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OBJECT 

To study the use of ballistic systems in lavuiciiing diversiomrv obte^ 
from ballistic .nissiles, and to provide design criterS for lauS 2- 
velopweat 

SUMMARY 

Standard cartridge-actuated devices were surveyed to determine the 
feasibility of using them in decoy launching systems. Design criteria 
were estaolished, simplified ballistic analyses were made, Sd theoretical 
performances wore calculated for several reactionless-type launchers! 

AUTHORIZATION 
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DECOY LAUNCHER BALLISTIC CALCULATIONS 

IllTRODUCTION 

The Advar.ced Besearch Projects /ige^cy (ARPA) is conducting a re- 
search program in which methods for ejecr-iug diversionary objects 
(decoys) from bullist.ic missiles are studied. Order Ko. 39-!?9, Task 
No. 8, issue.! by ARPA, au-horised FrarJtford Arsenal to investigate 
methods Tor packsging acd lau'-chi-^ such objects, un>ier the admin- 
istrative guidance of Vne Army Ballistic Missile Agency (ABMA). 
This document reports the prelii  • ballistic work done by Frankford 
Arsenal on this project. 

The riajor objective was to achieve a decoy launching where the 
decoys were ejected in a mariner such that no reactive force would be 
felt by the rcissil*. The launchi: ■ system was to be contained within 
the cissile, but no pai-Mcular'ia&sile was specified. The configura- 
tion, waiiiht, and launching velocity of the decoys were not specified. 

To avoid a reacvive force, the Arsenal investigation considered 
the possibility o." ejecting two decoys simultaneously, in dia-netrically 
opposite directions. The decoys were assumed to weigh between 5 and 
100 pounds, and their ejection velocities were to be in the range of 
5 to ^00 feet per second. This study consisted of three parts: 

(1) Standard cartridge-actuated devices, developed by FA 
for Air Force personnel escape systems, were reviewed, and'a short 
ballistic analysis was made of those having potential application in 
decoy launcher systems. 

) • Tentative desig . and ;jeliistic parameters were estab- 
lished for Davis gui type lau hers (reactionless launchers). The 
functional relationships of the desig . and ballistic parameters were 
determined for two basic types oi' dasir'-s. 

(3) A specific reactionless launcher system was analyzed 
to show the functional relationships of the design aid ballistic para- 
meters , 

O.A.:; L/UJICCHERS 

General 

Standard cartridge-actuated devices (CAT') were surveyed and the 
results indicated that 10 CAD may give the desired velocities (5 to 
400 ft/sec) to the loads selected (5 to 100 lb). Table I lists these 



CAD LAUNCHERS 

10 devices and their standard perrormaace data at 70° F and sea level 
pressure. Standard performance data were obtained from the CAD enci- 
neering manuJ. for loads, velocities, and angles of launch. A pre- 
liminary analysis vs* ^äde ^0 esti>saT.e thetr performance when used in 
decoy launching systeis. 

Catapults and Peaiovers 

3olliytic efficiency is defined as the ratio of the kinetic energy 
delivered to the propellsat potential energy. It was assu-ed for this 
preli!:.in^/ analysis tha'- the ballistic efficiency of a standard cata- 
pult or remover is constant for the entire range of weights ejected. 
Tbis assumption is no: experimentally precise, since the ballistic 
efficiency or a cartridge-actuaueä device increases as the nropelled 
weight inoreasc-s. However, the assumption is oorsidered reasonable, 
since the standard data a:-e for loads not too far removed from the 
ranse under consideration. 

Table I. Physical Characteristics and Perfoi^ance Data 
i"or Standard ^ar-^rid/^e /actuated Devices 

Device 
and 

::odel 

Catapult 

•'3 

•'■5 

Pemover 

M3 
Ilk 
T15 

Thruster 

MS; 

"^m aysicu. Cnaracteristics 

Dia-neter Length Weight 
it-.)        (in.)  (lb) 

3.33 
^.63 
? =;< 

2.19 
3.0 
3.0 

1.83 

IM 

50 
1^.71 
U.7.1 

13.68 

9.15 

Performance Data 

50.13 2k.9 
30.62 6.7 
39    8.2 

k.h 

88 
^5 c 
00 

350 
325 
300 

300 

81 
k\ 
62 

26 

** Wet applicable 

3.84 19 300 26 
3.^0 19 1000 20 

4.0 5.72 600 7.3 
1600 5.8 
2400 5.3 

1,0 l.4l 230 HA** 
390 M 
.^50 M 

Propelled        Stroke 
Stroke  '..'eight   Velocity  Time 
./in.)   fib)    (ft/sec)  (sec) 

