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OBJECT
To study the use of bellistic systeaws in launclhing diversionary objects

from ballistic wissiles, wnd to provide design criteria for launcher de-
velonient.

SUMMARY
Standard certridge-actuated devices were surveyed to determine the
feasibility of using *hem in decoy launching systems. Design criteria

were established, simplified ballistic cnalyses were made, and theoretical
perfornmances were calculated for several reactionless-type launchers.

AUTHORIZATION
ARPA Order lio. 39-59, Tesk lo. 8, Sept. 1959
ABMA Control flo. ID 2£95-00-60

Sre 2-22L9-60
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DECOY LAUKCHER BALLISTIC CALCULATIONS

INTRODUCTICH

{he advarced Ressareh Frojects Agezcy (ARPA) is corducting a re-
search program in which methods for ¢jectivg diversionaxy objects
(decoys) from bullistic missiles ixe studled. Ordsr No. 39-59, Task
lo. &, issued by fR¥A, aushorized Frasklord Arsenzl o investigate
methods for packaging mnd lawiching sueh ooiec.-. ur‘c* the edmin-
istrative guidsrce o nbe Ammy Hullisbtic idasils Agercy (ABMA).

This cocumens migorss the prslimirvieys ballistie WOt uone by Frankiord
frsenel om. tiis projs:u.

“be‘rujor objentiva wus o gsenizve a decoy launchirng where the
decoys were ejectsi in a manter suck thau no reactive force would be
felt by the wmissils, The lau-zlisg srystem was Lo b2 contained Wwithin
the missile; buvy ro parwicilar’uiesile was specified. The conligura-
tion, weighv, a-d leurshing velocity ol the decoys were nod speciflied,

ce, tiwe Arsenzl investigasion considered
ng tvo decoys i"ulhaneousl", in diaretricelly
1 A220y6 were assured to weigh between 5 and
1 Jeetion velocities were to te in the range of
5 to 400 fesu per seconz. This suly cousisted of three parts:

(1) Stardard cartridge-stivated devices, developed by FA
-

.\
w
woeg

Tor Air Force personnel escape systems, ware reviewed 1, ard 2 short
ballistic analysis was made of those heving potentiel zpplication in
éecoy lawncher sistens.

(2) . Tentative dzsig. e bellistic paramesSers were estab-
lished for Davis gus Syme lawrsiers (rzactionless launchers). The
funetioral reletionships of the desig . aod@ bpallistic parameters were
determired for two besic “ymes of dssigns.

(3) A speciri: resctiorless lauccher system was analyzed
1o show ths functional relaﬁio;ships of the desigr and bellistic para-
meters,

LAD LAUNCHERS

Gengral

<

Standsrd cartridge-actuatzd davices (CAD) were surveyed and the
results indicaved thai 10 CAD may give the de 51r9d velocities (5 to
400 ft/sec) to tus losds selesied (5 o 100 1b). Table I lists these

L



2 CAD LAUHCHERS

10 devices and their standard periormance deta ot 70° F and sea level
pressure. Standerd performunce data were obteired from the CAD engi-
nearing wanusl Tor loads, welecities, and angles of launch, A pre-

liminazy aniiysis wes nade no estimene thetr periormance when used in

decoy lauwnching sysiors.

Uubepulus end Reuovers

Sellisvic eriiciensy 1s dalirved as <he ratio ol the kirvetic energy
delivered to e prapellani posentlel energy. It wes asswred Tor this
preliminexy araiysis t2es sie hallistic efficier ¥ oi & standard cata-
pult or remover is econssant for Lue entiva ratge ol weights ejected.
Tals asswrplion is no- experimentally precise, since the bellistic
alliciency o' a seriridgs-sosusced cevice increases as the propelled
velgnt increnses. Howewer, hie asswaption is considered reasonable,
since The standard das: ave for loats not too Ter removed from the
rauge under considerstiorn,

Taple 1. Paysical Chavactaristics and Jerformance Data
Cor Starnderd Cartridpe fctuated Devices

Physical Characveristics Performence Date
Pevice Propelled Stroke
and Diareter Lewgth Ueight | Stroke e ghe Velocity Time
odel R (in.) (1%n) {in,) {1n) (rt/sec) (sec)

