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"Th•U huioloou-.aItb" •h infoItosmation and fundamental data uasefd
in desip d d A cIV at of Army materiel-b one hn the Engineering
* itemkk *m om the US Army Materiel Command. The handbook

ais a eaki o handbook published in 1963. The revision
audan Ow mi 4m e m odology, and introducas the application
at -mp -w Od ki, Abs the oevio reorganizes the material and

a -ip In a more logical sequence.

"- 1 mdb"ok in a iafd to desig engineers engagd in the developlent
of p t saft ildtt devices an gas generators for various
appIbmb The seut-written by the Propellant Actuated Devices
Brands-h based on the experience of Frmnkford Arsenal, which has been
enppad in the develmpmmnt of these devices for aimraft escape systems since
1945. It is interestim to note that more than 3200 US pilots have been saved
by using the Frankford designed propellant actuated devices (PAD); also,
there is no record of a known failure.

Chapter I presents a brief history of PAD's, their application to various
types of aircraft, and possible future applications. Chapter 2 describes the
specific components of PAD's and their function. Cha'ter 3 considers the
basic design parameters such as time and motion functionsý.load, size. and
environmental factors.

Chapters 4 and 5 deal with the mechanical and ballistic design of the
various PAD components. Chapter 6 illustrates the component design
techniques of the previous chapters by integrating the methodology into the
design of PAD systems. Reafistic examnples an used throughout

Chapter 7 describes the instrumentation, text fixtutes, and vaious test
and evaluation program 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 reason&. The
US Army Materiel Command policy is to release these Engineming Design
Handbooks in ccordance with current DOD Directive 7230.7, dated 18
September 1973. All unclassified Handbooks can be obtained from the
National Technical Information Service (NTIS). Procedures for acquiring
these Handbooks follow:

a. AMl 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:

xi]
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Commander
Latterkenny Army Depot
ATTN-: AMXLE-ATD
aiambenbsurg. PA 17201

(Requests for lasified documents must be submitted, with appropahte
"Need to Know" justification, to Letterkenny Army Depot.) DA acti•iies
will not requisition Handbooks for furihet free disuibution.

b. All other requesto, DOD, Navy, Air Force, Mainhw Corps,
nonmilitary CGow nt agendes, contractor. private lndusf-y, indi'duaK,
unhmenities, and othern must pud.hae these Hwnboqb from:

"ational Technical Information Service
e" rtment of Commer•

SSprlngfield, VA 22151

FClasfied docuzments may be released on a -Ned to Know" bash veTified by
an offilal Department of Army rep.ese.tative and processed from Defense

•Z" Documentation Center (DI"C). ATTN; DDIC-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 Publicatiom, which are
available through normal publications supply channels, may be used for

comments/suggestions.)
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04APTER I

•,INTROUTON

i.-
[-.. 1-1 rqJIWO AND SCOPE owcrund in 1942. The remits showed that

r 12..5 percen t had been fU atal ad45S. percentF This design handboo Is intended for the had resulted in injury. A smilar study of

Sdimmination of such Senera and technical bail.outa from fighter airrat for the yeninomto cocrnn prpelatctatd 1943 soethtI S p .thdbe aa. devices as may be necessary for their care, and 47 perent had resulted in ifoury.

handling, and utilization. It also serves as a
convenient reference of fundamental and The Germans, who probably had similar
practical information as well as analytical experience, were the first to take corrective
proedures necessary to aid in the design, action. A German direcUtive was issued in 1944
performance estimation, and test evaluation requirir4 that all fighter aircraft be equipped
cf these devicesL Only the basic theory and with ejection seat. The British followed with

prin.i•pl. underlying the functioning and a directive in 1945 requiring that all fighter
design of most devices in the elms ar atircran wmith seeds geter than 400 mph be
discussed; no attempt is made to treat the equipped with ejection seats.
mechanial details or operating procedures

(,J that differentiate one model from another. The problems of escape from pusher-type
SGeneral ffernce is only made to %eific aircraft wer studied by the Aircraft Labora-
models t6 iave the reader an overall picture of tory at Wright Field as early as 1940. At least
the development of propellant actuated one experimental airplane made during World
devices from the conception and to serve as War 11 is reported to haw been equipped with
examples in the design and ballistic analysis an escape mechanism, but it was not until
"chapters. 1945 that our Air Form and Navy began

serious development work on ejection seats.
1-2 HISTORY In Augupt 1945, the Pitman-Dvnn Labora-

tories of the Frankford Arsenal were re-
r Prior to World War II, escape from a quested to develop ejection devices under the

disabled aircraft in flight occurred in environ- cognizance of the Special Projects Branch,
ments and at speeds that were physiologically Aircraft Laboratory, Enrineerirtg Division, Air
tolerable; therefore, muscular effort usually Materiel Coramand. Initial pertrmance re-
was sufficient to separate the man from his quirements of the ejection devices were
plane. As ,peeds increased, it became more established on the basis of data and
difficult to leave the aircraft safely in the information from the Aircraft and Aero-Medi-
event of an emergency, The technique of cal Laboratories of Engineering Division, Air
inverting the plane. opening the canopy, Materiel Command. With the passage of time
releasing one's safety belt and failing out was the organization now charged with this
no longer feaible. responsibility i the Aerospace Medical

Research Laboratory, Aerospace Medical
SIn 1943. the US Army Air Corps made -a Division. Air Force Systems Command,

survey of emergency bail-outs that had Wright-Patterson Air Force Base.

.5•
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* Bef(= 1-.4 e &4M ide codd be used on requirements for multictew. multifutctlon,
" Ipesmd e a Siants. it wa ecesamry to mtegated escape system, it was realised that

det Pm tokiu vs •at'iez level for tfie nw forms of propellant actvated devices

humps body and the miumam •pgwtion (PAD) would be required for such functions
-veocity Woes s ry ejected personnel to an positioning ejection seats, unlocki
dear the ai ft stuture. The Aerospace hatches, and stowing control columns. With
Medical Research Laboratories have been the support of the airframe contractors,
conducting a continuing study to determine Wright-Pattersom Air Force Base and Frank-
the physiological fimitations of the hwnum ford Arsenal commenced the design and
body when sibjected to the ejection eaviron- development of the first refie of Th"l ses,
mert. Recent studies have led to the desgnated Mi, M2, M3, and MS in 1951.
specification of a parameter called the Since that time maur new and we
Dynamic Response Lndes (DRI) instead of applications for PAD have been found in
the previouly spcified limitations of maxi- aircraft escape, serial delivery, and other ,
mum acceleration and rate of change of systems-
acceleration a the criterion for determinng
the physioogical limitations for personel Ever si the advent of powered eecon
escape systems'. The DRI which is a meastre sats, Frankford Arsenal han supported the
of human spine compresion - and, therefore. US Air For in their requirements for
problbility of irdury - is intended to be a Government-furnished (GFE) PAD in these
more meaningful determinant in that it is a systems throughout their life cycle. With the
meaure of" the stresses actually eyperienced advent of the weapon system concept of

* i by the ejectee. A nominal value of 18 for the piocurement, and the subsequent develop-
average SO percentile flying population has ment of much of the PAD used in newer
been specified for this parameter for ejection escape systems as contractor-furnished equip-
"systems conditioned at 70OF. ment (CFE), Frankfotd Arsenal procures and

remanufactume many of the CFE an well an
The first ejection seat catapult was GFE items for all services.

sndardized in 1947 and designated the MI
Personnel Catapult. The design and develop- Ovr 200 GFE propellant actuated devices
ment the MI and M2 Canopy Removers have been developed and standardized. An
followed in quick succm ion. These early engineering manual is published by Frankford
devices were initiated mechanially; Le., Arsenal listina about 175 propellant actuated
cocked firing pins were released by rotating or devices ' . In addition to the devices listed in
withdrawing a sear. The -choke cod", this reference, a nomenclature list for

. bell-crank rod, and cable-actuated system left standardized propellant actuated devices an
* much to be desired from a reliability, well as those under development 3 , and a

simplicity, and maintenance standpoint, publication listing propellant actuated device
patents and technical reports covering Iie

In 1949. Frankford Arsenal developed a period 1946 through 1%96 are available.
prope. 't s pressu source that was
designated an initiator. Concurrently, the 1-3 USES
Arsenal redesigned the existing devices to
incrporate a pressure operated firing mech- Although propellant ac-tuated devices oiig-
anism. The propellant gas was transmitted by inafly were developed fcr emergency escape
MS-28741 hydraulic hose assemblies from the from aircraft, their use has proliferated to a
mniiatofs to the firing mechanisms, growing number of nonescape system applica-

tions. These include applications to large bore
With the advent of the B-52 airplane and its Sun scavenging, support of Army concepts for

1-2
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advanced aerial delivery systems, applications wud /etke,. Ab'cwft. GemrI Spedvflv-
to devicesa f explosive ordnmae disposal, Son for. 30 December 1969.
settable time delay nwr.n dsma, deployment
kita tro rtardation ty0ems used in the 2. IEP 65-63704 REV A, P~qpeIkgmt A eu-
delivery of special storesm and cool pa IEP -ufcRa E, Meleu t A5i -
ineraton for inflaUon and rllidization 1969 D-872 430.•. aplicaton-1%9, AD-872 430.
applications.

Propellant actuated devie we useful in 3. Noweduawe Lhst for Corkrdge and
these and other applicatiom becmae of their PopefAw Acuated Devfces, Dept. of the
reliability, simpicity, light weight, smal siz, Army, Ffznkford Arsenal. July 1969,
and ability to withstand " periods of AD-872 429.
storae under extremes -3f environment
without impairment of reliability.

4. Summwy of StarLktics for Canrtdge mird
REFERENCES Pfteimt Actited Devices. Dept. of the

. .-" Annry, Frankford Aimnai, February 1970,

i. MIL-S.9479A (USAF), Seat System Up- AD-872 426.

/
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CHAPTER 2

-- -- DESCRIPTM O F POP '(ELLANT ACTUATED DEVICES

- 22-11 GENERAL pnipeilat actuated devices which have been
deloped. These data and that listed in this

The first afrcriift personnel escape catapults publication are presen ted to aid the design
and asociated devices powered by aidd aiheer and to serve as a reference Ii
propellanits were calld *Cartrdge Actuated determining the feasibility of pr-,posed
Devices" (CAD), a name which arose from the devices.
siln~ty in appearance bet ean their propel-
lant containers and cartridge case for Escape systems are discussed and a spcric
conventional small arms muiitions. As new escape system application is described in
anpplications were developed. thm similaity order to Mistrate the use of piopeflant

* . dsapeafed, but the namne continued to be actuated devices and to demonstrate their
used. Mary of the older records will show this Interrelationshtip in an actual system. Energy
Pname. Orrinwane Corp Technical Mfinutes transmission in systems als is discussed.
37418.. 12 April 1969, was pulished to
change the namne of fut-ire developmients of 2-2 PRPLLANT ACTUATED DEVICES
these items to -'ropeflmtt Actuated Devices*
(PAD). this nameimore nearly expressing their Propiellant actuated devices will be dim-
principal characteristic. cussed according to three categ~ories: gos

Wrierating devices. stroking devices, and
The propellat actuated devices described special purpose devces

in this chapter have been divided arbitrarily
into three categories. pas-pgnerating devices, 2-2.1 GAS GENERATING DEVICES
stroking devices, and special puros devices.
Although special purpose devices could, ror There are two basic types or gas-gnerating
the most part, be classfied in either of the devices: short duration "initiators" and long
flast two categories, they hawe been separated duration "ga generators". These devices

*because of their speci'c applications. cosist of vented chambers containing car-
trudges and firing mechanismns. The method of

Stroking devices may be further classfied actuation fray be either electrical, mnechani-
n direct or high-low. Direct systems are cal. or ballistic (pm pressure).
devices in which the propellant is consumed
in the working ciamber. In high-low devices 2-2.1.1 INITIATORS
the pro1llat is burned in a separate, or high
pressure chamber, and the resultant pses ame Initiators are short duration gas generating
then bled through. an orifice or nozzle iiito devices designed primarily to supply gas
the working chamber. Only direct systems pressure to operate the firing mechanisms of
will be considered in this chapter. High-low other propelant actuated devices, but they
systens will be considered in Chapter 4. also may be used assources of energy for

operting piston-type devices such as lap-belt
Various sources list information on the releases, personnel restraint systems, anid

physical and performance characteristics of safety-pin extractors. Since they eliminate

2-1j
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cuznberoe and difficult to maintain cable- small lightweight initiator that would further.
pulley systems and provide a more reliable reduce their size and .- ight. This need

7 method of actuation. initiators awe used apphrenty has I•,en filled by the MlO4-type
extensively in aircraft to operate the firing Initiator. The M104 weighs only 0.003 lb. In
mechanism of other propellant actuated the F-104 aircraft, for example, 3.46 lb of
devices. In systems where the propellant weight may be saved by using M104-type
actuated device is remote from the initiator, lnitiatoi for the 14 initiators now carried. In
intermediate gas actuated initiators are used addition, supp1y and resupply can be
as booers. For applications'where propelant accomplished at considerable cost savings3.
actuated devices an fired in sequence,
initiaton of other PAD's may contain a Fig. 2-1 shows a cross-sectional drawing of
combustion train or delay element to delay a typical mechanically actuated delay ini-
propellent ign-tion for a specific time to tiator. Table 2-1 lists comptrative data for
permit completion of another operation. several existing initiators

The development of the gas-actuated 2-2.1.2 GAS GENERATORS
ejection system has paved the way for

sophisticated transmission systems that pro- Gas generators primariy are degned to
pran, sequence, and automate .a complex supply gas premuure for a longer period of time
array of PAD devices during the entire than initiators -and are used to "inflate,
personnel ejection cycle. Initiator charges are presurize, or otherwise serve as a self-con-
sized for a given length of trammission line. tained propellant gas generating system. They
Early initiators, such = the MSA2, w-,ei-oed csn be desiFned to deliver propellant gas for a
0.9 lb and occupied 6.5 inmA more recently, range of times from seconds to minutes. The
miniature initiaturs, of which the M28 is delivered gas also may be filtered and cooled •,..
typi.al, weigh 0.33 lb and occupy 4.0 in.3 as required for a specific application.

A need has existed for many years for a Fig. 2-2 is a partial cross-sectional drawing

. " BA LL

• SAFETY /p 9•FILTER'-

0-' F IRI NG PIN CHAMBER\

I SEAR PIN HOUSING

Figure 2.- . Mechanically Actuated Delay Initiator
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TABLE 2-1 Cloaed devices must be desgned to an
additional constraint since a method of

COSkVA9IAT'W DATA FOR INTATR airs.tig the stroking member at the comple-
tion or its travel 'is required.

Ouvka W94KIg.lb DuIWy.m we (l0 2-2.Z.1 CATAPULTS

M&C1ANIALL ACTATI00)The ballistic catapult was developed for
M4Ai .0 754101emergency escape of personnel from aircraft.

M12AI 1.0 1.0 750110) In this application it series as a connecting
M14 0.39 3.0 75G410) miember between the crewman's wat and the
MIS am3 3.0 100ol15) aircrft stucture.
M27 0.33 - 1000151

M52 103 to 100115 2.2.21.1 C5ONVENTIONAL CATAPULTS
Me$ 0.3 - 7=101
M118 10.15 -The conventional catapult or ballistic

~ A~liATD(~Jcataptlt as it is sometimes known is a two- or
M5 ~ QM 0.9 - 1000(1 three-tube telescoping opcn devirt whýic is

M1O 0.9 Z 10M0(15 mounted in the aircraft on trunnions. The
MIS 0.39 1.0 750410) firing mechanism is mnounted in one end of
M28 0.33 - 100115) the catapult along with a cartridge containing
Mi2"' (~ 410045 a primer. igniter. and propellant charge. When
M.42 0.s 30 10=14i5r the cartridite is actuated. the propellant pas

61 0.39 2.0 1000015) tills the catapult and causes it to extend (Fig.
M72 .0 S I00DO5) -3) Asthe catapult extends, it ejects the

M104 0.00~ 1500015) seat-man from the aircraft. Table 2-2 lists

Pe prm in 0.1 wa8 0 typical conventional catapults and presents
MS-7974I .4 how.- Th Mor t" Prw Wi performance data for these devices.

Iam uuion h~ww20-35% 2.2.2.1.2 ROCKET-ASSSTED CATAPULTS
'Actuoaui Prmw 750 PaY~
*Actjustn - go PrwoM wh IY~nUd WOW1

Rocket-assistec' catapults combine the
operation of conventional catapults with
those of a rocket lo sw~ain thrist and thusI

of the Ml17 Gas Genprator. It is gas initiated increzse ejection heighit. These devices are of
*and is designed to pressurize a 27-in.3  two basic designs. In the M8, W9, and M10,

toaoperat the00 parainhute2eject ehand isi usd frocxmpet othr'e ianc thbe surroands the
chamberat toh00 psirinhu.e2esec. and aisme focke n. ple, the lanc tube surroands th39

*for the BDU-1I2/B Practice Bomb. the launch tube is ho.sied within the
perforation of the rocket grain. As the launch

2-2.2 STROKING DEVICES tube strokes out and separates from the
rocket, which is attached to the ejec.tion seat,

Stroking devices, for purposes- of this the gas evolved during the launch phase is
discussion, include catapults, removers, and used to ignite the sustainer rocket. For

jthruste-.s. These devices can be further divided stability in the pitch plane, the rocket nozzle
into two groups: (1) open devices or those 'is angled to allow the resultant thrust vector
which separate and allow the escape of the to pass througli the sct-man center of mass.
propellant gas, usually upon completion of In the 1.19, M9. Md10. and XM39 th e noz~zle is
function, and (2) closed devices that retain fixed at a predetermined angle. while in the
the gas after completion or function. XM38 the nozzle angle is variable to allow for
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CPi, Fuun 5  G Cap, Snp
'Ot" RiEaTI N DI canew

-_ :A Call, Shippie F N'Y, Rims
a Pin. F-iin G Cap, Shippie

SC ".0- Rift H seeserev

D Ca, 10044WI Caridg~e Assembly, U37
a Body, C¶.lleJ Pin, Salem

Figure 2-2. M 17 Gas Generator

variations in the location of the center of 2-.2.2 REMOVERS
mass.

Removers are two- or three-tube tele-
The catapult portion of the XM38 and rcoping devices which are designed to jettison

XM39 Rocket-assisted Cazapults are small the canopy from high speed aircraft prior to
bore high-7ressure devices which, because of personnel ejection. They are either mechani-
their concentric configuration, maximize the cally or ballistically actuated. A third type.
impulse delivered for a unit of a given size. the electromcchanic~l-ballistic remover, is
Also. their high operating pressure, about designed to permit normal opening and
5000 psi as compared to about 1500 psi for closing of the canopy as well as emergency
conventional catapults. tends to reduce the jettisoning. Comparative data for these
spremd in performance over the temperature devices are presented in Table 2-4.
"range -65* to +200* F.

Removers are similar in design to conven-
Tablu 2-3 lists the performance data for tional catapults with one important excep-

several existing rocket-assisted catapults. Fig. tion: they are designed to be capable of
2-4 is a cross-sectional drawing of the XM39 retaining the maximum pressure produced by
Rocket-assisted Catapult. the burning propellant in the event of

2-4
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IN UNFIRED STATE

TUBES EXTENDED

STOPPED AND INNER
; TUBE EXTENDED
" •) FIRING COMPLETED

INNER
TUBE

• , , TELESCOPING
PROPELLED TUBER

MASS _

OUTE

TUBEEXTENDED

CARTRIDGE

SAIRCRAFT STRUCCRE

S%'/.; "/I/// TELESCO "ING/ "/, Il•

OPERATIONSL

Figure 2-3. Operation of a Conventional Catapult

restricted motion of the propelled load". This aircraft structure. Fig. 2-5 is a sketch of a
•.feature is described as being able to withstand typical gas actuated remover.
•. "-|ockcd shut" firings. Al.so. greater accelera-
Stion is permissible with remuvers since human 2-2.2.3 THRUSTERS
.•, .. .. physiological limitations are not a f'actor. The
•: ' ! only limiting factor is the strength of the A thruster is a propellant actuated deviceMASS5

(9l
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TABLE 2-2

COMPARATIVE DATA FOR CONVENTIONAL CATAPULTS

Raw of
Maximum Clw of Wei4 t

Velocity Achrartkl Aocelratonm of
PMtP@led &I 700F. at WFI a?0rF. Devic.

D(vice Stroke, Im Weight. lb *6 1 9c 1b

MIAI 66 300 60 20 170 8.2
M2.0 60 300 38 12 150 13.0
M3A1 as 350 77 20 180 24.9
M4A1 45 325 38 12.5 100 6.7
M5AI 8 300 s0 20 170 &.2
MGA(I) 21 300 28 8.5 1S0 31.5

i 'MuItthat traninAg cataoli

primarily developed to serve &s a source of and, in these instances, are made as integral
energy or exert a thrust, through a short parts of the thruster. These buffering
stroke, to movo a weight and probably mechanisms are used to restrict the velocity
overcome a resistive force. Thrusters are used and acceleration of the propellant load
for operaltions ,uch as seat positioning. because of structural or human physiological
storage of equipment, hatch or canopy limitations. Fig. 2-6 depicts the M16 Oil
unlock and canopy ejection. They generally Buffered Thruster.

- are designed as a closed ballistic system so
that the piston does not separate under any Thrusters have been developed which
operational condition including "lockcd shut" function in the usual manncr. except that at
and **no load" firings. Each thruster is the end of the stroke, they bypass gas through
designed to operate against a srccific mass high pressure flexible hose to initiate other
and a constant or varying forces, propellant actuated devices. An example is

the M19 Thruster in the F-10iB aircraft
Buffer or ,il damper mechanisms are used escape -system. This thruster unlocks the

occasionally in conjunction with thrusters c-inopy and, at the completion of stroke

TABLE 2-3

COMPARATIVE DATA FOR ROCKET-ASS!STED CATAPULTS

Separatkim Maximum Rocket
Weight Velocity Acceleration Rocket Atm' Time Weight of

Caitapult Propelled. ai 70WF. at 70 °F. Imly aS T7F, erOFt IDevFe.
Device Stroke, in. lb fp s lb-ewe see lb

M8 40 350 40 12 1200 0.40 71
M9 35.75 350 40 12 1100 0.35 24
M10 34 400 40 12 1100 0.40 26
XM38 34 363 47 18 1350 0.41 33
XM39 34 415 52 18 1140 0.40 19.5

2-6
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1 0 TABLE 24
UW0UARAT1VE DATA FOR REMOVERS

ft~dbd liwust at 70'F, Vdodtv at St,* Time MVwd of S~tam

MIA3 23.3 200 2900 20U 111135 Gas 2.1
M2AI 2&.0 300 2000 20.15 0.130 Mac 4.4

MA 2&3W2M20.5 0als0 Gas 4.4
M4 1110 3010 3600 20.0 0.114 Gas 3.94
usM 19.0 l000 4500 10.0 - on 3.84
MSAI' 1  12.0 35 "W 2 0.150 Gas 22.
M911)1  27.0 300 6000 33A0 0.090 Gas 350

"(after the canopy is unlocked), bypasses gas of speci"ic applications including th seering

* I

to actuate the canopy remover. of electrical connections and reefing lines thati
restrain a parachute from opening initially to