0.240 
0.234 
0.210 

0.152 
0.110 
0.150 

0.113 
0.163 
0.186 
0.049 
0.071 
0.080 
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Table I. Physical Characteristics ar.d Pörfcrsance Data 
for Standard Cortriclge Stunted Devices (Continued) 

Device ' 
and 

Model 

M5 

r^ 

■^sic^i ■:i:ar3^:eri5-i. r^rzorsance Data 
Propeiitd Stroke 

Dianet-ar   Length   i.cigh".    Stroke     Ueight      Velocity     TiKe 
fi-'       '^       ^'       '^.J       fIb) frt/see)     (set) 

1.^5 

1.07 

ia.8: 

11.79 

3.' 

J.. 

too 
ISCK) 
1600 

^0"» 

Mus one siir-ir pi'  whicE c.-tu^-s av -00 lb. 

** Ito~ Appliuttble. 

0.071 
::.-•. do? 
M 0.1U6 

0.025 

The -eohaniccl energy delivered by a standard catauult or remover 
also was assumed to be equivalent -.o >;he ki-etic energy" given to the 
load plua the potential en&rgy -.hf load acquired .from being projected 
vertically. (Ct.tepui'; erA  remover perfcrr.a.;ce data are obtained "ro- 
vertical :'irings.) 

With the abc^. -issiKp^io-s, the follcwi-g forraula could be used 
to calculate the ver-ical ejection velociv,- or a particular decoy 
weight: ' 

V = 1 
(1) 

wnere: KE = 1/2 ^L y2 

For example, the Til» remover, with  19-inoh stroke, ejects a 300-TDound 
load at 2r. feet/secondj therefore, J- supplies 3150 Toot-no-ands of 
Kinetic energy. The estimated upward vertical velocity imparted to a 
oO-lb decoy is: 

v = \ / ^I3^^l_j3i?i_t..(3^ - :o) 19/12] 

61.6 ft/sec 

. , Similar calculations were made for the other catapults and removers 
listed in Eable I. The data, thus ob-aiv:ed are plotted as tDropelled weic: 
vs velocity in Figure 1. 

propelled weight 
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Thrusters 

Itoust-travd. corves of thrusters for various loads are shovn in 
the Cartridge Actuated Itevices Etgiueering Manual, ?r**s7A Sal 
These curves were integrated to obtain the mechanical enerS S SSl 
pounus as a XUncticn of the design load.   Figurp 2 shows S resu???^ 
enersy-vs-loed curves for the m and K5 thrufSSsT   Se cS^es tSn   6 

were extrapolated (dotted li.es in Figure 2) to €he we^^Sge Sder 
consideration; i.e., 5     ) IOC pounds.    Tnis procedure Gave C toS 
energy available for propelling -.he decoy weight. 

To calculate tfc    ■ .- ■ ;al ejection velocity for a particular 
decoy weighs, the followi-: 5 fo^jls was used: pa^icuiar 

v=     \l-€ ^o-oi ^ergy -Jt^M) (2) 

where:    Total Energy is read fror. Figure 2- 

V.V - './eigh'-. o: decoy to be ejected 

XL = Stroke (in.) 

g    = acceleratior. due to gravity 

!°r *Xa"":ple' ^ ^ t^s-e-. ""fc a stroke of 5.72 inches, supolies a 
'h^^r^.      aPPf^^^ly 620 foot.poa.ds for a 6o.PouM decoj 
ihe estimated upward vertical velocity given to the decoy is: 

V  .  l/ÜÜL^   : ^  ^.72/12)1 

25.2 ft/sec 

Table8?11^0^?;10^!62,6 f^6 l0r the 0tüer t^sterS listed in 
velocit; inllg^: I:" ODrainei ^ Plm'ted aS ^ecti^ weight vs 

REAJCTIOMLESS LAUNCHERS 

General Design Studies 

ard v^;^^5 ft^1^i^st^^ CAD are limited to the range of weights 
and velocities shown m Figure x, although an increase in performance c2' 
be obtained oy modifying the propellant charge.    Reactionless Whers 
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DBCOY LAUNCHER BALLISTIC CALCULATIOHS 

are capable of a «auch greater range of performance than standard CAD 
and it is more likely that the two decoys will be ejected simultaneous- 

