGN TECHNIQUES

40 LIST OF SYMBOLS

= acceleration, f1/sec?

= pate of dunse of acceleration, fi/sec?

average acceleration, ft/sec?

= maximum acceleration, ft/sec?

piston area, in.?

= port area of rocket grain, in.?

" instantaneous propellant bumning sur
face, in.?

= gas generator orifice area, in.?

= pozzle throat area, in.?

= bumning rate coefficient, in./sec-psi”
= propellant charge weight, [b

= pocket grain weight, 1b

= gas genevator discharge rate, Ib/sec

= propellant  discharge  coefficient,

1b/1b-sec

= thrust coefTicient, dimensionless

= minor diameter of male threads (min),
n.

= gsachanical energy. f-1d

e o

& MM

iy

o

3

RN

iy ;v

propellant energy. N4b

propeflant impetus, ftd4b/ib

thrust, Ib

resistive force, Ib

average resistive force, b

acceleration due to gravity, ft/sec?
heat Joss per unit hose area, ftdb/in.?
impuise, Ibsec

specific impulse, Ib-sec/Tb

ratio A,’IAP' , dimensionless

ratio of propeilam burning surface to
generator orifice required to maintain
a specified generator pressure, dimen-
sionless

Jength of thread engagement. in.
burning rate exponent dimensionless
gas pressure, psi

gas generator pressure. psi

rocket chamber pressure, Lsi
maximum pressure, psi

pressure at end of hose, psi
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r = propeilant burning rate, in./sec

R = major radius of female thn:ad (max),
in.

-

= gtroke, N

]

= shear strength, psi

= hose surface ares, in?

<

-y

= time, sec

f, ™ bum time, sec

i, = strokegime, sec

T = g tempenature, °R

T, = adiabatic isochoric lame temperature,
]
R

-
[ ]

termina! veincity, (t/sec

= ga3 volume, in.?

<«
n

initiator volume, in.?

‘hose volume, in.?

&
[}

- propeliant web, in.

W = propelled weight, Ib

W' = wall ratio (OD/ID), dimensionless

x = disptacement, It

Y = yield strength of material, psi

8 = heatloss factor, dimensionless

7 =~ propellant ratio of specific heats,
dimensionless

p = solid propellant density, Ib/in.?

0, = equivalent yield strength. psi

42

0, *= radizi stress, psi
03 ™ tangential stress, psi

0; = axial stresy, psi

41 INTROGUCTION
41.9 GENERAL

This chapter provides the designer with a
basic knowledge of the preliminary design of
propellant actuated devices. Methods of
approximating parameters not generally given
in design requirements are presented. Mate-
rials, safety factors, and methods of calcu-
lating wall strengths and selecting tube sizes
to be used are discussed. The design of
individual components is described, and the
use of protective finishes and dissinilar metals
is outlined.

4-1.2 DESIGN REQUIREMENTS

The customary siarting point in the design
of propellant actuated devices is the list of
requirements which detail the size, weight,
strength, and performance 2f the Jdevice. A
typicel hist of design requirements might
include all or some of the followirg:
maximum envelope dimensions and weight,
externzl loading, method of initiation and
ignition delay, open ot dosed type system,
initial and/or final locking raquirements,
maximum acceleration, rste of change of
acceleration, terminal welocity, stroke. pro-
pelled load, gas generation rate, total impulse,
action time, and physiclogical considerations.

4-2 FIRST-ORDER BALLISTIC
APPROXIMATIONS

421 GENERAL

All sgrificant parameters may not be
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defined for a particulsr device, The design where
requirements might specify maximum accele- e = socelerstrom, N/sec?
ntion and welocity bdut not the stroke
necessary - to  satisfy these requirements 3§ = stroke, R}
Stroke and velocity but not accreleration sasy
be specified for thrusters or removers. The ! = time,sec
envelope specifications may give ~xterior
dimensions but not the interior volume and 1. = stroke time, sec

sxpansion ratio. The unspecified parameters
must be determined by the dedpner in
conjunction with the ballistician. Methods of
spproximating stroke, operuling time, pres-
sure, acceleration, and propellant charge are
presented here, More sophisticated analytical
and simulation techniques sre trested n
Chapter §.

422 STROKING DEVICES

The performance requirements for stroking
devices might specifly all or some of the
desired kinematic system variables: terminal
welocily, maximum acceleration and maxi-
mum time mte of change of accelcration,
stroke, and action time. With & knowledge of
these parameters the maximum opersting
pressure snd required propellant charge
weight can be approximated. When only three
of these variables are specified, the remaining
two can be determined based on the
construction of an assumed acceleration time
curve for the device.