2-2.3 SPECIAL PUJRPO~r DEVICES full size.

* ~~~A number of propellant actuated deuices CALCTER

~~221. CABLEAIV CUTTERSRMOER

hawe been developed for special aivplications
that do not fall into the prevics.idy r,,zntioned C~ utr aebe eindt eecategories. These dei-s m!ude cers e dei

elcrclcables prior to the removal oelectric igniton elements, p ejection of an aircraft canopy or ejection seat. I
pnertors andejec~rs.Although most cable cutters were developed

to sevzr a single cable, the M8 Cable Cutter
SA2-23 CUTTERS was d2802.0 d to sever a bundle of 41 electical

wires prior to the removal of the aircraft
Cutters have been deneoped for a number canopy. 11oc MS has a blade attached to the

HEAD CARTRIOtiE ASSY FIDSET SRWLOCKING PIN1

L SHEAR MiN SPACER SPRING MAIN PISTONSCE\ HA I

, P.SETSCREW FLOATING PISTOND BODY CLEVIS

_____-•-nme8.64! a e

L GSENTRY PORT

Figure 2-6 M 16 Oil Suffered Thruster
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forward end oae piston. Gas produced by the cable (wmr) from any a up to mind )burning propellant in the carwtde propels the Including I(Bde& to the cutter main axis.

piston forward, drivng the blade into thewis to be srvered. The blade of the cutter 2-23.12.2 twft Dly Ru ffi Uw

may be coated to prevent electrical shorting cum
as it passes through the current carrying wires.

PresenI technology for wed delivery of
cargo by parachute is hampered by inaccu-

2-2. 12 REEFING LINE CUTTERS racles due to variables such as drop height and
prevailing winds. To improve delivery accum-

2L&1.2.1 Couwutni Tapm cy and reduce vulnerability, the parachute is
reefed during the initial portion of the

Reefing linz cutters are designed to sever descent trajectory. Present technology uses a
the reefing lines of parachutis. Unlike cable fixed pyrotechnic delay reefing line cutter tc
cutters that may be electrically or gs disarefe parachute and allow for soft cargp
initiated, reefing line cutters are initiated landig. However, this arrangement limits the
mechanically. Fig. 2-7 shows a typical reefing effectiveness of aerial cargo del"vry sysmrns
line cutter. The firing mechanism of the to performance prescribed by a fixed time
cutter is attached by lanyard to the shroud of delay and a corresponding preselected drop
a parachute. When the shroud lrnes are pulled height.
taut by the opening of the parachute, the
cable (sear) is pulled out of the end of the A prototype settable Mechanical Delay
cutter, cocking and releasing the firing Reefing Line Cutter, the XM31, has been
mechanism. The ruing pin strikes the primer developed. Thbis device is a combination of a
in the cartridg which ignites a pyrotechnic modified M9 Mechanically Initiated Ree•ling
delay element. After a. predetermined delay. Line Cutter and the M564 Mechanical .
the cartridge is fired and the propellant gas Artillery Time Fuze. The XM31 is settable
propels the cutter blade forward. The blade and resettable in 0.1-,sec increments from 2 to
shears the reefing line that is passed through 100 sec&.
the hole in the end of the cutter. A whole
family of". it '4es has been developed tew By use of this device it is possible to

provide a rang of different delay times (2-, compensate for variables that are identified in
4-, 6-. 8-, and I r•seconds). The sear-type firing flight and that otherwise might detract from
mecthcnism may be operated by pulling the the accuracy of die drop.

/
CLOSURE (ANVIL) 0 -RING WA.H" FIRING PN

HOUSING CARTRIDGE AiSSEMBLY-- CUTTING EDGE

HOLE FOR REEFING LINE

Figure 2.7. Typical Reeing Line Cuntr
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2-2=32 RELEASES Ignition elements have been developed that
we capable of being fired by an electrical

Releases have been developed to perform a power source such as an aircraft 28-V supply.
variety of functions including releasing The rust ignition elements developed wereexternal stores from aircraft and extracting designe-d to pass 0.5 A without firing and to

the safety plus from other propellant actuated fire when the current was 1.0 A. This early

devices Fig. 2-8 shows a device desiged to series of ignition elements used the body of
accomplish this Utter function. It consists of the element for a pround. A latter series wa

C a cylnder ('iJy). pfsioa with integral pint designed with four internal pins insulated
and locking mechanism. The release pin from the body of the device (Fig. 2-9). Two
re-p•aces the safety pin in the firing mechan- pins ae interconnected and provide a testing
"mii of a propellant actuated device. The circuit separate from the firing circtil. The
releasr contains no cartridge. but rather uses other pins are connected to the firing circuit.
pas supplied by another device. The supplied These units are designed to a i-A. I-W. 5-min
I propeant gas unlocks the piston and caues it no fire and a 5-A, S0-msec al fire
to withdraw its pin from the device to be specification'.
aimed.

The two pins in the firing circuit are
This type of device has been used in connected to a wire filament in the element.

aircraft escape systems. For instance. the This wire is coated with an ignition bead that
;MIAI Release is usted to release a sorng- is ignited when the filament is heated by

loaded firing pin in the MIA3 Canopy passag of the required current- Ignition or
r Remover. For this application, the release is the bead sets off the main charge. The gas

actuated automatically during the pre-ejection generated exerts a force against the firing pin
cycle. This prevents personnel ejection prior of the device to be actuated.
to canopy removal.

2-2.3.3.2 ELECTROMAGNETIC IMPULSE
2-2.3.3 ELECTRIC IGNITION GENERATORS

ELEMENTS
To improve the reliability of electrically

2-2.3.3.1 CONVENTIONAL TYPE initiated systems. auxiliary firing sources such
T c i e t eas electromagnetic impulse generators have
The electric ignition element is a device been developed'. These de'ices are composed

designed to repL-ce the firing pins and of several magnets and a coil of wire. They are
percussion primer used with gas or mrchani- operated manually and automatically reset,
cally actuated propellar.t actuated Jvices. and are designed to generate sufficient

2.11
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CIRCUIT DIAGRAM Os
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F. \e Z9. "Acrc Iiion Elm'wt

ctat e de i A ballistic rarity that occus with the XM7
~'~.ignition celmenL. Movement of the handle or Ejectof is the variation of the effective load.

triner on the gene. tor changes the reluc- The ejector travels nearly 60 percent of its
tance in the magnetic circuit. generating a stroke with almost no load while absorbing C
current zn the coil. These units may be the elasticity of the parachute containr;m
designed to have an indefirnte life and to be thereupon, it abruptly picks up the entire
unaffected by environmental extremes. parachute ma and continues to accelerate it

until the end of stroke.

2-3 ESCAPE SYSTEMS

launchers drogue guns, and parachute ejec- actuated devices. This application will be
tons. One such device is the XM7 Reserve discussed, however, because of its relative

tParachute Ejecor. This cartridge actuated importance not only in military but also
parachute ejector is a device used to insure commer I apptications.
deployment of the paratrooper reserve para-

*chute in the event of main chute mal function. 23&1 CONVENTIONAL AIRCRAFT ES.
The deployment bag and parachute are chest CAPE
mounted on the paratrooper and are actuated
manually. The parachute and canopy with Initially, relatively simple systems for
ballistic components are ejected laterally. As canopy removal and sea! ejection were
the shroud lines become taut, the parachute is provided for escape of personnel from riohter
separated, from the deployment bag and aircraft. In these systems. two separate
ballistic launcher. The deployment bag and operatiorts - canopy removal followed by
launcher in turn deploy their own 36-in, seat ejection - were required, mechanical
chute to arrest their descent. interlock insured the order of actuation. As
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thm -me opm 2on of •afr nm mw b m rlIm nitiator, te pio Is eecteo
complex, mespe systems were eXpaned to the canopy.
Include pv-eection operations. such ,-
positoning the e*etin seat and resraining Th fourth Initiator actusted by fth
the *ectee. The development -of escape original pull of the mD" rft is an M3A I
systems for bomber alrcraft necessitated that Delay Initiator that contains a 2-ec delay
initiation be possible from several points and element. After the 2-we delay, the Initiator Is
provision be made for the escape of many fined said~ pIs supplied to able cutters that
crewmen pele the pilot's legs. To imure that the

pilots lep are released, a meduancal tripperr The sequenrce of events which make up a hftites an K31 iI gm sa a 1
complete emerucy e-rem tr*-ctory is delay element that is supplied to the cable
depicted n FigR 2.10. aiters. Gas from the M32 Initiator is also

supplied to the M28 Initiator whch acts as a
As an example of the application of booster and supplies Vs to operate the pilot's

propellant actuated devices to conventional lap belt release and rotary actuator that
escape systems, the escape system for the separates the pilot from the seat.
F-104A and F.104C aircraft is presented.

To summarize, the pitlot pulls the "D" ring.
the ca•opy is unlocked and ejected, his lep

2.2 ESCAPE SYST FOR THE F-104A are positioned, and the sat eected. oL Ito
AND F-1040C AMM,•C TS are then freed, the lap belt opened and he 1

separated from the seat. All this is om-
A schematic of the C seat ejection system plished in the proper sequence, and backed up

for the F-104A and F-104C aircrafts (single- by parallel systems to imure opertion of theSplace riotters) is presented in Fig.q 2-11I. When catapult and leg release cable cutters.

the "D" ring Is pulled, three cables attached
to it are pulled actuating fout initiators. One 2-3.3 CAPSULE ESCAPE SYSTEMS
M27 Initiator supplies ps pressure to actuateI;:" !the MiO Thuser that unlocks the sircraft W~ith the development of bisber perfor-

canopy wn then supplies gas to aremover to mance flight aim-an operating at supersonic
jettison the cany. speeds and extreme altitudes, it became

-~~ neesr to develop escape systems whose

ConcurrentJy, a second M27 Initiator, p-rformance envelopes would be compatible
actuated by pulling the "D" ring. supplies tis with those of the advanced vehides. The

,pommre to initiate an MIS Thruster that ection seat escape sysem is Wriective in the

positions the pilot's lek by tightening cables region below 600 ki indicated ar speed.
"ached to the spurn of his flight boots. As Above 600 kt the probability of a sfae escape
the piston of the thruster retracts it actuates with this system rapidly decreses'. One of
an M27 Initiator that supplies gas pressure to the s3 stems selected for study was the
initiate the M I0 Catapult that ejects the pilot separable nose capsule. Such at escape system
from the aircraft. would allow the crenmen to separate safely

from the aircraft throughout its & "tude man
The third initiator, actuated by pulling the speed range. Air Forme Specificatiom require

"D" *ri is an M32 Delay Initiator that that escape capsulks with protective and
supplies Ps prssure to fire the M 10 Catapult survival equipment be used in all aircraft with
after a I-sec delay. This initiator is i sursnce speeds exceeding 600 kt equivalent air speed
against a maintenance failure or malfunction, and operational altitudes exceeding SO00 ft.
of the pre-ejection portion of the system;
when the catapult is actuated by the M32 A design study as well as the fabrication
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-ad testing of a rocket for a separable nioe ejection to a point beyond the rotor blades
capsule escape symtem was conducted by and then an upward rocket Impulse to a safe
Frankford Arsenal' ". The test capsule (Fig. riecoery altitude'.
2-12), based on the F-104 aircraft conmigura-
tion. was deslgned to operate In the 2-3.5 EMERGENCY ESCAPE FROM
performance envelope of 0 to 900 kt COMMERCIAL AIRCRAFT
"equivalent air speed and ma altitude range
from sea level to 100.000 ft. Emergency escape or means of providins

for rapid evacuation from conmerciai'arcraft
2-.A HELICOPTER ESCAPE SYSTEMS In the event of a crash l•aning hs a serious and

"vexing, problem. This situation is even more
SThe need for emergency escape from critical In the event of a fin. Under these

disabled aircralt is not limited to fixed-winC circumstances it is essential to provide for
aircraft. Recent emphasis and the increased multiple exits for maximum safety of the
usage of helicopters for military and commer- passei m One possible solution to this
Sdal applications have pointed out the problem is shown in Fig. 2-13 and involves a
I necessty of equipping these aircraft with concept using linear shaped chares to create
emergency escape systems, The presence and emergP.cy exits.
location of the rotor blades above the
helicopter fuselage, however, prevent the ue Accciding to this concept, empty shaped
of the conventional upward escape tr*ctory. charge tubing and a two-part liquid explosive

system are prmvided for the creation of
Current concept for effecting rescue emergency exits. At the time of emergency

bwiude: the capsule concept in whdih the arid o-,ly when the aircraft is on the gound,
rotor blades and either all or a portion of the the two liquid components are introduced
fuselage are wparated ballistically from the into the shaped charge tubing by an initiator
crew or passnW compartments and the and are then detonated. The separate storage
helicopter descends Ib parachute; ballistic of these liquid components, each of whijk is
separation of the ator blades followed by nonexplosive, elimraines the hazards asso.
conventional u u epe and lateral ciated with the day-in and day-out trarsport

Figure 2-12. Sperfee Now Capsule
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AACP 705-M"-

of an explosive ordnance system on the bypass thrusters to sequence operations In the
aircraft. system.

This concept has been evaluated by the Electrically Initiated systems have reliabil-

Federal Aviation Agency. ity comparable to gas initiated systems. The

weight of electrical systems is less than gas
2 ENE Y Isystems since all initiators, couplings, check
TEMS valves, and high pressure hose can be

eliminated; however, an auxiliary, power
In early aircraft escape systems all propel- source must be provded. Where the propel-

lant actuated devices were initiated mechani- lant actuated device and the initiating device
cally. This mechanical initiation required are some distance apart, booster initiators are
elaborate cable pulley arrangements to release required. Electrical systems offer the advan-
cocked or precocked firing pins by rotating or tage at economy, smaller sze, easier installa-
withdrawing sears The drawbacks of this tion, and less maintenance, as weil as

system include cable routing and tensioning, permitting continuity checks by pilot or
and crash safety problems& ground crews. The disadvantages of electrical

systems lie in their need for an external power
Gas initiated systems gradually replaced source and the possible danger of accidental

these early systems. Gas systems use steel- initiation by stray electromagnetic raliation

braided hose lined with Teflon and stainless or static electricity.
steel tubing to transmit the gas from the
gas-generating device to the propellant -. ,tu-
aged device to be operated. The gas initiated Hybrid systems such as those used in the -

systems not only provide a more reliable F-Il and F-14A aircraft incorporate gas
means of initiating a system of devices, but operated and electrical components together
also peirmit the use of delay initiators and with mild detonating cord (MDC).
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CHAPTER 3

BASIC DESIGN CONSIDERATIONS

3-1 GENERAL CONSIDERATIONS end of stroke for a stroking device or
termination of effective thrust or pressure

Propellant actuated devices are basically output for rockets or ps-generating devices.
simple devices containing a minimitm number This intemr may vary from as little as a few
of parts. They awe light in weight, yet strong milliseconds for initiators to as nouch as
enough to withstand the maximum pressure minutes for ps gencratorm. This is illustrated
created by the combustion of the propellant by two examples: a stroking device and a
they contain. The materials selected for use in solid propellant rocket.
these devices must be compatible with the
propellant, igniter, and primer formulations at 3-2.1 PROPELLANT ACTUATED STROK.
the various temperatures and in the functional ING DEVICES
and storage conditions to which these devices
are exposed. In the system shown in Fig. 3.1, a

mechanically operated initiator is connected
Constant awarcness of basic concepts must to a thruster by a length of hose. When the

Sbe maintained when designing propellant lanyard is pulled, the initiator cartridge is
S.... .. actuated devices, the most important being fired. The burning propellant ir the initiator

reliability. Determination of how these generates gas that flows through the hose to
devices will operate in conjunction with other the thruster. When sufficient gas pressure is
components in a system must be establirhed exerted on the thrus,, fuing mechanism, thealong with a reliable method of initiation and thruster cartzridge is fired. As the propellant
a simple but sure method of istallation. burns in the thruster, the pressure generated

causes t'e thiuster piston to extend and move
Standard parts are used wherever possible, the load. A curve showing the interrelation-

and when p,•,cial pans are accessary. they are ship of pressure and time in the thrustei is
designed for ewe of manufacture. All presented in Fig. 3-2.. Point A represents the
components of propellant actuated devices point in time when the ianyard was pulled;are interchangeable between similar units, and point B, the pressure rise at the thruster ruing
under no conditions may the Jhinctlonal mechanism; point C, initiation of the thruster
reliability of a device be dependent upon the firing mechanism; point D, the maximum
seeZctive flit of any or al parts. Propellint delivered pressure from the initiator; point E,
actuated devices are designed for ease of the rise in pressure in the thruster; point F.
proper assembly and, wherever possible, parts the first of a series of pressure wave
are made nonreversible to preclude improper reflections in the thruster firing mechanism;
assembly. point G, the maximum presure in the

thruster; and point H. the completion of
3-2 MOTION OR TIME FUNCTIONS thruster strrke.

The functioninp time for propellant actu- If it is assumed that the piston motion
ated devices is the time interval between starts at time E. the actual work cycle of the
initiation and zompletion of function, e.g., device extends from points E to H. However.

3-1
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BODY TO BE MOVED and so it Is durnga this time that velocity and (~
acceeraioncanbe crintrolled miost effec-

a .ximum velo..ty normally occur at timeH
the end of stroke.

Acceleration and rate of diane of
acceleration of a dcv ire are controlled by

INIYATOPselection of the interior ballistic parametens
LANYARD such as grain design. Occasionally, further

Figue34.Sin~PAD~stoncontrol is effected by the addition of a buffer
* F~,3-. S~r~pe PA Sytemor damper. External damper% were used in

earlier propellant actuated devices. lnterrial
turusters normally have internal locking dampers hAve been used succesfully in several
incdwaisrw to prevent the piston from newer thruster designs. Fig. 2-6 illustrates the
extending prior to thruster cartridge actua- operation of an oil damped thruster. lthe
tion, and the initial lock is released when the spdring acting spirst the floating piston is
presure iacades some intermediate point compressed or extended as Mhe buffet fluid

* 0between E and G. rea~.ts to temperature changes. When the
Eves efort maje I, ~thruster is fired, the expanding gas di~ves the
Ever efortis adeto r-Anmiz th ti.-- fitcatiro niston *pinst the fluid, exerting

* I from point A to point E. The exception to pressure on the main piston. The main piston
this 6i in the design of the delay initiator begins to stroke when thle pressure buildup Ls L

* where the timne from point A to point 3 is sufficicnt to shear the locking pin. The find
increased intentionally to establish a specific surrounding the main piston then is forced
sequAence of operptions. The delay function of through the orificc into the volume between
the initiator is a major consideration in the the floating piston and the main piston Thie
design of elaborate systems. The interval of velocity of the main piston is a fiunction of
time from C to E, the time between initiation the viscosity of the buffer fluiid, the orifice
and the beginning of a susthined pressure rise, area, and the difference in force due to the
is referred to as the ignition delay. The same pressure acting against a large ame on
interval EtoG affects theselection of one sde of the main piston and on a

*propellant, propellant geometry. internal considerably smaller am on the opposite
volume, and expansion ratio (ratio of final side.
internal volume to initial internal volume).

* ~~The time from E to G varies from a few Notin not only is cntirole bygai
2jmilliseconds for reledsn and initiators to 100 des* igad the P ]&boo of aainitper but also

msec or more for some catapults. -may be repiaWe balbaaly by m~eteing the
flow ofpcipi w got 11-ka orifice. A

Peak pressure, point G, also is importav-. hiob-low wy or is am~ ci of d
since it determines the maximum acceleratont bsallot ccaim" a bko-ow syemm the
and working pressure the unit must with- pimpehal is bw& 4 ina chamber anid the
stand. This working pressure affect-ts the gas ~is bb -tq ascire ifto a second
selection of pison size, the wall thicknems chansber. The I v is tbi id at a high
material velectlion, and overall weight. pressi whic a -- Ad Pi to effective

combaition ubill the snake is controlled by
Finjplly, the interval from point G to point tie lov pesime ga in the scond chamber.

H represents the remaining time required to
complete the piston stroke. Most of the A pressure reiidfvalvealso can be ued to
piston movement ocurs durTng tMs interval, control the drotion of a propellant actuated
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A l D 1

TMUSTT OUTPUT

C I3 I 1

TIM

A Initiator Firtng Pulse
I Pressure Rise at Thruster Firing Mechanism
C Thruster initiation
D Peak Pressure Output of Initiator
9 Pressure Rise in Thruster
F First Pressure Wave Reflection
C Pazinae Thruster Pressure
*End of Thruster Stroke

Fig"ue 3.2. Pfwsuse-rime Curwve for PAD Sytem in Fi4 3.1

device by porting the gas that would cause Consder the cme of a rocket. A typical
"excessie acceleration. Throughout thi stroke. thrust-time output is represetnted in Fig. 3-3.

" the valve owens and doses to maintsin a Point A represents the point or the applied
nearly constant pre.sure within the device'. ignition pulm; point B, the point of sustained

thrust or pressure rise; point C. the point at
3.2.2 GAS-GENERATING PROPELLANT which the thrust atidns a value of 10 percent

-t:ACTUATED DEVICES of its maximum; point D, the point of

maximum thrust; point F, the point at which
For ps-generating devices where stroke is the thrust declines to l percent of

not a consideration, the output of a maximum; and G, the point of effective zero
propellant actuated device can be thought of thrust level.
as a peak pressure at the end of a given length

.of hose (initiators), volume of ps dati-ered As with the stroking device, every attempt
(gas generators), or impulse (rockets). ;s made to minimize the ignition interval A to
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A Firing Pula.
B. Thrut UiaaI; IC 101 Muzimnm Thrust
D Maximm Thrust
E ?ropellant Burnout
7 102 Mulxima Thrust
C Zero Thrust Level

"" 3'Fio a3 Thnat•Vinme Curi

B. The interval E to F is called the tail off or The maximum thrust level (point D) and
sliver burning portion of the curve. For most operating time, which w specified by the
applications it is also desirable to keep this grain and nozzle pammeters, determine the
interval to a minimum. maximum working pressure, rocket size, and

Sp ao rresponding "sem weight.711.-• output of a rocket is mewa n d i

.terms of Th- impulse or integral of the Thep ballistic equations governing the
thrusmt-time cur". The total impulse is simply operation of stroking and s.-pnerating
the integpal over the intervsl B to G. The devices will be covered in detail in Chapter 4.
impulse also may be given in terms of the 10
percent points, C to F. For practical 3.3 LOAD
considerations, however, the efTective impulse
usually is stated in terms of the interval C to The load experienced by a propellant
E, the 10 percent thrust level to the gain actuated device is the total of all forms ctihn
burnout point. The cutoff point I wusaly is on th. device. These loads may assist as well
taken to be the intersection of the slopes as resit motiarn. They incude tnie inertia
defining the burning and tai off portion of forocs of .the body being propelled and the - -
"-the cur moving parts of the device itself, initia and
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Q fi&W tocks (if used), fliction forcms and pe u an ustftd .in meoouted to prov de
damping forces, In aircraft btstaflalons safety factor diat experlence has indicated
frictio and bending forces may be present n will podium a reiblk Utm. he safety
a twill of aimrft muinmnvr and anrody- fact=r used we covered In (Chqter 6 of Oils
snkd loading. In addItion, aircraft maneima hwidbwL
may Iil~t In Vainatton of "S" loading. Such
Varla*=o may either resms or. depending onSoire prwenuyt ActutIF deI T am useed
fth device aid loading leve, Onras i Intelliafl a strbuctur of fbouie UNkap In

ou"It ki3. raft, e.&., the 1125 Thtruser is a forc link
to fth unaw cpersting mnedtaail of fti

34 WEIGHT ANM SIZE T-34 and, ILS sawlcaf. In addition to fiftn
loads, the 112$ ho ben ' dealpl fur INNS

Weighit and sime althougi subordinate to t=m seric Uif.a SS higthy 1 -5 Pe fort
* r~eliability, generafly are critical considerations nember capa"l of repeated actuoato Cycles.

* in aimrft and otiver anpilcations. The desg
* ~~~of fe propellflt actuat device is deendent TIe selectian of materdal for prOpelant
* ~uon a specif ic space allocation, which can actuate deoe entabin=u~ than jid

result I mftng problems, Insufficient strength aNd weiglit c nieation.A Resistance

ormpe pr iiain utcueadvc opellants or damiper fluids also are factrs

connections all on the tame axis - to be M. ENVRONMEN
designed with telescoping tubes or in-a folded
or stacked oonrliguation as for example the The environment (temperature, humidity,

lant actuated devices we required to operate,

To reduce weighit, the dedgnwr operates b d~coimd In detQi In Ref. 3. A mmmawy
with workingS 1r e that approach the yed exiplanation of some of these factors h

stresses of the materials wed. TIM awe of the pipsented bemt

PISTON CHAMBER CARTRIDGE CHAMBER

CONTAINER FOR

F/pu, 34. ThrusteIL ~ith Srac*ed Con flwiomdo
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34L T:41 " AATUR•6 it•ttadid torque tests in accordance wMth
ReL 3 m n ssuic n t loosenl;3 when

In airraft Apl.aUo propellant ctudtel expond to vibration encountered in handlin
devices are exposed to temperatures within shipment, or Intallation. A thread Iockin
the rang of -6V to +200WF. A aximum agent - such a a Nylock pellet or LocaJte
upper HimiU of only ÷1600F Is Imposed on boned in the threaded joint - crates
catapults and rocket caapult in view of their sufficient friction to prevent loosening, yet
normal position in a cockpit (behind the snat the device may hc disassembled by applying
and mostly shielded form the direct radiant sufficient torque. Staking the threads is not
energy of the sun). Naopropuluve systems - comuidered am acceptable way of meeting

Swel• s lpiters or f"ring mechanims, however, vibration (torque) requirements of a devie
will be qualified to +2000F. Propellant, contains a cartidge, since the device may
Primers, and all mechanical compoients must require dA sembly.
be selected s that they operate throughout

perornane.Particular attention must be 35.4 SHOCKthiis r- with mirilmwn variation in

iven to the selection of nonmetallic materials
that may ap and cease to function propeft. If a propellant actuated device can suvive a
The coefficient of expansion and viscosi'y of specified drop in a variety of attitudes and In
damping and bufTrig fluids are also important accordance with Ref 3 onto concrete, It can
costiderations because of th" wide tempera- withstand dIe maximum shock that wil ocl u
ture rag. in seave. Devices, therefore, are designed to

withstand this drop test, which ens that
In addition to meeting these specification tMe popellant grains w-.' noA shattc, a;d the

temperature limits, various propellant actu- rfin mechanism will not function as a srut "t " '

ated devices are designed to operate at of this shock. The design of shear pins reed to ()
temperature levels in excess of +200fF; the retain the firing pins in ps actuated devices is
prinary firntin factor for temperatur critical; the pins must withstand the shock of
extremes being the stability o the pimer and the drop test and yet shear when the pin k

V propellant formulations. subjected to a specific go pressure. The
desndi of shear pins is piesented in hapter 6.

• ~Many devices can operate up to +3507F

* .. and the operational range of others may be
extended to +4000F. it is rcomrmended, 34 HEAT LOS
however, that Frankford Anlena be consulted
for use at temperatures above +2000F. A highly theoretical discusion of heat loss

in the design of propellant actuated devices
3 UMIDITY AND DUST condidering conductve, convective, and radi-

i ant proce is both tedious and, fron the
Propellant actuated devices are supplied as practca standpoint, unwry. Propellant

sealed units to prevent moisture or dirt entry actuated deices tend to have an efficiency
during long storage periods (as lonig s 5 yr (percent of medanical enesu to total
either on a shelf or mounted in a system), As poiant energy) of about 10 percent. For
added insurance, cartridges are hermetically ballistic analyses a simplified enery balance
sealed and are replaced periodically to pievent has been derived which sufwcs flo most
propellant aging from adversely affecting applicatkms. A derivation of this equation as
performaice. well as a discussion of the analytical

techniques used for propeflant actuated
3-5.3 VIgBRAiON devices is presented in Chapter 5.

Threaded connections must be capable of It is important. however, that several
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factor e ieloo.To nif ~edhst pw extnedprod.
the metal surface in cortse with fth hW

* ropeanlit gas should be kept to a minimum, In brm~fentul hot gas from on* device tofconsisten t with hardware requirements. Heat viotber, a with Wntiators, Teflon-livd hose
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I . II. Weinstock and W. Boat.I, hmstigaton of C~tultap in hiVotow For-ce Fleids.
of the Ptnc* pi of Controfied Acce~rkorah Fruikford Aiseiial Mhemorandum ReportOpemitioe, of Peranesl EsaWp Carapuhz. No. MR-594, October 1954.
Frankfod Arwsenl Idewnogudum Report
No. MR-712, October 19SS. 3. M1L.C43 124. Cmnvidge Actuated Di-

viceslPropeuemrt Actuated Devices GeneWa
I2. LGelman and J. L Helfrich, Pevfojmnncv Spec~flcation for. 30 October 1969.
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W N I ° I
CHAFTER 4

j PRELIMINARY DESIGN TECHNIQUES

40LIST OF SYMBOLS E * propellant energy. rlb

a - acceleration. ft/sec3 F a propellant impetus, ft4b/lb

-- rate of cha of acceleramion, ft/sec3 - thrust, lb

- average acceleration, ft/sec" F a resistive force, lb

"" v an W maximum acceleration, ft/sec" F, uverase resistive force. lb

AP = piston ara, in.' g = acceleration due to gravity. ft/sec"

,= - p ortarea of rocket grain, in." h, heat loss per unit hose area, ft4b/in.'

A, *" insttananeous propellant burning sur- I - impulse, lb-sec
; ~ face, in.=C ) fae, j' , =pecific impulse, lb-sec/lb

A, = ps generator orifice ar.a, in.. A . d o•.•"J = ratio A,/IA; , dimnwonkesa .

K. = ratio of propellant burning surface to

b = burning rate coefficient, in./sec-ps? generator orifice required to maintain
a specified generator pressure. dimen-

C = propellant charge weight, lb sionless

C = rocket grain weight, lb L = length of thread engagement. in.

ot = gas generator discharge rate, lb/sec n = biurning rate exponent. dimensionless

C9 = propellant discharge coefficient. P = gas pressure. psi

* lb/lb-sec
-P = gas generator pressure.

C, = thrust coefficient, dimensionless
Pc' = rocket chamber pressure. I.4

d = minor diameter of male threads (min),
. P. = maximum pressure, psi

E.= s.,chanical energy. f-lb Pr - pressure at end of hose. psi I

•4i .
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r = pr opella burnin rate, in./sec 1 a dIa m.j (stm. P

XR s mai radius of female th'.ad (ma), *3 , tangential tss., pP

-I; in.
as a jxjastrews ps! ~ a stroke, n

S , a shrtrengt'- ps, 4.1 INlTRODUTON

S, a bo surface ara, in. 4-1.1 GENERAL

-r timse c This chapt provides the OdoN with a

• bask knowledge of the ir'limimy desin of

t burn propelant actuated devices. Methods of
approximating parameters not Vnerafly Om1

_ 1, = s5rokeime. we in desgn reqire.ments are prerented. Mate-
rias, safety factors, and methods of calc-.

'T = tempe.ature. R lating wal strengths and sele•"ing tube sizes
I. ~to be used are discussed. 1"he de~sin of

.T, adiabatic isochork flame temperature. bididual components is described, and the
*R use of protective frmishl and dissimilar metals

is oudinelL

V -, - termina! velexity, fl/sec

V - Ps 'oume, in.' 41.2 DESIGN REO-IREMENTS

V, - iniator volume, in., The custonary starting point in the design

V, how volume i. of propellant actuated devices is the list of
reqwt( Demtnts which &W the w ye weight,

w strengtha and perforialce of•n e &quie. A
coptae'ment b. in. maz accelerrat of design nofquie-ents might

p l oalude all or some of the follow.Se:
maeimum envelope dimensiona w4 weight.

S proellat ratio ( o f, crse teral loadingR method of initiation and

W a walloratio APPROXdimeATonles

ignidion dday, open or dosed type systemed b- G
X = d~sl••'•t, t'tiald] and/or MW lock~ing requirerneuts,

maximrum acceleration, fate of chang of
Y = iel strngt of ateialpsiacceleration, terminal velocity, stroke. pro-

pelled load, gas generation rate, total impulse,
a• heat Io• factor. dimensionless action time, and physiological considerations.

7 , propellant ratio of spe'cific heats, 4-2 FIRST-ORDER BLALUSTIC
dimensrionless APPROXIMATIONS

p -- solid propellat density, Ib/im" 4-V. GENERAL

a, equivalent yid strength. psi AD sigriicant parameten may not be

4-2
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¶ (1 ~~dfined for a portcular devic. The deualwpr
ieqtdm ts might upcdf ma-jmum accele- a amceT•O'ra'O nimns
MratiU and velocity but not the Wtron

1. re�M4.7* to satisfy then reiemet * -moke. ft
Stroke and velocity but not acc..terato• Fay
be VecdrIPAd for thruste or remtovse• The t time, wec
e"elope edfi'tion may o o exterior
di tim but not the inteaor volume and U, * stroke Ume, we

F exPapgnm ratio. The spedoifled paramwtc
must be determined by the dedper in terer odtyft/mc
conJunction with the baflbtlcin. Methods of
aWpprximuting stroke, olpermting time, pres For the aunwnd accderation-time curve
SuM aceleration, and properant chart are (Fit 4-I), which is chaacitsdtic of those
presented here. Mor sophisticated analytical produced 1y propelat act'ated strkin
a.nd;. • =inuation tiniques are treated in devices, Eqs. 4-1 and 4-2 gire:
.Capters. a.

*4-2.2 9TROKING DEV=CS 2i f(4-3)
Ord

dhespron requirements for foUng q12SdHnz igpht specify a! n" sowe of the + a + .r (4-4)

denied biDgmftt•iC 17 tem variabla: terminal 2
v-locity. f , x m Acceleration and mad,.
Rmm time rate of chang of acceleration,
Sstroke, and action time. With & knowledge of where
thm parameei the numamum operating * maximum acclton, ft/s-,.
P19M e and required plopelan! d.arge

wei-rt can be approximated. When only three a * rate of change of aoleration,
of these va rables ar spe ified, the r m t ofltjsec '

two can be determn d based on the
constuction of an assumed acceleration time
curave for tOe device. Therefore, if the maximum acceleration,

rate of change of accelerntimn, mid terminal
2.2.1 KINIEMA•TIC VAIRIABrS velocity are specarmed, the stroke time and

stroke can be detcrmined by reammyng Eqs.
Consider that the performnae require- 4-3 and 4-4 to givY:

mernit specify only three of the rnm kinemtic
"variables. By mssuming an acelteation-timn
cure for the device the r•eaining two cns be , . +..(-t= +f , rx (4-5•)

detemined by apptying the equations for the
terminal velocity and stroke s: nid

RIa&, ft/sec (4-1) S -- + - ft (4-6)

and If only two kinemtic variables awe
spec;f eJ in the performanc requremets.

s f' , It (4-2) the MOiMnr has additional latitude in the
JSelection of fie remaining On
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W.

-'. ,.--

U 0U

S$~trokes time t.a, see

FiVe 4- . Acae~thon-ime Cu for fpe//at Aete S•okng LDMe

As an example on the use of this equation 4-2.2-2 MAXIMUM PRESSURE
consider the M38 Rocket Catapult, which will
be discussed in Smzater detail in Chapter 6. The maximum pressure may be obtained -. -

The catapult portion of" this devrice has the from the maximum acmeleratin by the
following characteristics when fired at 7(f F: relation

7, a 46 rt/sc P. 0 ,Psi (4.7)
an# = 13.8g#(444 f/ecz) gAP

where
a - 117 Wsec:(3770 ft/see•)

Substituting these value into EqL 4-5 anda 4-6 A,. - piston armu in.2

g - socele~tato due to gravity. fl/seO

toa(46) (444) 013o

and W - pio tied wegh, ib

(2444)2 (444)370 2.4f -3n Again using the M38 Rocket Catapult asa
(2X44) (4X370)3example. where

The act" alues for these pa~rameters ares= AP = 0.7854 in.'
34K nd m~t, = 0. 165 sec.
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.32 ft/ae, C - propellant charge weight. lb

W "383 b F n propellant Impetus, fl-lb/lb

fromEq.4-7 7 propellant ratio of specific heats,

(3-3)(444) dImensionless

P. a 1(32.2X0.78S4) -6720 psiEq. 4-9 csn be derived by using the equation

of state for the propellant gas, i.e.,
The actual measured reak pressure at 7C0F 12 F

12 6930 psi. Eq. 4-7 also may be used to PV psi (4-10)
determine the piston area of a specific
p.u if desired.

42.2.3 PROPELLANT CHARGE WEIGHT

P ps pressure, lb/in.2
* It should be noted that the numerical

oOeffiients for the equations presented in T -pso temperature, *R
his punpph will vary with the value of the

Impetus and ratio of specific *eats of the T a adiabatic isochoric flame tern-
propellant chosen for a particular application. perature, R
The purpose of this paragraph is more to
demonstrate a technique than to generate V = p volume, in.,
relations that are valid for all propellant
actuated stroking devioes, and 12 is a cov-m..:on from feet to inches.

A first-order approximation of the pro- .Assuming an adiabatic expansion to in-
pellant charge weight required by stroking finity and asuming the initial gas temperature
propellant actuated devices may be made by equal to the adiabatic isochoric flame
imuming that these devices have an efTicenmy temperature
of about 10%; the realized mechanical output FC
i 10sof the propellant energy. E J" NV a (4-11)

E, o.0IE,, ft-b (44)
using typical values of propellant impetus

where F and ratio of specific heats -, 3.4 X 10•

ft4b/lb and 1.23. respectively; substituting
E. mechanical energy, ft-lb these values into Eqs. 4-8 and 4-9; and solving

for the charge weight gives
Ep " propellant energy, f.4b

The energy content of solid propellant is C = -; )
gien by the expressio 0.e (4-12)

LCI , t4b (4-9) C - &76 X 10 E,,, lb

where The charg for propellant actuated devices

4.5
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7 -- 7

-I

Is 1m-101y specified in wM& MakinS this primarily kinetic, Pq. 4-13 becoe= (9
conversion, Eq. 4-12 becomes

C a 4.9 X 10-1 ,= Wy2, grm (4-14)
C n 3.07 X 10-3 E,. pam (4-13)

Fig. 4-2 is a plot or Eq. 4-14, with the ratio
For catapults, refnove, and other stroking of charp weight to propelled weight vs

devices in which the mechanical enery is velocity.
0.7 , , ,

0.6---* /
' /at

-. 4

O 0

0.1

20 40 60 so lO0 1 20

Velocity v. ft:/sec

Fiqure 4-2. Ratio of Prop~ellant Charge Weight to Propelled Load fmr 4

Prope.•llant Actuate Stroking Devices
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AMcP ?Mr/O

Fow thruters and thcse deicas where the pressure ranbe by the expression
ene.3y is primarily expended in overcoming a
reuhtive force and the kinetic energy imparted r ab04, In./sec (18
to the load is insaigificant in comparisen, Eq.
4-13 becoines where

C - 3.07 X 10" fFdx.Pgam (4-15) b *burning rate coefficient,
fe in./sec-psiN

where

F, resistive force, lb
Utilizing the form of the acctleration-time

X = displacement, ft :drve given in Fig. 4-1, setting the pressure P
equal to

or

C c 3.07 X 0" Fs, gram (4-16) W ". , rd (4-19)

where and substitdting into Eq. 4-17 gves

averag resistive force, Ib

Using the M38 Rocket Catapult as an X1I, I SAP
) exam .Pic - 41- 383 lb Ind r 46 fl/sec - the (4-20)

charge weight for the catapult portion may be
estimated from Eq. 4-14. Estimating the average acceleration t by

the relation
C =(4.9 X 1 0 S) (383)(46)1 39.9 grams

-V

ue actual charge weight used in this deviceo
was 40 grams.

and noting that as a approaches infinity (zero
42.=4 PROPELLANT WEB to rise time to constant acceleration level a.)

Eq. 4-20 becomes
The propellant web w,,. which is the

maximum burn distance before grain integrity W Gn. (422)
is destroyed, .omay be estimated from the
relation

4.2.2.5 CARTRIDGE CASE VOLUME

*v('(4i.-(.17

Tac chrgein.(417)The cartridge case volume usually is

estimated in one of two ways - depending
where upon the size of the individual propellant

Trains that make up the complete charge. If
p e propellant burning rate, in./sec the vains are "small" and will be oriented

randomly when loaded in the cartridge, the
The burning rate for most propellants can loading density is taken to be aboJt 0.066

be approximated closely over the applicable 3l/gram of propellant. For example. if 20
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grams of pro eant am required fc a selected length of tranmaission tine and
particular application the required case commonly are used to actuate oWhsr devices.
volame would be estimated as: An empirical relation which specifies the

maximum pressure at the end of a given
(0.066 in.s/Vra..) X 10 grams = 1.32 in.3 length of transmission line is (Ref. 2).

12 FC F hS1 (7-1)1
Additional volume also must be provided P, =p- -i"

for a case, cap, and igniter charge retainer. Y+Vr FC
This must he determined after estimation of (4-23)
the igniter charge volucie by a preliminary
design of the head cap. where

If "large" gpains are used, they may be Pt = pressure at end ofhose, psi
loaded in some definite geometrical arrang.-
ment. The grans then are stacked in the hr = heat loss per unit hose area,
cartridge case with their centerlines parallel to fl4b/in.2
the centerline of the case. The case volun,'
thee is estimat".d by the size and number of St = hose surface area. in.'
the grains and their geometrical arrangement.

fV = initiator volume, in.'

4-2.2.6 IGNITER CHARGE
V, = hose volume. in .

7The igniter charge used in most propellant
actuated devices has been black powder. A = heat loss factor, dimensionless
rule of thumb that has evolved to estimate the " )
igniter charge is to use about 40 grams of The value of g has been determined
black powder per pound of propellant. This experimentally to be between 0.25 and 0.35,
estimated igniter charge may have to be and h, for aircraft hose is about 25 to 30
adjusted depending on the results of firings ft-lb/in.'. Eq. 4-23 was applied to the M3
between -65* and +200*r. More recently Initiator to calculite the prewure in 0.062
B-KNO3 (boron potassium nitrate) and a in.' 2nd 0.558 in.-' end blocks. The computed
magnesium-Teflon mixture have been used to and measured pressurs as functions of hose
achieve other characteristics relating to the length are depicted in Fig. 4-3.
ignition process such as longer duration,
greater heat, and gas output. 4-2.3.2 GAS GENERATORS

4-2.3 GAS-GENERATING DEVICES Gas generators are devices which are
designed to produce an output in the form of

Gas-generating devices are designed to a specified amounit of prcpellant gas at a
produce a given pressure output (initiato's). preselected rate of oelivery. A rule of thumb
generate a specified quantity of gas (gas used in gas generator design is that one pound
generators), or deliver a specified imc.'lse of propellant will produce approximately 15
(rockets). ft- of gas at standard conditions.

4-2.3.1 INITIATORS The gas generator output rate C for sonic
Pow through the orifice is equal to

Initiators are devices which produce a
specified pressure output at the end of a C = CDAPI b/sec (4-24)
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la.

a,,

*~1 It e s a is Is so i, Mgt*Tube Length, ft

"d M a -3 %

W d"
- iV.

4 a a5 J a Q, MIS MataeSn
Tube Length, ft

( Figure 4-a Now aseength vs Pres&,e Pý forM3 initiator

where where

At gas generator orifice arva, in.2  p solid propellant density. Ib/in.3

Ct, propellant disoarge coerficient. A, u instantaneous propellant burning
lb/lb-sec . surface, in.'

4

P, gas generator pressure, lb/hi.. Eq. 4-25 cn be derved by equating the gas
discharge rate, Eq. 4-24, to the rate of gasE,. 4-24 is derived Appendix C of Rer. production tpAsbfj.

1. The propellant discharge coefficient,
although differiag for each propellant, has a A parameter ued in gas generator ballistics
value on the order (if 0.007 lb/lb-sec. is the factor K.

A,9
Th.4 gas generator pressure Pr for the K. = - , pimensic dness (4-26)

propellant burn rate, as given in Eq. 4-18, is A

" ~~ ~ ~ ~~ ~ ~~~~ie by =gsgnrtrpesrI/z. q.42 a edrvdb qaigtep

gidisyhaOr inrtems ofEq. 4-25

' (pbAL s, ,p ei K. (4-27
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This factor K, b. impotant in that It rocketi Is smia to twl for .. geneators.
defines the ratio of the propellant burning Their output. however. is measured hI tmm

surface to generator orifice required to of thrust and impulse delivered rather tam in
maintain a specified genator pressre. the production of gas. A detailed analysis of
Conversely, it allows for a prediction of the rocket ballistics Is not presented here a there

generator pr..ss.ue tot a given Vnin geometry we many excellent references available (e.g..
and orifice. Refs Z and 4). Only a biting of the basic

equations ar given here.

"Asan example, consider the "folowin
values frvarious parameters:

vaflowparanitef.The thrust I developed by a solid

b a 0.04 ise-W propellant rocket is given by the re:ation

= -0.4 C= P,',lb (428)

• " vhere
CD - 0.0072 lb/lb-sece

P - 0.06 1blin.3 = thrust, lb

"The propellant burn rate by Eq. 4-18 is C1  - thrust coefficient, dimensionless

r = .O.4P'• A: - nozzle throat area, in.2

wherP by Eq. 4-27 = rocket chamber p•essure, lb/in.2

0.0072P.'0 The thrust coefficient C is a function of

S(0.04)0.06) the nozzie geometry, rocket operating pres-
sure, propellant rates of specific heats, and

Thus for Pe = 1000 psi andA 1 = 0.05 in.2. pressure into which the nozzle is exhausting.

by Eq 4-26, Values of the thrust coefficient are tabulated
for thcse varying parameters in Refs. 2 and 3.

A, =X,,A, = 3P 0 ' A# 3 (l000")(0.05)I
The total impulse I delivered by a rocket is

the time integral of the deve-loped thrust

Aplot of the burning rate of . vs pressure i
is plotted in Fig. 4-4 for the numerical values JI
considered in the preceding example.