3 3.26 50.13 Zk,0 a3 356G 81 0.240

=l .53 30,52 6.7 LS 325 x| 0.234

35 2,¢ £ 3 A 300 62 0.210
Remover

13 2.19 30 L.L 26 300 26 0.152
T1h 2.0 1.1 3.2 | 19 200 26 0.110
3.0

115 14,71 3.26 | 19 1000 20 0.150
Thruster

M2 1.388 13.48 L,0 5.72 800 7.3 0.113
1600 5.8 0.163
2400 5.3 0.186
M3 L.kl 9.15 1.0 1.bh1 230 NA*% 0.049
390 NA 0.071
550 NA 0.080

** Not applicahls




DECOY LAUNCHER BALLISTIC CALCULATIONS 3

t -

Toble I. Paysicel Characleristics and Perforsance Data
Tor Stendard Cartridge ictunted Devices (Continued)

£ — o Fowsicol Sharasteriziios Periormance Data
Device ' Propelic Lok
n | Blametar Laewgth  Nelght  Siroke  Welmhs Velocivy Time
Yodel (v ) i, ) {1y} C. ) 1h) iMt/ses)  (sec)

N5 175 2.8 Fo 2 3.7 (') s 0.07L
b ¥ 0.107
1Y 3 0.1‘!6
0.025

X}

G
f=
-
R
;‘l
b=
-
[
-
Ny
#*
o
-
W’

¥
*  Jlus oNe sacar prLowinlcl sredrs at =00 2t.

*% How Applicabls,

The mechanical erorc deliverzd by a giandari vapult or remover
elso was asswied 1o oo sgwivaleny wo nae pf :etic energy given to the
load plus the poventisl anerpy siie loud crguirad Irom teing projected

verticelly, (Cetasuin &3 venove- pericrusice d2va are obiedned from
vertical Iirings,

it Tollowing Jommila could e used
ol

e, 4
o) .p o - d ) < - * ~ .
0 ce.lc" aie nSL eriical s Siosor 2 particuler decoy

weight
g 2+ Jm el Le} 1
/ . - 1 - = ( )

waere: (E = 1/2 "L €

‘:;
Por example, the Tik TEMOVAT, wltn o Li-lich ztroxs, ejects a 300-pound
loed at 26 veat/secord; o nereiore, it #unsiies 3150 foot-pounds of
rinetic energy. Toe esiimated uwa:l verticel velociiy imparted to a

50-1b decoy iz:

Similar celewleticrs wers muie oy ihe onnss catapults and removers
listed in Teble I. "re éunz Saas cbialned are plotted as propelled veight
vs velocity in Pipure 1,
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DECOY LAUNCHER BALLISTIC CALCULATIONS S

Thrusters

Thrust-travel aurves of thrusters for various loads are shown in
the Cartridoe fovieted Devices Sugineering ianual, Frankford Arsenal,
These curves wexrs invepras:d to obtain tke rechanicel energy in foot-
pownds os a funatics of the design load. Figure 2 shows the resulting
energy-vs-loed cuxves for she 12 and 1§ -
verc extrepolcied (de-ied lineg i Figurz 2) so the Wilaiht range under
consideraiion: f.e., 5 Lo 100 rowids. T=is procidure gave the total
energy ovailoole fo- propeiling See decoy weight,

viriasters., The curves then

.

To caloula e vpr veaned eiectios velocity for a particular
decoy weigiw, wre fcllowi 5 Tomralt was used:

Vo 2 !Totnl Tergy - Wy XL/lZ) (2)

T

g = ecceleration due to gravity

For example, the !2 thruster, with a stroke of 5,72 inches, supplies a
= J i - 7 J -~
totel energy of approximaszly (20 ‘oot -pousds for a 60-pound decoy.

o -3 em eyae S e R T S deee ol ermm -t s 3
The estimeted upwerd vermi-zi ralonifty giva= 40 she decoy is:

»

LT]
NS
3

\)
4 -
<
1]

ig

Similar cel:vlasions wesre mede Lor the otner thrusters listed in
Tavle I, The dass tius ootaired are plovtad as projectile weight vs
velocity in Figurz 1, )