.ike a 3avls Gun a rna^iouless launcher is essentially a tube 
containing n centrally placed charge of propellant for simultaneous 
ejec-ion of masses from both ends. The net reaction is z«»ro. if the 
vector sum of the momenta of the ejected siasses (the decoys) is zero. 
A reactiorlesä lauriaher is showx in Figure 3, 

1\:o    -pea of ir-äign were considered in this study: full-caliber 
and spigox. A full-caliber design is one ir. which the bore diameter ' 
of the launcher tube is the sor.e as the largest diameter of the decoy 
package. .. spigot design is oca in which the bore diameter is smaller 
t.aan ehe lur^s- ii ,.. - of the decoy package. Both tynes are shown 
in Figure 4. 

3esi{jr. or.d Isallis'-io :arar.e:&rs 

Tentative design parameters for the launcher-decoy package 
system were established for the ballistic analysis. The dimensions 
selected were considered to be within a range reasonably adaptable to 
those missiles for which decoy installations are now being considered. 

Diversions of a maximum diameter of 12 inches and maximum 
length of 12 inches were selected for the decoy backage when used with 
a spigot design (Figure 5). For a projectile to be launched by a full- 
caliber design, a maximum diameter of o inches and a maximum lenrth of 
20 inches were chose- (Figure 5). The lenrth of the overall launcher- 
decoy system was established at .55 ir.ches. This permitted a launcher 
tuoe length c: 31 inches tor a spigot design, and 55 inches for a full- 
caliber design. The maximum bore diameters were established at 6 inches 
and o inches, respectively. 

On the basis of prior experience, the following values were 
selected for the ballistic parameters: 

Piezometric efficiency (P*) — O.k 
Expansion ratio (E) -- k.O 
Ballistic efficiency (n) -- 0.3 
Bore pressure       (pj — 2000 to 10,000 psi 

The piezometric efficiency is a ir.easure of the flatness of 
ohe pressure-stroke curve -- the ratio or the mean pressure to the 
peak breech pressure during the acceleration of the projectile. For 
a closed breech gun, the piezometric efficiency is about 0.5. How-  '' 
ever, a lower value is indicative of better velocity uniformity*:'  - 
therefore, a value of 0.-\-  was chosen. 

*pp71£s~l43,. Corner, Theory of the Interior Ballistics of Guns. 
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Projoctlla 

4-   V. 

M V =M.V 

NET  REAaiON  = 0 

y////y//////y/////////////yy/y///////////////////////y 

5^^^^^^0«{«»J20«555^^^^^^ 

^igure 3.    Reactionless Launcher 

36.231.S036U/0RD.60 

a. FULL CALIBER 

Projectile 

b. SPIGOT      |h>re 

Diam 
Projectile 

Figure k.    Full-Caliber and Spigot Designs 
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DECOY  PACKAGE- DECOY   PACKAGE 

z  z   z   z   zi z:  z i z   -^  E   z   z   ^   ^ 
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55IN. 

FULL-CALIBER   DESIGN 

Z 
CO 

i'igure 5-     iJimensionG Tor Full-Caliber and Spigot Designs 
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An expansion ratio of 4.0 was selected as characteristic of runs 
having piezoraetric efficiency of O.k.    (Figure 6 shows what is meant 
uy expansion ratio.) A ballistic efficiency of 0.3 is tynical ^or an 
expansion ratio of t.O*. 

The chamber press-ore ranee depends troon the type of ballistic 
system to oe used. Ballistic systems may  be charricterized by their 
optimum bore pressure ranges as follows: 

Direct systo.:. 
Hich-low system 
Compressed jjas system 
[Mechanical syscei: 

-- 2CG0 to 10,000 psi 
-- 500 to 2000 psi'-*. 
— 100 to 500 psi 
-- less than 100 psi 

(equivalent) 

A airect system is one in which the projectile acauires its 
velocity as a direct res-alt of pressure from the burning pronellant 
I see i-igure :).    .or znis  kind of system, bore pressure li.-äts of 2000 

■}t>.?31.50305 'on».60 

E  = V. = X- = X. t X, 
V     x.        x. 

figure 6.    Expansion Ratio 

*    p.  I45,   Corner 

** i^or 2000 to 10,000 psi gas pressure in the combustion chamber 
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Propellanl— ä —►_, 

36.231.S08?i/ono.6O 

Piojeclile 

DIRECT SY*TCM 

Bleeder  Holet 
l^R|FIC|] 

55«5555i55««5««0^#*55^ 

P > P. 