If the propellant surface area is not where
constant but varies with the burn distance,

then the pressure will vary accordingly. Ib burn time, sec

Although the preceding relations will not For a coostant chamber re
yield a time dependent history of the
generator pressure for a varying surface area, CAP' b
"they will provide the pressur extremes. I tel'

S ....3Another expressicn for the tctal impulse I
iROCKETS s gven by

The interior ballistics of solid propeflaft 2 - I,,C, lb-sec (4-31)

4-10
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* Fipjm 44. Burning Rater and K. vsPaure P,

Swhere meau of estimating the prain weight vert the
impulse requirements. In practice, the spcific

S. * a specific impulse, lb-sec/lb impulse ha a value on the order of 200
rb-sec/lb.

C - rocket grain weight, tb
For the rocket poruion oa the M38 Rocket

1he specific impube of the propellant Catapult the impulse delivered at.70VF is
usually is listed = one of the specified 1325 lb/sec. The rocket grain weght is 6.75
popeomant parameters. it is to an extent Ib thus the specific impulse for this device is
dependent on motor design and usu~ally is 196 lb-sec/lb.
given in conjunction with a specific set of

. operating condition&s Eq. 4-3i also seres as a A factor of importance in the design of
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Wild Pwsoeilant rockets Is the J factor, andl we adequate becas these devics m
subjected only to controlled loads. Cylindrical

*(4-32) parts that imust withstand Internal prenure
A; amI designed using the yield strenath as the

design bm and safety tactor of 1.IS. Pubs
where aabjeted to repetitive external loads - such

a locking keys, turmions, and other similer
A; *pont area of rocket pain. UL' mechanical part - an designed with a safety

factor of 2.0.
For stable woket operation It bs desirable

to keep the J factor below 0.7. For values 443I TEMPERATURE EFFECTS
Vesat than this flow through the port from
tOn bead to nozzle end of the grain tends to Temperature ha a marked effect on the
Induce erosive burning which Increases the mechanical properties of metals at high
burning rate and can lead to catastrophic temperatures. Howevr, the burning of

failre.propellant in the device is for so short a time
that the metal parts are unable to absorb and

The preceding relations, together with those retain sufficient thermal energy to affect their
inthe paragaph on gas generator ballistics strength. In addition. pFoelant actuated

(par. 4-L.3.2) are sufficient to make first. devices are not exposed to ambie.t tempera.
ordier estimastes of solid propeflant roke tures exceeding 200'F, and the change in

balbstkLStrength at 20VF rniegicA& . The-. excetrcne

to this Is in ga generator and certain long
4.3 DSIGON "STRENGTH CALULATIONS burning rocket applications. lin these came the

effects of elevated temperatures must be (
431 GENERAL taken into account in the design of load

carrying componen ts.
In moPat propellant actuated device appLica-

dormis minimumn weight n a primary considera- 4-3A STRESE
tVon For this reason mnaterials that possess a
high strength-t-weight ratio, such as heat- When calculating the sizes of metal parts to
treate.' alloy steels and high strength alu- withstand the internal pressures in propellant
mnurnu, commonly are used. Criticalty actuated devicms it is necessary to consider
stsse -portions of propellant actuated the stresses at the weakest pant of the tubes,
de-vime should be designed so that material is comnwnofly at the undercut at the end of the
used efficiently. Resulphurized steels never threads The gas piesur tinsde the devices
are used sirce they contain fhoe sulfide produces a direct radial compretsive strm
"stringers" (tuicrostruc~tural suilide inclusions that is greatest on the inside will, and induces
oriented In the direction of working and a tangential or hoop sues t-hat is also greatest
it Amal to the nmot critical srs) and are at the insde wall. fin undamped stroking
thus inadequate in devices with high internal devices, the "hem we biaxial (radial and

tangentiatl), but occasionally a longitudinal
stres is introduced in the tube due to axal

4-3.2 SAFETY FACTORS loading and the steie become tbiaxial.
Biaxial stresses it greaiter strish on materials

Safety factors used in the design of than triaxial "Ozeses when the directions of
propellant actuated devices may appear low, strain we direr.ted as they ame in cylindrical
but they are consistent with aircraft practice piessre vessels.
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0 -
4.44 1 DISTOTION-ENERGY THEORY P .2 I e(4-36P

TMe d ostartnoenera fteory d offalrne
(Von Mise.-Hencky) is the ,ocepted citerion Thee relatios are derlwed In Appendix A.
far the design of ductile materials under
combined loads. This theory defines an The convenience of these forms of the
equivalent stres that exists for a combined distortion..ma equation is apparelt when it
lmodM& The dwordotiemD" equation for Is malized that the nternal e Pp ca
triauial stres (Ret 5) is Stven in Eq. 4-33. be estimated and the strength Y the

material. guaranteed by the supplier, may be
21.1 .(VI -os)3 ÷(03 -u61)3 found in most engineering handbooks. The

+ (a& -clip' (433) wall ratio and a tube suze cm then be
4 -- calculated. Appendix B of this bandbouk also

wheecontains a table of wall ratios for values of
PIY from 0.010 to 0&200. This table n

" calculated from the prevedmg equations.
:v, equivln yield strew Ib/ ml 4-34, 4-1 S.and 4-36. Fig 4-5 presents cves

a rad wof P.I/Y a aunction of W"for biaxial and
rlaxial strese based on the tables ot

O..- ngnt ss lin Appendix &.r.

2 ma B rdto detW be r um e to h te..maa = ax tew l/ n the tube size .Tu bing is supp Uie in standard

Ssizesi and it pay be necessary to tuse a tube
Eq. 4-33. mxy be trans-fomed Into more that is stroima" than reqtred (hiwer W')ato

useful forms, Eqs. 4-34 ,nd 4-35. aoid the m xpent e of udine spect tubat i.

* r , di elonless The tebne op Appendix r or Ft 4-t e lso

(4-34) ynn be used r detrmcnbe the. maiam

SEA pem pere tsubg P. when the tube saizeis
-mearade Conveneo. the maximus pesd

, (4-3S) from the tables ol Fi.. 4-2. From OG e
"estimated outer diameter or that specified by

me) dthe envelope requime.dets the necesdary
withe dBrneter can be calculated. 7(e.omer-cal tubing size most clst app. zi-

... "p., - mwdmmum p ressu e, W in.' mating the dimension would be used.

I"y a yield strength of material, ib/in. 4-3A42 LENGTH OF THREAD ENGAGE-

• ~MENTr
0 W" - wan! ratio (outer dismeter/k'me

,diare'e), cimnsoriless Threads mir be designed in accordance 1
with Burau of Standards Specifications (Ref"

When a device is designed to withstand 6). The length of these threads L may be
only biaxial streses E-. 4-36 may be used. calculated by using Eq. 4-37.
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AMW 70&

f:.F necesan'Y to discum them separately.

Sed 'The discusion of systems - unlike those
- for strokinl and aI-gnerating deices - does

wbe, not pese.nt desig procedures, but rather
presents mateial on how systems are

P L a length or thread engagement. in. established arid ti reliability mnantained.

.P. maximum internal pmeaure. 4-4.2 GAS-GENERATiNG DEVICES
A. Ilbin.3

, - sThis paragraph will limit Itself to a
,$• - shear stregth. lb/rn.' discussion of initiator design. As an example,San initiator may be required to produce a

R - maior radius o female (max), in. presure of 500 pi in an 0.062-in.3 chamber
at the rnd of a I"-ft transmismon line. Using

, =-r minor diameter of male (mrin), the envclope specified, the designer estimates
-.. te .nternal volume of the initiator, the

,V. volume of the tubing to be used, and the
This equation, which is derived in Appen- volume of the chamber in which the pressure

dix C, includes a safety factor of 1.5 to allow is to be measured (Fig. 4-6).
for tolerances and the distribution of stressem
within the engagemnent. The ballistician uses these three values to

.. estimate the prope!lant chare necessary to
44 DESIGN PROCEDURES produce the required pressure. This estimate

i made with the aid of Eq. 4-23. The designer ,
44.1 GENERAL then calculates the maximum pressure that

may be developed in the initiator when the
Typical procedures are presented here device is fired 'locked shut", i.e., the initiator

* which, with some variations, are used in the is sealed so that it must contain all of the ts
design of propellant ac;uated devices. The generated by the propellant charge. The
procedures arbitrarily have been divided into strength of the walls is calculated from the

-."" - Ithree categories: gas-generating dmv;ces, strok- "kl ked shut- pressure using the methods
-- ing devices, and (multidevice) systems. The described In par. 4-3.4.1.

I design of special purpose devices such as
cable cutters and s opelrated triggr To estimate the 'locked shut- pressure, a
mechanisms is similar to that of stroking and modified version of the equation of state. Eq.
gIs Sgentting devices so it was not considered 4-10. is used as Sven in Eq. 4-38.

r" ~I tFt "'411 3

Figure 4-6f Simple PAD System Using an Initiator
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10 Pi 0.0264 FC, in.-Ib (4-38) boed 0 lIe estimated stroke time mad
Srrequired velocity or a.aleration. Damper
Swhere T ht been ete equal to and a factor design is dicussed in par. 4-6.3. and hlh4ow
of 454 has been introduced to allow the design is trtated in par. 4.6.4.
charge weight C to be expressed In rams,

The next cosderation Is the envelope of
To illustrate this technique, mime an the stroking devic The envelope dimensions[Initiator :s to be designed with an internal may be specified completely or only a few

volume of 2.3 in.3 The bollistician determines critical dimernsmos may be 0men. In the latter
that 3 crans of propellant with an Impetus F cae th designer determines all dimensions
of 360.000 ft4b/lb is required. Apply Eq. The designr now positions the trunnions 'IA
4-38. the envelope according to the evez.ual

installation of the &-vice. The purpose of
P = 0.0264X360,OOX3) 12,400 ps trunnions for mounting La to permit self-slign-

(23) ment and thus avoid bendiwg loads in stroki•g
devices. With all of the iprecedivg completed.

Since the maximum pressre that can be it then is determined whether the envelope
produced is 12,400 psi, this value and the will permit the necessary stroke. Devices may
value of Y corresponding to the material may have to be designed with telescoping tubes to
be used in the curve (Fig. 4-5) to determine reconcile the necesary stroke with the
the wall ratio, and, therefore, the wall specified envelope.
thickness.

It is now possible to compLte the initial
It is common practice to fabricate the first and final volume, and determine the expap-

model of a device out of steel and to makeit sion ratio for propelln, actuated devices. It is
considerably stronger than necessary s that desirable to limit the expansion ratio to 3 to
the operation of the device and the actual I.
pressures that are generated can be studied.
This workhorse model also permits repoated Ballistics, in conjunction with the design.
fuiingp whereas the final product, in irost now determines the charge and cartridge sizes
cases, is desained as a one-shot item. necessary. Thes determinations am critical
Considerable fabrL-ation cost and time may for devices using pyrotechnic delay elema-nt
be saved by. th, Hheral use of removable since the delay elements must fit inside the
portions on orignal tes: models. These cartridge case with the propellant. The
portions can be removed and modified maximum pressure to be developed also is
without the necessity of redesigning the determined. If the device is to bypass pressure
complete device. at the end of stroke. the designer must insure

that suflicient energy remains in the device
44.3 STROKING DEVICES after ivmpletion of stroke to provide (or

allow) the proper energy bypass
The design proedure for stroking devices is

more complex than that for initiators. After The next step is to fit a firing mechanism
the design requirements have been examined to the device aid design the individual
and the stroke length and stroke time components. Finally, all of the components
approximated, it must be decided whether to of the design are reconciled into a function-

Suse an open or a closed high-low or direct able unit that may be readiy asmembled and
systemn, and whether to use a dampoer to limit disassembled. A workhorse model now is
the veloý;ity. lthe decision on the drmper i fabricated. The procedure then becomes one
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:a l test, modif uetion, and Westu ntl ,a of and In high weed sed tab to verify system

ON tde qpecificaUtons an atisfied, perform e and the U.dts of the systemS~perfomansce envelope.
Some of the trial and enor may be

eliminated from the desiw and the test phases TIM oper of dece in a sysem may
may be eliminated by using computer be sequenced mechanically. pneumaticaily, or
simulation techniques to determine key electrically. Most systems now in operation
"p"ralmetem Computer simulation of prope are initiated mechanically and sequenced

* lant actuated devles is treated in Chapter S. pneumatically. Various fittings and types of
trammission hne have been studied, but

4-4,A SYMS standardization has not reached the point of
determining equivalent lengths of hose for

Multicomponent PAD systems generally are fittings as Is done in the hydraulics industry.
F '' conflIgured by the air'rmne or missile

manufacturer under the direction of the 44 OMPONENT DESIGN
cogtizant agency. However, in the desip of
propellant actuated devc systems can be 441 CARTRIDGE
improved by reducing the total number of
de'ices or combining several operations into The cartridge, Fig. 4-7, is a metal container
Sone device to improve reliability and gumran- which houses the propellant. ivliter, and

* . tee proper operation of the system. primer. In operation it is designed to burst
open from the py. ire of the propellant

The sequencing of operations is determined pses. The can is hermetically seaJed to keep
WWre!y by expewience with previous systems, out moisture. The hardware portion of the
but the testing phase is the major det.rminant cartridge consists of a drawn aluminum case ,
in verifying system performance. Systems are and a head. The head is sealed in position by
tested in breadboard mock-ups. and in static cnmping the cartridge case.

CARTRIDGE HEAD

IGNITER

-I

*: PROPELLANT

•PRIMER

Figure 4-7. Simple LaW Carv'idge
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AUCP 7M2"7' 0
Most cartridges contain rercussion pdimem. the type of cartridge. Modifications to several

although electric Ignition elements ae tsed in of the cartridges listed ,.n Table 4-1 --
place of percuson primers in selected specifically the M31A2, M69, M29A2,

applicatiOns. The percuson primer is fired by M30A2, M28A2Z and M36Ai - have been
the impact of a firing pin. The primer, in turn, made and have resulted in a simplified head
ignites an igniter charge which then ignites the design and increased thermal stability and
p.-opelrant. primer sensitivity. The results of this study

are documented in Ref. 7.
Sua cartridges with easily ignited propel-

lants, such as that depicted in Fig. 4-8, If no diflicu]ty is anticipated in staying
ordinarily do not contain separate iOniter within the envelope specified, it may be
chambers. Instead, the igniter is mixed with advantageous at the start of mechanical deoign
the propellant, tentatively to select a cartridge case and buih.

the chamber and body around it. The
4-.i.1 CARTRIDGE CASES selection of a case is based on its estimated

diameter. The diameter may be set provision-
Design and development time is reduced by ally according to the limitations of final

using existing cartridg cases whenever possi- envelope size. Propellant volume may be
ble. Table 4-1 presents data on several computed from the propellant grain dimen-
developed *cartridge cases. The lettrs in the sions. A propellant density of 0.06 Ib/in.3

column headings refer only to the lettered may be used with most compositions and
dimensions in Fig. 4-8 and -tot necessarily to large gpain configurations.

TABLE 4.1

SIZES O4 EXISTING CARTRIDGE CASES

mudmam Appne

8 Lwq* L. M-1m H. du~ ,ohnwu.
Body D•nwto Din. K .H. _.in. n.hi Nh. hL C2 *

0.550 .............. 0.710 0.915 0.325 1/2 0.1 M67A1
0.550 .............. 0.710 1415 0.325 1 0.2 M73
0.550 .............. 0.710 1.685 0.325 1-1/4 0.2 M42A1
0887 .............. 0.875 1.075 0.320 1/2 0.2 M146
0.687 .............. 0.875 2.13 0.390 1-1/2 0.5 M4"
0.68 .............. 0.875 2.40 0.390 1-13/16 0.6 M70
0.710 .............. 0.880 1.09 O.3=o 1/2 0.2 MI19
1,085 .............. 1.245 3.38 0.390 2-3/16 1.8 M31A2
1.245 .............. 1.390 0.755 0.380 1/8 0.1 M122
1.245 .............. 1.390 1.56 0.390 3/4 0.9 M69
1.245 .............. 1.390 1.81 0.390 1-5/16 0.9 M29A2
1.245 .............. 1.390 2.02 0.370 1-1/3 1.3 M150
1.245 .............. 1.410 6.2S 0.390 5.7/16 6.1 M37
1.49S ............... 1.660 5.10 0.390 3-5/M 6.0 M30A2
1.496 .............. 1.660 5.40 0.390 4 6.8 M28A2
1.495 .............. 1.660 9.50 0.390 8-3/16 13.5 M36AI

*Anww~q a Furord cmr heed ("0 dy efmft4.
14if of tft CW p in aftc go In use&
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NS11~ CArRTIDGE CASE

"!-A

Typical SmaO l CASEkf

4-6.1.2 CARTRIDGE HEAD 4-6.1.3 PRIMERS

The head of the cartidge, generally made FI& 4-9 shows a typical percussion primer.
of aluminum and grooved to accept an 0-ring The dimensions and compositions of four
to seal the cartridge, contains a percus- primers in common toe in propellant actuated

* sin-type primer or a tapped hole to accept an devices are presented in Table 4-2.
electric ignition element. When a percussion
primer is insered in the center hole of the The sensitivity of primers, as measured by
head, the edges of the head. adjacent to the all fire height, which varies from one type to
primer,, ame crimped to seal ihe cartridge. In another, must be det•rmined L" accordance
addition, laccjers or silicone sealants can be with established test methods. The size of the
used as sealants. firing pin and the depth of indent necessary

to fire these percussion primers are discussed
The base of the cartridge head, under the in par. 4-S.4.

primer recess, is machined to a thickness
between 0.006 and 0.010 in. to insure that it 4-5.1.4 CARTRIDGE SEALS

ill "blow through" when the primer fires.
Prior to cartridge actuation, this thin web The cartridge.must be hermetically sealed
separates the primer from the propellant to permit storage for as long as three years
charge igniter to prevent it from coming in without affecting ballistic performance. As
contact with volatile chemicals evolved from previously described, the primer is separated
these sources which might desensitize it. from the propellant by a thin web at the base

LEW"

Figure 4-9. Percussion Primer
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AMID 70S.70

PEROJWON PRMU I PROPELLANT ACTUATED DEVICES

M42 .... 0.171 0.119 0.3 503 Rem .... 26
72M .. .. 0.213 0.13 0.55 5061 Rem .... 60
SOM .... U.13 0.228 2.20 1061 Ram .... 120

* of the cartridge. An O-ring between the lead 4.121 GAS-GENERATING DEVICES
arid cartridge case completes the propellant
chamber seal, and a crimp around the primer In simple propellant actuated devices, such

*completes ift seal. Methods or testing as initiators, the body serves as a chamber z3
cartridges fa~r leaks are described in Chapter 7. well as the housing. One type of initiator is

shown in Fig, 4-10. The cylindrical shape is
4-5.2 BODY AND CHAMBER chosen for ease of fabrication. 'Me physical

dimensions either are specified or ame
The body of a propellant actuated device is functions of the necessary internal'volume.

the enveloping member or housing. and the Wail thickness is a functior~ of internal
chamber houses the cartridge. Body and pressure and is calculated as shown earlier in
chamber design for gas-generating and strok- par. 4-3.4. 1. It usually is possible to reduce
ing propel~lant actuaited devices will be the bending stresses that ;xcur at the junction1
discussed in this paragraph. of the cylinder and each closed end by using a

CILLEMBEO
CATRIDGEC

Figure~~~ ~-R TA70 Intao WihCrRdE Retie
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thick end section ,Jnd suitable filets. The piston, discontinuity at the trunnion, and
streses occurring in ps-pnerating devices are bending effects. Proviion must be made for
triaxial because a longitudinal stress is stopping the piston at the end of its stroke. A
introduced by the partially or fully closed common means of stopping the piston is to
ends. provide an interference fit on the last portion

of travel of the p'iston.
In some initiators the cartridge must be

supported by a cartridge retainer, since the In a catapult or remover, the body or
chamber acts as the body and is considerably housing is referred to as the outside tube. This
larger than the cartridge. The retainer is member is provided with a complex closure at
c1lindrical in shape and has a series of slots the one end - which includes trunnion&,
machined in its walls to permit the cartridge firing and release mechanisms, and a cartridge.
to "b:ow through" when the propellant is A simple cap closes the other end. The design
ignited. The slots in the retainer serve to principles involved 'are similar to those
contain the burning propellan; and prevent described for a thruster except that bending
the prupellant grains from being thrown forces developed during the stroking may be
against the chamber walls and shattered. The significant and tubing sizes may be dictated
base of the cartridge retainer fits over the exit by standard commercial sizes.
port of the initiator forming a filter. A series
of milled slots in the base of the cartridge The body designs of special purpose
retainer permits the generated gas to flow devices are not considered since they usually
through the exit rort while preventing small are similar to that of a thruster (closed
burning particles of propellant from passing system) or remover (open system) already
into the transmitsion line. Miniature initiators desc--ibd.
use the body or chamber as a cartridge
retainer and insert a small filter at the exit 4-5.2.3 PISTON
port to prevent the escape of small particles
of propellant. The holes in the filter or slots The function of a piston in a propellant
under the cartridge retainer should have areas actuated device is to transmit the gas pressure
that exceed the area of thw' exii port to developed in the chamber to the Ice, to be
prevent their functioning as flow restricting moved. In some dcvices the piston is si.nply a
orifices. rod (most thrusters), while in others, one or

more tubes may form the stroking member
4-52.2 STROKING DEVICES (catapults and removers).

The body design of stroking devices is Stresses devclnped in pistons or moving
similar to that of gas generators, except that tubes are caused by gas pressure and reactive
greater strains o,.'cur in the absence of forces resulting from moving the load. If the
longitudinal stress (undamped-type stroking load is guided along a track or runway, the
devices are subject to biaxial stresses). In stresses in the p4ston are pure tensien or
addition, the wall thickness of the body not compression, depending on whether the
only must contain the internal pressure, but piston pushes or pulls the load. More involved
also act as a structural member. stresses in pistons or tubes result when the

load is guided only partially, which is the case
The increase in diameter with pressure and for most removers and catapults. With

its effect on sliding fits in the stroking partially guided loads, any eccentricity Gf the
members must be considered. In a thruster, load produces bending stresses in the stroking
the stresses also are complicated by the member. Whenever possible, the slenderness
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ratio Gength-to-d;ametrr ratio) of comproo-
sion loaded dcsains should not exceed 20 to -

minin.-.' bending effects.

GAS MECHANICAL
For pistos loaded in compression, Euler's

column formubs may be used. The fonnulas
are wtm presented in this text since they are Fipure4-1?. Firing Pint
dependent on end conditions that must be
established for each appihcation. For example,
a thruslee piston may be pinned to a load or W.nding of the firing pin in its .,uide mut be
connected by a tru, nion, in which cases the avoided, and one method of achieving this is
olurr.n (piston) is considered to have a by maintaining a length-to-diasmeter ratio of 2

pinned connection. Pis^ons occasionddly are to I or more although ratios as low at 0.9 to I
threaded directly into the load; the column hiave been used successfully. The surfaces of
here would be considered to have a "built-in" the rIuing pin and guide must be linished for
or fixed" connection. protection against corrosion and to minimize

frictior. In addition, the tolerarces for the
"" 46,4 FIRING MECHANISMS clearance betwee., riing pin and guide must

. ... GNEAbe as small as possible. Table 4-3 shows the
4-45A.1 GENERAL length-to-diametei ratios and the clearances

,bed in some existing devices.
The firing mechanism initiates the primer

that ignites the propellant in a device. Firing The firing pin tip is another important
mechanisms are classificd into three general consideration in firing pin design. A hemi-
types: (l) ps-opcrated, in which the driving spherical nose tip is used to transfer the
" force for the firing pin is derived from gas kinetic energy of the Pring pin in a
pressure from an initiator or by-pass port: concentratcd pattern and thus secure good

- (2) mechanically operated. in which the firing primer indent. Such a tip, however, requires
pin is driven by a compressed spring; and (3) accurate atignment of the firing pin, guirU,
electrically -operated, in which electric current cartridge. etc., or excessive off-center strikes
rirs a special primer directly. will occur. Reliable operation demands that

"the finng pin not strike more than 0.020 in.
4-5A.1.1 FIRING PINS off center of the primer cup.

- Firing pins (Fig. 4-11) are contained on 4-S4.1.2 FIRING PLUGS

both gas- and mechanically operated firing
mechanisms, and their design is critical. Aitillery-type primers may be ured in

K TABLE 4-.3

"" FIRING PIN RATIOS AND CILEARANCES

LaauW So ateir F'ir" Wn arid guid
.Dem dsratioca, in.

Caitaputs M3.M M, M5 .................... 2.5 0.003 to 0.007
Removers M1, M3 ..................... 2.5 0.003 to .007
Initiators M3. M4 ..................... 0.9 0.003 to 0.007
Initiators MS, M6, M10 ................... IS... O.002 to 0.006
Thrusteh MI. M2, M5 ................... 1.0 0.001 to 0005

Thruster M3 ......................... 1.5 0.002 to 0.006
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artridges using firing plugs seated in the Indent pt rImu sudffciently to rire the

cartridge head over the primer cup. This plug pritner, but it is equally important that the
jFP. 4-12) allows a greater amount of Gring pin does not * the prinm or pofT-center striking by the firing pin. When the may escape through the pierced primer. Firing1uring pin strikes any portion of the piu;, t ri'n protrusion azd the diameter of the firing"p.ug strikes the primer with a minimum of pin Hip (to ariud pierced primers) dependeccentricity snce it is guided. The system upon the primer used. Table 4.4 presents thesuf-er. however. from reduced sesitivity desired protrusions and diameter for the four

4 ./ j nce the firing plug does not transfer all of primers currently usd in propW-mt actuatedthe energy from the frring pin to the primer. devics

At present, firing plup are not used is TASLE 44
much to compensate for off-center strik-s w FIRING 14U PRmOTRuSION
"to prevent "primer blowback". i.e., by AND DIWAMAERS

-'- backing up the primer with a firing plug and
its guide. This makes the firing mechanism FkPbspie FPminlm Up
more critical. since it is often difficult to PrI4_11 Pr0o"nW . in. dlsMm, 6L
provide a sufficient amount of energy. The
"firir4 plug" arrangement is used to prevent M29AI . .. 02` 0.005 01071
the escape of the high-pressure pses, M42 ....... 0026 + 0.005
developed in the chamber duing locked-shut 72M ....... 0.030+0.007 0.071
fr'inA l around the primer cup (-primer SOM ....... 0.058÷00010 M.003
.'Uowback").

4-4.41.3 FIRING PIN GUIDES 4,4.2 GAS-OPERATED FIRING
MECHANISMS

The firing mechanisms of propellant
actuated devices are designed so that the end T'e firing mechanism should be designed
of the firing pin guide contacts the cartridge so 'llt the firing pin develops suf-icient
head, a condition referred to as "zero head kinetic energy to fire the cartridge reliably.
space". This contact not only supports the This reliability is achieved in gs-operatedhead of the cartridge against -primer desigr-s by the proper choice of shear pin.
blowback". but also determines the firing pin fi'ing pin weight, firing pin cross-sectional

S protrusion. The tip of the firng pin must area, and firing pin travel.

PB~ mme P G PUlOL

Figure 4-12. Firing Plug
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0 The ps-perated firing mechanism (Fig meemblrd from Cie cartridge end ince the g
4-13) works in the following mainner. Gas ,;tryportssomeUmesasmudluasS/I6M."0.
enten through the port and pressure rapidly T. uIn afer ruing pins may be Imerted
begins to build up behind the fiang pin. When fthvu• the ps entry port.
the pressure behind the pin is suffident to
shear the firing pin shear pin, the pin shears Fifing pins use 0-rings to prevent the gas
and the firing pin is propelled toward the entering the device from pasng the firing
cartridge where It strikes the primer. The pin. How•eaer. the O-ring must be so
firing pin velocity is affected more by the positioned that in assembling the firing pin in
force required to shear thes hear pin than the the firing pin housing or guide and during
maxinum force (presure) attained In the operation, the O-ring does not pass the shear
system. since the maximum force against the pin hole, or the G-ing may be I xn in
arting pin usually is attained after the firing assembling the device or in functionia.

... .. pin has completed its travel. For this reason,
the selection of the shear pin material and 4.64.3 MECHANICALLY OPERATED FIR-
she-ar pi; diameter are vital to the design of ING MECHAN."MS
ps-operated firing mechanisms. Many propel-
"lant actuated devices use the same combina- The firing mechanism must be designed to
t o of firing pin and shear pin. It, therefore, deliver sufficient enern to the primer to
was considered advisable to include (in Table provide the high reliability of firing necessary
4-3) combinations of firing pins and shear in propellant actuated devices. This energy

- - pins that art used widely. The le--ths of the- must be delivered without exceeding the-
ufing pins are not common to all, but the stipulated range of bnyard pul. Also, the

lergth-#o-dlameter ratios listed in Table 4-3 length of lanyard travel must provide
are used. sufficient over-travel to assure release of the

firing pin and to pernit separation of the
The shear pins indicpted in Table 4-5 are lanyard from the mechanism.

made of electril quality copper, while the
tfing pins am made of staintess steel, or alloy The mechanically operated firing mecha-
seel. Aluminum firing pins have been used -n nism (Fig. 4-14)of a typical initiator operates
propellant actuated devices because of their in the following manner. The firing pin is
"lighter weight and, therefore, greater ability locked to the sear (pin) by three steel bhals.
to pass the drop tt*,. The disadvantage of When the sear (pin) is pulled, a spring
aluminum ruing pins is that the tips deform contained in the housing is compressed and
witen they strike the primer. The majorty of exerts a force on the firing pin. As the ruing
aluminum pins in present designs are used in pin enters the r.lieved section of the housing.
conjunction with fring plugs, wh"re the large the steel balls move outward and allow the
diameter of the firing pin end does not sear (pin) to be disengaged from the ruing
determine primer indent. pin. and the sear (pin) is withdrawn from the

device. The firing pin then is propelled by the
Firing pins are designed with large diame- compressed spring against the cartridge which

ters to increase the force acting against them. contains a percussion riimer.
However, a means of aTmbling the firing pin
in the device is necessary. For example. The energy required to fire the primer
0.5-in. diameter firing pins may have to be (Table 4-2) must be provided by the spring

*Ptpeflant cluatled derices MoM be &mpped 6 At "Rio a "A WWIIl dunITVter ndle is pcw~ded betwee. the PS efitry
co'nr-ete bkt. Stthoýj creatla mr0dent %hock to sheaf poet *nd the rlre• pit to lmit the entry or the bow

I he fiii pa ihelf pIn.f rill*. 1'týel-lbtW its iftaet withlith* rmtnw tb-
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P~TEC ~ u~ sa UN CART FRIME

c~ctio~ SC~f Pm NE cuxW

11mom OCR 3 TOo~s Fiin'"~
in -o _k 14,

force and the firlin pin travel. The spring is msernbled in the device. Propellant actuated
designed to provride severa times the all-rire devices never we designed with firing pins in
energy of the primer thus providing a the cocked position. Howemer the cocking
substantial factor of safety. and ruings of the device mre initiated by a

The setection of sprng configurations canLOKN EHNI

best be made by using tables availablein 4 LOKN MEH 19

WiMai and final locks. Irtitial lock mechanisms
The spring always is kept in a preload Prcvent motion of the 1troking member

position (partially comrnpased) to insure before firing. This function is of special
continuous engagement between the spring importance in devicim operating against
and the ruing pin. This continuous engapa- tension loads, sinc the lock preve is the
mient prevents vibration of the firing pin when piston from extending prior to actuation of

Foa' 4- 14. Medwn'aan Wt Operate Firing Medianism
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Q ) " (. TdMLI 4.4

FImR PMNS AND BNXIMIVNt UMt O IN PROPf LLANT ACTUATID

Phb Pin Dlm.W. di Pta PIM t be
1111,~~nl 111 Ittdel eudI Ml

CO ....... 0.046 " NSMm.U &M
WWI34 ......... 0.040 M47A InOitom~n MO.l MIt
430 ......... 0,040 M29Ar Irtnft M28. MOI0

"44w= emwdcdto do . pimg: Ow O 4W.W, -48 41b.OMOIain di- 41 1 Sf.

the &,vice. The two locked sections often act released by the firing pin prior to firing the
as a structural element, e.g., to hold the pilot catapult. Fig. 4-16 shows a pair of locking
seat in its position in the plane. Initial lock kYeys (latches) in position on a fL'iriv pin.
cechanisms also prevent unintentional separa- When gas presu is provided behind the
tion of the device due to tampering, vibration, firing pin, the pin is propelled toward the
or dopping. cartridge. As the firing pin moves toward the

primer, cam action draws the keys inward,
Final locks are required on some devices to thus treeing the stroking members.

maintain the piston in the end-of-stroke
position, extended or retracted, as the case Design requirements usually list the intial
"may be. The final lock generally is a simple and final lock requirements from wvhich the
aamngement. consisting of a map ring or size of the components involved may be
self-locking hall lock that locks into a groove established. The total shear area and the total
of other depression in the piston. area in bearing determine the size of locking

keys or locking ring. The emphasis of such
While an initial lock requirement may be designs should be on functioning reliabi .

met by a simple shear pin or shear ring whid-

locks a piston and housing together, the 4-6& SEALS
problems involved with shear pins (covered in
par. 4-6) generally eliminate this type of Seals in propellant actuated devices per-
arrangement 'from consideration. A method form two importnt functions: they prevent
used mi s ral thrusters is shown in Fig. 4- S. the entry of moisture and dirt during
This thruster does not unlock until the extended storage periods piorr to firing, and
cartridge firs. When the cartridge fires, gas they prevent or retard gas leakage during the
pi rem, forces the piston forward (compres- firing cycle. In unit using a fluid-type
sing the spring but not moving the end damping system, the seals prevent the losn of
sleeve) until the four locking keys drop into a fluid during storage periods. and also prevent
groove in the piston, removing the connection or control the leakage of fli-d during the
between the housing and the piston. The firing cycle.
spring keeps the piston in the locked position
prior to firing. A somewhat similar device is The majority of propellant actuated devices
used to lock the tubes of many removers and rely on threaded connections and 0-rings for
catapults, except that the locking keys are sealing. For example, in the initiator shown in
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MOfOVE !NTO WmICH KItt
IS MOVED

END SLEEVE--'

FW4.4-I. th chmber ~joindt he Wt ap by cransecttoed men of the rfti by &Wpvxi-F fthemis and the firing pin houfa is ft&seae in tely I0 perveat Therefiw, it is not
the chamber with an 04,1 in strahing neceXw to Ir.wAe= OiAMetra Suef on fth
deeo. "Tewea O-cnp wuszy serve a% sta tic WW put the m~o~ommmidd v2lumr except for
neab apaut the entry of moisture whik Plotsu abm~ 3=00 pal, VwhenM O.rin

IL otbers sent as moving seals preventing the mes used in cowdanctios with buffer 1Iquvd.
Ion of high &,~u a P The km of high fte mdaeijai oft ft p so ad the Iiquxb maut
plem.r s= at the junction of the boftt ar~d be compatible.
head is pit wented by the ftaling -ffwct of the

l~rede muecman teobtunmUin of Oriap we the am effective nab to Meain
dw cwbi buffere lhig. *AtoUg rubber bsp, metal

con taiiam sd sealers ha' been med
The recommerkded dismetral sqpueze di- tuti ~afa rily in sMe hewn,

esoemes for O-rnp. which vary awcarding to
m aWd type of seAl pnerafly dwee the Wesu a ead tu ms~rtan the buffer Owud

TIPI

9"Ww 4400 T6 ONngK~ FWiri Pi
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"J CJfawfinsi'mI~t beselctedowe pa~y ssemledtha issemdm my way of

anf rtneduflasusatr oly.aid en vni needo h pin at fo~pten,

of cdi~ isobtine. Soe ctaplts the wow beno arateethat the pin was
employ a tolrtuous-path"Pe mea that has not bent or already sheared. The shear value
proved effective This type of seal is, or sheauing force of shear pins may viary by as
essitially, a close-fi'ting codj of wire that fits, n~ub us 20 percent from pin to An alhog
Ina helical grove The end of the seal wire Is "l aPiae ftesaemtna an r hepeowided with a tans that fits into a hole in "M size.

cannot spiral out of the gr oove and cause the Spring pins (Fig. 4-17) ane special types of
lue ockind. te wire The pmatyo se ust W prplln

4LECIAL PROBLEMS Military Standards, they may not be used in
* 462 GNERALingle shear. Military Standards also specify

44L2GENRALthe maximum and minimum hole Amze in
which the various smu spring puns may be

The &d~~il of propellant actuated devices used.
presents many -pecial problems, but this
paragaph cove. ord' somte of the more One of the greatest faults of shear pins is
important ones. The paragraphs that follow the possibility of failing after a series of light
include discussions of shear pins, buffer blow&, each unable to produce failure, but in
systems, highi-low systems. and the use at the aggegate causin.- it.
protective coatings and dissimilar metals.