H

REACTIONLESS LAUNCHERS

General Design Studies

Launchers employing standzrd CAD srs limited to the range of weights.
and velocities shown in Figure 1, 2ithough an increase in performance can
be obtained by modifying the propallant charge. Reactionless launchers
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DECOY LAUNCHER BALLISTIC CALCULATIONS 7

are capeble of a much greater range ol perflormance than standard CAD,
and it is more likely that the two decoys will be ejected simultaneous-
1y,

Like 2 Javis Jun 2 »eectioiless launcher is esseniially 2 tube
cortoining n cecirally placed charpge of propellant lor simultancous
ejection o masses Irem boith ends. The net resction is zero, il the
vector swn of the moument: of ke ejected masses (the decoys) is zero.

. e Lo > P =Y -3 i
£ redctiorless launcher 1s show in Figure 3,

MO tmee o7 dwz
end spigot. & rfull-caliber desig: iz one in which the bore diameter
of the lawwter vube is the some os the largest diameter of the devoy
Dociage. . spizot design is ore in which the bore diameter is smeller
than the lirgess dimmeser oI iae decoy packege., Both types are shown
in Figure &,

Sesipn and 2allistic Poramecers

3

Teuvative design paraseters for the launcher-decoy package
system werz eswetlisied for the ballistic analysis., The dimensions
selected were considered to be within o range reasonably adapteble to
those uissiles for which decoy installations cre row being considered.

Dirensions of a mazimum diemeter of 12 inches and mexinunm
length o’ 12 inckes were selected for the decoy package when used with
& spigot desigrn (Figure 5), for a projectile to ve leunched by a full-
caliver design, a meximur dismeser of 8§ inches and o meximum length of
20 inches were chesz- (Fimive 5). The lemgth 0 “he oversll launcher-
decoy system was wiiublished a4 5
tuoe lensin of 31 iroies for & s
caeliver design., ke mexinws hor

end G inches, respsctiveiy.

.

ircaes. This permitted a launcher
got desigr, ard 55 inches for a full-
ciame

.
3%
ipot,

ianeters weres e2stablished at 6 inches

D

U=

0

On. the tasis of prior experience, the folloving values were
selecved for thz ballistic purareters:

<
~—
=

Vo Gl
E) -- 4.0
)

)

Piezometric afficiann
Expansion rztio (
Ballistic eificiency (n
Bore pressure (

=- 0.3
-- 2000 to 10,000 psi

Tre plezometric elfliciency is a measure of the flatness of
the pressure-stroke surve -- the ratio of the mean pressure to the
peak breech pressure during the acceleration of the projectile., For
a closed bLreech gur, the plezzormetric efficiency is about 0.5, How-
ever, a lover value is indicative of hebter velocity uniformity*;' -
therefore, a value of C.U was chnosen.

*pp. 1h2.1437, Corner, Theory of the Interior Bsllistics of Guns.




REACTIONLESS LAUNCHERS

¢
MiVi=M:V;
NET REACTION = 0
l‘rojoctllo.______‘ } 'rajuiLyle
- V) i | Vi =»
I
' /i //
Figure 3. Zeactionless Leuncher
36.231.50364/0RD. 60
a. FULL CALIBER s
o gm
Projectile :ﬁ :&\E\ \\ Bom
] \\\\\\\ Diam
=
ﬁ.&\ > |
TR
) Projectile

b.SPIGOT Bore
= Diam

A

Figure 4, Full-Caliber and Spigot Designs
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DECOY DECOY

PACKAGE z PACKAGE
SPIGOT [
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| Z_ 7 7 ¥V Z 7 7 7
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SPIGOT DESIGN

DECOY PACKAGE -DECOY PACKAGE
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AR A A i 7Z_ Z 21 7 7 4 Z £ Z
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X; —» == XL L
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g 55IN. o

FULL—CALIBER DESIGN

rigure 5. Dimensions ior Full-Caliber and Spigot Designs
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An expansion ratio of 4.0 was selected as characteristic of guns
having piezometric cificiercy of 0.5, (Figure 6 shows what is meent
by expansion revio.) A ballistic eifficiency of 0.3 is typicel for an
expension ratio of k,0%,