HIOH • Low SYSTEM 

Figure '(.    Direct and -ii^h-Low Syszens 

to 10,COO psi ,p.ves setter assurance or uniform oneration and cood pro- 
pellant burning zz  cold temperatures. Furthermore, maintaining the high 
chamber pressure below 10,000 psi keeps sealing and erosion problems 
'.."ithin sounds. 

In a high-low ballistic system, there is a vent (or vents) 
between the chamber in which the propellant is ourned and the bore 
of the gun, so that the pressure in the combustion chamber is higher 
than the press-ore in the bore.  Jhis gives better ignition and create- 
regularity of burning in a low-rcuzzle-energy gun. Figure 7 shows a 
high-low system. A high-to-low pressure ratio or four-to-one as a 
minimum and five-to-one as a maximum was considered reasonable, based 
on preliminary high-low system studies of other weapon systems.*** 

A minimum or 500 psi was selected for the low-pressure 
chamber, corresponding to 2000 osi in the high-pressure cha-nber. 

■X-**  a See for example,  A Theoretical Interior Ballistic Study of Recoil- 
less iLLgh-Low-Pressure Guns, Frankford Arsenal Report R-l^i^ 
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A compreaBed gas system could also be used with bottled gases 
such a8:002> Ng, or'conpressed air.    A mechanical system Vould-use 
springs-to propel.the decoys. 

Assuming that the launcher tube vlll be parallel to the 
earth's surface, then only the kinetic energy need be considered.   The 
defining equation is: 

KE./tPiA   i| (3) 

ühe pressure is a function of the bore diameter: 

k6 KE 

vhere: D « Bore diameter 

Full-Caliber Designs 

Bie aforementioned assumptions, definitions, and eqxiations 
were used to calculate Pi for full-caliber launchers of k-t  6-, and 8- 
inch bore diameters. The data are tabulated as a function of the decoy 
weight and its velocity in Table II. (Tables II, III, IV, and V in 
Appendix II list peak pressure vs velocity for the various reactlonless 
launcher configurations.) The peak pressures for each of three types 
of balllBtic systems are shown in the table. 

Table II indicates that a launcher with a 4-lnch bore diameter, 
an expansion ratio of 1+, and a direct ballistic system would eject 100- 
pound decoys at 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 farther 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 weight-velocity range. 

Figure 8 shows the kinetic energy as a function of bore area 
for 55-lnch full-caliber launchers. 
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LAUNCHER    LENGTH: 55  INCHES 
EXPANSION   RATIO   4 

DIAMETER (IN.) 
3 J^        6        6        7      8   9 10 

36.231 .508^43/O.TI). 60 

/«DO 

BORE  ARKA   ( t.V^) 

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

The assujEptioas discussed previously also were used to deter- 
mine pressures for a spigot launcher design, A closed spigot* with a 
total stroke of 11,5 inches was assuaged. Tee pressures were calculated 
for diaoeters of 0.5, 1.00, 2.25, ^ and 6 inches, and tabulated in 
Table IV, This table is sumarized in Figure 9. 

The propellent charge necessary to eject two decoys at a 
desired velocity was calculated using the following equation: 

where ?/y -1 is the propellant potential (assumed to be 1.46 x 106 

ft-lb/lb). The charge equation is derived frosc the definition of 
ballistic efficiency: 

Tj =     Total KE        2 Ü .. 

(5) 

(Charge) (Potential) " £fJ—\ 

Since there are two projectiles, the total kinetic energy is twice the 
kinetic energy of one projectile. 

Specific i«sign Study 

Aaaumptions 

Upon completing the general ballistic analysis of 55-inch 
launcher systems, an analysis was made of a launcher with the shorter 
tube length of 31,5 inches. This launcher was to eject 25-t)ound 
decoys at 250 fps. 

Essentially, the same assumptions relating various ballistic 
and design parameters and ballistic equations used earlier were also 
used for this analysis. They are: 

(1) The web size is small enough 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, 

*A spigot is 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 closed spigot design. Conversely, if the end is open, 
the design is referred to as an open spigot, design. 
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LAUNCHER   LENGTH:   31   INCHES 
EXPANSION   RATIO!     4 

OlM/.ETER (IN.) 

■fill' I     ' I    'I    >   f I »1 

BORE    A.RIX   (IN?) 

Figure 9. Kinetic Energy as a Function of Bore Area 
for a Spigot Design 
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(3) During the ballistic cycle, the Dropellant gas be- 
haves like an ideal gas undergoing an isentropic expansion. 