+62 HEARP11444.3 DAMPING SYSTEMS

When gss pressure Is developed in the
Shear pins provide a smaple means of chamber of a stroking device operating against
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a cowwaratlvely Uj#t load the piston Is typie of damper, a liqud with witable
subjkected to a relativel biji accelemling temomw~ie mid viscosity charctafttlcs k
force. One method of reducing the initial hlig confined In a cylinder having a piston and

* . rate of change of acceleratlio bs thmmob orifice. Thbe thruster piston and damper piston
* . bulhstiiv control. For example, hio-low ame ormucted (or integral) so that motion of

systems (described in par. 4-6.4) an itsed. the the duiaatw piston Is resisted by the damper.
initial volumes of device am Wnceaed, and Piston velocity Is determined by the rate of
alowerburin or nMor progeuive-bunftn Clow of the dismoing liq"id through the
propellants ain used. orifice.

Dampen are used frequently to limit the 7the design of damping systems requires
am deration of strov" devices Septarate, coraideraton not only vith such obvious
ousfled, piston damping deincsan be facton . n caty of the aim t various
locited between the propAwlan actuted. tempersatwns and its effect on rate of flow,
atnb~ de&vice and the load to lnmit the but also expansion of the liquid at higher
aw. e' teion of the piston, and, therefore, the temperatuwes. It may be necessary to inquide

* . owdtY. Most thnisters that we dampens, a void or a replenisher in the damper liquid
however, ame developed with internal damping chamber. One design compensates for expan-
for a more compact desuig. In the smnplest sbon by wse of a "floating piston" (Fig 4.18).

DIRECTION OF TWRUST

Fiae -7. letn iso ad7~m xpvr I t Embw
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C) hin t example, the tpfg between the maln strengths. For example, the 'locked sout"
piston and U, Ilcati piston wa to maintain pr'sre In the gas chamber or ,he devioe
constant pnmme in the buffer liquid. At, show, in Fig. 4-19 may be caloilated a

S--6SF, the volume Ofthe oC is ata minimum toecribed earlier in par. 4-3.4, but the gatest
and the sprf compntutes by expanding; at pressure that the body of the del must
200(F, the a voliwme i Ieatly increased and withstand occumr in the damper chamber. The
the sqpa mpemnas by compremsig. force on the gas piston is equal to the force

on the load piston, but on the fluid chamber
The de4 of the pring b similar to that of side of the load piston the force isistlibuted

IpFrW for mechancal firing mechanisms, at. oar a smaller am (%ecause of the area
it will not be repeated here. In most stroking occupied by the piston shaft); therefore, the
devi usin dumpes the damping liquid is a pressure exerted by the, fluid on the body
silicone oil with a relatively evnstatt viscosity walls is greater than that of the gas.
throughout the temperature rang of propel- Locked.hut conditions may be simulated by
hant actuated devices. closing the orifice, but not hy resisting piston

motion.
One other damping "em that warrants

attention is the "hydraulic midti•!l.r'shown Other damper arrangements are possible,
schematically in Fig. 4-19). "ibis device and one. a system in which the ps acts to
contains a gas piston and a load piston that is rotate a threaded shafl dnd advance the piston
connected to the load. An orifice in the lead while centrifugal brakes attempt to maintain
piston permits liquid to pass from the liquid co.stant velocity, is being studied at this
chamber into the sp-ace between pistonss, time. However the majority of dampers in
When the cartridge fires, the expanding gas existence and being developed are of the
exerts a pressure on the gp piston. The liquid fluid-orifice type described here.
on the other side of the ps piston experiences
a similar pirere and transmits this pressure 44.A HIGH-LOW SYSTEMS
to the load piston. The load piston exerts a
force on the liquid in the chamber and causes In propelant actuated devices using high-
liquid to pass through the orifice into the low systems. propellant gases are generated in
space between chambers. As the pistons move a high pressute chamber and then are bled off
forward, the load piston moves at a high:x through a nozzle or ofifice into a low pres-sure
seed than the gas piston which is the rer-son chamber where work is performed.
for the name dhydraulic multiphlier. The
piston speeds am e dependent on the size of thee high-ow system is complicated by the
orifice in the load piston. two pressure levels of operation and the need

for an orifice. Mhe ballistician provides the
Whether or not damping systems are used is deligner with the approximate pressures and

another consideration when calculating w-ll the orifice size. and the designer chooses the

I GaS fs"I

-CA -S7 ..

Figure 4-19. T&hsw With Fluid Damping
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mat efficient conflipration and the location metal, espedafy in sdt localized s s
and mounting awan~ment of the arice. regions wound ,mtchs pocvs and

drilled holes. Cofrnivon around these arem
From an erosion standp1nt. h•- pmnerally is mom ham ful to the strength of

molybdenum-content steel or pure molybden- the assembtly than coroion of unbroken
- un is best for orfice material. If the device is surfaces.

to be fabricated fromn aluminum. Ohe nozzle
may be a threaded inset. If, however, the 4" DISSIMILAR METALS
hih-pressure chamber is to be fabricated
from a molybdenum-bearing steel It may be In some designs of prolhant actuated
possible to dipense with an hner orifice. and devices, it Is necessary that dissimilar metals
fabricate both components as one piece. Free ciact- each other. Aluminum, ror example.
of fabrication. wgight, and cost an the usual because of its highly anodic characteristics,
factors that apply to decisons in such corrodes appreciably (galvanic action) when it
instances. Nozzle erosion may be a special contacti another metal (steel) with a lesser
problem in devices that are produced for anodii solution potential for a prolonged
repeated applications, and the feasibility of period. Common corrosive media as rain

.. _ using high-low pressure systems must be water. sea water, atmospheric moisture, or
weighed carefulh,. some orp.ic liquids may serve as the

electrolytic solution.
[. ~4.". PROTECTIVE COATINGS

4ECTIGalvanic or electrochemical corrosion is

" Protective coatinp can be used on metallic characterized by severe local corrosion of the
parts likely to be exposed to corrsion anodic metal at the point of contact of the
""Vironmer_ t , reduce the possbility of two dismimilar metals, if that contact takes
service failurm. For steel components, cad- place in the electrolyte. The Larrosion is in
mium. foE*wed by a chromate dip, is used the form of a film, often only to a depth of a
widely as a protective coating. The chromate few mcleculau layers In some instances, this
finish act- as a sealer and retrds or prevents fdm has the power to protect the metal
the formation of while corrosion products on underneath, ther.by preventing further corro-
surfaces cxosed to moisture. sion. In addition, if there are any cracks, the

fidm will prumote self-he2ling. However. in
The metallic surfacem of aluminum alloy thicker ftd'ds, which are characteristic of a

parts usually are anodized to prevent great number of common metals under the
corrosion. By anodizing a controlled film of action of a mild, corrosive agent, this
alumir.um oxide is formed on the surface self-healing ability of the fdm is absent. Where
which serves to protect the underlying base the rdm is broken, corrosion tends to localize.
metal from further corrosion. This oxide film This localizing process eventually causes the
is bonded with the aluminum and, for this metal to pit, thereby lowering the resistance
reason, exhibits excellent dhesive properties of the metal to further stress, since any hole
with the base metal and cannot be detached or notch in the metal tends to intensify the
readily by bending or any other process used stress at that point. j
in ordinary fabricating.

The condition in which the metal is
Dichromate dipping and anodizing not only subjected to repeated stress in a corrosive

retard corrosion, but also retard erosion. In all medium is known as corrosion fatigue and
cases, prctective coatings should be relativcly tends to reduce the fatigue strength. Hence.
nonporous and strongly adherent to the base under the combined action of corroon and
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streu, a corrodibie steel will fag eventually, AMthoug contacting similar metals are not
regardless of the magniude of the stress. For wboect to galvanic corrosion, when an
nonferrous metals, the effects of corrosion aluminum surface passes over another alum-
fatigue ame quite varied; copper is unaffected. inum surface-, thcre is a tendency for the
while nickel, brass. aluminum, and duralumin surface to -All. Galling also occurs when a
are severely affected. cadmium surface rubs against another cad-

rmiurn surface, as a cadmium-plated piston
sliding (stroing) through a cadmium-plated

The use of contacting dissimilar metals brushing. Galling is eýiminated by the use of
should be avoided to prevent galvanic microcrystalline waxes on the sliding surfaces
corrosion and corrosion fatigue. When it is and Teflon-coated aluminum pistons and
essential that this combination of metals be tubes. Teflon coatings and wax finishes also
employed, an interposing material, acting as a serve to reduce friction between sliding
protective layer, should be used. members of propellant actuated devices.
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I CHAPTER 5

INTERIOR BALLISTIC ANALYSIS

&0 LIST OF SYMBOLS fix. dxl = function describing the effect
dr. t) of friction, air resistance, andart) a acceleration, ft/sec any other retardation forces,

lb
A - piston area, in.3

. F = propellant impetus, fl-lb/lb
As = ptoegant surface ar•, in.2

a• * rocket thrust, lbAMw propellant surface area corre-
sponding to w, in.' S a acceleration due to Parity,

At a nozzle throat area, in.2  n/s 2

AL = vgain length, in.At = orifice area, in."
n = pressure exponent, dimension-

b = burning rate coefficient, less
in./sec-ps

P a driving pressure, psi
C a propenlant gas in chamber. lb

P. = atmospheric pressure. psi
C - gas weight actually contained

within the volume, lb P, = pressure at nozzle exit plane,

Ca a propellant gas weight, lb
PH = hfigh-side pressure, psi

CD - sas discharge coefficient,
lb/lb-sec PH = driving pressure, psi

C= = thrust coefficient, dimension- PL = receiver pressure, psiless

PCD = perforation circle diameter
SC. = weight of gas discharged, lb
d = perforation diameter. in. t a time. sec

D - grain diameter, in. T€ - initial gas temperature, *R

EP maximum propellant energy, T. adiabatic isochoric flame tern-" ft-lb 
perature,* R
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*w - velody. fRlec lint actuated devices than that contained in
Chapter 4. General ballistic equations are

V a free volume. in' presented, and these are adapteýd to the
modeling of stroking (direct and high-low)

w a burn distance, in. and ps-generating devices. Computer pro-
Prams for the simulation of direct and

I - maximum burn distance, in. high4ow strokdng devwices are listed in
Appendixes D and E, respectively, and sample

W - propelled weight, lb output ae contained in this chapter. A
discussion of grain design techniques also is

x a displacement of load, ft presented. A listing of a high low p-ain design
progam is contained in Appendix F. Par. 5-6

a a thermal efficency, dimension- contains a short discussion or the dyramic:
less response index, a parameter coming into ue

as a specification limit for personnel escape
P - fraction of available energy, systems.

dimenskitm
&-2 BASIC EQUATIONS

"7 - ratio o4 specific heats, dimeA.Uskoedl This parag.-aph will list the basic equations

governing the ihnernor ballistics of propellant
-, moximum spinal compression actuated devices. 1i4.y will be structured as

ft first-order differential equations for ease of
solution by digital computer techniques.

a- nozz expansion ratio, dimen- Succeeding paragraphs Will apply these
soadle• equations to the analysis of stroking and

ps-generating devices.

= flow factor, dimensionless
5,.1 PROPELLANT BURNING RATE

77 - propellant pi covolune,
in.3/lb The burning rate of a solid propellant

usually is approximated as a pressure
6 = angle of elevation with respect dependent function according to the relation

to horizontal, deg
dw = bPN (5-I)

p density of solid propellant, d7

lb/in.3

where
p = spinal damping ratio, dimen-

sonless w = burn distance, in.

S- natural frequency of spinal t= time, sac
column, rad/sec

b burning rate coefficient, in./sec-psi
5-1 INTRODUCTION

n= pressure exponent, dimensionless
This chapter presents a mor.- rigorous

treatment of the interior ballistics of propel- Eq. 5-i is identical to Eq. 4-18.
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O Ths expresion for the burinn rate usuUy is0
.. valid over a Sivnn pressure range. For some dt

pfopelanta, however, the pressure exponent
"or slope n is not constant but may vary for dw .672F-*l,3000pe>p>I600psi
certain posure intevl. In some instances it
may bea zero of' negative. If the operating

pewe of a device spans one or more of the dw 0.0 0 0 18 0p9'.1 , 100(0 psi
Intervas that involve such a change in the d >
slope, then it is necessary to specify the
burning rate eqiation for each rgion. For If it is intended to determine the interior
instance, consder the burning rate depicted in ballistics by programming the equations for
Fig. 5-1. The relations which characterize this solution by a digtal computer, than it may be
function over the prewne range 100 pi to desirable to input the burning rate as a tabular

* 10,000 psi am listing (ersus pressure and allow the prigam

U

N, 00

• °2

100 200 504' 100 200( 500 O f in0n'

Pressure P. psi

Figure 5- 1. Bum Rate Relation
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to interpolate to fund the burnh•,g rate containing one, thrne, and seven perforationa.
" "' corresponding to a partclar pressure. For In additij,., each of these types may or may

- - "the preceding example it would be necessa'y not have Its outer surfaces jnhibited to restrict
to input the pressures and corresponding burning to the interior of the perforations.

* burning rates for the end points and at ea&' These six prains ame depicted in Mg. 5-2. For
point where there is a change in the slope (i.e, these relatively simple geometries it is possible
"100 psI, 1600 psi, 3000 psi, 10,000 psi). For to specify the surface area as a function of the
the sake of notation and for use in .- er burn distance. These relations are listed in the
paragraphs consider that the burning rate can paragraphs that follow where it is assumed
be expressed by the relation tiut the length of the inhibited grains exceeds

twice the maximum burn distance we, or ued
dw(5-2) as defined in par. 4-2.2.4, and that the burn

" dt distance does not exceed w,.. The relations
for the surface development for three and

where dPi will represent the burningt seven perforation grains, therefore, do not
"either determined by Eq. 5-1 or from A include the contribution due to slivers. The

" interpolation of the tabular values. maximum I'u.rn distance and perforation
cirde diameter (PCD) for each grain type are

5-2.2 PROPELLANT SURFACE DEVELOP- listed in Table 5-1.
MENT

. When pro~eilat is cumbusted, it is Single perforation-urInhited:
". -*". assumed to btim in a direction normal to its

exposed surface. The burnting area thus can be A8=T Dr( U-M-)[ -8w] (5-3) (
, determined geometrically by incrementing the

burn distance normal to the exposed surface
and calculating the surface area as a function Single perforadon-inhibited:
"of the burn distance.

- .A, iL(d + 2w)
. :The most common propellant geometries

used in propellant actuated devices are pains Ihree perforation-uninhibited:-- 7

TABLE 5-1

BURN DISTANCE AND PERr-ORATION CIRCLE RELATIONS

* ,. ,-- toIu r im 3S Poa nv 7 Palo ade

WON b Unleieibited Inhibited Uv~vibihild Inhibite _________

/M D-d D-d . 4 3 -_3 - 3d Q - d""~~ a! ,, - -r- -7-G-

"" :4 -d d(I +v6)]

...- -5 -.,i 1 2
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AWjr(+d+(' -3d2) 1 mesao area can be determined according; to (.A, ", 1 1 (D4+3d)4

+4(L-D-3d)w- 12w (54) w. (5-7)Jdt dw (!dtL
Three perforation-inhiblted:

where
.- "~A, " 3sLid +2w)

dAildw a rate of change of surface with
Seven perforation-uminhibited: respect to burn" distance, in.' /sec

Aa Dr d ( DI-7d'f For the geometries just -~onsidered, d.4*Idw
A,____L(_d 2 J can be obtained by differentiating the

expressions for the surface development.
+ 4(32-D-7d)w-40w'l (5-5) Again if a digital computer is being used to

I solve the ballistic equations, the surface
Seven perforation-inhibited: development may also be inputted as a

tabular functioa of the burn distance and the
A, a 7wL(d + 2w) (5-6) derivative or slope computed by the program

as the particular value of burn distance.
where

.The use of tabular input is more desirable
A, = propellant surface area, in.2 in that increased flexibility is achieved in the
"" eghofpii.selection of grain geometry. In addition, it
L a length of grain, in. will be possible to incorporate the effect of

- divers into the surface area developmen!
D = diameter of grain, in. which in multiperforation grains can compns.

d e of p n iover 30% of the total grain weight.
-.. I.."d = diameter of perforation, in.

w burn distance, (0 < w < w) in.

5-2.3 GAS PRODUCTION

The inhibited grains always will burn The time rate of gas production is a
progressively, 'i.e., the surface area is an function of the exposed propellant surface
increasing function of the burn distance. The and burn rate

"'- uninhibited single perforation grain always
"will burn regressively. Although, for single dCa dw
perforation uninhibited grains which are long - .= P,(w) " (5-8)
in comparison to their diameters (L ); D) the
rate of regression may be n.gigible and the
grain can be assumed to have a reutral or where
constant surface development. The three- and
seven-perforation uninhibited grains may be C& = propellant gas weight, lb
either progressive or regressive, depending on
the dimensions of the particular grain. p = density of solid propellant, lb/in.'

The time ratio of change of the propellant A ,w) = propellant surface area, in.2

5-6

http://www.abbottaerospace.com/technical-library


i-"~

The value of A,(w) Is the surface area C "propellant pa in chamber, lb
corrsponding to the value of w which has
been attained. For a chamber in wich no ropefant is

consumed the lip term equals zero. If the
,2.4 GAS PRESSURE chamber doe not contain a stroking member,

then the /dx d term Is w=o.

The pressure generated by the burning of

tropellant can be determined from the
equation of rote a given in Eq. 4.10.
Differe"'Uting with napect totnm &U GAS DISCHARGE TEROU1H AN

ORIFICE

dP _12F d (M )~ (549) The ps.abcliarue rate thrmg an orifina
i _T. dt Vf can be represeated by the expiesszk

"MThe a weight C corresponds to the ga that X.
is actually contained within the volume. Only d- Q). CAPA, lh/sec (5-11)
for a dosed single chamber device will the pas
weight C equal C. as defined in Eq. 58. For
the low side chamber of a high-low system, C where
would equal the gas weight that has been
exhausted into the low site. C, * weight of gas discharged, lb

S ... 2.5 FREE VOLUME - flow factor, dimensionless

The free volume of a chamber equals the
initial free volume plus that nbtained by the CD gas discharge coefficient, Ib/lbwsec
movement of a piston (if any) plus the
volume obtained when piopellant is con- At orifice area, in.2

sumed (if any) less the volume taken up by
the gas in the chamber (covolume). Thus in P, * driving pressure, lb/in.2
terms of the time derivative of the free

olmePL = receiver pressure, lb/in.

td dx + d_. _ (5-10) This expression is derived in Appendix C of
p .dt d Ref. 1. Chapter 4. The flow factor "which is

. .. .: •a tunction of the driving and receiver
where pressure, is derived in Appendix B of this

reference. For sonic flow, i.e.,
V - free volume, in.3

AP = piston area, in.2 3 (.-'') (.-1.)

dxld! = velocity of piston, ft/sec the flow factor equals I.

p = density of solid propellant, lbrin. 3  For values of P1. IP greater than this
(subsonic flow) the flow factor is given by the

q = propellant gas covolume. in.3 /b expression

5-'7

http://www.abbottaerospace.com/technical-library


W W

L))
(PL) Jdt (5;j6)

2P dx

d•X 'di(S-I6)

whr dIxT •J 5,6

wr d-,a 7rati' ofspedifc hests. If the driving pressure is less than the
. ;oniopposing component of the load or it it is lea
For 7 a 1.25, P /P must be le than 0.555 tin the shot sart peure, then the
Im sonic flow. 4. 5-13 is plotted in Fig. 5-3 acceleraion is zero.• • fory a' 1.25.

f, 1...8 ENERGY BALANCE (GAS TEMPER-

*6,52.7 EQUATION OF MOTION ATURE)

The equation of motion of a piston (load) The maximum energy available from a solid

-- is given by the expression propellant (see Eq. 4-9) is equal to

d a x p-_ Wsinen E FC-. .~d ,,,-
(5-14)

dx'- f ,0 -,r) where the gas temperature is equal to he.Shere adiabatic isochoric flame temperature T.. The
Senergy E available at any other temperature T

x displacement of the load, ft is th ,NUAI to

f, 0 angle ofelevation with rspect to E.- EP (.17)
the horizontal, degI' dxAn enie g balance can then be set up as

-x, i. t) = a function describing the effect fth b e :

d of friction, air resistance, and
. any other retardation forces. lb Available Energy = (Internal Energy) +

(Work Done by Propellant Gas) + (Energy
p = driving pressure, lb/in.3 Loss)

W W = propelled weight, lb ,F"T /-"T

A4 " piston area, in.' T* BFCT (5-18)

g = acceleration dui to gravity, T. (7- 1)
ft/sec2

where C is the pa wzight in the chamber
In terms or first-order differential equa- under consideratio. I is assuned O~iat the
tions, Eq. 5-14 may be rewritten as propellant gas s nitiafly at temperature T,
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aM the enin ' Ion is r. 1 flaction o f the Fc or ff pm~elMt acts d"i fti
aalabile energy. Assuming that T, equals the dwia efficiency a is found to bo bet-eeo

adiabatic isobvric Name temperature of the 0.5 mid 0.7. Ths expresion for the ga
ptopelant. L.e.. T 0I/'l. sad solving for the temperature N om of may whidi onuld be
pas temperatu derived depending on the deree of opthistics-

/ \ * (7- 1)TOA. " ion mmd amumptions wti am made.
Tm T.Pd (5-19) owe.e., this form has been found to gie a

pod orrdadon to the auad bhs" of
--opflIt actuated devices.

whete

&3 STAl KING DEVSICZ
a. -

This paraaph wm appiy the pecedin,
"man is termed the tharmal Ltflcb V. equations (par. 5-2) to the anlyshi of direct

and hibh-low propellant actuated strokhv
" The teri / ean be o, d from the &devices. Diitali oComputer program for the
equation of motion, Eq. 5-1S. by solving for' solution of the syem equations mw lisd -i
the driving premm P andntepgard ower the Appendixes D and L Sample output f5vm
dispiemettx. these pmgrams we presen ted in the par-

graphs dealing with the particalai type of

fS -- f dr W sine device.
gA4J di A, 11W DIRECT SrMKING DEVt

Jdx .- L f f(z vF'.)dx A directballbicdestro"indeviceisone in
AP 2 which the mechankal work (motion of a

lod) is accomplished in the smo chamber as
+ A psviu•,o i. made for exhausting a portion of

the propellant p. to accoumt for leakage orventing if applicable. Fig. 5-4 depi"t a

where the rumt r sse ts the kineticThe
energy of the load, the second team fn t diffential equation regresentin the devices

the potential energy, and Ihe third term an:

rrtesents the energy requir-d to overcome a. Burn Mitance:
any resistive forces. This last term cannot be
evaluated until the expressioi, for the resstive
forces are determined. dw (5-2)

dl
In terms of a first-order differential

equation the pas temw",rature is then equal to b. Propellant Surface Area:

.1 d IA __ . dw ± (5.7

-t L 7 W- Fdt dw dt/

c. Propellant Gas in Chamber:

x + -v sin e ) f f x I. a O dX JC }I
S8+f " = pA,(w)- - P CAP (5-22)d-

5-9
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L Ratio of Driving Pressure to
Receiving Pressure PLIPH

Figure 5-3, Flow Factor vs Prmwre Ratio

where 
e. Volume:

P= atmospheric pressure

d. Pressure: dt dt p dt

dP -/12F dA. (LC 15_9) /dCi, dC,
dr T, dt -7, (510)

5-10
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5-.-

'00OO
II

Figune 5-4. Schemvmrw of Direct Ballistic System

Ssin%* h. Gas Temperature:

C Ca -C d1T r(7 -yI)T d d (V

I f . V e l o c i t y : ud. . . . . . . . - - [ w C

SA P + X sin 8) ff(x.v.t)t]x (5-21)

*- asin 9 - )(X,V.f) Tcsm reain constitute a set of eight
dv first-ordes differcntial equations which must
7 = (5-15) be solved simultaneously to give a description

P < of the interior ballistics of direct stroking
0 or o devices. A digital computer proam (written

p<W sin O in FORTRAN IV) for their solut:nn is listed
P in Appendix D. The required input to this

• program along with the output paramet..- are
g. Displacement: listed in Table 5.2 w!,cre tht burning r.,e vs

dx pressure and propellant surface area vs bum
, (- • distance arc inputted in a !abular form of five

points for each parameter.

S-li
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V ODIRECT BALLIST1 STROKING bEVtM IUMITOUWrJT PARAMMTRS

FORTRA gbM pmmuw-t

R Stwnlng rmt lrIuec

A Propela, viwiam a Wm

D(2) "eeks -m

0141 Stm ntuir p telb/in.
045) Pistol am In.2
Die() Vent am in.1
0(7) Propeled lod lb
048) -g of elevation dug
Dig) Retwdation coefficint l/f

10(10 ThuuvW m w fiincy

01,1) Ratmfseatfic heftl/I.

0(131Prope&"n impma ft4Mbf
0414) Aiabatic Isochoricflaum nperuwo *
DO1W Initia possw Wlb/n.
00(6) IMiai froe ecums in.'
D417) No dm tgst

FORTRAN Syn~d Pomwur"

T Turnsw
XMI gurn dimium WL
OW) Gas produced lb
XM4 Prenure lbin.'
C(l. 5) Load acceferation ft/sec3

X151 Load velocitV ft/sac
X46) Load displacement f

'Refev to peopum listan in APPondix D.
**IA of 0071 A. 0 uidizm tho mom dam is to be inputto& If 0117) > 0 fth wpwi

umw at end of run.

5-1I2
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s. aM example of the ue of this program In patcular device but Is ued merly to
detennlning the interi v ballistics, consider illustrate the ue of the progurm. The

the following input where the burilng rate compute, pgnerated presure and load veloc-
relation is that used In the example in par. ity are plotted vs dine in Fig. 5-5. The
5-2.1. propelat grain used In this example

corresponds to 43.5 grams of propellant in an
PRES- BURNING BURN SURFACE Inhibited single perforation onfiguratun
SURE RATE DISTANCE ARE4 consisting of forty individual grains each I in.

.In length L and 0.24 in. in diameter D with a'•100. 0,20 0.00 1 0. perfoation diameter d of 0.08 inm

1600. 0.80 0.02 Is.
3000. 0.75 0.04 20. ,3.2 HIGH-LOW STROKING DEVICE

10000. 1.86 0.06 25.
* 20000. 3.34 0.08 30. A high4ow ballistic stroking device is one

Compute Interval. O.0O05 sec in which the propellant is combusted in one
chamber (high) and the combustion products

"Print Interval: 0.001 sec vent J through an orifice into a second
chamber (low) in which the mechanical -work

Stroke: 2.2S ft is accomplished. Fig. 5-6 depicts a schematic
of a high4ow stroking device.

Shot start pressure: 14.7 pi The following differential equations repre-

Piston Area: 1.0 inz meriting this device am listed, and where
variables subscripted H correspond to the high

Vent Area: 0.005 in.' side chamber and those subscripted L refer to
the low side chamber.

Propelled Weight: 250 lb a. Burn Distance:

Angle of elevation: 90 deg

Retardation coefficient: 0.0 lb/ft dt(5-2)

Thermal efficiency: 0.6 b. Propellant Surface Area:

Ratio or specific heats: 1.23 d,, dA_ w (5-7)

Propellant density: 0.06 lb/in-. d d d= "

Propellant impetus: 360,000"ft-lb/lb c. Propellant Gas Evolved:

Adiabatic isochoric flame tempera- dCb = pA(w) w (5-8)
ture: 5500OR d: = di

Initial pressure: 150 psi d. Low-side Gas Weight:

Initial volume: 25 in. 3  dCL = (5_11)

This input is not representative of a dt kP CDAPH (5-11)

5-13

http://www.abbottaerospace.com/technical-library


"• bN)l .. 60

"- /0

ioon 30

06 OPPI 20•. . "

n.n25 0).rnsn n).075 On. r 4).125 .1r).150'--'

T|im t , ._ec

: • ~Fiure & ComputerGerwvted ftssrve N Velocity

e. tfigshide Gas Weight: S. Low-side Pressure

! Ct d", dC, dP To dt \ V, /
S =(5-24) (5-20 )

d, d: di dt T. dt Vt

f' .Te highid gas teprtr rosasmewHg-side Volume:

O =I I -)d(C V x dj

i.i~ F~hsieVoue

constant and equal to the. adiabatic isobaricflame temperature or the propellant. Ge = dVH ee ( 5-2c

--(-) - = -I (-- (5-27)

di(l)di dt p dt dr

5-14
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4

Figure 56. Schermu6c of Hio-Low Sys"

j. Velocity: 1. Low-side Temperature:

gAP L 9 dTL T] d I-g sin -w(Xv.t) _ --

d W t a t CL
=i (5-21)di 0 or PL < P A- mm

PL <Y si[-( + x sin + ffx.P.I)dx]}

k. Displacement: These relations constitute a se! or twelve
first-order differential equations which must

(5-I6) be solved simultaneously to give a description
dt of the interior ballistics of high-low stroking

5-15
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* I

"- devices. A digital computer program (written input cowresponding to the nozzle expansion
in FORTRAN IV) for their solution is hated ratio C.
In Appendix E. The required input to this
progi m along with the generated output i s CJ,4t1P, (5-27)
listed in Table 5-3. Again as for the direct
ballistic stroking device, the burning rate and where
surface development are five point tabular
inputs. rocket thrust, lb

To illustrate the use of this program the C1  = thrust coefficient, dimensionless
input data corresponding to the example for
the direct ballistic program will be employed A, = nozzle throat area, in.2

*. with the following additions and changes:

* Q,-ifice Area. 0.04t in. 2  high side pressure, lb/in.2

The thrust coefficient C1 is given by the
Litial low side pressure: 14.7 psi equation

Initial low side volume: 25 in. f

n itial h igh side p ressu re : 5 O p si [r ( 7 1,

Initial high side volume: 2 in. (5-28)

The high and low side pressures vs time are (P "
plotted in Fig. 5-7. and the velocity and PM AP-
displacement vs time is presented in Fig. 5-8. P

where

5-4 GAS-GENERATING DEVICES
"7 = ratio of specific heats, dimcnsion-

The equations for gas-generating devices arc less
essentially those for a high4ow ballistic device
where the high side represents tle gn P, = pressure at nozzle exit plane,
generator and the low side represents the lb/in. 2

volume into which the propellant gas is
expellcd. If the device is exhausting into thf = nozzle expansion ratio, dimes
atmosphere, the low side volume is made sionless
essentially infinite: large enough so that the
gas entering the low side will not raise the P, = atmospheric pressure lb/in.2

pressure appreciably. If the generator is
exhausting into a constant volume, then the and the ratio PIPM, is given as the smaller
piston area Lan be set equal to zero to root
preclude motion.

If the ballistics of a rocket is tcbe P

simulated, then the high-low program (ex- PH
hausting into the atmosphere) can be used
with the addition of a thrust equation and an of the c-quation

5-16
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TA&ILE 5-3'

1410 WLOW BALLUI8TC STROKING DEI VCE
PNPUTO4JTPUT PARAMETERS

FORTRAN Symbol P--gm LU101

W Sum dlguts b
A Pr-Avolwt naftu m M

D11) Compirta interv"l
*0(2) print intera we

DM3 Stroke ft
D(4) DNA start prjumr lbfin.2

D15(6 Piston awe in.2

D(G) Oulifa arm n
D17) Propelled load lb
D(S) Angos feler~tion delg
0(9) Retardation oneyficinint lb/ft
0(10j Thermal effuidency
DO11) fl~tio of svecificheats
Di 12) Propellant density tvim."
0013) Propellanmt impetw h-lb/tb
0(14) Adiabatic .'s~c3xlit floram ternpcietwe
0(1 5) Initia4 low side presurs lb/n.

01)Initial kpw sicd. free volume in.)
D017) Initial hiosideprerwri IblbLs.
00(18 Initial high sid. frea volums in.3

D(19) No aaatest

FORTRAN Svuw" owwaMam units

T Time 11c
X111) Burn distance in.
X(3) Gas Wo~cadlb
X(71 High skd. poem ie~ Wbin. 3

X('0) Low skle prupsue Ihjin.3
XIII) Lood weloc ty ftisdc
X112) Load displaceme" ~ It

*Pow to program I.wipi in Aoow~in E.
"~A v~us of G1171 4 0 m~icfte the Moll def 00 111 110"a. If DIM? > 0 Ih* 09
tarmnalws at a-4 of run,

5-17
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High Side Pressure -

- Low Side Pressure

'40

2. I* /

200000 I

0 O.A"2 0.050 0.4r75 r) if"N 0.125 0.1.50

Tim t., sec
Fiur 5-7. PIm m w Trm for Hiph-Low "it•

lie, the analysis of the interior ballistics of

(.5PRI -29) propellant actuatedt devices frequently it is

2 preselec.ed performance. The approximate

= \(y • )/grain weight and geometry can be determi~ned

OF from the relations derived in C'hapter 4. With
the use of a digital eomprtb psroti in.