The chamber pressure range depends upon the type of pallistie
sysier TO ue used. dallisulie systers may be charncterized by their
oniimtn bore vressure rayres 2s ollovs:

Direct systen -- 2CC0 o 10,000 psi

Hich-low systern * -- 500 to 2000 psis#

Coupressed ;25 systen -- 100 to 500 psi

i.echanical syste: -- less than 100 psi

(equivalent)

Lodirect syst Is one in wpich the nrojectile acgquires is
veloziiy as o direct vesuls oo pressure [rom the turning oropellant
¥ i

. Y e . . Y . N e e ~n
(see ¥igzure 7). Tor this SaDG 0L Gystem, bLore pressure linits of 2000

36.,231.50305/0RD, 69

e ]

|¢:4Tn X -

E=V. =X:=X+ Xu
L) Vv X: X

]

R G

e

Fioure 6. Ixpansion Ratvio

. 1L5 Corner

%k
e}

** For 2000 to 10,000 psi zas pressure in “he combustion chamber
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36.231.50824/0RD. 60

s

Direcr Svsrem

® i |l emit Prnjearile

F"-"’.-‘-’-'L'.-"'f A e

\T."-'.-L

Bleeder Holes

[orificE]

/J/// LT,

\“F.'l ety

10070

Hion - Low Srstem

ipure 7. Direct and iigh-Low Syszens

to 10,000 psi zives tetter assurance of wnifor:s operation ané food pro-
pellany hurning at cold temperatures. Furtheruore, meintaining the high
chamber pressure telcw 10,000 nsi keeus sealing and erosion orovle:.s

within hounds.

In a high-low ballistic sysien, there is a vent [or vents)
betveen the chﬂ**cr in which the propellan: is burned and the bore
o tne gun, so thav the pressure in the conbustion chemzer is higher
than the nressure in the bore. This ives better icnition and greater
regularity ol burning in a low-:ruzzle- -energy gun.  Figure 7 shows a
nigh-lov system. 4 high-to-low pressure ratio ol four-to-one as g
iinloun and five-to-one as a maxi.ws ves considered reasonaovle, vased
on preliminary hish-low system studies oi' other weapon systems, #%#

selected for the low-pressure

A minimum of 500 psi was s
psi in the high-pressure chamber.

chamber, corresponding to 2000 v

A}
»

ee for exanple, A Theoretical Interior Ballistic Study of Recoil-
less [igh-Low-Pressure “uns, Frankford Arsenal Report R-1513.

.X..x..;(._ S




12 REACTIONLESS LAUNCHERS

A compresscd gas system could also be iised with bottled gases
such as:C0p,. Ko, or:compressed air. A mechanical sygten ‘would use
springs «to propel. the decoys.

Assuning that the launcher tube will be parallel to the

earth's surfece, then only the kine:ic energy need be considered, The
defining equation is:

XL
KE s yPy A L (3)
(LA
The presswwe is & fusction of the bore diameter:
L pTE Y, (8)

vhere: D = Bore diameter

Full-Celiber Designs

The aforementioned essumptions, definitions, and equations
were used to calculate Py for full-caliber launchers of 4-, 6-, and 8-
inch bore diameters. The data are tabulated as & function of the decoy
welght and its velocity in Teble II, (Tables II, III, IV, and V in
Appendix II 1ist peak pressure vs velocity for the various reactionless
launcher configurations,) The peak pressures for each of three types
of ballistic systems are shown in the table.

Teble II indicates tbat a launcher with a b-inch bore diameter,
en expansion ratio of 4, and & direct ballistic system would eject 100-
pound decoys a3 110 to 200 fps. A high-low system would eject these
decoys at 60 to 100 fps, and a compressed gas system would eject them
at velocities of 30 to 50 fps. )

Since it is relatively easy to decrease the expansion ratio
by positioning the decoy faerther out in the launcher tube, the expansion
ratio was lowered to 2, and the effect on the spread of the weight-veloc-
ity range was determined, Table III shows how lowering the expansion
ratio to 2 would decrease the welght-velocity range.