(k)   Speoili-i heats are constant during the ballistic 
cycle. Covolucie effeo^s are negligible. 

u ^ v, . ...  ^ Tiiere is ao P—65^^ gradient or temperature gradi- 
ent behind tae base of ^he decoy, aad energy apnearing a^ kinetic 
energy or the propellaat gases is üegligible. 

to express:-). for pieaometric efficiency as a function of 
the expansion ratio our be obtained as follows. Consider that the 
propexlant gas is an ideal gae which expands adiabatically. 

Then:       ?i v±7   . p. Vf^ (6) 

The work done by such an iteol gas with constant specific heats is: 

... m  
?f Vf - Pi Vj 

12 vi-y; (7) 

which can be rewritten as: 

> v.,  1 

i2 ii-j) 

3y definition, 

E- !£ 
" " Vi 

Therefore,  / ^ Yf 

and from equation (6j: 

(7a) 

E-^ 

I ■(»)'■•■' 
Substituting this equation in equation (7a) gives: 

^ : D Pj Vj 
12 (1 -?) (8) 

w = (ET"" - 1) Pi Vi 
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Piezometric efficiency is, by definition, the ratio of the 
mean accelerating pressure, P, to the peak pressure (which is assumed 
to he the initial pressure, ?^): 

P 

*"^ - (9) 

and mean pressure, by definition, is: 

P - /ZAI 
/d v 

where P is the operating pressure.    So, 

A > Pi/d V 

IIow,/P d V is the work done, and P^/d V is the same as Pi (Vf - Vi); 

therefore, f I' d \r      n 12 v 
Pi/dV Pi (Vf - Vi) 

But,  from equation (3), 

w=   (^-^-DPj Vj 
12 (i -r), 

and substituting i'or '.i, 

(1  ~V)  (Vf - Vi) (10) 

so that: J:       =    1       _       1 

V-  " 1 

Substitutiüg in equation (10) gives: 

M'    Il~-^) (E -1) 

Changing the signs, 

1 
,   1 - K1-^     1 " Jf^TJ 
M"  (^- 1) (E - 1)  " JJZ  l) (E - 1) (10a) 
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Biuation (10a) was used to plot the piesometric efficienev 
V8 expansion ratio for an assumed ratio of specific heats of 1 £   L* 
the curve is shown in Figure 10.    This graph^L ^at L LJ^ior 
ratio of 4.0 is associated with a piezoaetric efficiency a^Ji? 
is also apparent that reasonable values of piezometric efficiency are 
bounded by 0.3 and 0.65 for expansion ratios of 5.5 and 2.0°^" 
tively 

Rropellact Chtirpe 

An expression for the required propellent charge weicht» as 
a function of expansion ratio ca^ be derived as follows; if ifis 
assumed that the entire energy developed by the burning propellant is 
transferred to the projectile in the form Jf kinetic eLr^ ^tion 
(3) for kinetic energy is valid: UCieJ^ equation 

KE ■ AA ^i y-i 
12 

the esuatÄ s^^he^nVÄ^S tZ^^ ^^ **™' 

Pi Vi = 12 C F (11) 

(12) 
where:    Vi ■ 2 A Xj 

Substituting for V, in equation (11) and solving for Pi gives: 

P . 6 C F 1  or (13) 
Now, substituting for Pi in equation (3): 

KE //.A XL C F 

2 A Xi 

and solving this for the charge weight: 

c = 2 KE Xi 

Ä^xr ilk) 

But,  the expansion ratio, by definition, is the ratio of the final 
volume, Vf, to the initial volume, Vi, ^nd this ratio is the s^e as 

»It must be understood that the charge weight is actually mass and is 
customarily expressed in grams. 
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Figure 10. . Piezometric Efficiency as a Function of 
Expansion Ratio 
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the ratio of the distances along the cylinder (Figure 6), 

E = JL 

S0' E= ^ + i 

Vf   XL-f Xi 
VT      Xi 

XL 
Xi 

or 
XL 

Substituting for Xi/XL in equation (Ik),  the charge weight as a func- 
tion of tne expansion ratio beconses: 

r  -   2 Jg 
^ _ MF  IE - ij (Ufa) 

This is changed to its final form by substituting equation (10a) for 
piezoir.etric efficiency. v «»/ *«* 

n -    2 KE {T- 1) __ (i5) 

f - m 
Propellant charge weight vs expansion ratio is shown in Figure 

11 lor certain parameters whose values are given on the graph. From 
this graph, it is apparent that lower expansion ratios reauire increas- 
ingly larger charges, which multiplies ignition problems.~ 

Ballistic Efficiency 

An expression for ballistic efficiency as a function of the 
expansion ratio can be derived as follows. 