Numerical values for the thrustcoeTKient are however, tho equations in the precedina

tabulated in Refs. 3 and 4. Chapter 4. Eqs. 5- paragraphs can be restructured to rnuke the
28 and 5-29 are derived in Ref. 1, Chapter 4. bumn distance w the i,,derendent variable

5-18
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S"1 /
o n 2.o

00oo

40 ___________________ 2.0

~30 1.

i .lpe. /psue-tm ha it th nu at,.nese pt

1.0

U0

- A0

'10.1125 M051 1).075 0.100A 0.125 0.150

tead of the time . Am a t

or accekrxtk~r-iime curii can be inputted, and least square generated grain dimenidons.
and the propellant surface am development Fig. 5-11 depicts the computer generated
then can bL calculated based on this inputted surface area vs burn distance relation along
cuv. with the computer genrated least squares

approximation. The scheme for computing
Ref. I is a report which documents this the gain dimensions based on ths least

technique as applied to a high-~low ballistic squares data as well as the equations used in
system. The computer progr'am to perform the analysis am contained in Ref. I and are

thuis analysis is listed in Appendix F. The form not r.peated here.of the inputted pressure-time curve is

depicted in Fig. 5-9. The progam output The ain design technique illustrated has
consists or the generated interior ballistics as a been applied to direct ballistic systems but no
function of the propellant burn distance. A rfercnce is currently available. Suffice it to
least squares analysis is performed on the say, the procedure is directly analogous to
ge~eraled surface development-bum distance that for high-low systems.
output to generate the dimensions of single-,
three-, and seven-perforation inhibited grains 54 DYNAMIC RESPONSE INDEX
required to produce the desired pressure-time
curve. Fig. 5-10 is a sample computer output The physiological effect of the accelera-
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P.g

Tiet

Sa qiirimpesr

P ntalpesr

Tim a ietm

to time to sti-oke

Figma 5-9. Prosufe-Thriw 1~xd for High-Low Grim Dem*, A op an.

tiori-time environment on the users or aircauft DRI On
emergency escape systems must be taken into (S-30)
account in the design of per nneI emcpe
catapults. The maximum acceleration and wheret maximum time rate of change of acceleration
hvre been the primary determinants at W =natural frequency of the spinal
specifying the acceptable limits. Recen tly, column, rod/sec
however, the Dynamic Respons Index (DRI)
has tended to replace these criteria (Ref. 2). am a maximum spinal com pssnon, G
Simply szated. the DRIis ameasure orthe

cmpie .on of the ejectee's spinal column - acceleration due to pavity, 32.2
and., as such, is a direct measure of the ft/seca
probability of inury. A correlation betweeni
the dynamic mponse index and the opera. The inr.antar~eous spinal compression is
tional ejetion injury rate is depicted in Fig. given by the relation
5- 12 (Ref. 3).

The DRI is defined according to the d26 28 dS + w a 4() (5-31)
relation dt3 71
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12 C-om GeneratedI1q6 aLzeast Sqae

'M 0a 'A

0.n4 9.rA8 0.12 0.16 0.2n 0.I24

Burn Distance u. in.

Fi*we 51. L Surfte€ De v ,rnt Burn Di•'w= for HiA-Low System

where been determined as repsentative of the
mean US Air Force flying population.

8 = spinal compiessio., ft
=i da nr , dimesion- A DRI of 18 corresponding to about a 5%

injury probability has been at as the
less

specification limit for escape systems tern-

ilt) = accderation, fj/,'c2 perature conditioned at 70)FM

e t s lEq. 5-31 can be solved by making a

,• Essentimly, the spinal column is treated as point-wise approximation to the acceleration-.
a damped harmonic oscillator where the time output and solving it by digital computcr 1
values of p (0.224) and w (52.9 rtd/sec) have techniques.

"A1:

5-,
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Fige 5-12. Dynamic Response Index wi Spirnl Injury Rne
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60 LIST OF SYMBOLS pressure exponent, dimensionless

SP a' maximum internal piresn, pi•

a = maxinrum acceleration, ftfsec2  P peak prawnrps

S = rat of chanp ofccelention. ftl/sec P, - prsu, at end of how, ps

A = area, in.' R major radius of female hread (max),
in.Air effective am of booster tube, in.s

""i = stroke, ft
b =burning rate coefficient, Li.!ecpi' a trkef
C -- wchm eigt, lb =

J1 S = shearstrength,psi
"d = minor diameter of male thread (min),

in. St = hose surface area, m.

D , circarerential distance between t = sleeve wall thikness, in.
dlots. in.

2 ltsi.is = stroketiie, esec
F = force.load; lb

V - terminal velocity, ft/secF =propellant impetusm, ft-lb/lb
V = locked shut vo4.me, in.'

', " av'ee•i we force,lb
V, initiator volume, us.3

S= *cceleration due to pgarity, ftlsecs

hr a heat aom per unit howea. rl-b/in.

w = bum distance, in.
I = impululsec

WV = wall ratio, dimensionless
2 k = radKius of "ratibon. in.

S/I m heat loss factor, dimenvsionless
.- L a lehigth of thread enptsement, in.

7 = propellant ratio of specific heats,
L a length of piston, in. dimensionless
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A00F,.47. /"

.01 GENERAL Velocity, at separation (at
VO F) 47. fps

6.1.1 PURPOSE Max rate of change of ac-
celeration (at 700F) 300. g/sec

|.This chapter provides examples of the eeto(aVF) 30S/c

. design of stroking devices and a PsWsenretin8l Stroke time (at,0 F) 0. 170 sec
,• device wmac use the prncples discussed in

prieceding chapters Firingnrmhod Gas actuation

6.12 S- P Rocket (sustain con)

The devices choserl to flustrate these Action time, max (at 70F) 0.410 bec

principles am the M38 Catapult, the M3A3
Thruster, and the M 113 Initiator. The M38 Impulse (resultant at 70VF) 1250. lb-,ec
Catapult is a rocket-assised catapult that Sprovides the sustanin8 thrust to increase Pressure, average 3200. psi
ejection hC6t wthoe exceeding personnel
acceleration maximunu. The M3A3 Thruster Ignition delay, max (at 700F) 0.025 sec
is a typical thruser with a bypass port at the
end of it stroke. The Ml 13 Initiator is one of Nozzle angle adjustment

new family of subadniature gas actuated 38" 0'to 52

initiators.
(2) Physical Characteristics:

6-2 O36 CATAPULT
Overall length 42.6 in. , .)

6.2.1 GENERAL S~Structural loads;

The M38 Catapult is a rocket-assisted

two-tube telescoping device, designed for Tension 4000. lb min
upward and forward ejection of a 3834lb
seat-man combination from an aircraft in the Compressin 8000. lb ri

even! of an enurproy.
Total weight (loaded) 35.0 lb

&2- DESI REUIREMENTS Propelled weight (approx 50
eue l3percentile seat-man combi-

S"r ed require, ts for the M38 nation) 3831"o
Catapult specgoiFd the following performance
ga p"jWy checterijti: Temperature limits -65* to +I65r'F

(1) Performarce C•aractesti: Mounting

Catapult (booster section) Airframe Trunnion at
lower end

Strol.e 34. in.
Seat Male clevis at

Max acceleration (at 7 1O 8. g uppe end

6-2
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6.2.3 FIRST.OROER APPROXIMATIO (specified) maximum acceleration, and rate of
change of acceleration (approximatons), the

Stroke length, stroke time, peak pressure, time t, is estimated as follows:
chlage weight, and grain geometry are
calculated in ihe manner described in par. 4-2, n 47
Chapter 4. The equation numbers appearing t, I • Xa, a 15 X 32.2
in the text refe, io the equations presented in (5; (4-5)
Chapter 4.

* 15 X 32.2•' + 0.,147 sec
-6-2.3.1 STROKE LENGTH 2(150 X 32.2)

By using Eq. 4-6 and the values specified inS6-2-3. PEAK PRESSURE
the desig requireme. A the approximate- stroke length wc= to meet the require-
so ltt hTo me F. 4-7. either the peak pressure or
ments may be found. The maximum stroke
often is specified, sn t a de the booster tube diameter of the catapult
aI limit to the maximum stroke that ay b must be known. No diameter is specified for

guided and it is undesirable to attempt to the boosertue, but =7000 ps pressure
eject an arcrat e wio ts specified for the booster section of the
out of the aircraft. If the maximum stroke is catapult. By substituting this value and W =
not specified. it may be obtained in the 383 lb i, Eq. 4-7. the effective area A (a
following manner. The owral! length of the

catapult is 42.6 in. (specified), so that the
" *... maximum stroke which may be obtained with

a single stroking tube is less than 42. in. By P Wa
.ubstituting the values for velocity (specified), A
maximum acceleration, and rate of chanp of (4-7)
acceleration (approximations) in Eq. 4-6, the 383 X (15 X 32.2)
stroke length s is estimated as follows: AP = 7000 X 32.2 0.82 in.2

S=47 ft/sec;a,,= 15l;a ISO 1 /sec

This oorresponds closely to a diameter of I in.

243' Peak pressure and acceleration occur upon
(4-6) separation of the booster tube and the

* launcher tube. (In the M38 Catapult, the
(47)2 ( 5 X 32.2)" booster tube and motor tube travel together.)

S (= + Theiefore, the outside diameter of the
S(2XISX32.2) 24(150 )( 32.2)2 booster tube determines the effectihe area,

and from this calculation the diameter is 1.0

= 2.48 ft - 30 in. in.

6-2.3.4 PROPELLANT CHARGE WEIGHT
With these values established, the design for
' the booster section continues. The propellant charge weight for the

booster section- of this catapult may be6-2.3.2 C'rROKE TIME
estimated by use of Eq. 4-14.

Using Eq. 4-5 the values of velocity, C=4.9X IV Wv2 grams (4-14)

6-3
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Substtuting W- 383 lb and v 47 fps andfks'H8propellant:

C- (4.9 X 10) X 383 X 473 = 41.5 grams w0.26in.

(2) The web estimated can be used in the
Fig. 4-2 is a plot of the ratio of propellant initial charge, but it may have to be modified

charge weight to propeild load for propellant during the charge establishment firings, since

actuated stroking devices By using this figure, it is based on an approximation, i.e., stroke
the approximate ratio of propellant weight to time.

- propelled wei4ht for a catapult with a
terminal velocity of 47 fps is 0.11 gram/lb. 6-2.4 COMPONENT ARRANGEMENT

* Since the propelled weight W is 383 lb, the
prorellant charge is The component arangement is used to

place sufficient stroking members within t .he

01 required envelope to give the required stroke,
and to estimate the cartridge size and internal
volumes. Basically, this requires the volumes
at the beginning and at the end of stroke ih

C - 0. 11X 383 42.13 girams order to complete the calculations.

To estirmiate the rocket grain weight The arrangement of the catapult incdudes the
required•, fLr the r.ocket section of the example following components: head. motor tube

Scatapult, Eq. 4-31 is used. Also, as per (outside tube), booster and launcher tubes,
"Chapter 4. par. 4-2.3.3, it is stated that in firing mechunism. mount finwer end), swivel
practice the specific impulse has a value on nozzle, locking mechanis,.., a track (whereby )
the order of 200 lb-sec/lb, then: changes in the seat position are transmitted to

I = Cadjust the nozzle angle), propellant grain (for
S= Ip Co or cket motor), and a cartridge.

i I100 lb-sec 5.5 lb (4-31) The initial arrangement starts with the
C Is 200 Ib-sec/lb specified overall length (42.6 in.) and assumes

a 1.0 in. outside diameter for the booster tube

previously estimated. (In the rocket-assisted
catapult, the launcher and booster tubes are

6-2.3.5 GRAIN GEOMETRY analogous to the telescopi'g and inside tubes
of the conventional catapult.) The necessary

(i) Based on experience with previous components such as the cartridge, firing
type devices: the grain to be used for the mechanism, locking mechanism, and stroking
booster section of this catapult should be member are then fitted to the layout: As
cylindrical with a single peiroration. The previously mentioned, the M38 Catarult
thickness o( the web is estimated by using Eq. requires a single stroking tube. For a first
5-1. Peak pressure P,... and stroke time t. approximation. it is assumed that the
have already been estimated. launcher, booster, and motor (outside) tubes

are approximately 36 in. long, thus providing
ow, = (5-1) the necessary stroke.

which for P,. 1 = 7000 psi, t. =0.147 sec, After the tubes are placed in the motor
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" tube (3-1/8 in. outside diameter, soecified) The cartridge is designed to fit into the
and space is provided for the firing mecha- booster tube, and contains sufficient prupel-
-ism and the locking mechanism, 'he initial lant to meet performance requirements. The
and final volumes are calculated. It is desired dcsigner, in conjunctior with the baflisl•k.an,
to make the ratio of final volume (expansion decides on the cartridr. size to be used. In the
ratio) approximately 2. Assume that the example being considered, it is determined
launcher and booster tube are of equal that the case will be 7/8 in. diameter and tha,
"lengths, i.e., 36. in. long Also, the booster approximately 40 grams of propellant will be
"tube (in this case the stroking tube) fits inside used. The density for the IrOpellant to be
the launcher tube. As previously determined, used is 0.066 lb/in.3 It has been previously
(par. 6-2.3.3), the outside diameter for the (par. 6-2.3.4) determined that approximately
booster tube is approximately I in. Again, 40 Sranv of propellant would be required.
assume an inside diameter of 13/16 in. (3/32 This would require a volume of 1.3 in.3 A
in. wall thickness) for this tube. the initial cartridge case oa approximately 7/8 in.
volume is approximately 19 in.3 The final diameter and approximately 9in. long would
volume is approximately 47 in.-' The provide this volume.
expansion ratio calculated for the assumed
device shown in Fi&. 6&1 is approximately 2.5. Additional volume must be provided for a

Tticartridge head. Incidentally, this cartridge
7b The catapult (Fig. 6-2) is ignited by an head is of a new and simplified design. The

•. Iinitiator connected by a flexible hose. The top of the head incorporates a cavity that
" 'function.ig of the initiator p.•bduces the gs prvides a positive seat for the primer. TheSpressure that flows through the hose, exerting base of the head under the primer cavity is
a force on the catapult firing pin. Pressure machined thin (0.006 to 0.010 in.) to insure
behind the firing pin increases until it is that it will blow when the primer fires. The
"sufficient to shear the shear pin, driving the igniter (black powder commonly is used as an
firing pin forward to impinge on the booster igniter in propellant actuated devices) is
carrridge primer. This action initiates the contained in a cavity in the body of the head.
firing of the booster phase. The primer ignites The approximate igniter charge may be found
the booster charge contained in the cartridge, using the method described in Chapter 4.

SThe booster tube gas pressure moves a spring Also, a rule of thumb has evolved whereby to
loaded piston, thereby permitting locking estimate the igniter charge use about 40 grams
keys to be cammed inward, unlocking the of black powder pet pound of propellant. In

: unit. Continued production of booster gas par. 6.2.3.4. it was es.timated that approxi-
propels the rocket motor and seat vertically. mately 41.5 grams or 0.09 lb of propellant is
At the point of booster tube separation, hot required. Then the igniter charge for this

* booter pses are introduced into the motor catapult is:
* chamber and ignite th, rocket propellant

grain. The burning propellant g.-ain produces 0.09 lb X 40 gram/lb = 3.6 grams or 55
gas at a high rate, pressurizing the motor grains
chamber. The resulting pressure act% on a
piston that rotates the nozzk to a preset This estimated igniler charge as well as the
position, thus providing thrust that propels estimated propellant charge may have to be
the seat and occupant upward and forward. adjusted. depending on the results of firings
The nozzle angle, which is controlled by seat between -65* and 200°F.
position, is adjustable trom 39 deg to 52 deg
so as to d rmct the rocket thrust through the The igniter charge is retained in the cavity
center of gravity of the seat-man combination, by a sealing dis,.: which in turn is 'ield in place
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Fipurv &I Catndt, Ancrft Elwhtov, Seat, U38 Assembly

by a retaining ring. Fig. 6-3 shows the XM270 slots, 180 deg apart, are machined in the tube
Cartridge. body, to accommodate the cataput lodding

keys.
6-2.5 COMPONENT OESIGN

The motor tube acts as the pressurizing
6-2.&.1 TUBES chamber for the rocket motor. At one end, it

is fastened to the catapult head, and the other
The catapult tubes act as pressure chambers end is fastened to the nozzle retainer. This

" *.and the stroking members. The boosfer tube, item is a component of the mechanism which
as previously mentioned, fits insde the permits the catapult nozzle to rotate to a
launcher tube. The inside diameter, and the preset position (see par. 2-4).
tube length, are such as to provide the initial
volume- to satisfy the expansion ratio The sizes of t.he tubes are ca•clated xin.g

determined in par. 6-2.4. One end of the the equation of Von Mises-Hencky, which are
exterior of this tube incorporates a groove to plotted in Fig. 4-5. Catapults generally are not
accept an 0-ring. This ring provides the seal to designed to'withstand locked-shut pressures;

- prevent prior leakage of propellant gases being therefore, the peak pressure assumed in the
generated therein. At the other end, the inside first order appruximations (7000 psi) may be
diameter is hicreased to accommodate the used in the calculation&
cartridge dimensions estimated in par. 6-2.4.
The exterior at this end incorporates a male It was previously assumed that the booster
thread and two blind holes. The thread is the tube had a 1.0 in. outside diameter, 2nd a
means whereby the booster tube is assembled 13/16 in. inside diameter. But, the outside
to the catapult head. Nylon pellets pressed diameter of the tube must be Iamp enough to
into the blind holes serve as a locking agent permit incorporating a male thread (see par.
for the tube. 6-2.5.1). Then, r tube with an outside

diameter of 1-1/8 in. and 5/32 in. wall
The launcher tube acts as a booster gas thickness is selected. Assuming that a high

expansion chamber ard a guide for the stength seamless steel tube is to be used, the- moving o er tube. Again, here the inside presstmu ratio (P/Y) is:

4:. diameter and tube length are such as to satisfy
the final volume to give the expansion ratio P 7000 X 1.150
determined in par. 6-2.4. One end contains 135,000 0.0596
the catapult locking mechanism. The exterior
"of this end incorporates a male thread and
two blind holes. The thread is the means for
assembling the tube to the catapult mount.
Nylon pellets, pressed into the blind holes, A 1. Saet Fwaneuad mmmat th b, a cw putwhichb must Mlthaad ,lmteua pa• w.lth1 rup~url

serv as a locking igent for the tube. Two (Se pw. 4 -3 2).
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* (3 •Using Sheet 1, Fi. 4-5 and the ordinate of The tube selected h approximately 1.25 in.
the intersection of pressure ratio 0.060 and OD with a I/8 in. wall The OD would
the biaxial ctr ve . (cauxputa subject proi- d the material required to incorpocate
ed to radial and tangential stWses but not to the thread. As Asipned the outside diameter
lonsitudinal stresses), the wall ratio is fand of the tube is dightly smaller thau the minor
to be 1.064. Since wall ratio w, is the ratio of diameter of the thread for a short distance
ounce diameter to inside diameter, the from the tube end to the thread. Also,
outside diameter is calculated as follows beyond the thread, the outside diameter has

been reduced to a dimension ( 1. 13 in) slightly

G OD ham than the calculated OD shown.

ID = =.064
The hm otor tube *as speciid to be 3-1/8theefoe:In. outside diameter, with &'minimuma wal]

OD- W'X ID 1.064 X 0.8125 thickness of 0.087 m. With this information,
It is deterldned that the wall ratio Wis 1.059.

- 0.8645 in. Refer to sheet I of Fig 4-5;it b determined

* As previously mentioned (par. 6-2.5.1) an that the pressue ratio PIY is 0.056.

Or-ing is used at one end as a seal. The Themfoe:

dimension for the bottom of this machied
sroove is 0.890 in. Therefore, the tube y 0X 1.1 22,Mp
selected would be suitable. As designed, the 0.056
outside diameter of the tube is slightly smaller
than the minor diameter of the thread for a SL-.- the yield strength for the matera
short distance from the tube end to the selected for this tube is 100,000 psi, it
thread. Also, beyond the thread the outside provides a greater factor of safety than the
diameter has been reduced to a dimension required 1.15.

' (approximately 1.0 in.) comparable to the
outside diameter previously determined. 62J.2 MOUNT (TRUNNION)

The launcher tube is very similar in design The mount shown in Fg. 6-4 is an alloy
to the booster tube. That is, the imide steel component in which the lower portion is
diameter is symmetrical throuhout, except circular in shape. Two pivots, 180 deg apart,
for a short distance at one end, which is are incorporated on the rim. This positions
machined to accept the "release" component them perpendicular to the longitudinal axis of
of the catapult locking mechanism. Also at the catapult. A short flat, parallel to the
this end a thread is incorporated on the centefline of the pivots, also is incorporated
exterior of the tube (see par. 6-2.5 1). Again on the rim. The bottom of the mount is

near the thread, two slots, 180 deg awlrt, are bevelled toward a narrow flat surface, also
machined through the tube wall, to permit parallel to the centeriine of the pivots. The
the assembling locking keys (see par. 6-2.4). It other side of the mount is machined in the
was previously determined that the outside shape of a truncated cone. The base of this

" diameter for the booster tube is 1.0 in. Since cone is a narrow flat surface extending out to
this tube fits inside the launcher tube, then the rim. A slot to accept an 0-ring, which acts
the inside diameter is estimated as 1.0 in. as a gas seal between the mount and the
Then, using wall ratio determined previously nozzle, is machined into the conical surface
(1.064)

"OD WX ID= 1.064 X 1.0 1.064 in. ,su" FedF or
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0 near the coin bare. A cavity in the mount F a lodlb
accommodates the catapult locking mecha-
uhn. A thread to accept the launcher tube'ls A - ame in shear, In.5

Incduded at the outer mid of the cavity. The preein caculation indicates that the

shear area equired to support the load is
The m.mT diam te p o intepll with the 0.213 in. 2 The pivot diameter design dimen-

omsat. The dimeter of tree pits ion chosen b 0.5 in. with a 0.196 in.3

cmi uted to the basis of sear stsrength. The "Cfm cejonza area. Since the design of the
m, uuum stattc load applied to the pivots, mount calls for two pivot. the total shear

mm to the desig requirement, is 8000 mura of 0.392 in.2 is more than adequate to
lb. The maximum kinetic load Fapplied to the a o ad.

prvots, reulting from operation of the

mtapult, a computed t'y using Newton's Good mount (trunnion) design requires
Law: that the section of metal adcining the pivots

be sufficiently thick to prevent the pivot from
bring pulled out by the "roots'. The size of

F (= ,lb (6-1) the tin radius must b. a compromise

because the mount bearing loads must be
taken dose into the mount body so a to
eliminate excessive bending loads. However, a

W tpropelled weight, lb, S= accelernon fillet is required to minimize stress concentru-due to gravity, ft/sec2 o ,te€nr

en "maximum acleration, ftjseco

'h n'cia thed hin the rmoun! and tbt
Since W =393ib anda. M2155.#aA er~ k=

mating exterior thread at the end of the
383 launcher tube may be des• d• in wdance

F2 -(15 X32.2):57451b with the specifications in Handbook H28

(1969) Part I SCREW-THREAD STAND-
Sine the kinetic load as ls than the static ARDS FOR FEDERAL SERVICES. Since the
load specified, 8000 lb in the design launcher tube has a thin wall, (Soe par.
requirements the static load is used in 6-2.5.1), an extr-fine, 1.25 in. diameter 18
calculating the size of the mount pivots. The pitch thread has been chosen. To determine
mout is made of 4130 steel having a tensile the length of the thread required, Eq. 4-37 is
strengt of 125,000 psi. Assume that the used:
shearing strength is 6%0 of the tensile
strength or 75,000 psi; the pivot siz e L s3PR
calculated a follows: Sd (4-37)

A F 8000 X 2* in." 3 X 7000 X (1.262/2)A = -= 0.213iL= : O.125 in.
S, 75.000 0.6X I50,UO0 X 1.1742

Where
The calculations show that approximately

SS h -shearing stress, psi two full theads would hold the design
maximum thrust pressure of 7000 psi. As
designed, there is sufficient thread in the

,____mount and on the mating male thread on the

01 is.y ,-ft fof *"uctut ianm launcher tube.

6-11
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625 HEAD of the tube dides throuih the O.ing.
previously placed in the head, thereby

The ead (Fig. 65) is the component providing a ps sl. A hole. behi the plate,
whic houses the truint mechani It 3 etxtnd Into the rectangular portion of the
cylindrical at one end and rectangular at the head. lTds bole carvies the firing pin. A blind
other. At the cylindrical end, an internal tapped bole, mith a unafler hole following.
thread accommodates the booster tube, and a extends into the bole with the Firing Pi. This
slot just beyond the thread w-ommodates a is machined through a flat of the rectangular
sealing 0m* A cavity beyond the lot section of the bead. A shear pin in this hole
accommodates the cartridg head and a plate. and In a matching hole in the ruing pin, holds
The booster tube carryin the cartride is the fring pin in place. A headles set screw in
screwd into the head until the cmridp bead the tapped hole prev.ts loss of the shear pin.
re apiz the plate. The outside disneter A p inlet port i provided in the o0poite

MO-
.•ew •ll
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O flat. A mounting hole located new the end of 62.6. LOCKING MECALt~
the fectanpalar portion of the head permits
assembty of the catapult separating tubes 'o The catapult locking rnechanlun (Fig. 6-2)
the seat. consists of two allo steel keys located in a

plant perpendicular to the longitudinal axis of
The head must be stron g enough to contain the catapult. When uaembled, the keys rest

the gas pressure supplied to the ruing on a boss (Fig. 6-2) on the retainer and
mechanism contained in the head. Also the extend upward through the slots in the
ama around the mounting (Fig. 6-6) must be launcher tube, thereby locking the catapult.
strong enough to withstand the 4000 lb The keys (Fig. 6-7) ane subject to a shearing
tensile load placed on the mounting. %Aes. By use of the stress Eq. 6-2. the ama A

requirrd for the latches is calculated as
The minimum thickness of materWia n the follows:

*wall of the mounting hole is1(0.39 -0.02) - F
(0. 500 + 0.002)121 or 0. 119 (se Fig. 6-6). A -

71w haea A in tmes is therefore: S
* .. Swhere

A -A1.61 X0.119 a0.192 in.'

clas 150A125, therefore, the tension Iced so - shear stress, psi

required to tear the material is calculated as
follows: 7000_X_20

A - a 0.5 2r FS A~lb90,000
125,00 X .192As mentioned the design provides two

= 12,0 (60..3) locking kes hspodsmome than the

Fa12.000 lb

It is obvious from this calculation that the
headi as designed can easily withstand the
8000 lb specified tensile load. 'The factw ot Sde for ouwi mmhs

2.6, 0.2.39- .02

Fqmw 66 Enlwprd View of Hood Mowting Mode
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... O-,L FIRING MECHANISM Locked-shut The thruster shall with-
stad lock-shut firing;

The fruing meduaism is contained in the witbout mechanical fall,
catapult head. It consists of the filrg pin re
ruinl pin &hear pin, and plate (we Fi& 6-2).
The firing pin is a cylinder that has a groove No4o0d The piton shall not el-
for an 0-rin for sealing purposes, and a shear rate from the body when
pin hole. The end, from which the pin tip the thruster i fied with-
protrudes, incorporates two blind hokes This out load
is the means by which the fiing pin is rotated
to align the shear pin hole with the hole in the operating Tern- -69* to +160*F
head (Fig. 6-8). persture Range

Th-. eh ze of the shm pin for the firng pin Stroke 1.3 in.
should be such that it will shear at the proper n e GAS actuation
pressure build-up (see par. 6-2.4), yet should

not fail in drop tests for the item. Bypass requirements

The plate acm as a firing pin stop 2nd Bypass pressure 600 ps nu
thereby prevents pwimer penetration. The at end of 4 ft
small hole in the plate permit.; the firing pin length of No.
tip to protrude and strike the cartridge 4 hose
primer. The kmnh of this protrusion isPropeld 550!b

• controlled. by limitinig the thickness of the
plateweight (Terti-
plate.Cal)

63 M3A3 THRUSTER 6.13 COMPONENT ARRANGEMENT

Since the envelope dimens3ns an sped-
6-31 GENERAL tred, the stroke is short, and the load to be

prope0ed is light; it b, expedient to fit the
The M3A3 Thruster is a component pait of mcemssry components into the envelope and

an aircraft escape system. Its function is to then, with P better knowledg of the volumes
release the control column stowage spring and involved, estimate the charge.
to supply sufficient energy to operate the seat

actuato disconnect. All components of the thruster may be
mounted on a single longitudinal axis. A

63.2 DESIGN REOUIREMENTS typical ps firing mechanism. described in par.
4-5.4.2. (Fig. 4-13) i fitted to the envelope

The design requirements for the M3A3 near the gas entry port. A cartridge. the exact
Thruster are: size of which is still undetermined, is placed

in front of the rting mechanism. A piston
Envelope Similar to that for the T3 then is fitted intv the remaining space in the

Configuration Thruster envelope. A locking mechanism similar to the
one described in par. 4-5.5 (Fig. 4-15) is firted

Lock Retuire- Initial lock required to the piston. Fig. 6-9 shows the layout of the
ments; components.
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pN__ .,_m .__ _Maw.Pin w~p LOMX1NG PELLET

Fvioue 6.9. Thrurw Conwonsr Layout

1The thruster operates in the foflowing the propellant charge must be estimated so
manner. Propellant gas from an initiator that a cartridge size can be approximated. The

, "enters the gas inlet port and exerts p. res pressure needed to produce the desired thrust
on the firing pin. When suffcient pressure is with the selected piston is used to establish
built up behind the ruing pin, the shear pin is the wall thicknesses and other component
sheared and the firing pin is propelled toward dimensions.
the cartridre, where it strikes the prima. The
primer fires the igniter charge (black powder) . ThRSTER
which ignites the propellant in the cartridge.
Propellant gas, generated by the burning The thruster is designed to supply gas at a
propellant, causes the cartridge case to preur of 1,000 psi to a 00624n.3 chamber
rupture. The propellant gas then flows into at the end or4ft of hoe after moving a
the volume behind the piston. Gas pressur on 550 lb weight vertically upward for 1.5 in.
the piston forces it forward, compressing the

i. *spring and causing the locking keys through
camming action to move out of the annular 8.34.2 PISTON ASSEMBLY
groove in the end cap into the piston
unlocking groove. The piston continues to The tentative diameter of the piston is 0.50
move forward until it ccntacts the end sleeve. in., with a corresponding area of 0.20 in. 2 . To
At this point, the piston transmits the force raise the 550-lb load, the minimum pressure
through the end sleeve t o the load As the required is 2.750 psi. (The actual pressure
piston nears the end of its stroke, the O-ring should be at least twice this, to allow for such
around the piston enters an enlarged section effects as temperature and friction.) The
in the end cap, permitting propellant gas to volume swept by the moving piston as 0.20 X
escape around the piston and through the 1.5 or 0.30 in. 3 The initial free volume of the
bypass port while the piston completes its cylinder. taking into account the cartridge
stroke, retainer, etc., is 0.98 in.' The total final

interior volume of the thruster is then 1.28
6-3,4 FIRST-ORDER APPROXIMATIONS in.3

Before workhorse models of the thruster 6.3.4.3 PR(*PELLANT CHARGE WEIGHT
can be fabricated, using the tentative
component arrangement already discussed, Since the thitster must also supply bypass
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M the charge weight is calculated in two the propellant, Wdter, primer, and head (see
• •partx The approximate charge for thrust is F'& 6-10). Table 4-1 shcws that the smallest

found by use of Eq. 4-16: diameter of any of the standard cartridge
cases a 0.550 in. This case size is satisfactory

C = 3.07X 10`3a (4-16) because the igniter will be placed inthe main
propellant chember along with the pain.

where ,ate igniter chamben seldom are tred
with small cartridges.) The cartridge case

F, mn ressti fac, lb selected has a chamber length of I in.

B-. = stoke, f An M72 Percussion-type Primer is selected
for use with the igniter in the cartridge. (See

Since F - 550 lb and s 1.5 in. Table 4-2 for data on this primer.)

C =3.07 X l X 550 X =0.22 gram The cartridge case selected for this

l2 application is 0.550 in. in diameter; however,

The charge required for bypass can be the body of the thruster cannot be made with

Scalculated from Eq. 4-23 with suitable an inside diameter small enough to house the

interpretation of P,. The required pressure at cartridge properly and stil maintain the

Sthe end of 4 ft of hose is 1.000 psi; however. sTrecified outside diameter without adding

£ turbulent, high-velocity flow at the bypass appreciably to the weight of the assembly.
Ltube entrance will caine loss o" pre:sure to Equally important, if the inside diameter of

about 70 percent of the theoretical value, i.e., the thruster was made small enough for

1,000 psi is 70 percent of P,. From Eq. 4-23. proper housing of the cartridge, the initial

the required charge is found to be about I volume of the device would be decreased and )
gram. The total charge, for thirust and bypass the expansion ratio would be increased. For

then, is approximately 1..25 grarn these reasons, the inside diameter of the
thruster body is made as large as possible. A

Assume that the ball stician win use H8 cartridge retainer, similar to the type used in
propellant for the workhorse studieL H8 is initiators, is employed to prevent pluglong of

suitably slow-burning, and one grain has the bypass port and to prevent shatter of

adequate size (5/8-in. long. with 516-in. OD) propellant at -65F. This retainer fits snugly

to fit the chamber and weight (1.25 grams) to around the cartridge. The breech is threaded

approximate the charge. Eq. 57 in Appendix into internal threads in the cartridge retainer

VIII of Ref. 2, Chapter 4, will give the thereby holding the cartridge and cartridge
chamber pressure just before opening of the retainer in place. Four slots are machined in

bypass port. Using the 1.25-gram charge and the walls or the cartridge retainer. These slots
1.28-in.3 chamber volume, with 3.1 X 10o permit the walls of the cartridge to rupture

ft-lb/lb impetus and a t0 value of 0.35, the and allow the propellant gas to escape while
chamber pressure P1 is about 5,300 psi. Thus, retaining the propellant grain in the cartrdge.
it satisfies the requirement for a pressure
twice the minimum. (The value of 1 was 6.&.5 COMPONENT DESIGN
chosen at the minimum because the thruster
is NTnall, and the work done represents only 6-3.5.1 BODY
about one-fifth the total charge requirement.)

The body (Fig. 6-1 1) is a cylinder with an
8.3.4.4 CARTRIDGE external thread at one end for assembly to the

end cap. Two blind holes (180 deg apart) in
The cartriuge consists of a case containing the thread hold nylon pellets wh;.h act as
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-. Figu.&11. .rwteriloy

Slocking agents. T"he other end incorporates an .used In the calculations.
internal thread for assembly to the breech.