Figure 8 shows the kinetic energy as a function of bore area
for 55-inch full-caliber launchers.
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LAUNCHER LENGTH: 55 INCHES
EXPANSION RATIO a

6.231.50843 /oD,
DIAMETER (IN.) 36.23 3/0R]D. 60

Ta i [} 3 4 6 6 7 8910
L . § A T 7 7 4
3 H - 3
s
- -
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o ¢~ -"; R 4
- i Wil f i a JT'
- | .
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r:f— - | ”_ I
i v 1000

(IORE AREA (IN2)

Figure 8. Kinetic Energy as a Function of
Bore Area for a Full-Caliber Design
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Svnigot Designs

Tie acsumptions discussed previously elso were used to deter-
mine pressurss {or 2 spigot lawncher design, A cleosed spigot¥* with a
total stroxe of 11,5 inches wes assumed, Tae rressures were celculated
for diareters of 0.5, 1,00, 2.25, &, and 6 inches, and tebulated in
Teble IV. This table is summarized in Figure 9,

The propzllert charge necessory to eject tvo decoys at a
desired velocity was celculated using the following equation:

2 KE
C= =7 (5)

M=)

where /¥ -1 is the propellant potentiei (assuzed to ve 1.46 x 100
ft-1b/1b). Thz chorge couetion is derived froz tae definition of
ballistic efficlency:

7- 2otel KE S
(Cherge) (Poteatiel) C’( ';Tl )

Since there are iwo projectiles, the totel kireiic erergy is twice the
kinetic energy of one projectile.

o

Specific vesign Study
Assumptions

Uoon completing the general ballistic aralysis of 55-inch
launcher systems, en analysis was mede of a launcher with the shorter
tube length of 31.5 inches. This launcher was +o eject 25-pound
decoys at 250 fps,

Essentially, the same assurmtions relating various ballistic
and design perameters and bellistic ezuations used earlier were also
used for this analysis, Trey are:

(1) Tne web size is small erough so that the charge is
completely burned before the decoy moves appreciably,

(2) The ballistic cycle time is so short that the loss
in energy due to heat transfer is negligible. Friction also is
neglected.

¥E spigot 1s that part of the projectile which fits in the launcher tube.
If the end of the spigot is closed, the design using this spigot is re-

ferred to as a closead spigot design. Conuversely, if the end is open,
the desigr is referred to as arn open spigot design.
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(3) During the ballistic cycle, the propellant gas be-

‘haves like an ideal gas undergoing an isentropic expansion.

. : feuts are constant during the bellistic
cycle. Covolume effuocis axe negligivle.

&) "ere is o brassure gradiert or temperature gradi-

{
ent behind the b I she cesoy, ad energy eppearitg as kinetic
@t gesas is tegligivle.

> ioasiee DN, ¢

Y

An exprassion. for pienoweissic «fTiciency o8 a function of
the expansion ratio cun v ovhoi-ec us follows, Consider that the
propellant gas is o izeal pos whish expands adiabetically,

Thexn: Py Ws¥ = opa VAT (6)

4 o
- - -

8

The work done by such an ide:l gas wita constant specific heats is:
Pr Yy - P Wy

S R B (7)

wnich can ve »ewritten as:

Mo, v,
o P, V.
W= |.Pi Vi s (7a)
12 (1-7)
3y definition,
1 5 _’,.J::
-d .\;i
Therefore v \T =
S ..

and from equation (6):

7

Pa
1 1 -3’
- = \—.T = B

Substituting this equation i= equetion (7a) gives:
& q 4] g

;] -
W o= (B 3-1) Pi Vi

12 (1 -7) (8)
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Piezometric efliciency is, by definition, the ratio of the
mean accelerating pressure, P, to the peak pressure (which is assuned
to be the initinl vressure, Py ):

P B
==
Py (9)
and mean pressure, by definition, is:
w5 / ? (3 v
Se
where P is the operating pressurce. So,

a
'u-/Pifd‘!