4221 KINEMATIC VARIABLES

Consider that the performance require-
ments specify only three of the (ive kinematic
varisbles. By assuming an scceleration-time
curve for the device the reraaining two can be
determined by applving the equations for the

terminal velocity » and stroke s:
v= " adr, u/sec “n
°
and
l" ¢
s "f f adt, ft 4-2)

(U Y

v = terminal velocity, ft/sec

For the sssumed scceleration-time curve
(Fig 4-1), which is characteristic of those

produccd By propellant actaated stroking
devices, Eqs. 4-1 and 4-2 give:

oty = g e *3)
and
,.:f:l_a_:'_" + ‘—”"..ﬂ (44)
2 p7) 6a*
where

e, = maximum accelerstion, fi/sec?

@ = rate of change of acceleration,
ft/sec?

Therefore, if the maximum acceleration,
rate of change of accelerstion, and terminal
velocity are specified, the stroke time and
stroke can be determined by rearranging Eqs.
4-3 and 44 to give:

» q
t, 2 — +-8 »c 4-5)
' e, 2
and
»? a’
B — P .ﬂ 4-6
BT T @9

If only two kinematic variables are
specified in the performance requiremeants,
the engincer hss additional latitude in the
selection of the remaining ones.

43
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) Figure 4-1. Acceleration-time Curve for Propellant Actuated Stroking Device
As an example on the use of this equation 422.2 MAXIMUM PRESSURE -
consider the M38 Rocket Catapuit, which will ) ! )
be discussed in greater detail in Chapter 6. The maximum pressure may be obtained \\-—'
The catapult portion of this device has the from the maximum accelerstion by the
following tharacteristics when fired at 70°F: relation
Wa,
y = 46 ft/sec P, = , psd “7
3
0, = 13.8 g(444 N/sec?) g
. where
a = 117 gfsec (3770 fi/sec)
A_ = piston ared, in.?
Substituting these values into Egs. 4-5 and 4-6 s °F .
g = scceleration due to gravity, ft/sec?
I 5 = (46) @ _ 0.163 sec : 2 (pei
i s T e T @a T P = maximum pressure, b/in.* (psi) .
! and W = propelled weight, Ib
; (46)? (444 =194
1= Oxees) T a0 2.64 ft=32in. Agzin using the M38 Rocket Catapult as an
example, where
The actual values for these parameters are s = A = 0.7854 in.2
34in and¢, =0.165 sec. ’
44
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g = 32.2Mtsec?
W =330

from Eq. 47

. _(383)444)

= § 3
» " B22x07858) - 0720Pe

The actual measured peak pressure at 70°F
is 6930 pd. Eq. 47 also may be used to
determine the piston area of a specific
pressure if desired,

4223 PROPELLANT CHARGE WEIGHT

It should be noted that the numerical
coefficients for the equations presented in
this paragraph wili vary with the value of the
impetus and ratio of specific aeats of the
propellant chosen for a particular application.
The purpose of this paragraph s more to
demonstrate a technique than to generate
relations that are valid for all propeilant
actuated stroking devices.

A first-order approximation of the pro-
peflant charge weight required by stroking
propellant actuated devices may be made by
sssuming that these devices have an efficiency
of about 10%; the realized mechanical output
is 10% of the propellant energy.

E, = O.IE,. ftib (4-8)
where
E; = mechanical energy, ftdb

E’ = propellant energy, N-4d

The energy content of solid propellant is
g'ven by the expression
FC (4-9)

E’ -;:i , frdd

= propeilant charge weight, Ib
F = propellant impetus, N-d/1d

7 » propellant ratio of specific heats,
dimensionless

Eq. 49 c2n be derived by using the equation
of state for the propellant gas, ie.,

12 FTC

PV = psl (410)
°
where
P = g2s pressure, 1b/in.?
T = g23 temperature, °R
T, = adiabatic sochoric flame tem-

L]

perature, °R
14 = gas volume, in.?
aind 12 is a conversion from feet to inches.

Assuming an adiabatic expansion to in-
finity and assuming the initial gas temperature
equal to the adiabatic isochoric flawne
temperature

o
E = J’ PdV = LC_
[ 4 v 7_]
f]

Using typical values of propeliant impetus
F and nato of specific heats v, 3.4 X 10°
f4b/1db and 1.23, respectively; substituting
these valuss into Eqs. 4-8 and 4-9: and solving
for the charge weight gives

E_(y-1)
"0

(411)

(4-12)

C=676X10"* E_,1b

The charge for propellant actuated devices

45
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AMCP 708-7/0
is usually specified in grams. Making this primarily kinetic, Eq. 4-13 becomes U
! conversion, Eq. 4-12 becomes
' C=49X10"% =wy?, gram (414)
'i C=307X107?E_, gam 413)
{ Fig 4-2 is a plot of Eq. 4-14, with the ratio
: Fot catapults, removers, and other stroking of charge weight to propelled weight vs
d devices in which the mechanical energy is velocity.
; 0.7 ™
0.6
: =
| 5 .
: .~ NS
. &~
]
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i 4
.
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j 03
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: o
[ ]
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Figure 4-2. Ratio of Propellant Charge Weight to Propelled Load for o
Propellant Actusted Stroking Devices
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For thrusters and thcse devices where the
energy is primarily expended in overcoming a
rexistive force and the kinetic energy imparted
to the load is insignificant in comparison, Eq.
413 becoines

4
C=1307x10° f F,dx, gram  (4-15)
°

where

F, = resistive force, b

B { = displacement, ft
or

C = 307X 10° Fs, gram (4-16)
where

.'", = average resistive force, 1b

Using the M38 Rocket Catapult as an
exampie — ¥W=3831bind » = 46 ft/sec — the
charge weight for the catapult portion may be
estimated from Eq. 4-14.