I.

... •,The body houses the cartridge at the breech The tfuialw load equation can art: be ted'
P" end and hauses a part of the piston at the if the piston applies the full load loni~ud&
:".other end. T'he remainder of the pison nally to the body. In this came, the peak

extends into the end d, 1e. pressure. which the body will contain, tay

occur before the end of stnoket before a full
ite maximum orembl that the threaded longitudinal load could exist;- theefoe, the

Trea (betwoen the end cap and the body) hill b iaxi uatlon, Eq. 4-36 IatM',oa nor i-s t y ,
withstand is cthculated by using Eq. 4-37. (it highest stress), is utey#o

is aoeumed the body wir be made of 7075-T3
aluminum aty as per FA-PDMI-2566.) P W'd l-

3PR I
ST d (mmtt - d)3PR W

L(3W '+ ),111 t(4-36)

LS d 0.50 X 36,900 X 0.8227

3R 1.07 - 0.01

f 26,400 psi (4-37) O' D 1 -0.01
W' D = .920

In the calculated bypass pressr example 1 1.6 (at unadect oft lur.cad
(par. 6-3.4.3) for the M3A3 Thrister, the cartridge end)
peak pressure is only 5,300 psi; therefoie. the

threaded connection will withstand over four ortimes the estimated peak pressure.

0.822
The wall strength equation, Eq. 4-34. is W, 0.500+0.oo

used to calculate the maximum pressure

(locked-shut) that the walls of the body will 1.63 (at undercut of threads, piston

withstand. When several sections or wal end)

thickness appear thin, the wall ra:io of each t .my I t Pro-
section is found, and the smallewt wall ratio is NM
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The dosed end of the breech has a contoured
,. 56. 0 .16 -1)____ bsen to fit the cartridge head. T1he firngs pin

- ,00 13(.16) * I~I protrusion beyond the face of the breech is
- * -," 71 0.037 + 0.00& In. This is the prot'idon
. 6,60 rd permitted by the primer specification. 3oe

tolerances must be established for the forward

On the basis of these calculations, it is end of the breech because(1) the face of the
apparent that the body. as designed, will breech must smat on the cartridge head to
lithstand the maximum premire developed support it. and (2) the dloed end of the
(SJ00 psil. breech must .-Rate the proper spacing for

firing pin protrusion. Four equally spaced
&3.L2 BREECH radial holes are located on the outside

-F• diameter to permit the breech. to be held with
The breech (Fig. 6-12) is a steel cylinder a spanner wrench when assembling the unit.

with an axial gps inlet port. The breech houses Two threads are incorporated on the exterior
the firing pin and acts as the flring pin guide, of the breech, adjacent to the dosed end.

Two blind holes. 180 deg apart, are machined
A ,into each thread. Nylon pellets pressed into

*We"t, cod. these holes act as locking agenU for the

6.N

,,.• ,'I.+F.D "tOD80Y ASSY.

PIN SHEAR PIN
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thrwter body assembly (large thread) and the shearing the pivots. The maximum load that
cartridge r-tainer (small thread) (see Fi& 6-9'. the 0.250-in.-diameter pivots can withstand is

The firing pin is located ahead of the gas F-SSA. lb (64)
inlet port in a position where it cannot be
contacted by the end of the hose fitting. A where
hole in the breech, normal to the lqngitudinal
axis of the device, is provided for the firing F = maximum load, lb
pin shear pin. A setscrew backs up the shear
pin to r.tain the pin and to prevent gas S, = dhearing %tress (60 percent of yield
leakage. stmegthj, psi

6-3.5.3 TRUNNION A = area of one trunnion pivot, in.?

The trunnion on the thruster is simlar to 125.000 X 06 X 0.049
that used in the example of the catapult. The F = 2*
trunnion (Fig. 6-13), located between the
breech shoulder and the end face of the body, = 1,840 lb

is tree to ro.ste a full 360 des to facilitate
mounting the thruster. From this calculation, it is obvious that one

pivot can withstand the maximum load in

In designing any trunnion, the pivots must shear. The trunnion could also fail by tearing

be located in such a way that there is no ,-rec through the ring on both sides of a pivot. The
play (s•de shake) when the thruster is in the area which is subject to tearing is:

mounting; otherwise, the pivots will be
exposed to bending stresses as well as shearing A = 2 X (trunnion ring thickness) X

stresses. Stress concentrations around the (trunnion width)

trunnion pivots should be minimized by
avoidirng'sharp corners where the pivots join A = 2 X 0.075 X 0.500

the trunnion ring.

The trunnion pivots must be strong.
enough to permit the full tension load to be
applied to the thruster without deforming or -saety ra, of 2 h md ra ,n-tw -,-f.

I

! .1

Fiure 6"13. Trunnion for Thruter.
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S LUse this figure and the strei formula escaping past the firing pin. The Orinrg Is
wbere F a maximum load; S, s shearng located so that it does not pass ov the shear
ahcs; and A a area subject to tearing: pin hole as the pin is propelled forward. The

length-to-diameter ratio of the firing pin was

F 125,000 X 0.6 X 0.075 established at 1.5 (Table 4-3), and the travel
was designed to produce the required 60
in.-oz of energy to fire the M72 Primer (Table

u 2,8101b 4-2).

The preceding calculation indicates that 6-35.5 END CAP
them is sufficient area through the ring on
both sides of the pivot to prevent the material The end cap, Figx 6-15, is a short alumrinum
from tearing through undet the applied load. cylinder with internal threads for attaching

the body. A bypass port extends from the end
63.5.4 FIRING MECHANISM cap normal to the axis of the thruster. The

bypass incorporates -a standard type bos.
The tiring mechanism consists of a firing Interference and stoppin, shoulders, to stop

pin and a shear pin. The firing pin (Fig. 6-14) the piston at the en?. of stroke, are located
is a small alloy-steel cylinder with a projection ahead of the bypa,-, port. The O-ring seals are
(tip) on one eni and a slot on the other end. positioned so t"4t the relative motion of the
A shear-pin hole is located radially in the components w'l not cause them to pass over
body of the firing pin This hole accom- any holes nr grooves which could tear the
mcodates a 0.040-in. diameter shear pin that seals nd redtr them ineffcCive.
positions and retains the firinr pin in the

. breech prior to actuation. The slot in the rear The thinnest section of wall in the end cap
face of the firing pin permits the pin to be not only has a larger wall ratio than the body,
turned in the breech during assembly to aligi but also is subjected only to the bypass

X" the shear pin holes in the firing pin body nd pressure; therefore, it is not necessary to
the breech. An O-ring on the fRing pin calculate the strength of the walls in this
prevents the gas entering the inlet port from component. A 0.000 to 0.003-in. interference

fit (Fig. 6-15) which extends for 0.1 in.,
wS"eiy rac•m ot I i ud r• M ua WMm. absorbs most of the kinetic energy of the

"-.743-030 - -. 090-.003
.043+005 DIA .229+.003- A -.01

15+.01. .343-.002

I ' "I

Figure 6-14. 7hruster Firing Pin
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1O7-. 01 DIA

-. 750 -24 ,S-2DACCEIPTS SMOO)

.800 +.002 DIA
.67+.005 DIA2 U 3

50•2 .002 I.NA BPO33 o

II Fi1 r WIDE . Thna En CS • S'UM NS SHOULIDER
.464S~.002 Ot,

etLeO+n h -th-.p1 (tRU.a)

.272 + .003S

- 2.075-410

Fi4Wn &- 15. 7"hMAma End Cep"-'

pi;ston before it strikes the stopping shoulder Due to space Urnitatiom; of thrusters of this

in the end cap. Taut must be conducted to small size, the key lock design becomes mrast
determine whether the proposed hi]terface 6t critical. In the design of this thruster. a ver'y

and shoulder are capable of stopping the shallow groove is provided for the lock keys
piston without causing permanent deforma- in the end cap. Although this is not a
tion to the end cap or the piston. desirable situation and makes for difficulty in

the lock design, space lImitadono dictated its
6-3S5.8 END SLEEVE AND LOCKING use. The key lock is far superior to the ball

MECHANISM lock design used in earlier designs for the
initial locks, although its load capacity is not

The end sleeve has external threads for realired fully when a shallow groove is used.
connecting the thruster to the mechanism to The keys tend to seat when subjected to the
be actuated. A hexagonal flange is located at loads specified. Therefore, some permanent
the tear of the threaded projection. The set occurs in the lock groove due to the loads
locking mechanism for the thruster consists of imposed by the 100 percent hispection of the
three kidney-shaped keys (Fig. 6-16) that are locks. This load capacity becomes increasingly
located in slots equally spaced around the higher as the bearing area increases because of
circumference of the end sleeve. "Brinefling". Aho, this capacity becomes
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Fipa 6-46. 1Tham• Lockirq Ke. '

reater became the deformed metml obtrim F
so= Aspa from the end s ,eew. D- (6.)

The load 'apacity undet certain sadden where
ursustained loads is greater than the pristE-
able bearing loads within the elastic region. t a wall thikknes in.
The citerion used for inspection is that the
unit dull not unlock under the aiddenly F - maximum load, lb
applied load, 800 lb in this mae. This load
should not be ,ised as the operating load in N number of webs
actual installation. Because plastic deforma-
tion is encountered and the metal becomes D - dreumferential distar w between
confined by surrounding material, aesaip dot&, in.
calculations become impracticaL The most7
reliable solution, therefore, is obtained by S, = tenile W , ps
experiment. Fig. 6-17 owi a series of
load-deflecwtion murv obtained by testing the 800X 1.IP"
locking keys m a fixture. It will be noted that 1 3
the cure is aimost linear up to 800 lb, which 3 X 0.24 X 25,000
is the load = O.O 1 in.

To insure that the material betmeen the The end seewe may also fad in om
slots for the locking keys will oot tear bemcau•s w thalso ii ing te uresuo.

of enson oas wiiethewu a ockd, he when the piston is moving the required load.of tension loads while the unit is locked, the

imnimum thickness of material for walls of
the dseve is calculz:ed' usIM btu "
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AA

Deflection, In.

fism W&17 Load Deftedon Own= for Keylok MeftaWWWm

The maximnum compresson force F due to 1,000 X 1.15* ,1 n
thwis- 3 X0.24 X 125,6000 .OiI

F =PA (6)The walls of the end sleeve are. therefore.
made thicker than 0.013 in.

6-3.53 PISTON GROUP ASSEMSLY
P aope.ating pressure (5,300 psi)

Thc, piston group wsaOf a piston, end
A = piston area, in.2  sleeve. piston locking spring. and locking

0.4862 keys. An O-ring is located on the larp outside
M= 0.19 in.') diameter of the piston (Fig. 6-18) to prevent

4 the propellant pas from escaping. The
stopping shoulder is located on the pistorn in

F aS5-IMX 0.19~ ft1000 lb front of the O-ring groove, and the diameter
of the piston behind the O-ring is smaltev than

The minimumn Lhickness for the walls of the the bore of the end cap to permit gas to
sleeve to withstand the compressve Force is escape arouwi it after the O.4ing dlears the
calculated in the same mantner (Eq. 6.5) for bore of the body. The initial locking and
the tensle force: unlocking sunfaces ame located on the outside

diameter of the piston at the salli end. The
F forward 2 in. of the piston ame D ow, and
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Vie Wo ockinS sri is Inserted in this 2. 3section. edm rtoL-012

The desIn of the piston locking swrin Columns hninr dendeme. ratikn of less
require a force of 20 lb to be exerted on the than 40 we not ubject to critical bending
piton before the spring will compress failure but wM faD fnr in comprisson. The
* dslfdently to permit the lockinlg keys to maximum compesmie load which the piston
move inward, and unlock the piston and end an resist is by Eq. 6-3:

* ldeeve. Although the end sleeve is a part of the
piston group, it is described with the locking F £$
medaanisms because it contains the locking
'i keys,, 

F 66,000X (0.433 -0.2142)X--'
i I In desning the piston, the size of the 4

critical column depends on the ame, end 5,900 lb
conditions, modulus of elasticity, moment of
inertia, and the slenderness ratic. The 6.4 M113 INITIATOR
ultimate load or the induced stress can be
computed. Much depends on whether the 64.1 GENERAL
column is a "koeg" or "short" cchM3m.
Although the piston is hollow, the moment of As mentioned at the beginning of this
inertia is relatively large because of the chapter the M113 Intiator i one of a new
tocaston of the mass with relation to the fainly of subminiature Initiatos. This new
center. The hole in the piston (for the spring) group of initiators evolved from the develop-
is made as small as possible without requig , n ment of an "in-line" msbminiatue initiator, K )

P a spring so small in diameter that it will the Ml104. This item pennitted the intewation
"make" or kink. The piston is made of of a rin mecuaism, either mechanical (a
ahalminum alloy and hs a slenderne ratio of the M1 II) or ps to complete =m aembly.
23. The Isenderness ratio (LI. where L i the Also, these items emy could be converted to
length and k is the radius of gyration) is delay initiataon by umblin8 a delay
found Follows: component betwem tMe fmiri medanism and

.. •the inititor.
Lslenderness ratio (6-7) 64.2 DESGNM REO MU 47

where The specification for the Mll13 Delay

L" thheghodtepso akn hntiator and M104 Initiator inh aled the
.- "L =thelenth f te psto taingthe folloin Meqftdmens and physical charac-

maximum load is 12.8 in.. i.e., (3-5- te. CS:
0.68) = 2.8

k ID2 + IDI I 3 rtt
S= MW• (6-8)

,. 4 Envelope To be reduced in size
asiuming the hole extended the length of the when combined with a
piston. delay component (i te-

quird) anda MIO4 Ini-
U43 0"t214 _iator.

= *0.12
4 6-28lr .
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Standard Size length of the hose in inches The volume of
the initiator can be estimated from the

S..Maximum length 6in. envelope dhmenoL. Since no artridge is
"used (the M104 Initiator Is used), a

Maximum wilth 3 in. substantial reduction of the size of the
chamber may be accomplished. The initial

Maximum thickness 2 in. volume of the chamber (0.147 in.3 ) of the
M104 Initiator ias calculated from its dimen-

Operatin tern- -6r to slrs

penttuve li-mits 2OF The computed volumes and Eq. 4-23 are
Delay time 0.3 mc used to determirne the propellant charge. The

charge weight is calculated a follows:
Pressue delivered
at end of IS ft No. P . 12FC I(
4 hose at 70 P t 5*F 2300 psi max V=+V-• --0 FC (4-23)

L 1000 p min
Method of aSolve for charge weight C

--.IM + ~,S,,(7- 1) W(V -V)
CF(2) M 104 Ird tiator. ,+V ,J~-P

Operating tempera- -65 to where
K.. tufe limits +200*F

P, = 600ps
Pressure delivered atSendoflS ft No. 4 h, = 30-l..b/in.'_•hose at 70r I rF 600 psi

S $, = 0.0276 in.'
Method of actua-
tion ps V 0.062 in.3

!C

6-43 FIRST-ORDER APPROXIMATIONS V, = 4.9 in,?

The propellant charge must be calculated U1S.25
prior to estimating the peak pressure, which
the device must be designed to withstand. The P = 0.25
pro ellant charge can be calculated on the
basis of the pressure that is to be generated in F I X I0W ft-lb/lb
the pressure aae chamber and the volumes of
the pressu• chamber, hose. and initiator Substituting these values in Er. 4-23 gives a
chamber. c ge weight of

sTe volume of te pressure gage chamber isMped~ as 0.062 in.-I The volume of the C=[0+12 X30 X 0.0276(,.25- 1).

hose can be calculatrd by multiplying the 0.062 + 4.9
carma (0.0.76 in.) by the (coni'd)
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062 manner. Propellant Ps from another surew
X[ 006+. enters the gas inlet port and exerts press=n

X12 X (I X 10XI .. 0.2S on the tiring pin. When sufficient premu is
built up behind the firing pin, the shear pin is

C " 3.3 X I 3 lb a L.S prams sheared and the firing pin is propelled toward
the percussion primer in the delay element

With this calculated charge, the locked-shut unit. The primer igpites the delay charge,• .gr.ew=e may be estimated using Eq. 4-38. which - after the elapsed burning• prmiod -I
will ignite the propellant in the initiator. The

PY - 0.0264 FC (4-38) ps produced by the buntng initiator
propellant then flows through a hose to

Sanother propellant actuated device.

0.0264 Fr
IVa 64A.2 FIRING MECHANISM

Tile firing mechanism condsiss of a firing
• w here pin and a shear pin. The firing pin (Fig. 620)

' • is a small alurnf'aum alloy cylinder with a
C acharge weight (1.5 grams) ()/projection (tip) on one end and a slot an the

/l dh om 0 n.other end. A shear-pin hole is located radially
V a lckedshutvolum (0.147 n.3)in the body of the firing pin.Thsol

accommodates a 0.040-in.-diameter shear pin
0.0264 X1.5 X lO0

p . that positions and retains the firing pin in the
0.147 housing prior to actuation. The slot in the )

"fear face of the ruing pin permits the pin to '_.
P ft 26,900 psi be turned in the breech during assembly to

align the shear pin holes in the firing pin body
The device, therefore, should be destned and the bree:h, An OO-ng on the firing pin

to withstand a maximum locked-shut pressure prerents the w entering the inlet port from
of 269gU0 ps escaping past the firing pin. The 0-ring is

located so that it does not pats over the shear
"A 44 O NENT ARRANGEMENT pin hole as the pin is propelled forward. The

length-to-diameter ratio of the firing pin was
A mq* esimate of envelope size has been established at 0.9 (Table 4-3) and the travel

hugl the fir l-order approxima- was designed to produce the required 26
e rwrin mechanism, the delay in.-oz of energy to fire the M42 Primer (Table

sno uwk and the initiator (M 104) have 4-2).1. hee dem*e to fit into the estimateds AnI " Te min tft bradd et has been "44.3 MEAY ELEMENT

6 iu coI unction with the estimate A design requirement spearfied (wee par.
Ie,,@ riad the firing mechanism. This 6-4.2) that a 0.3-sec delay be included. This is

* brdca Am wl permit interchange of the provided by the delay element assembly, Fig.
1ItJ IWe Fg. 6-19) subminiature size 6-21. 7 delay element consists ofa body. a

wift the standard size iritiator in an retainer and primer subassembly, and the
aicaft • a ystem. delay charge. The delay charge consists of an

output material, and a delay composition of
6441 INITIATOR barium chromate amd boron. The delay time

is controlled by variations of the composition
SThe itiator ope tes in the foflowing and weight. The mixture is pressed into pellet
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Sform, and inserted in increments into the This inititator consists of' a femate wnd male
•:d~ley body. It has been determined that two bodies which, when assembled forms the
Spelkles of output material, aind two hwv chazmber which contains the propellant. The
r"ments of delay compo~sition amreqruired. Pth female body has one open end, i.e.. a cavty
•:.delay composition Increments ame pressed Into with in Internal thread. At the otheir end. a
•"the cavity separately. projection from the body provides a standard

• " nude (fittingl) thread. A hole runs through the
nTe delay charge is ignitW by a percusson center or the thread into the cavity. The male

::primer. The gsm produced during the burning body is similar to the female body, except
.. of the delay charge is contained within the that at the open end an external thread is

volumne of the delay element. When the delay provided. A fhash tube is fitted into the holes
• element burns through (with a laminar through the centenr of' both bodies. This tube
•thermal reaction) the output material (pellets has a blind hole drilled in from each vnd to
;.-see Sig 6-21) the Saws produced pass within 1 /8in. of each other. Also, close to the

•-through into the initiator. bottom of each of these holes. eight holes are
,. drilled inward from the outside diarnetef into
' ~these holes. These boles permit the hot pses,

•- 6.4k44 M1041INITIATOR entering through one end to ign~ite fth,
S~propellant in the cavity. The burning

i"•:The M104 Initiator, Figl. 6-22, wps first propellant generates the Ips pressure that wvill
d- de• as an -in-line" initiator, of reduced bleed off through the other end of the

i'size. This item would be inserted at initiator. The male threads extending from
•-appropriate points in the transmission base of' the bodies permit the attachingi of the hoop

an einerincy escape system where a boost in whereby the initiator is connected to anoti*t --
ga pressure is necessary. As mentioned in pat. remotely installed propellant actuated de,,kc. •
6-4. 1. this initiator made possible the The olh,.'r thread permits the attachment of a
cdevelopmrent of the new f'amily of subminia- ri'ng mechani~sm and/or a delay unit when

Stur inftit-torm required.

I.

FEMAI BO AE91

foni, dIse n

Figon 64re 2. Initiator, e tpo wllant Acnuated, M10t A d tm t h e
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"" 45 COWMPONENT DEVN 0.5631 X (77000 X 0.6) X 0.6717
3 X (0.7615/2)2

64.&1 FIRING PIN 1O•O ING

The firing rn 1ousins. Fit. 6-23. k a dead
cyfindet with an axial gla inlet port t one The prceding calculation indicates that the
ed. A pair of nlu surfaces are induced on item will be retained in the mounting bracket
the outaide diameter at this end to permit when subjected to the estimated lorked.shut
ift•u ?t be held when ammbflng the unit. The pressure.
ruing pin 6& Itated ahead of the pa inlet port
where it cameikt t contacted by the end of "J2 DELAY ELEMENT BOOY
he l,•w fittL-4. A male thred is located an

the exterior next to the (itz and above the The delay element body is steel cylinder
section housirtg the luring pin. A "halow open at both ends. One end incorporates am
countertored hole is followed by a smaller axial hole which houses the retainer and
diameter hole, for the firing pin shear pin is primer subassembly (see Fig. 6-25). A hole
bort throush the external thread and into with a smaller diameter follows. The output
the au carrying the firing pin. A rubber plug materi and the delay compositio we

is Pesd into the counter bored hole. A contained in this section. A shoulder is
fart pin stop shoulder is included at the end included at the end of this chamber. The
of the finng pin chambef. A hole in this shouldie has a central small hole that leads
shoulder permits the firing pin projection to into the next cavity. A standard fitting type
extend into the next chamber. ThI shoulder female thread in this cavity permits assembly
thickness is conatrtd ao that the firing to the MI104 Initiator.
pmotruaion "sall be within 0.025 to 0.031 in.

A .. s re Tabie 4-5). A bol on this side of the The exterior diameter ,f the body is
shoulder is cf a diameter eqvill to the minor smaller at the primer end. The diameter at the
diameter of the female thread which con- other end approximates the outside diameters
tinues to the end of the housing. The delay of the adjacent components (see Fig. 6-1q). A
unit is screwed into this end of the housing pair of narrow flat surface-. am provided on
until it contacts th-. stop shoulder. The this diameter to permit holding the part at
exteri• thread permits the avsembly of the assembly.
initiator to a mnounting bracket (Fig. 6-24)
which in turn permits adoption of the An exterior thread is included on the
imtiator into the aircraft escape "em. smaller diameter adjacent to the lare

diameter. Th7is provides for assembly of the
Te maximum p."ftiure that the threaded delay unit to the firing mechanism. The

at-a (between the housing and mounting maximum pressure which this thread will
bracket) will withstand n calculated using Eq. withstand is calculated using Eq. 4-37. (It is

* 4-37. (It is assumed the motmting bracket will ausumed the part will be made of a carbon
be nade of 707S-T6 aluminum alloy per steel bar, specificatio QQ-S-637.)
specifcatiom QQA-22S/1.)

3PR'P3R' L
S" (4-373)

LSd
LS d P;; 3R 3

3RA t4-37)
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0.231 X (80.000 X 0.6) X 0.369424 may fail to hold the Initiator to the adjacent

0.448798 components.

S 2 ' The wall thickness required, may be found

by using the curm of Fig. 4-5, sheet no. I.
'• 27,000 pU The bodies ame made of steel, with a yield

This calculation indicates that the Aelay strength or 40,000 psi. The mating of the male
unit will not neparate from the firing body with the female body forms the wall of

imi wil nt sparte rom thefirnhe pm lln chamber (see Fig. 6-22). The
mechanism upon development of the locked- the areant chnsber aste sid 6- ll of

Jvesded area is considemd as the solid wall of
shut pressure previously estimated. t

P 25.100 X 1.15"
64.5.3 INITIATOR (M104) BODIES __ " . 0.722

Y 40,000
The chamber that contains the initiator

(M 113) propellant is formed by the assembly The maximum pressure that the male
of the female and male bodies described in threads at the end of bodies will withstand
par. 6-4.4.4 (see Fig. 6-22). The male threads has been determined as follows. These male
extending from the bodies permit assembly of threads awe identical to the male thread on the
the item as an in-line initiator. Also, when delay element body (see par. 6-4.5.2). Also,
combined with a firing mechanism (gas or the length of thread on the initiatur bodies is
mechanical) and/or a delay unit, it will slightly longer than that on the delay element
cornplete a minia'ture initialto, body. Therefore. as determined in par. 6-4.5.2

the initiator will not separate from the
This initiator may fail in either or both of adjacent components when surojected to the

the following conditions: (I) the chamber estimated locked-shut pressure.
walls may not contain the estimated locked-
4iut pressure (25.100 psi) and (2) the threads 'S.fety twem
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cHA,"TER 7

PERFORMANCE EVALUATION

7-1 TEST PROCEDURES The firingp which must be conducted and
the dmhacterstlcs which must be recorded ae

7-1.1 GENERAL deterndned b7 the design requirements. The
ballistic firing popam described i typical.

Two Military Speaficatiom, MIL-C83124 except when a device contains a component
and MIL-C-8312S. rspectively, refer to the o sbasemby tat is identical to one that is
test procedures that apply to cartridge a prt of an already standardized device; then
actuated devices and to the cartridges for al1 or a pornion of the baibtic fings ay be
these items. Separate specfications exist for waised by ageement with ,er.
aircraft emergency escape systems and electric
ignition elements. Testing that is pcrformed/ o~~~~~~n a piopeihat actuated devic is €oodutedd -.. WOK REMOLEAU-

to determ if the r-qun ts ota ined i
these specifications are met. .3. .,A to deve2rp the

7-1.2 DEVELOPMENT EVALUATON PRO1. ge determine the locked-shut prtessmre,
GRAM md check the general operation. The

-eatim up model may include prosions for
7-1Z.1 GENERAL rainsoschfg aeristics that may not be

ein later models; for example, it may

During the development program. newly be designed to acrpt presme pickups or
designed propelant actuated d r•evices we c& peoleti to. record interna pqre.sre.

usted to insure that they meet design require-
fnentL Workhorse mokels, strong enough to Normally, the test program that follows is

stand repeated fringp. are fabricated from de- imlmenzed Workhorse models we fl at
fr t draevelop These worhorse models are 70"F to establish the propellant charge. A
ired to develop the proper Charge and to U- minimum of three rounds are rued with each

sure the feasibility of the design. After charge experimental charge. When a chadue produces
development and the elinination of weak- tisfactory results, a series of at least 10
nes in design through frinp and modifica- rounds is fired; S at -6rF. and 5 at 200*F.

tion of the workhorse models, several proto- If the performance at -65OF and 20(fF is
type models are fabricated and evaluated, stisfactory, five cartridges ae fired at -90WF

to insure that the ignition system functions
Prior to development firing, it is important properly When the locked-shut requrments

that all devices be given a 100 percent inspec- are specified, a series of at least three firing is
tion and the dimensions recorded so that, in conducted at 200aF to determine that the
the event of malfunction or failure, the units maximum pressure which the device may
may be checked against their oriinal dimen- experience can be tolerated.

- ions. All cartridges should be X-rayed to as-
certain proper assembly of primer compo-
nents. If "no-load" renquiremeints are given, a

7-1
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miiumo three wrow ij n the "no~oad" 7-1.23±3 DMV Tft0
condition must be tested. and the pub
inspected for rupture or permanent deformk- Three units that have been vibrated are
tion. Component dimensions may be checked dropped 6 ft onto a slab of reinforced
aVin original inspection records to deter- concrete. Two of the three units are dropped
mine if deformation ha taken place. No-load so that the longitudinal axis of the firing
requirements generally we given with deed. mechanism is ierpefAdiclar to the concrete at
system stroking devices to insure that the the instant of Impact. The units should strike
body of the device will retain the piston, the concrete at opposite ends of the
tubes. cutter blade, or gas pressure when the longitudinal axis. The third unit is dropped so
device is operated and permitted to stoka that the axis of the ruing mechanism Is
without a restrnn load, parallel to the concrete at the istant of

imfc,;a-. A simila tes is carried out from 40
, The satisfactory completion of these firing ft.

qualifies the device for prototype evaluation.
7.1.23±4 lId Sbu*M

7-1.23 PROTOTYPE EVALUATION
Several special cartridges an fabricated and

MA1X31 GENERAL used to evaluate wall strength. One special
cartride sWhuld provide ISO percent of the

Evaluating prototype imits is conducted to madmum peak operationa pressur. Thi
insure that the performance of the heaiy-duty catridge is fired in a uit after conditionill
workhoirs miode can be duplicated in a at 2000F. and the unit is inspected for
device that meets weight restictions. Two deformation. A second special cartridge is
progams are conducted: structual and fabricated with suf'icent charge to produce \
performance. 115 percent of the maximum locked-shut

pressure obtained in the workhorse model
7-1.2.3.2 STRUCTURAL EVALUATION tests. This cartridge is installed in a unit that

PROGRAM is conditioned at 200*1F, and the inut is fired
locked shut. If rupture does not occur, the

7-1.2.3.2.1 Ganari unit is acceptable. When the design doen not
permit the use of a boosted charge,

Structural evaluation inludes tension, hydrostatic tests are submitted. In hydrostatic
compression. vibration, drop, wail strength, tests, a fluid i pumped into the pressure
and leakage tests. The tension and comprw- chamber of the device at pressures compara-
sioan tests am conducted at -65", 70', and ble to those obtained with the special
20"-F with the device mounted as it will be cartridges This test often is used to test wal
mounted in senior. The maximum loads ae strength in catput tubes.
applied, and the trunnions and iitial andfinal lok ame checed tot permanent 7-1.12.5,Z No-lond R*W4uines
deformation or failure.

A rnal structue test is necessary for
7.1.2.3.2 Vil'es thrusters and cutters required to withstand

no-load firings. These units ae coonditioned at
At least three units are vibrated in 200* F and fired. The devices are inspected for

-• - accordance with Military Specificatios. permanent deformation or component failure.

7-2
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The interWl and external joints of the 7-1.2334 Emkuniv Pastomm
device ate tightened to the minimum
breakaway torque, as specified, and the Four prototype units am subjected to
amesmbled units an tested for leaks. environmental conditioning. Thes eval-

ations . :ude vibration, high. and tow-tem-
-1.2.3.2.6 F-elkhn peratures. temperatre-shock cycling, and

temperaturea-titude-humidity tests.
If a failure occurs during the structural

tests, the deficiency must be corrected before 7.123.3. F
S... -•the Impi lpi is .tusumed.

A new development program must be

7-1.2.3.3 PERFORMANCE initiated if a failure occus during any
evaluation and a design modification is

7-.123.110no necsury.

Thu satisfactory completion of the struc- 7-1.3 ENGINEERING DESIGN TESTS
tund evaluation program qualifies the d-Lsign
for the second phase of the prototype After successful completion of prototype
evaluation proram: perfor•m-e evaluation, testing. the cartridge actuated device or

P noocartridge is subjected to Engneering Design
pwroumc evalustt of the pr~ottype Tests. Pror to tn stat of Engneering Design

design is the final phase in the development Tets. metal part assembly inspections are
evaluation program. A sufficient number of conducted to insure that only properly
prototype modeh must be fabricated to manufactured items will undergo Engineering
penmit the progiam described. Design Tests.

.,I 7-1.3.3.2 Purarwms Raplrmuns If a device already exists and a new
cartridge is developed, the requirements of

At least 1O firings at each temperature, MIL.C-83125 are followed. If a device is
-6S5. 70", and 200' F, are conducted to developed where the propellant is an integral
irsune that the performance of the device part (e.g, cat in the wuit), the requirementsmee design rmqu-ements. To check ignition of MIL-IC3124 are used. In the main,

and the action of the firing mechanism below however, the develomant of a devize usually
the knvest specified temperature, at least 10 includes the development of a cartridge and
twinp ame conducted at -90F. These usually the requirements of both specifications apply.
ane done using only the cartridge and firing
mechanism portion of the device. 7-2 INSTRUMENTATION

7-12.3.3.3 No Lmad d Locked iunt 7-2.1 GENERAL

At least two prototype models ae Instrumentation is used in PAD ballistic
fabricated with their chamber walls machined testing to conlect, process, and record
to the minimum thickness specified on the perfornuance information. Safety considera
"parts drawing. These unti are conditioned at tons mandate that PAD's be tested remotely.
200"F and fired locked shut. if no-load MIL-C43124 (General Design Specification
requirements are specified, several units an for CADIPAD) lists three requirements fur
tested at -6S5 and 200(F under no load, and irstruwentation:

- - the units an inspected for permanent
deformation. (1) Must 7e state-of-.t3w-.
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.2) Accuracy shall conform to require and reduced automnatically. Mtikxmputm ')

menat of MIL-STD.810. tan be flexibly programmed and interfaced to
display. printing, or plo4ting devicen. Econoon-

(3) Documented calibration records be ic consideraions dictate that automatic
maintained and be available for Inspection by ro n equipment should be employed for
the.cognizant designs atlgery, petitlous fnctions associated with data

•: fred,•win.

MIA1. MEASREMNT~ OBJECTIVES 7-2.1.3 SOURCES Of MEASUREMENT ER-
ROR

/ • The obkecde for messurnS PAD pafam-

Sete duurt basti tests ame to: 7-2.1.3.1 UMITATIONS OF THE MEASUR-
ING EUIMWENT

(1) etekh thefe"htyof a design
(I) ete'mbe th fesiblityof deignErrors in equipment accuracy may be due

S.... (2) Measure the c s i and ocmpke- to lnearity, mm diff, hytes. frequencywsa n of adesign. response. and -sensitivit changes caused by
deteri-aoi or equipmu t. Peid calibra-

(3) Uncomw PAD defects at an early stage. bon should be performed to detect any such

(4) Evaluate the performance o the
system: 7-2.1.3.2 EW.RONMENTAL INFLUENCES

(5) Determn e data for a new or impoved Use of equipment in temperatus. humid-
-desin, ities, or other emironments for which the

equipment was not intended will introduce

(6) Confirm theoretical calculauomn Cflorl

Careful mstsuw-mmts we required to aom- 7-21.3.3 INTERFERENCE
plish these ai•s.