Row, P d V is the work done, and P; /4 V is the same es By (V& - V3);

therefore, JPrPav 12 v
Pifdv Pi(Vr-m

3ut, from equation (8),

1-7 o
we (B -1)2 v

12 (1 -7
and supstituting for W,
/L‘l-ﬂ'.‘ l) s'ri
(L -7) (Vo - Vi) (10)
v
so thab : = L . .
o - V. Vi E -1
I - B
Vi

Substituting in eguatioa (10) gives:
w1
(L -7) (E-1)

Chauging the signs,

1
1 . g7 Y- 7D
ke 7DD TGO ESD (10a)
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Fquetion (10a) was used to plot the piezometric.erriciency
vs expansion ratio for an assumed ratio of specific heats of 1.25, and
the curve is shown ir Figure 10. This graph shows that an expansion
ratio of %.0 is associated with a Piezometric efficiency ¢t 0.k, It
is also appareat that reasonable valueg of pPiezometric efficiency are
bounded by 0.3 and 0.65 for expansion ratios of 5.5 and 2.0, respec-
tively.

Propellant Cierge

An expressior for the required propellant charge weight* ag
a function of expansion ratio cax be derived as follows. If it is
assumed that the eztire energy developed by the burning propellant ig
transferred to the projectile in the form of kinetic energy, equation
(3) for kinetic emergy is valid:

KE « ALA Py iy,
12

Since the system is & closed system during the burning period,
the equation of gizte nt the ong of this time becomes:

Pivy=12CF (11)

where: Vy = 2 A X; _ (12)

Substituting for V: in eguation (11) and solving for P; gives:

Py = ‘Z‘j—f _ (13)

Now, substituting for ?; in equation (3):

KE:[LAXLCI‘
2 AX

end solving this for the charge weight:

Y om (14)

But, the expansion ratio, by definition, is the ratio of the final
volume, Ve, to the initial volume, Vi, and this ratio is the same as

*It must be understood that the charge weight is actually mass and is
customarily expressed in grams.,
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the ratio ol the distances along the cylinder (Figure 6).

E'-'—-—-" g
i A
So, E= AL
T + 1 .
or §£ 1
" FE=1

Substituting for Xj/XI, in equation (1h4), the charge weight as a func-
tion of the expansion ratio becomes:

2 KE

C= ZF(E-TIJ (14a)

This is changed to its final form by substituting equation (10a) for
piezometric efficiency.

(7-1)

Propellant charge weight vs expansion ratio is shown in Figure
11 for certain parameters whose values are given on the graph., From
this graph, it is apparent Lhat lower expansion ratios require increas-
ingly lerger cherges, which multiplies ignition problems.

Ballistic Efficiency

oo

An expression for ballistic erficiency as a function of the
expansion ratio caa be derived as follows.

The definition of ballistic efficiency is:

9 = totzl Kinetic Energy
propellant energy

. = 2 KE ~\
7 C——< - ) (16)
7- 1

Substituting the expression for propellant charge, equation (15), an
expression for ballistic efficiency as a function of the expansion
ratio 1s obtained:
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N =1-—3 - an

> in Figure 12, From this graph,

Loave Tor 74 =1 5.1
e ency falls of{’ sharply as the ex-

iv ig evident thab talligtic
pansion ratio is decrzassd,

Tropellant Tharge and Velocity

An exprasslon for propellant charge weight in grams per pound
O decoy weipgit os 2 Juuction of veloeity can be derived as follows:

Using equation {(1(), and substituiiag the expression for
kinetic energy,
‘.'! 1. ~

' | (13)

N

o o=

-
&

an expression ror propellant charge weight per pound of decoy weight is
obtaired as a function of ~veloeity:

c ke 2
we 77& (~-l )

with C expressed in grars,

(19)

Figure 13 shows a curve with which the propellant charge
weight reguired to eject a pair of decoys ol any weight at any desired
velocily cen be estimated., 211 that is recessery is to locate the
desired velocity oz the curve, and to miltiply 4he ordinate value for
this point by the weight oI oie decoy.

¥or example, the 100-I'ps lize intersects the curve at 0.3
grain of charge per pound oi decoy welgn,. ultiplyirg this by the
welght of one decoy: 0.3 x 5 - 1.9 grems, Therefore, 1.5 grams of
charge sinould be sufficient to eject two 5-pound decoys, simultaneous-
ly, each at 100 fps.