C =(4.9X 107%) (383%46)% = 39.9 grams

The actual charge weight used in this device
was 40 grams.

4-2.2.4 PROPELLANT WEB

The propellant web w_. which is the
maximum burn distance before grain integrity
is destroyed, .may be estimatcd {rom the
relation

{
w, = f_’rd:. in. (417
°
where
r = propellant burning rate, in./sec

The buming rate for most propellants can
be approximated closely over the applicable

L2 AP o

e m s e

pressure range by the expression

r = bP*, in.[sec (418)
where
b = buming rate coefTicient,
in./sec-psi”®
n = burning rate exponent

Utilizing the form of the acceleration-time
Jurve given in Fig 4-1, setting the pressure P
equal to

Wa,_ (4-19)

and substituting into Eq. 4-17 gives

Wa_\" n\ a
= aell [ om— i
o =0 (G [n - GR) 2l
4-20)

Estimating the average acceleration a by
the relation

\ 5
- X 421)
"

and noting that as a apprcaches infinity (zero
to rise time to constant acceleration level a,)
Eq. 4-20 becomes

W \~»
w, =¥ (ﬂ;‘) t"" , in.

42.2.5 CARTRIDGE CASE VOLUME

4-22)

The cartridge case volume usually is
estimated in one of two ways — depending
upon the size of the individual propellant
grains that make up the complete charge. If
the grains are “small” and will be oriented
randomly when loaded in the cartridge. the
loading density is taken to be about 0.066
in.3/gram of propeliant. For example, if 20
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grams of propellant are required foe a
particular application the required case
volume would be estimated as:

(0.066 in.*/gram) X 20 grame= 1.32 in.?

Additional volume also muit be provided
for a case, cap, and igniter charge rctainer.
This must be determined after estimation of
the igniter charge volume by a preliminary
design of the head cap.

If “large™ grains are used, they may be
loaded in some definite geometrical arrange-
ment. The grains then are stacked in the
cartridge case with their centerlines parallel to
the centerline of the case. The case volum
ther is estimatad by the size and number of
the grains and their geometrical arrangement.

4226 IGNITER CHARGE

The igniter charge used in most propcilant
actuated devices has been black powder. A
rule of thumb that has evolved to estimate the
igniter charge is to use about 40 grams of
black powder per pound of propellant. This
estimated igniter charge may have to be
adjusted depending on the rosults of firings
between —65° and +200°F. More recently
B-KNO, (boron potassium nitrate) and a
magnesium-Teflon mixture have been used to
achicve other characteristics relating to the
ignition process such as longer duration,
greater heat, and gas output.

423 GAS-GENERATING DEVICES

Gas-generating devices are designed to
produce a given pressure output (initialoss),
generate a specified quantity of gas (gas
generators), or deliver a specified imeulse
(rockets).

42.3.1 INITIATORS

Initiators are devices which produce a
specified pressure output at the end of a

4-8

selected length of tramsmission line and
commonly are used (o actuate othur devices.
An empirical relation which specifies the
maximum pressure at the end of a given
length of transmission line is (Ref. 2).

12FC hS(y-1)
P, = 1 -g..#__.]‘pg
V,+V, FC
(4-23)
where

P, = pressure at end of hose, psi

h, = heal loss per unit hose area,
ftdb/in.?

3, = hose surface arca, in.?

v, = initiator volume. in.?

v = hose volume. in.}

B = heat loss factor, dimensionless

The value of S has been determined
experimentally to be between 0.25 and 0.35,
and h, for aircraft hose is about 15 to 30
fi-lb/in.?. Eq. 423 was applied to the M3
Initiator to calculate the pressure in 0.062
in.? 2nd 0.558 in.? end blocks. The computed
and measured pressures as functions of hose
length are depicted in Fig. 4-3.

4-23.2 GAS GENERATORS

Gas penerators are devices which are
designed to produce an output in the form of
a specified armount of propellant gas at a
presclected rate of aelivery. A rule of thumb
used in pas generator design is that one pound
of propellant will produce approximately 15
ft* of gas at standard condilions.

The gas generator output rate C for sonic
flow through the orifice is cqual to

C = CpA,P,.1b/sec (4-29)
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