Conducted kmterfaoce is caused by
fluctuations in AC supply olage. voltage bin

7-Z.1.2 SELECTION OF MEASUREMENT due to unbalanced cimuitry. etc. Interferenc,

EOUIPMIENI can also be caused by stray radiation, which
can eai influece low kvw ba uca

There re many stte-of-the-art methods siWuab. For example, a siial line in dose
available for mensuring ballistic data. The proximity to an AC powes line may pick up

MII.-,SPECs for qualified items and the -Test (have induced) some AC sgnal. As aaoLter
and Evaluation Request" form' for unqualified example, unshielded arcng switches wil
items indicate the parameters that are to be generate electromagnetic radiation. Ia ibwu-
measured, with specified range and accuracy. mentation. therefore, it is necessary to oe
The parbcular method used ta collect these regulated AC power, to shiedl all sipia] lines
data should be based on factors of conve- and isolate them from power lines and take
nience of use, cot, reliabisity. etc. Generally, any other measures inecesmy to prevent
the required accuracy is 2% and the interference.
equipment should be capable of resparding to
rise times of 2 msec and higher. 7-2.1.3A INTIRACTION

Since the introduction of automatic data The equipment used to measure a phenom-
piocessng equipment, data can be analyzed enon should not influence the phenomenon in
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mny way. A voltmeter, for example shculd test and measuring equipment. Calibration
have a sufficiently high input Impedance so rot only sitould be performied on compo-
that It *vml~ provid a current path that will nents, but on the entire Instumentation
interfere with the voltioe Wing measured, system. Calibratiao is performed~ by compar-
Likewise. a presure transducer placed in a Ing equipment with precision standards whose
system shoud not alter the volume (and accuracy is traceable to the National Bureau
therftore pressure) or that systm esrn of Standards.
equipment. therefore, must be examinod to

insm ~ ~ ~ it ismauin hnmnsa o 7-2.2 INSTRUMENTATION COMPONENITS
inteacting with it.

74135 E~O SE IMEPAD instrumentation may be vie~wed am
open system consisting of input devices signal

Special precutions must be taken whien coeioaduttdecs(eeFg7I)
measuring time. The "RC" effect in transmis-
doce [ines and som Instrument circuitry :ends 7-22.1 INPUT DEVICES
to introduce a& time lag. Likewie amplifiers ntdei covrphsalqniis
and other components should be chosen with ntdecscoerphialqatts

* sumfficient frequency rewals to handle PAD into signal voltags that can in turn be
- - -n dyn igncl& amplified or otherwise made into suitable

form for recording or indication. Input
7411.3 SYSTEM ERRORS dievices are either active. meaning they

gnerate their own voltage, or passive, in
Even wh~en eachinstrumne. ta~in compeo which case they alter a pre-existing voltage.

nen has hig acurcy the whl yse a For PAD use. input devices must be rugged.
noL hismaybe de t inorret ipednce accurate within 1%, convenient to "~, and

matching between components. cumulative respond to 2 resec rme times. Some input
component errors. etc. Therefore, it is devices commonly used in PAD instrunmeta-
necessary to calibrate the whole syef j-hi tion will now be discussed.
is done by generating standard parameteirs
into the input dpwice and comparing with the 7-.2.1.? STRAIN GAGE TRANSDUCERS

r rmalied data fromfthe"~em.
7-2..37ERR~RS P OMRVAlQNStrain gage transducers are passive input

7-Z117 EROR OF 3SE ION devices that convert strain on an elastic
AND INTERPRETATION elemnen into voltage signals. Strain gages are

* wsed to measurv force. pressure, and accelera-
These errors occur because smie output tion. They are based on two principles:

devices are diflcuit to read (e.g.. wrnlog Hooke's law and Ohm's law (in conjunction
meters) and others produce complex data with the reitvity equation ft.- wire).
output that requires careful inteTpretation
(multichannel oscillopuaph records). Human In simplest oram, a shrain pge vonitsts of a
evnx of this sort often can be minimized by wire about 5 in. long and approximately
use of automatic data analyzing equipment 0.001 in. in diameter wound into a grid shape
that prints out data summaries, and securely bonded with cement to the

surface of the test member (elastic element)
7-2.1A CAUSRATION to be measured (see Fig. 7-2).

To insure the accuracy of the instrumenta- In accordance with Hookeat Law. the
tion, penodic calibration is required on all deformatiorn (gtrain) on the elastic test
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- -Active Wire
- (Strain C-ate )

II

"Carrier Sheet'

L e a d W i e s0

Figure 7-2. Strain Gag

member is proportional to the applied load: W= deforming force

W KY (7-1) K = constant of proportionality

where The strain ge (on the carrier shect) is
Ibonded to the test member so it deforms

-Y= elongation longitudinally an equal amount as the test
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-.. meter. It will be found that Its resistance along the outer arcunmference. Usually the

duhav is proportional to the elongation. The four gage are of equal resistance (350 n") and
basic equation is that for wire resistivity: arranged as in Fig. 7.4.

R p L/A - K LID2 (7-2) Generally the excitation voltage is 5 V. As
mentioned earlier. two increase in resistance

where (at tension points) and two decrease in
resistance (at comrression points) as in Fig.

R R resistance 7-5. In actual practice, adjustment resistors
am added within the transduce to improve

L - length of wire linearity and other characteristics. As can be
seen from Fig. 7-5, the resistance of parallel

A-warea of wire branches AB and CD remain constant as
viewed from the input terminals and since E

D = diameter of wire excitation remains constant., i. and /C D
- rsalso are constant. As load is applied to the

p. K= resistivity constants test member and R changes, the voltage
potential across each arm will charge and in

Differentiating. it will be found that: such a way that the output voltage will be
proportional to AR.

* ~~dR IL
dR= G L (7-3) Strain gage pressure trnsducers are load
*R cells modified as in Fig. 7-6. P-.esure building

"" where G is the gage factor and is equal to I- up in the inlet port pushes against the sealing
2(dD/DdL/L)+ dp/pIdLIL. Over the range of disk. Because the inlot cylinder area is
gage operation, G will be relatively constant, constant, the incoming pressute can be

considered as a force (F= PA). The force on
Single strain gaps are useful but have the the sealing disk is transmitted to a piston and

following limitations: in turn to a ring (similar to the one used in a
load cell). Strain gages mounted on the

(I) Change in output AR is small corn- circumference of the ring complete the
pared to the base R. pressure transducer.

(2) They are highly temperature setsitive.

(3) Impedance changes with load.

(4) Side loads tend to introduce significnt
errors.

All these problems are solved by usiag four
strain gages in Wheatstone bridge formation
bonded to a ring shaped elastic member (see
Fig. 7-3).

Two of the gages are bondd at compres-
sion point's on the inner circurmference and Figuir 7-3 Ring Shaaped Tst Member Used
the other two are bonded at tension points With Strain Gage Wheatstone Bridge
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-M 700-M

outout

voltaie 6

Figure 74. Whatetone Bridge Strain Gap Tra•ducer

Strain pe accelerometers use an elastic 7-2.2.12 THE SWITCH
(spring) member with four strain pges. A ball
of known mass pushes aiajnst this member A switch is a rmssive device that opens or
under acceleration in Kcordance with F a ma closes an electric circuit. Switches are wFed to

.pas a discrete signal when ce•tain force.
Strain gage trmnsdurers are used in PAD Pr-ssure,. or rv•l conditions are rnt: In PAD

work because of their durability, high instrumentation. three types are ommonty
-ccuracy (>99.5%), and adequate frequency cmptoyed; the snap-action switch, th. carton
response, rod. and the pressure switch.

Ar A

Arm

output
voltage

where P - 35n1 0 and excitation voltage - 5 V

Figpre 7-5. Detailed Strain Gap Or.doe
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preasure Inlet

i Visto"

Fi*P 7.6.Srain Gap Prevwm Trrawcu

WhenI aI;a q'ied force pushes apirt the one type. the pressure pushes against a spring
_ euerua leey of a sp-.cticon switch (see Fig. loaded piston. When the pressure is sufficient.
7-7L. the internal electrical contacts open or the metallic piston travels back and directly
close with a quick movement. In a snap-action closes a circuit. In another type. the pressure
switch there is no intermeliate position, the builds up against a diaphragm which in turn
contacts are either open or closed. In PAD actuates a snap action switch. The pressure
tetting, the blast of delay ignition elements switch normally is used to indicate the start
serves as the actuatng force. Since all ot rise of pressure., and this signal can be
sap-action switches have an inherent time transmitted to a cowniter or graph.
delay, though usually very short. care must be
taken to insure that this time error is 7-2.2.1.3 MAGNETIC SENSOR
acceptable,

The magnetic sensor is an active device tor
Carbon ruds are of small diameter and detecting moving ferrous targets. When the

brittle, srch as the lead used in mechanical ferrous target disrupts the magnetic field, an
penuls. When a projectile or movi,:g PAD electrical voltage is generated. There are three
component strikes the carbon rod. it breaks it factors which determine the amount of
and this functions like tl•e opening of a voltage generated (given a particular magnetic
switch. Carbon rods, then. can indicate sensor): (I) the target spe.:d, (2) the ge-
amount of travel of a projectile; and if two ometry (sze and shape) ot the tar-
rods are positioned, one behind the other, get. (3) target distance from the sensor.
velocity can be measured.

The rnagretic sensor is constructed so that
Prmture switches are designed so that a a coil of wire is placed in the field of a

gven pre-sure will open or )ose a circuit. In permanent bar magnet (see Fig 7-8). The
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actuating force (blast)

spring

FP-gre 7-7. &W acdon Swftdý

ferromagnetic target passing through the field Where

is a magnetic "conductor" (high permeability)
anc. so the magretic "cuirrent" (flux) E -inducedemf in cod
increwses. The resultant emr induced in the
coil is: n anumber of turns of the coil that pas

through the afrected magnetic field

E= dt 7~ d# uchangein flux

ferrous case

Moving
ferrous
tar pe t

Figure. 7-8. Magnetic Senwo and PAiwng Targt
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do e time period during which the chanue (2) Plemoelectric transducers work on the
In fux occurs principle that crytalh produce a voltage when

subjected to external forces or prensurs.
The coil is situated at the end of the They are small. high-impedance devices with

magnet by which the target pases and outstanding dynamic response capabilties
consists of numerous turns so that maximum
emf is generated. The magnet and coil are (3) Thermocouple networks are uwed to
encased in a ferrous shell that seves the measure temperature. They produce an
primary function of shunting any stray fields accurate millivoltage output that is a function
so that the coil will be interference free. of the materials used and the temperature

differential between a reference junction and
As the target approaches the centerline or the measuring junction.

the sensor an emf is induced in the sensor.
When the target passes the centerline and (4) The photoelectric system is based on
mowes to the other side an emf of opposite the quality oa some m-terias to chinge their
polarity is induced The result is that a sine electrical characteristics when subjected to
wave is generated. Pulse forming networks can light. Some are photoresistive and change
be used if a sharper signal than a sine wave is their resistance to a current; others are
desired. Also, digital output sensors arm photogenerative and generate a voltage.
available. Photo-cells are used to measure travel and

vclocity. They must be used carefully since
Besides being employed to measure veloc- they often have an associated time delay.

ity of a passing target, magnetic sensors can
indicatte PAD ',._o..This is done by Many other principles are used to translate
attaching a magnetic sensor either directly or physical quantities into voltage signals. Input
through mechanical leverage to a PAD. When devices are purchased and used in ac. ,rdance
it is fired it will vibrate and the distance with considerations in par. 7-2.1.2.
'ctween the PAD and the sensor will vary,
inducing a voltage signal. 7-2.2.2 SIGNAL CONVERSION

7-2.2.1.4 OTHER TRANSDUCERS Signal conversion is the process of convert-
ing the signal from the input device into a

Other transducers used in PAD testing form compatible with the output device.
include:

7-2.2.2.1 GAGE ZERO COMPENSATION

(1) The variable reluctance transducer, in

which pressure, force, or acceleration cause a 7his compensates for any initial ero
movable vomponent within the transducer to untalance (bias) in the input device. For
vary, thus changing the gap space and example, a load cell may have a slight voltage
magnetic circuit reluctance in a core configu- output when no load is on it. This voltage,
ration. This produces a proportionate varia- unless corrected, will create an error.
tion in the inductance of the coils and this Generally a zero adjustment procedure
variation is used to modulate the amplitude or increment.t each point on the transducer
frequency of a carrier voltage, with the net linearity curve by th.e same amoarnt (see Fig.
result being an electrical response that is 7-9). This is accomplished for bridge trans-
proportional to the applied pressure. These ducers by counterbalancing any initial voltage
transducers are rugged, produce a high output output by an opposite potential derived from
signal and are low impedance devices, the excitation voltage (see Fig. 7-10).
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7U
uncompena ted Base

4--- charact.rtsatic

after tere
cpene~nat ion

i

Physical Input

F*"s 7-9. Zero Compeowdon

,• 7-2992. GAGE RANGE COMPENSATION (spn) comnpensation is shown in Fig. 7-11I.

This compensates for incorrect output over 7-22.2•3 PRE-FIRE SYSTEM CALIRRA-
the entire range (span). In the ,%mae of mnmy TION•
transducers this adjustment is not nemry
since the same effect vwin meull by changing It is desirable imrnediately before each
the anp~ler gain. The effect of gage range ballistic test to gene. te a signl to the

Ii

Figure 7. 70 . Zero Ba ing circut for n,•ain GageoTrane
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Physical Input

Fip"w 7.,1. Effict of Gap RanW CO pwadrwn

Instrumentation system which provides a 7-2.2.2.4 AMPLIFICATION
standard for meamring the output against.
For example, using an oscillograph, it b The purpose o( an amplifiy in PAD
necessay to produce a reference line (of a insrumentation i to inctaK e the voltage o1
"particular physical load) before firing in order power of a signal (see Fig. 7-13).

[ to measure the ballistic curves produced
during the test. Preferably a physical standard Ampifiers chosen for PAD use should be
should be used to generate this output linear, relponsive from DC to ower 2 kHz.
reference, but, as this is sometimes impracti- have gain capabilities of at least 1000, and be
cal. another meam may be employed, e.g, compatible with input and output devices.
electronic simulation of a physical load. If P

* known relationship exists between an imped- 7.2.2.2.5 ELECTRONIC SWITCH
ance connected to a particular transducer and
a physical load, this impedance can be used to Blectronic switches are used in conjunction
generate a simulated physical load which,, with physical switches (described in par.
when connected to the instrumentation 7-2.2.1.2) to insure immediate transmittal of
system, will produce a mference signal for a sharp signal. This is necessary becaume the
that physical parameter. For example, in the cable leading from the physical switch
can of a resistance bridge, a resistor thrown introduces an "RC" time delay effect (see
in parallel with one arm of the brdge (see Fig. Fig. 7-14) before a usable voltage i reached.

• .7-12) produces an output signal since it The electronic switch overcomes this effect
unallances the circuit and the relationship of by transmitting a short pulse of extremely
this resistive unbalance to a physical load can fast rise time at high voltage. It should be
be ascertained during transducer calibration placed a dose to the ihysical switch as
(e.g., a 67.000-) resistor may produce an possible. Both electron tube and soid-state
output signal equivalent to a 7250-lb load) circuits are available for this function.
Furthermore. the shunt resistance and equiva-
lent load are inversely proportional and so The electron tube circuit employs the
their product is a constant. (called the thyratron tube V, (see Fig. 7-15) When the
K-factor). K = (remsistance) X (simulated physical switch S is dosed, the pgid i thrown
load). Hence, different :esitances can be used relatively positive, overcoming the negativ

. to generate a variety of simulated loads. bias, and causing immediate conduction in the

* 7-14
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calibration
resistot

Fig"e 7. 12 Pr-fire S Msten Calirtk flor .'ridp Cktudt SMaW VEw k
$Sim/adon of a PPhyski./ Load

__t-'s f'll.d th'tron, tu•e Whent. h the L-,ter neinte Ixy-rs is canled the te a.-d
thyntron turns on, the grid Io-se all control is used to control conduction. The current
until the plate voltage ges negative. The injected into the pte layer by applied
thyratron is cut off by a self-quenching circuit potential breaks down the revere bia of the
(using qt) that reduces the plate voltage, center junction. As in the case of the

thyrntron. this causes rapid con':bon. It
A batic slicon controlled rectifier, or also can be made self-quenching by reducing

"thyristor. circuit is shown in Fig. 7-16. The anode current.
thyristor is a four-layer diode consisting of
three junctions. The center junction is reverse 7-.22.1 ANALOG-TO-DIGITAL CONVVER-
biased and normally blocks current. One of SiON

I The voltage gnm comins from tra-
ducers and amplifiers are generally contini
uouly variable (analogs. Therefore, a prehmi-

/ nary function of dital minicomputer is to
7. ," .change the epressimon of the information

From analog to digital, so it ca he
automatically processed. The digital expres-
Am consists of the unambiguous binary
languawg of yes (1) and no (0), correspjing
to the coreJucling and not-conducting staws
or a switching device. Since tae analog input

IUUIp mV changes continuously, the corwertu mustInpt ignore variations in input while each sequen-
tial computation is completed. This process of

Figure 7. 11 ýxample of Liear referinn to the input intermittently is called
- Aiplification sampling.

7.1.
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U voltage

pil/,•'-...power

supply

(A) Equlvalent Circuit

-... .... usable voltage

Time K/"

(1) Voltage-Time Trace

Figur 7-14. EquMaOrt Circuitt w RC- Effect of Lo& Catla and VedUs-t6me Trraw

7-2.2.2.7 DIGITAL PROCESSNG digital processing is econornically advan-
tageous for repetitious data reduction, but it

Digital pOcessing consists of a sequence of ls has disadvantages: (I) may not be
arithmetic, logic, and control operations that economical for R&D testing and (2) is mote
manipulate the data. This sequence of difficult to repair than nonautomatic analog
operalions c controlled by a -programu . equipment.
Minicomputers can be programmed to r,'os-
nize points on a curve. to integrate, etc. Many 7-2.2.3 OUTPUT DEVICES
simnplified computer languages are available
that resemble the Fnglish language and hence The purpoe of an output device is to
make progamming easy. These languages convert instrumentation data into a form

- must. however, be wMd with a standard (usually visible) designed for human under-
translating program and this, unfortunately, standing. Generally speaking, there are two
occupies computer space. catesoies of output devices (1) display

(temporary indication, as on a counter). and
"As mentioned in par. 7-2.1.2, automatic (2) record (permanent record, as on a chart).

7-16

L

http://www.abbottaerospace.com/technical-library


bia

Fip"A 11? VrimpIU'd S fquwWd~ng catho FNIlOOW Tyrstro

ouJtpuJt

J~A

F~we 7-16. S~~mifed Thyrwwr Cirwit

7-17

...... ....

http://www.abbottaerospace.com/technical-library


The most common output dirvices wig now be gere.ted Interacts with the stationary mar C
discussed. netic field and the coil-mirror rotates. In

sc-.onpaphs. ultraviolet light is radiated
?-2.L 111 CO UNT£ER W ww dr wt m irro and the reflected Lig t

beam shines on the graph paper. The system is
A counter Is an electronic device that will designed so that the deflection on the paper is

display frequency, period, and time interval. proportional to the input current (see Fis
-Its most freuent PAD uses are to: (I) moni- 7-18).

Itor oacillator signals to an osillopraph, and .
(2) monitor time intervals to obtain delay Tweve or more of these gphlanometers am
times ane velocties. A typical counter is placed in a graph and hence multidmnel data

! shown in Fig. 7-17. may be recorded, for an ejample, we Fig.

7-19. T11 recording is produced S the
- - To measure time intervals, channel A is fed gaivanometer system just described plus a

*i the "start" signal and channel B the "stop" precision speed motor that drives the paper.

7-2.3.3 PRINTER
The counter functions as follows. Input

: - Y signals are amplified, limited, and shaped into This is a typewriter printer that receives
-. suitable pulses. A time interval is measured by output from a minicomputer. It will printout

counting the pulses of an internal generator in any format to which it has been
occurring between the beginning and end of programmed. Printers usually are programmed
the interval. The internal genemtor i only to print data summaries.

. .extremeiy stable and its frequency is set very
precisely . 7-2.23A OSCILLOIO.

7-2.2.3.2 OSCULLOGRAPH ThEi. is an output device that display 3
V. visual trace of incoming voltages on the face

An oscillograph creates a permanent of a cathode ray tube. An electron beam in
graphic record of a test. The medium is a strip the tube is controlled precisely by horizontal
of paper that is ultraviolet light sensitive mn and vertical deflection plates as electrical
receives such light from reflecting plvanom- ignals we applied to their terminaJl The

÷* .eterm. These ballistic galvanometers consist of electron beam creates a visible trace when it
a coil (with a mirror attached) that is free to strikes the face of the tube and activates the
rotate within a m*.,wtic field. As current is phosphor there. The osilloscope has high
appl•ed to the coil, the magnetism thuz input impedance and high frequency re-

S ..... : .'22 93
O,., E L A OI M M 8 W I.4

r O ,-0-- etl--W-O 0- -4

Figure 7-17. Typica Countm
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mirror -

"" F- ,, light

S. LiZ ksource

"< 4F . OsII scilop Gelvorrtw Synw"

V sPOse, and is quite versatile in use. Its mor system. This system consists of a power
drawback Is the temiorary nature of it supply and switch, a firing line
display. This can be overcome by use of a connectors, a fidng sia monitor, and safety
canra. breaks in the lfe.

_.- 7-.2.2.3.5 OTHER OUTPUT DEVICES 7-2.1 .OWER SUPPLY AND SITCH

Othcr output devices, such as peak readers Ga•ctuated PAD's gnerally we fired by
are available but have limited use in PAD. The releasng highly compressed air (130W psi)
oscillopaph is the most essential PAD output into the firing pin chamber. This air
"device since it produces a complete, analog, duplicates the aKtik of gases from an
and permanent record of a ballistics test. initiator. The compressed air is fed from a

tank through hose and air reservoir to a
7.2.3 FIRING SYSTEM solenoid valve. When the solenoid is actuated

(by a 26 V electric signtal for approximately
AD items fued in PAD ranS anM actuated 50 msec) it passes the air into a hose and then

remotely by means of an electric firing into the PAD firing pin chamber (see Fig.

thrust

time ref erence.Frnatu
lines from oacillatot

Fig"re 7.19. An Oscillo•p•ph Record
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air piuton
and cylinder solenoid

accumulator

electric lines

Fipure 7.2?. Mechancually Amame PAD Firing Appmtw

the firing drcuit The matching safety plus is into two basic categories by function:
cuiried by the proof technucian mid is inserted (1) static fixtures (involving no motion) for
into the jak only after the firing line has gas generating devices, and (2) dynamic
been connected and the range is clear of fixtures for stroking devices.

7.2A.1 FIXTURE DESIGN CONSIDERA.
Finafly. a safety break is located on the TIONS

S_- exit door from the firing range. This break is
automatic: When the door is open the firing Test fixtures generally are fabricated from
circuit is open; when the door is closed, the standard structural steel members and me-
ruing circuit is closed. Once again, all wires in chanical componenti•. Safety factors are quite
the rtuing in are open at this break. The high because the fixtures win be used
purpose of this break is to open the circuit repeatedly and must withstand the stresses
when personnel are in the range (since the due to both R & D and production testing.
door will be open under this circumstance). Furthermore, since the fixtures are used
When the personnel leave the test area before frequently, they must be capable of rapid
the test, they will close the dooe and also reemployment.
close the taring circuit.

Moving parts should be as frictionless a
7-22.5 SEOUEI4NCING SYSTEM possible. They should be supported in such a

way t)l"? they don't twist and bind. The most
"Timers can be arranged to sequence several common test fixture element is the holding

normally manual operations. This eliminates apparatus that holds the PAD (or stationary
operator sequencing mistakes. For example, section. of PAD) in place during the test.
by the push of a single button, the following Sometimes an accelerometer or magnetic
events automatically transpire: (i) warning pickup is attached in order to sense vibration
siren is triggered, (2) oscillograph starts when the PAD actuates and, hence, produce a
running, and (3) the PAD is sent a firing -start" time signal.

/ pulse.

7-L4.2 COMMON TEST FIXTURES
7-2.4 TEST FIXTURES

The three fixtures most frequently used
A variety or test fixtures are in use. and fall are: (I) the pressure chamber, a static fixture
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dynamic fixture for thrusters, and (3) ca pressurized air. The initial volume of the

riale and track, a dynamic fixture for cyllnder b so large that the chang in volume

catapults resulting from the moving piston is neglgible.
Since the volume is constant so Is the pressure

7-2.42.1 PRESSURE CHAMBER which acts on the piston area and hence a
constant load Is produced which opposes the

Pressure chambers am toed rot testing motion or the thruster. Somn cylinders are
P"Itas-eeting derices such as initiators. Thne designed so that air pressure can be built up
fixtue is a cylindrical chamber of a specified on either side of the piston. This method

volume. usually 0.062 in.3 or I in.3 (we Fil. allowi evaluation of retracting type thruster

7-22). The chamber is provided with at least (where the piston withdraws into the device)
two port: one for the hose which leads the a well as pushing type thrusters. Load cells,
gas into the chamber, and the other to permit Press= gages, velocity switches, etc. can be
insertion of a pressure transducer. Sometimes mounted on this fixture.
a third port is used with a valve for rapid and
convenient release of pressure after firing. Ifa 7-2.42.3 TRACK AND CARRIAGE
puse indicating start of rise of pressr••s

* desired, then a prewraae switch can also be The track can be vertically mounted on a
* added. Care must be taken not to change the tower (Fig. 7-24) or horizontally mounted.

system volume with these additional features. Catapults and removem stroke against a load
This can be accomplished by toting up added (carriage) and propel it. By use of different

volume with incompressible grease, reducing carriages and various *eighted atahr2In-"-,
volume of basic chamber, etc. Any of these the total carrage weight can ;Jnge between
changes must be examined to insure they are 60 lb and 1200 lb. One end of the PAD is
not detrimental to instrumentation accuracy. secured to the base of the fixture and the

other end is attached to the carriage. When
7-2,4,2.2 CONSTANT LOAD CYLINDERS the device strokes, it propels the carriage up

the track. In the case of the vertical track, a
Constant load cylinders are designed ror pair of brake shoes on the carriage contacts

PAD'W (thrusters) which have short strokes the rails and decelerates the carriage.

and operate against constant loads of
thousands of pounds. The thruster is posi- The carriage is held at its maximum height
tioned (see Fig. 7--2) so that its struking and lowered as follows. An endless chain,

pressure
pressure chamber

S7 hose from initiator

Figure 7.22. PI,mv Cham Fixtur
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SPRESSURE AIR THRUSTER AND
INETCYLINDER INSTRUMENTATION FIXTt*E

PISTON
HO0USINkG

FiSWre 7.2a Coatant Load Cyfinder

nur.ning the length of tlde tower, normally is 7-2.5 PAD PARAMETERS
IVld fixed bo: may be driven upward or
e.ownward by an electric motor. The sprocket Direct measurement of PAD parameters is
on the car-ii" cnr ,-s this chan :--d, by preferabit to inf-rential Since there is les
virtue of an included clutch, may spin freely chance for error. Hence. many PAD variables
as the carriage ascends but it is prevented are monitored in order to avoid inferential
from spinning in the opposite direction: treatment. For example, catapult acceleration
therefore, when the carriage has reached its can be computed from the thrust monitorfJ
maximum height. it will be held there by the on a load cell; but it caa be more directly
sprocket chain Lomhinalion. To lower the measured by use A" an accclcrometer. The
carriage, the chain is dries in the downward paragraphs that follow wil list the most
direction. permitting the carriage to fall a: important measured PAD piarameters.
rapidly as the chain descends. The chain also
may be driven upward to raise the carriage for
adjusting the PAD under test. 7-2.5.1 DIMENSION PARAMETERS

On the horizontal fixture the track is short
and the carriage travels about 15 ft before it is
decelerated and stopped by a spring and 7-2.5.1.1 LENGTH
hydraulic buffer. It is returned to starting
position manually. Lenglh is measured to insure correct

dimensional alignmenl on fixtu-e, to obtain
7-24.2.4 OTHER FIXTURES travel distance, to insure prcision spacing of

magletic pickups (for velocity measure-
Other PAD testing facilities include the ments). to determine wear and corrosion on

bomb eji%_i- rack, water recovery fixture. parts due to firing, and to reduce data

seals tester, parachute ejector fixture, rotary accurately on instrument graphic output
actuator test fixture, grenade launcher, etc. devices. Dimension gages. steel rules, and steel
Their use is for spefic PAD'L tapes are used to measure length.

7-Z.3
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7-2 J.1 AEMA obtained Indirectly by dividing a known
distance between sensor by the time it takes

Areas of cross sections are measured to for the moving iter' to travel that distance.
establish dimensional changes due to firing of Therefore. a steel rule and a counter must
PAD's, to integrate oscillograph traces, etc. both be used.
Telescoping pga dimension gages, and
planimeters am used. 7-2.5.32 ACCELERATION

7-2.L.1.3 VOLUME This is a required measurement on catapult
tests. A ttain gg accelerometer monitors

Volumes of fittingp and chambers used in this parameter.
tests need to be known because pressure is a
function of system vc..me. Occasionally, 7-2.5.33 RATE OF CHANGE OF ACCEL-
liquid agents am employed in PAD work and ERATION
their volume must be measured. Dimension
gages and gPaduated cylinderm ,etormine This is a requirement on older typc
volume, catapults. It was used as an indication of

dynamic effects on a pilot but has been
7-2.51.A ANGLE superceded by the Dynamic Response Index

(DRI) on newer type catapults. Rate of
The machined angle of rocket nozzles is charge of acceleration is measured from the

very useful ai.formation since it is related acceleration-time curve.
directly to the effective thrust angle. A level
pro ror-ct" uat.ane t'ransducer carn e used. 7.2.5&3.4 ACCELERATION-TIME INTE-

GRALfadr
7-2.5.2 TIME PARAMETERS

This is a requirement on catapults, It ýs
7-2.5.2.1 TIME INTERVALS determined by integrating the bcceleration-

time curve.

Time interval measurements are necessary

to compute velocity using travel sensors. Time 7-2.5.3.5 DYNAMIC RESPONSE INDEX
intervals also determine delay times, period (DRI)
measurerments, etc. Counters are used to
monitor time intervals. It is a requirement on newer type catapults

and is a singe numerical indicator of the
7-25.2.2 FREQUENCY physiol:ical response of a pilot to ejection

dynamics. Since the DFi is a solution of a
Sometimes it is desirable to measure second order differential equation with

t'rflWncy, r-.-:h as for galvanometer calibra- equation acceleration as the driving function.
tion. Frequency can be produced by an manual derivation is difficult, and hence a
oscillator and monitored by a counter. minicomputer is programmed to sample

7-2.53 MOION ARAMTERSacceleration and compute the DRI.

7.2.5&4 FORCE DERIVED PARAMETER

7.2.5.3.1 VELOCITY
7-2.541 FORCE

This is a required measurement on most
stroking PAD's such as catapults. It is Force is a requirement on all stroking

7-25
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PAD'.. It defines the thruat available to move 7-.5. ELECTRICAL PARAMETES,
a seat-man comnbbnstion or an aircraft
component. Load cellsam8f used for ils. MAIM.8. CURRENT
determninatiots.

Currert entering Ignition elements can be
7.2.54.2 WEIGHT monitored continwuousy by use of a current

proportiorier that selects a small, proportion-
Propellant is weighed cafreully since this ate (< 1%) amount of the totsl current and

weight is an important determinant or other directs it to a galvanometer. The current also
ballstic parameters. weight or carriages is cam be passed directly through an ammneter.
important in catapult. remov'ef, and sm
thruster fixture since this represents the 7-2.5.52 VOLTAGE
specified resistance load that must be
overcome. Generally, weight are measured VoltUge ofteni must be monitored in a truing
with precijion scales. system. etc. As with the case of current, a

small, proportionable amount can be applied
7&.3FORCE-TIME INTEGRALJFd1 to a pivarnometer. or it can be measured

directly by a voltmeter.
This is the total impulse and in somecae

is the most important characteristic of a 7-2.5.53 RESISTANCE
stroking device, It is obtained by integrating
the force-time curve. Resistance usually is cheiked before and

after firing of electric ignition elements. An
72.5.44 PRESSUR ordinary meter should not be used to check K

the resistanuce since it may pass a significant -

Chamtx~r pressure is always an important current and set off the clemert accidentally.
-onsideration regarding structural strenzth of Only igniter testers sbould be used since they

*the PAD hardware. It is Lhe prime parameter limit the current to less than 5 mA.
in initiator tests and an important cclditional
pararriter of rocket catapult firngs. It is 7-2.5.5.4 AMPLIFIER CHARACTERISTICS
measured by a strain gag pressure transducer.

* For extremely fast response a piezoelectric This involves mewsurement of gain. Un-
pressure gage can be used. earity. and flatness or frequency response.

This is accomplished by use of digtal
7..&. PRESSURE-TIME INlEGRALfra: voltmeters, oscillators. etc.

The pressure-time integra is the pressure 7-2-.56 OTHER rARAMETERS
analog to the impulse. It is determinied
through integration of the prt~sure-rime 7.2.5.8.1 CASE TEMPERATURE

* curve.
T'his is sometimes used to indicate heat loss

7-Z&54.6 TORQUE in a PAD. A thermocouple sysem is

Torques ame specified for assembly and miyd

* disassembly of PAD's. iind a torque wrench is 7.2.5.82 FLAME TEMPERATURE
used to meet requirements. On most stroking
PAD's, zero torque should be produced This is an accessory thermodynamic param-
during ballistic tests. This zero condition can eter for rockets. It can be measured by
be checked by load cells properly arranged. remote sensing instruments.

7-26
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mm

74 .6.63 FLOW pulse pes directly to the coter and -, rou
an impedance matching attenuating network

Occasionally air flow studies are oon- Into a pgvanometer. Both the graph and
ducted. Ekctroanic or visully indicating counter. therefore. wi display the time
equipment bI used. interval from activation of the initiator to

start of pressure rise in the pressure chamber,
7-2.&64 ACOUSTICAL PARAMETERS In the case of delay Initiaton, this time will

Ie the delay time of the initiator. The
Frequency and amplitude of sound emitted pressure transducer at the pressure chamber is

from a PAD during a ballistic test provide an connected to an osciflogaph (through an
additional method of accessing firing charic- amplifier) and provides a continuous pr-
teristics. wire-time trame (wee Figl. 7-26) which is used

to determine peak pressure and time to peak.

7-L.6 INITIATOR TESTING

7-2.&1 PARAMETERS 7-a-"A REPORT

Usulb two parameters are memred: The report lists identifying information.
pressure and time. The peak pressure i peak pressure, and ignitinn or delay time.
important because it is the best single
indication of the ability of the initiator to
activate another device such as a catapult. The 7-2.6.5 SPECIAL CONSIDERATIONS
rise time is monitored to insure firing with
minimum iesitation (< 50 ,-ns-c). T,•,e excep- It is imperative that there be no gas leaks in
tion is the delay initiator that is purpoely the system. Before firing, all fittings and
designed to pause between its actuation and valves should be tightened. Evidence of gas
firing, leak is (I) propellant ash or dust around

fittings or (2) rapid decrease of pressure-time
7-2.&.2 FIXTURES curve on oscillograph trace.