Closed Spigot Design

Figure 14 shows open and closed spigots with equivalent ex-
pansion ratios. The closed spigot £ills ouly part of the launcher
tube. Consequenily, the coubustion chamber volume is the internal
volume of the launcher tuve beyond the end of the spigot, and the ex-
pansion ratio is equivalent to the ratio of the tube length to the
combustion chamber length., The open spigot fills the entire launcher

ube, but has an open end and a thick wall., The combusticn chamber
volume is determined by the thickness of the spigot's wall and the
location of its base plave, The expansion ratio is equivalent to the
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Figure 12, Ballistic Ziviciency 235 a runcticn of Zxpansgion Fatio
ratlo oi tne volune Of the luuncier tuie o tie invernal volure of Lhe
cren end o:i the spigoz.
ne neas oressure vs expansion ratio for o closed spigot design
can e derived es Jollows. Toe lengul o tne tuve is (see Figure 5):
tute lengta = strole lenpth + initial chamber length
‘R‘ = .{. e v
o A : 4
20, L, . X 1
— = 1L - w1 =
er. ‘{D 1
o ;"r"! - a
Therelore, Ky = O (E-1)
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Pigure 14, Couwparison of Closed and Cpen Spigot Designs
for a Given Expension Ratio
substituting for %; in equation (3),
vE = 4 Py A% (E-1) (3a)
12E
™ e
B A= 5
Subctifiuting for A,
2 ~r
P, 77 D° o (B - 1)
ke H - (3p)

L8
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From equetion (102),

1
1-57-T
e -
- (B-1)(g-1)
Substituting ior 40, 1
g o L EEL Py DR X o)
= ra
: 5 (7-1) 3c
Solving for ¥y,
WOE (KE) (7 - 1)
£ 20
: 171)2 Kn ( )

Upen Stigol Pesim

In en open spigos
of the tuve. Consequeatly,
lengtn:

n = X

L

Ly

So equation (1%) becozes:

o S
KE = A7 A

subsuitubing foz 4,

design, the spigot occupies the entire length
ie wube length is the same as the stroke

L s
5
From equation (10a),
;
% L -p7-l
(B -1)(7-1)

Substituting for &

KE =

LA
1 - 71) PyTDR ¥

Solving for Pj,

W E-D(7-1) °

P, =

b8 (KE) (E - 1) (7-1)
T
YR o (1 -

== | (21)
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Equetions (20) and (21) are plotted in Figures 15 anéfl6.
Figure 15 shows that with & closed spigot design the peak pressure
is o minimum for an expension ratio of 2.5. Figure 16 shows that with
an open spipgov design the pewk prassure increases with the expansion
ravio av an olmost uniform rate. The peak pressure obiained is elways
Jess for o open spigot with the same expension ratio. For example,
a -inch élameser open spigot with an expansion ratio of L4.,0 gives
4300 psi pank prossue o ejest a 25-pound projectile at 250 feet/second.
Under the sane condiulens, a2 closed spigot gives 6:00 psi peak pressure.
& cholee of e openr or clcosed spigot design would depend on the require-
ments for o syecllic systen.

.

Leuncher Weighy

siree tne loaw:icher veight wuy be 2 critical factor, it was
celeulated or botr cpen aud closed spigots as a function of the ex-

pansion ratlo.

The welghs of o hollow launcher tube can be expressed as:

W 2 2077 D t %p (22)
waere D is hell the swa of the external and internal diameters, and t
is holl the differcace. The "2" cccurs because there are two tubes.

g

siress on & thin-walled crylinder as a result of
internal gas pressure is commonly expressed as:

2.
o= 10 : (23)

=i Y o (232)

Supstituting this expression in equation (22) gives:

:- ,07TD2 Py 4o

(2k)

‘.'.'&
(o g
Substituting equatiorn (20) in equation (24) gives an expression for
the weight of a closzé spigot system in terms of E;
Wy s O (KB) E (7-1)
a - l 2
o (2 - 57) | “
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PEAK PRESSURE (PSi)
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Figure.1l5., Peak Pressure as a Function of Expansion Ratio

for a Closed Spigot
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Substituting equation (21) in eguation (24), an expression for the
weight of an open spigot system is obtained in terms of E:

#P(E) (E-1) {7~ 1)
1
o8 (1 - Eg..l)

.

Hh = (26)

Figwres 17 wnd 18 show curves of launcher weight vs expan-
sion ratio for lawnciers of siezl, aluminum, or titanium. These
curves axe similer {o the curvaz for Dexk vressure &s & function of
expenslon rahio. Figure 17 shows theb for a closed spigot design the
launcher weight is a minimen for on expransion ratio of 2,5, Figure 18
shows thet.lor en open spigov design the launcher veignt increases
with the expension rntio es &n almost wiilform rate. The launcher
welght reguired is always less for on opex spigot with the same ex-
ransion rusio.

Acceleravion
Lot acivs O
An expression for accelerasion as & Tunction of the expan-
Sion ratio can ve obtained as follows., It is common engineering
prectice to express marimum accelerasion for & projectile hurled
from 2 gun as:

17 (27)

™~

clos=d spipgeh system is:

o
(o]
-
g
LT
12
§_J
w
-
1%
¢t
,J
e}
X
=
Q
H
b

12E (K®) (7 - 1)g .

T -

a =
Wt XT (l - E-T:‘L)

(28)

To £ind en expression fo:

Tor acceleration for an open spigot syé-
tem, substitute for P; in equation (27) from equation (21):
' 12 KE (B-1) (7-1), - '
a = -

Wg Xp (1~ __L1_ (29)
BRI
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Figure 19. Peak Acceleration as & runcvion ol xoansion Ratio

. The resulting curves are plotted in Pigure 17). Azain, ae
closed spigot has a minimum peak acceleraiion at &~ 2.5, since *he
acceleration 1s directly related to the peak pressures. The oven Shizov,

.ofcourse, shows substantially lover acceleration, since it operates at

lower pressures and-has a longer stroke,::




3k .- CONCLUSIONS

CONCLUSIONS

It in concluded that the uvse of shandexd CAD as decoy leunchers is
entively leasible, with ezca perviculer unit covering e ce“tain weight-
velociby runge, i

The deaign of a resctionless lawncher to cover any speciflic
welghiv-veloed Sy comoinanion is possible for the ranges tabulated. This
loauveher cowld be elther spizos or “ull-ualioe*, dependinrg on the
velght-velocity range desired. It was concluded that’ the use of a
high-lov ballistic spigoy systen is not desirable where o snaller
celiver dire:t system o be used, If launcher weipht or the G load-
ing on the decoys is critical oné a spigot design is used, the open

spigotv will give »raducsd v;luc*, in which case, the use of 2 high-
low dallistie system may be desiradle. In feci, the pressures nay
become so low that the use of cox pressed gas or a mechanical system
" is recoumended. Egual or greater lawicher Weight savings can be ob-
tained by choosing eluminum or tisanium over steel.

FECOMEIDATIONS

It is recommended thei the analytical methods developed in this
study be mede aveilable to those groups within government and industry
who are desigring decoy lounchers or other packege-ejecting devices
Jor use on nissilesz.
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APPENDIX I

o>

Q= oEmog

Potential of propallext (9%-1b/ib)

SRUESS
Accelaraticn in g wiils (dipensionless)

Inisial pressuve {2ssumed 49 be peak pressure) (1b/in.2)

Thiciness of lawazier 4ube well (in,) -

Propelled waight (1;)

Weight of Cenoy packege (1)

Work dome in edlzbetic epunsion (25-1h)

cInitial length o2 J.:w'* "*e'r charber; izagsth of

in,)

combustion chem

o

mhe
Length 02 stmoke (in,)

Ballistic efficiency (dimensionless)

Rotio of specific heass (c‘timm:sic:;.ess)

Piezo:ue.-t':ic ef-iici.'e:n.f_;v (Cimensioniess)

Dens 'L,J of .,.:zv.r;de" ahe (lb/’:‘.n.-’)‘

(i 2
Yield strengty (lu/in.<)
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APPENDIX II

Tables of Peak Pressure‘vs Velocity
for Reactidnizzs Launchers

Tables II, III, IV, and V list peak pressure data for reactionless
launchers at verious velocities. The data is tabulated for the various
full-caliber and spigot configuretions, with data on each type obteined
for several different bore diareters.
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