The initiator is mounted on a block fat
has a magnetic sensor inserted against a steel 7-2. THRUSTER TESTING
pin. When the initiator is activated, the pin
vibrates and this induces the sensor to
gnerate a start pulse ipar. 7-2.2.1.3). Behind 7-27 PARAMETERS
the initiator is placed the tiring mechanism
(par. 7-2.3.1k A hose leads from the iniziator Four characteristics are of interest: peak
(Fig. 7-25) and enters the pressure chamber thrust, stroke length, velocity, and ignition

""(par. 7-2.4.2.1) where a pressure transducer delay. The peak thrust is important because it
and a prewwue switch afe located, is the best single indication of the ability of

the thruster to move a load. The stroke length
7-2.6.3 INSTRUMENTATION determines that the thruster move the load a

su T"icient distance. The velocity indicates the
A3 mentioned in par. 7-2.6.2, the magnetic quickness with which it accoirplishes its task,

sensor generates a staul sgnal that is and the ignition delay must be monitored to
tranrmitted to the graph and counter. The insure that the time between ignition pulse
stop signal is generated by a pressure switch and development of thrust is not excessive.
electrically connected to a thyratron. This (shoul be less than 25 msec)

7-27
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Mechanis

Fipj,' 7-21 Irdasta~rw With Inv *'.wrion AFrtwv

7-L..2 FIXTURES 7-2.7.3 INSTRUMWEKTATION

The constant toad cylinder (par. 7-2.4.2.2) lmwrumcntation on the thruster fixture is
is used with thnzsten sic their specircatiois show. in Fig. 7-27. Comipletioni of stroke is
usually call for a constant resistive load, noted by magnetic sensor or lead break (using

7-28
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i Start mad
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,,n__ _ _ _ _ _ __n_ _ __n_ _ _ C ..

Ii --

Fip74 Initator T4rn
'77

thyratron). Te thrust is monitored conuin- 7-7A RECORD
moWy by a load cef (which I•mnetes a
thrut-time cwe). When w~oci y is meured Besides identifying Information, thrust
it is done by mrema of mpgatic smw sa*aLs. (peak). velocity, stroke, and igntion delay ame
Fot samp;c thune: Llz. Fig F. 7-28. reported.

HOSE TO
THRUSTER STROKE SLIDING AIR PISTON

"INLET PORT MARKER CONTACTV

* !

LOAD CELL THRUSTER AIR CYLINDER

Fpi 7-27. Thnruer and Insmirnsmttmion Fixture
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ýlccitv ar trave

t wt . ._-.-I

"LI Is 4 i ý-6

S|hUsi t tooo

?,ae 7 nLtw Tram

7-2.7.5 SPECIAL CONSIDERATIMN 7-.U . 7STRUMMTATIOM

di, pats in hfxtave mus be kept ThN um enb awe m oatced to te tack
lubricated. If sliarpins are used, care must be as in Fia 7-29. Pnswre gaps. sawka eta.
"taken toinsure .iover dimenion. md load cells mestre the pumeter. The

cwrna contaim a rank with ear teeth which.

7-2.8 RO ET CATAPULT TESTING will
induce in the semon signals that indicate

SPARA R "vel" and velocity. Automatic data pro.
7-.8.1 PARAMETERS csm equipment is nceded to compute DRI

The sin* best indicator of catapult y. A typical oslopph trace of a
TeIbi ar sil thes DInd.o T oe sing ple et rocket catapult test is shown ri Fig. 7-30. The

'..pe lfomal s he DRI. "[ sinle best curves that occur first (to the rioht) an
indicator of rocket performance is impube catapult curves. These curves should, and do,* Fdt. The other paraeten mewr'ed (pr- look the same because the7 we merly
"mse, thrIst, time, acceleration, velocity) wae different aspcts of the same phenomrenoi.
important supplements to the two basc Above them ocur the trave mar indicating
parnaeters inches of trael and the two velocity marks.

"" RTo the left occur the curves due to firing of
"7"" 2.8,2FIXTURES the ri.cket motor. Api aln these ame similar.

One load cell m.. res axial thrust and the
-The carriae horizontal track are used outer normal to axial thyust. TIk resultant

"(par. 7-2.4.2.3). Whereas in the aircraft the thrust can be calculated by vectoral addition.
.stationary" s-o an of the rocket catapult is
attached to the aircraft, in testing in ballisc 7-2.8.4 REPORT
tracks the same section as attached to the
crizna. Thi is done so the rocket (sustai•.r) The report states identifying data. ignitionsection will remain affixed to the satbonary and delay times, I Pdt. f Fdt, acceleration,
fixture so it can be measured on a load cell. velocity, and DRI.
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A P~~~ip,, 7.,M Iiwumsaiw'w. on MorzOnrd Trak for Rockor Cjta&it rast

- - 7-2M8. SECMA CONMDERATIONS buffet, If one is used, should be gentle aioug

* .t . ataulttubs mut b algie toso that ballistic tests will not damage PAD

bi~r and to& le*tibeieded~x cri
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AiNOIX A
CONVERSION OF DISTORTION ENERGY EQIJATION TO MORE UWEFUL

FORMS FOR PROPELLANT ACTUATED DEVICES

"API TRIAXIAL STRESSES A41.2 TANGENTIAL STRESSt

AP1.1 GENERAL 3 PWV'3 - I -D(JI)

.... ( (n - l (4l3) * "- ratio of ube()
where d ine diameter

-" ,a mirli'Mum yidd stn= a Y D * outside diameter

a, ,.rda~strnss a -P A-1.3 AXIAL STRES

va = tonWntI ste P'_OO_
SF 4

P a maximum internal presure4

Id.

-2

F*"g.A-?. Strm Pswwwvrtr

A-I
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o

P D3
F fonredetv toend 4
A "a*wmctional am P "-

So tut the valuu of o., as, and a.frmm P _ w " -I)
* EqL A-i and A-2 into Eq. 4-33 yields "- IJ W ') 14-33)

"" [ f°( ' + dl •1
/Dd +dN1) Ap2 BIAXIAL STRIESSE.

Y (3 W'4 + I)/

S[ (d )]'Y (3W, + til(4-35)
-•.. The derivation of equation 4-36 hs identical

,2Y - 6P &D with that of equation 4-34, except that the
(D3 - d2 1a axial stress @3 as ismo. A deri-amon of this

equation Ped tables of vaum of Wfor values• t.Y2lD3 _d3l2 of PI Y anepiese.ned in arepor'ton the desigln
P2 3W of 1pn tubes.

- )

i Ii

-.-

9- , 
*-
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.4~A - M

P-maximums interusi prea m (si

-minimum stmgth of mtrs(psi)

W =waD rato (outside dahieda

"l .111.006 &05 1.051 lima
0,1 .111.0001 8.C1MIfi 1.0471

"1 .131.0106 Most2 1.05 1.0431.
0.013 1.0182 1.0114 0051 1.0540 1.00
0&014 1.01a2 1.0122 0.06 1.067 I.5
U.15 1.0153 1.0183 CAM5 2.0533 1.0511
3.016 1.0143 1.0141 0.061 1.0694 105
0.017 1.01731 1.0151 GAT6 LONG6 1.051
0.911 1.0113 1.0160 0.05 1.61 .04
0.019 L.019 L.013 0.056 1.00 1.055

6.020 1.010 1*17 0.060 1.06 1.05
0.021 1.021 1,0181 0.061 1.0651 1.0574
0.03 1.0126 1.01W 0.06 LOW6S 1.056
0.03 1.03 I.*=0 0.00 1.3674 1.056
0.024 "a"J4 1.0214 0.044 1.06 1.005
002 1=25 LOIN5 0.065 1.00 1.061
&M02 1.0267 LOW 0.064 1.570 lam
0.01 1.0278 1*34 0.067 1.072 1.00
0.03 LOzft 1.M23 0.060 1*72 1.0647
0.0" IAM3 1.0261 00D L.074 1.065

0-030 1.0309 1.0110 as"0 1.015 1.0
0.061 1.032 1.03 0.071 1.0767 1.067
0.01 1.001 1.0239 0.07 1.071 1.001

*0.023 1.0342 1.03 0.07 1.073 1A06
0.084 t.65 1.05 0.074 Us"i 1.0710
0.035 1.064 Lo318 &M0 1.0014 Lam72
0.06 1.074 LAW33 0*71S Long 1.0"21
0.067 1.03 1.039 0.077 LJUM 1.0742

C03 1.040 LOW6 &013 LOW66 1.0763
0&04 1.041 Lam 0.5 1.0am 1"637
0.041 1.643 ILam 0aim Lem6 1.0735
0.0a2 LAM6 2.666 0.03 1.0*? 1.0
CAMS8 1.0456 1.63 0.063 1.0910 LOW5
6.044 1.0461 1.040 0.06" 1.0 1.0318

0.046 1.0442 1I0624 0.066 1.06 1.064

0.047 1048 1.0434 0.067 1.0958 1.065
CA 0L461OWC kow4 0.098 1.037 1.0"t2
0.04 1.0515 1.0453 0.069 1.09 1Lam1
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0.091 1.05 10 434.0 P &w47 1 1LOSS 1.150

1.1014 1.0940 0.fl0 LIM 1.1636
1m 10"o 1.0,5 0.150 LO I. am

0.0O 1.1063 1.0361 0.111 1.1340 1164
OASIS 1.1064 1.0362 0.114 I.365 1.1671
0.097 1.1107 LOS 6135" 1.1370 1.161
0.106 1.1004 1A0W7 0.35 1.1634 1.17W

0.101 L31P'. 1.1009 0.357 J.1M 1.1730
0,102 1.11.14 L.321 0.158 1.191.4 1.1734
0.103 3.1157 1.1032 &.160 L.IM1 1.1743
M.04 1.1170 1.104 0.160 1.1948 3.1763
&0536118 1.1064 -0.161 I.-INS 1.177
06106 1.1136 1.1097 oGieu 1.1974 1.1716
06101 1.120 1.307 0.136 1.119 1.194
06106 3.134 1.1010 0.651.0 1.1333
0.106 1.312 3.1101 JIM6 3.00 .361
"to1 1.337 1.1116 0.166 1.303 1.1847

06111 1.136 1.113? 0.167 1 AM5 1.1341
0.113 Um37 1.1139 0..1 1.306 1.3376
0,11.1 1.113 1.1151 0.10 3.2061 1.1891
0.114 L1233 1.1161 6.370 1.303 LIM1
0.115 1.1314 1.1375 0.171 1.1112 IM __

0.316 1.1201 1.119? 0.372 1.2137 Lis"4
0.117 1.1351.39 0.17? 1.14 1.190
0.113 1.181 1.11131 0.174 1.1315 1.1I6
0.119 1.334 1.1213 0.175 1.2374 1.1379
0.120 1.1371 1.332 0.176 1.2190 1.1194
0.121 3.1391 1.1346 0.177 1.34 1-2009
0.113 1.1405 Li136 0.173 3.23 JIM03
0.123 1.1419 1.111370.11327109

1.3 3.3423 1.135i

0.126 1.1459 1.1107 0.130 1.23 lip"
0.17 1147 1.3230.131 122134 1.06

0.137 1.1486 1.132 0.183 1Jim0 1.2100
0.139 1.1560 L.83 .3 121Z131
0.130 1.1500 1.130 01194 list3$ 31211

0.31 1.5371.171 .3M lam5 1.2314
0.1310 1.1313 1.1306 0.387 1.226 1.2161
0.131 1.15M 3.13" 0.163 1.226 1.317
0.13 1.150 3.141 0ll= 3.340 II1??
0.132 1.1563 1.1434 0.110 1.343 11*93
0.1334 1.1566 1.1417 .9 .28 .3

0.137 3.1610 1.14 0.1910 Lull JI40

0. 333 1.3154 1.1063 0.191 1.2463 Jim5

0.187 1.141 1.1450 0.194 1.235 1.227

0.131 3.165 13,469 0.135 I.sm0 .126

0.43$ 1.1664 3.3500 0.194 JIM3 3.1

0.140 1.1630 1.1516 8.317 JIM JI

0.141 1.165 1.1503 0.194 1Lots 1*."

0.144 1.1710 1.31i42 MINI9 I-an J

0.345 1.1724 3.3556 JIM03.5

http://www.abbottaerospace.com/technical-library


K,-

APPENDIX C
DERIVATION OF EGUATION USED IN DETERMINING LENGTH OF

ENGAGEMENT OF THREADS

Shear force or male m Force on female Applying a sarety factct of 1.5 yields

"SSAs A PA, 3PR
Li , $d (411)

L 2R'S~d

wher•

A cylindrical st-ear area at aisumed
diameter

d minimum minor diameter or screw

) R * maximum major radius of nut -

S, - shear stress

L a kngth of ngagenment

P pf•t•ure vgureC-?. ThbmsdPu'wkerw

t LI2 b =s btvtvd for L dam artly mv-big Joimody) d * the rmd ksWh 1tay~ is hmod is vmw~k stslrq ft,

C-i 'C-

- ---- -- -- - . -
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APPENDIX D

COMPUTER PROGRAM FOR SIMULATION OF DIRECT STROKING DEVICE

PROGaAll SMaSO I1NPUWOUTPUT.TAP(1UINPUI.IAPE3uOuIPUt)
C SOLID PROPELLANT DIR~ECT I9ALLISTIC STROKING DEVICE
C LEONARD & CESTEUANO cc 45100 Cit *6ag

I00 UoRmAtt41ie1A@I.9"SOLI0 PROPELLANT DIRECT BALLISTIC STROKING DEVICE

* ~102 FOR"A*tSV16
103 FOROIaTI219EITIMC f5EC,.3X9I&,4WUQN DIST (IN)93lv19HCHARGE WEIGHT I

ILBS,.3loISOPRESSUPE tDSIA)*3Ao2vHACCELERATION (fT/SEC SO)93X*17MVE
2LOCITY IFTfSCC,.3XIIINTQOKE (Fil)

104 FORNATtAEXhF10*31
105 VOREaT(SF16.31
106 FORMAT(IkZINPIIX1.'4q,9tM1Ht8X,1MAI
107 FORw4ATI).F7.4,f3ts.Aorlq.J.22r2.,2F?3.2.vI7.3)
106 FORMATIOX946M I COMPUTE INTERVAL ISCC) .......... ,1.
109 FOP"AT(SX.4604 2 PRINT INTERVAL 4SECI ........... V&5
110 FORMATtS1,9ei4 3 STROKE 4FT) *...............T6S
!I! r3w"Ayaai.4.bM & SHOT STARI PRESSU.IC IPSIA) ........ 7ý5
112 TORMAT£AE.&bN S PISTON AREA 49IN)1b*...,........7C~
113 rORMATISI.Aeb4 6 VENT AREA ISO INI ............. F6S
114 roRmAtleXokbm I PRiOPELLED LOAD (LdMI...........,T.5
IIS31 FORMAT(81@46N e ANGLE Of ELEVATION (DEG~REES)
116 fORMAT(RM*abN 9 RETARDATION COEFFICIENT ILBF/TT) oesseoss....r16.'
III TORMATIBIXab'410 TNMP4Al. EFFICIENCY IDIMENSION.LESSI 6*4.*....FIte.sb
lie FOammaIxsEmil RATIO OF SPECIFIC MiEATS 40IMENSIONLESSI esooF16.5)
119 FORATI8X*4bHI2 PROPELLANT DENSITY ILbM/CU IN) ...... T6S
120 rO.AwA1ISIoabmI3 PPOPCLLANT IMPLTUS (FT-LBF/L41M) ...... F16*S)
121 FORMAT44A*46H14 ADIABATIC 1aIS 1OhO4C FLA04E TEPPERATURE (RI oeF1A.Sb
122 rORWATIAX946MIS INITIAL PRIESSURE IPSIA) *.........T~5
123 F0RMA161,a46MI& INITIAL FREE VOLUME (CU IN).........Ve~

I WRITE 13#1001
ftEAO II, 05) PR*
WRITE I36106)

ULIITE(3.1021
OOZIN19a

READ II, l0lbO
uRITE(3.10SIfllV
WRITE 13. 091042)

* ~WRITE0*100411~
WRITE 13. 111) OI4b
wQITE I 3,12)0(s3
INWITE (3.113)0 (6)

WR1TE(3olIID~b(51

NAITE (3. 11631j 49
MR ITE 0. 11110 1G I

.D2
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"WRIT[19E 112

ilRI TE (3 J110 10 k 13

WRITE(Ie1~22I0(is)
WRITCfl.12310£11e
WRITE (3.021
WRITE13*1031

r f 1218111 SI(ISI?.9

csl4m.?G4s

F A(~70)a.I./1'D12)0(l
AP (82.60. Sj ~U2D1101
CmuUnti) '2.
C? mc R1'3. .0(l0(4/43*2/041*,)oi~ ioein
DC101.6016,/f ~
CHAueSZ.2'O45l/fc

DOMA~SOE 1 1,

Tag.

US h .81.0
CI,?) m -i (0.)1.60

6 CEM-j

* XOhievi.)
rp2luO(1).PZA6-71

GWT.~~lK 8

Cltu lC3ISOT(1 17))VO40)** (1Cl?-X30()IP21,)CO
A~1£41*3C..-CSV

ha Ck
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IFITO12.1.1

26 C4l.53AP-r1 .46

is trili uCD*X I 9*2

31 TPRINTUT-CNO0121
IU(A9SSIPRINTI.LC..@OOO01)G0 TO 29

30IF T-TRAX)32*32. 17

25 uIj)MAIJ)
GO 1023

21 CBSO(1)
23 TmT*.C.

D-3/D-4
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APPENDIX E

COMPUTER PROGRAM FOR HIGH-LO STROKING DEVICE

PPOOGRA4 04LU(0I IPUT OUTOTIp0't.1uI a 1-UT *TAP.E 38OtUTP~
c iOL 10 P4OOELCA?1Y MIGM LU9 r4ALLhTaIC STwORING OEVICE

c LF.OrlAhO A flISTEFA040 cc J5100 EAT 6844

t00 FOQiAT)N41

103 FON,4AT(Az.IomTt'E (%EC)o2AvI4MejqrsL,,I, ST lIN)921019mCMARGE 6EIGHT i
3LW412A.2ZO*04GH PWFSSa,-E (0 SI^)92A9I~mLOv PRESS5URE (PSIAlolA.l7mvL
ZLOCITY (V/IIP.3sTJ F.!)l

104 FQw.4&1g~xq4V1O.31
I0 O' qaATgiF16.3I
106 FiukMAT (I" ,

107 rOkMATt*b0xv51,4eOLII) P.4,)-JELL4%T nhI.,M-LO~f dALLISTIC STROKING DCVICEI

Joe F OW14A I(A1. 4614 1 CCiWPu; 1 I440.?vL ESF.C) .............. F6I
109 FD.IMAT441946H ? PRItNT INTERVAL (StýCf *,sees .......... sees..*.Flb.131
I10 FOwmATlAA94bm I STRKEQ~ (FT!) .................. p .5
III FOWMIATMA*4604 4. 1,04T 'STAOF 'RE~iSU-4E IPSIAl ........ 76%
112 FORU4ATIRI.4bM R PISTON AREA 04J 114
113 FO 4ATIAX4Z.6b 6 ORIFICE ap.EA (SU INI............V~,
114 V0IMAY(SX946H 7 PiOOPELL)i) Le)AU IL,14) ............... P65
115 FOR14ATIAX946M A ANC.Lf* F ELEVAr3oN4 (DEGREES) ... e.9...........U6*5
116 F014MAT (Ax *fb"i 9 6REYAWfATIUN CUEFFICIENT (LdF/FYD .... 9.... *0F16.51
117 FOWMAT~dA.46',10 T'4EPMAL ~F1FC1L,~iCY EL)IMEN$ONLESS1 .........4f3A%S)
134 FOP,4ATI~xo.boMi RATtIO OF. SPECIFIC mEATS (DIMENSIONLESS) ... sF I6.bý
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APPENDIX F

CW~dUIER PROGRAM¶ FOR HIGH4-LOW GRAIN DESIGN
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A Cartridge actuated device. 2-1
Cwtridge case

Acceleration, first-orde approxima- gtnera preliminary design, 4-19
tion, 4-7 sizes of existing cases, 4-19

Acceleration measurement, 7-23 volume fint-order approximatlon. 4-7
Aircraft Cartridge head

B-32,1 -2 catapult design example. 6-5
F-5, 3-5 general preliminary design, 4-18.4-19
F.14A. 2-18 Catapults
F-104A. 2-13. 2-16 duca•e weight fist-order approximation,

4 F-I 04C, 2-13 4-6
F-106B, 2-6 cotnpmative data, 2-6
T-38, 3-5 description. 2-3

Aircraft escape systems design example, 6-2
capiule escape systems, 2-13 example of design requirements. b- 2
emergency from commercial first-order approximations, 6-3

aircraft, 2-16 illustration of operation, 2-5
helicopter, 2-16 interior ballistkcs, 5-2
ilustration of test capsule, 2-16 operation. 2-3
neat ejection schematic. 2-15 rocket-assisted

Amnifiers, 7-14 comparativ• dat.. 2-6
description, 2-3

B illustration. 2-7
performance data. 2-6

L-Distic desigp see also: Stroking devices
se: Grain geometry, Interior Chamber. initiator, 4-21

ballistics, Propellant design example, 6-36
Body and chamber desig. 4-21 Charge weigh I
Body, thruster design example. 6-18 see: Propellant charge weight
Breech, thruster design example, 6-21 Closed devices. 2-3, 4- 17

sit aLso: Firing pin guide Column formula. Eiler's. 4-23
Brinelling, 6- 24 Computers
Buffers digital processing. 7-1I

me: Damping systems program for high-.ow grain design. F-I

BypaL% 2-6 program for high-low stroking
thnister requirements 6- I5 device, E- I
we al.o: Thrusters progam for simulation of direct

stroking device, 0- 1
C use of, 4-18, 5-3. 5-6, 5-11. 5-16.

5-18

Cartridge Concentricity. firing pin, 4- 23
catapult design example, 6-5 CoAsrvation of energy. 5-8

general preliminary design, 4-18 Corrosion
seals. 4-20 dissumilar metals, 4-32
thread design, 6-18 fatigue. 4-32

-. ."- - . . .
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protective cotings. 4-32 we abo: IritUon elements
Cutter. 2-9 End cap, thruster. 6-23

cable. 2-9 End sleeve, thnruter design example, 6-24
reeflng line. 2-10 Energy balance, S-9
settable delay. 2-10 EnerW transmission. 2-I8

ma m: Bypass
D Enpneering design tests, 7-3

Envelope considerations
Damping systems catapult. 6-4

floaft piston, 4-30 weneal. 3- 5
gneral preliminary design example. 4-29 stroking device, 4-17
hydro•k multiplier, 4-31 Environment,. design co, deratioms 3-5
why used, 2-6 Evaluation programs, 7-I
we alo.' Thrusters Ex ..nmion rati,)

Delay considerations. 4-17
elem tl body. 6-35 design example, 6-5
ekementsM 6-30 wee al.o: Envelope
intiators. 6- 28

pyrotechnic. 4-17 F
Design

basi•, Co,.ns atins, 3- I Federal Aviation Agency, 2- 18
examples. 6-2 Finish
interior ballistic, 5-2 aluminum pains, 4--3 2
mechanical. 4- 2 chromate dip. 4-32
procedures, 4-16 Teflon coat. 4-33
r.quirements, 4-2 wax. 4-33

Design examples Firing mechanism
M38 Catapult. 6-2 catapult design example, 6- 5
M3A3 Tl.ruster. 6-15 electiically operated. 4-23. 4-25
M 113 Initiator, 6-28 gas operated. 4-23. 4-24

Development evaluation progpam, 7-1 general preliminary design example. 4-23
Dissimilar metals, 4-32 initiator. 6-30. 6-35
Distortion-energy theory. 4-13 mechanically operated. 4-23.4-25
Drop tests, 7-2 pressure operated. 1-2
Dust, 3-6 thruster design example. 6-I1
Dynamic Reijonse Index relationship Firing pnos, 4-24.4- 5. 4- 27, 6-15

to injury probability, 1-2,3- 7. 5-22. 7-25 ckearance, 4- 23
7-30 concentricity. 4 - 23

deiign examples. 6--30, 6 -35
E general prcliminary design. 4-23

peneral preliminary design
Efriciency. thermal, 5-9 firing plug. 4-23
Ejectos. description, 2 - 12 illustration. 4- 23
Electrical firing mechanisms length-to-diameter ratio. 4 - 23. 6- 23

advantages, 2- 18 protrusion. 4- 24

use in systems. 2-Is shear pins. 4 - 25.4- 27.4 - .c

1-2
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tip. 4 p-p23 illustrationmr, -21
Set at".' Primers interior ballistics. 5- 16

Firing pin' wides (housings) preliminary design procedures 4 - 16

desicn exampt.o 6-21 thr-nt-time relationships, 3-4

general Presiminary de4-10, 4-24 se alo: Initiators

Firing plug Ge gener4tor

design example. 6-21 deAription, 2-2

genepr preliminary desiweb. 44--23 tsitorde approximation. 4-8

tre ale- Firing pin3s 2a operated iring8 mchanisms. 4- 24
First-corder approximations Grain geometry, 5-4

amccletation-timt rvlationship, 4-4 effectl on pressure rise, 5-19

allistUcs, 4o-10 grain designio. 4-18
bum rate, 4-7 stu ealso' Propellant charge

cartridge case volume, 4-7
gas generatfrs. 4-3 H

igniter charges --8
irc pulse. 4 - 10 Head. catapult

i*haloim. 4-8 dGln. exampler 6 -12

maximum pressure. 4-4 Ilead sp ode. 4-24
Propellant charge weight. 4-5, 4-6 Heat loss

Propellant web. 4-7 desi•, com-Weration. 3- 6

stroke length, 4--3 factor (beta). 4-8

thmer:. ocket. 4 - m0 in initiators, 4-8

Fixture. Hi5--iow systems. 2 -a I .4-17

see: Test igxtuei gener.l preliminary de3iit. 4-31
Free volu.-e, 5 -7 interior ballistics, 5- 13

oribfices, 4d-i31

G why used, 3 -I2
Humidity. 3-6

Gage

r.i einstrumentation 6
Galling. 4-33
Gas Igniter

discharge through orifilce. 5-7 charge materials

pressure. 5 -7 black powder, 4-8, 6-- 5

Production, 3- 6 boron potassium nitrate. 4-8

temperature, 5-9 magnesium- eflion mixture. 4-8

weight. 5o - 7 firSp-ormdir approximation. 4 -
Cas generating de-wices, 3 - 3 Ignition delay. 3- 2

body deAim. 4--21 Ignition elemecnt

desA-frition, 2 -c s dcsrip tion, 2 - I I

design example. 6- 28 illustration. 2- 12

firsil-Olrdei, approximation. 4-8 | mitia ton'. - 30

gene,.I preliminary design. 4- 21 bud). 6- 39

1-3
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comparative data, 2-3 Load considerations, 3-4
design example. 6-28 Load cylinders, 7-22
pre:iminary design procedurei, 4-16 Locked-shut
presuire rust-order approximation, 4-8 firings, 2-5, 2-6, 4-16
propellant charge rust-order approxi- presure calculation, 4-17
'nation, 6-29 pressure requirements, 4-31

see aLso: Gas generator. Locking mechanisms
Instrumentation catapult design example, 6-13

accelerometer, 7-21 Skneral preliminary design, 4-26
amplifiers, 7-!4 illustrations, 4- 28
counters. 7-18 load deflection curve, 6-26
for firing systems, 7-19 thruster design example, 6-24
for iitiatcor, 7-27
for rocket ctap".ilt, 7-30 M
for thrusters, 7-27
input devices, 7-5 Magnetic pickups. 7-21
magnetic pickups, 7-21 Measurement
nragnetic sensors, 7-10 accuracy. 7-4. 7-5
oscilloscopes. 7-18 calibration, 7-5, 7-13
output devices, 7-16 error sources, 7-4
photoelectric. 7-12 objectives, 7-4

piezoelectric transducer, 7-12 rse times, 7-4, 7-5
signal converters, 7-12 Mechanically operated ruing mechanisms,
strain pges, 7-5 4-25
switches, 7-9. 7-14 Metals
thermocouples, 7-12 dissimilar. 4-32
variable reluctance transducers, 7-12 for orifices. 4-31

Interference fits protective coatings, 4-32
de:ign example, 6-23 selection, 4-12
use, 4-22 temperatLre effects, 4-12

Interior ballistics. S-2 weight considerations, 3-5

N

J-factof (solid propellant -ocket No-load tests
parameter), 4-12 firings. 2-6. 7-3

requirements, 7-1, 7-2
K Nozzles

erosion, 4-32
K-ractor (gas generator ballistic materials, 4-32

1.arameter), 4-10 Ny'i, pellets. 6-7

L 0

Linear shaped charge, 2-16 Orifices, 4-31
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Oling thermochelical propertiMe 5-8
see: Seals web rfl-order approximatiýon, 4-7

Propellant actuated devices
P distic desin, 5-2

tasic design considerations, 3-1
Percusion pri.znrs atearies 2-1

see: PImers description, 2-1
Perforation cirle diameter, S-4 history, 1-I
Physiological lmitatiorm, 1-] measured ramueters, 7-23

Dynamic Response Index, 1 -2, 5-6, 7-25, mechanical design, 4-2
7-jO priWmary design, 4-2

Piezoelectric U-umducers, 7-12 testing, 7-1
Pins uses, 1-3

see. Shear pins, Firing pins Propellant charp weight
Piston first-order approximation, 4-5

equations ot motion, 5-8 . ratio vs terninal veiocity, 4-6
floating 4-31 Propellant web
function, 4-22 Cnt-order approxinsaion, 4-7

cirial p'mirr.na.r desilp, 4-22 Protect•ve coatinp
thruster desin example, 6-26 anodizr.g. 4-32
thruster desile example fint-order chromate, 4-32
approximation, 6-17

Prmie R
chambes 7-22
cylinders, 7 -22 Reeases, 2-11
effect uf grain design, 5-19 illustra on, 2-Il
Ent-order approximation, 4-4 Reliabluity, 3-I. 4-24, 4-2S
pps 7-12 Removers
locked shut, 6-30 charp weigh I'urst-order approxima-

ratios, 4-13, 6-7 tion, 4-S
r"essure-time curve, 3-3 comparative data. 2 -9
Primer description, 2-4

blowback, 4-24 illustration, 2-8
gnerai preliminary design, 4-20 types, 2-4
illustration, 4- 31 see abm: Strokingdevices
in res operated devices, 4-25 Requirements
protrusion and diameter of firing bypass, 6- IS

pins• 4-24 design requirmetsa
table of data. 4-21 catapult, 6-2

Propeflant reneral, 4-2
burn rate, 4-7, 5-2 initiator, 6-28

dendsity, 4-19 thruster, 6- I S
geomnetrics, S-4 Rockets
grain design, I8 specifi impulse, 4-11
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thrust firt orde@ approixnsaton. 4- 10 Stroke time, 4-3
total impube, 4-10 Stroke traiel, 4-3

Stroking devies
S cdassi.cation, 2-I

d&scription, 2-3
Safety beaks, 7-20 rust-order approxinations, 4-3

7 Safety factors, 4-12 pneral preliminary design, 4-22
see dso: Design exampie, Weight consider- illustration, 3-2

doms interior ballistic& 5-9
Seals operation, 3-1

S cartn e, 4-20 preliminary design procedures, 4-17
ruing pin, 4-25 pressure-time relationships, 3-3
gnetW, 4-2 7  see also: Catapult. Remover. Thruster

Shear pins. 4-27, 4-29 Structural tests, 7-2
drop-tests, -25 Systems
general preliminarv design, 4-2S aircra." escape, 2-13. 2-16
materials, 4-25 capsuie escape. 2-13, 2-16
used with ruing pins, 4-27 d&-npinf, 4-29

Shock, 3-6 design procedures, 4--IS
Silicon oil, 4-31 emrw-y tras.•,.son, 2-18
Size considerations, 3- S high-low, 2-i
Slenderness ratio. 4-29, 6-28 seat escaoe, 2- I
Special purpose devices, 2-9

seea/&o: Cutters, Kcleases. Ignition T
elements

Springs Tflon coating, 4-33
see: Mechanically operated ruing Temperature

mechanisms adiabatic isochoric, 5-8
Strain-resistance iaes, 7-5 effects on strength, 4-12
Strength Test failures, 7-3

calculatiots, 4- I7 Test fixtures
slenderness ratio, 4-28, 6-28 pressure chambers. 7-22
temperature effects, 4-12 pressure cylinders, 7 - 22 7- 26
ire aLso: Design examples vertical tower, 7-22

Stresses, 4-12 Testing
biaxial, 4-12. 4-13.4 -2. 6-9 development evaluation proam 7-I
design strength, 4-12 engineering design. 7-3
distortion-n theory, 4-12 fixtuxns. 7-21
thread engagement, 4-13, C- I instruwtentation. 7-3
triaxuj.4-1 . 4 -22 Tests
weight considerations, 3-5 drop. 7-2

Stroke acceleration, 4-3 locked shut. 7 -3
Stroke length on proqotype nde, 7-2

f~rst-ordeT approximation, 4-3 on warthore models. 7-I
- Stroke terminal velocity, 4- 3 perfomance. 7-3
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structural, 7-2 'rubes
vibration, 7-2 design examples, 6-7
wall strength, 7-2 gencral prefindnary ekcsign, 4-13, 4-22

Threads telescopic.,4-17, 6-2
deniation of equation, C- I
design c€ondeat.ons, 3-6 V
length of enplecment, 4-13length of engpagment design Velocity measurement, 7-251enghoexape,-11 Vertical tower, 7.-22

example, 6-11 Vihrzzion,3-6,7-2
stamidards, 6--I1 .4d~e.k, T~tuleVaYn Mises-lencky's equation. 4-- 13

Thkrusters o ny
bulicring mechanisms

illustration, 2-9
why used, 2-6 Wal ratio, 4-13,4-17

charge weight first-orde approxima- curves 4-14, 4-15
tion, 4-7, 6-17 Lables, B.-I, B-2

op'-ration, 6-17 Weatt consderations, 3-S
wee aso: Stroking devices minimum, 4-12

Tolerans, 6-21 Workhorse mo'es, 4-17
-T 4--i ", 4- 2. 4-2'• -'i description. 4-17

catapult design example, 6-9 enLuation, 7-1
thiruster design example, 6-22 test. 7-I

cli)
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