The definition of ballistic efficiency is: 

•^ _ total Kinetic Energy 
propellant energy 

• ^ 3 2 KE 
(16) 

Substituting the expression for propellant charge, equation (15). an 
expression for ballistic efficiency as a function of the expansion 
ratio is obtained: 
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^   s 1 - -^CI (17) 

A curve for f     - 1.25 is shown ia Figure 12. From this graph, 
it is evident that ballis-ic efficieacy falls off sharply as the ex- 
pansion ratio is decreased. 

Propellann Charge and Velocity 

An expression for propellant charge weight in grains per pound 
of decoy weight as a ."unction of velocity can be derived as follows: 

Using equation (l6), and substituting the expression for 
kinetic energy, 

1  Wj-   ? 
KE = 2  -g"  V (13) 

an expression for propeilant charge weight per pound of decoy weight is 
obtained as a function of velocity: 

•'^ 

with C expressed in gra-ns. 

(19) 

Figure 13 shows a curve with which the propeilant charge 
weight required to eject a pair oi" decoys of any weight at any desired 
velocity can be estimated, /"ll t::ao is necessary is to locate the 
desired velocity on the curve, and to multiply the ordinate value for 
this point by the weight of one decoy. 

For example, the 100-fps line intersects the curve at 0.3 
grain of charge per pound of decoy weight. Iroltiplying this by the 
weight of one decoy: 0.3 x 5 - 1.5 grams. Therefore, 1.5 grams of 
charge should be sufficient to eject two 5-pound decoys, simultaneous- 
ly, each at 100 fps. 

Closed Spigot Design 

Figure lU shows open and closed spigots with equivalent ex- 
pansion ratios. The closed spigot fills only part of the launcher 
tube. Consequently, the combustion chamber volume is the internal 
volume of the launcher tube 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 
tube, but has an open end and a thick vail. The combustion chamber 
volume is determined by the thickness of the spigot's wall and the 
location of its tase plaise. The expansion ratio is equivalent to the 
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Figure 12. Ballistic Efficiency as a Function or Expansion Ratio 

ratio oi" the Volume of the launcher tube to the internal volume of the 
open end oi." the spigot. 

Tue pea:-, pressure vs expansion ratio for a closed spigot design 
can be derived as follows. The length of the tube is (see Figure ?); 

tube length = stroke length + initial chamber length 

X..,   =     :ü    x '       - 

XL  .  Xj      i 

XT ;    XT    ' E 

Therefore; •T fS-1) 
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Substituting for-X^ in equation (3)., 

KE -.n-  Pi A XT (E - 1) 

12E 

But T 
Subctituting for A, 

KE 
>t   Pi 77 D2 Xm   (E  -  1) 

TBT 

(3a) 

(3b) 
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From equation (10a), . .   .        . 

1.- iTTT 
Aa (E-i)vtr-i)      ; 

Substituting for ^ , •, 

^       i;bE(y-i) ^ (3c) 

Solvini; i'ür P., 

p   .   toE (KL) iy- 1) 

In an open spigot design, the spigot occupies the entire length 
of the tube. Consequently, the tube length is the same as the stroke 
lenrth: 

XT = XL ; 

So equation (lb) 'oeco:r.es: 

KE = M Fi A   ^ 
12 

Substituting for A, 

KE u^i^^   XT 
55  

From equation (10a), 

»=        1 " E^"1 

is -1) (r-1) 

Substituting for A" , 

..    11 - F^i/ Pifro2-^ 
KE « V , -  /.  

P3 (E -1) (9-. 1) 

Solving for Pj_, 

^8 (KE) (E - 1) (r- 1) 
?,• i 

^D
2
 xT fi - irr) £vr (2i) 
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Equations (20) and (21) are plotted in Figures 15 and 16. 
Figure 15 shows that with a closed spigot design the peak pressure 
is a minimuin for an expansion ratio of 2.5, Figure 16 shows that with 
an open spigOw design the peak pressure increases with the exnansion 
ratio at an alr.ost unifona rate. The peak pressure obtained is always 
less Tor an ope:: spigot with the saice expansion ratio. For example, 
a Jt-inch diameter ope;: spigot with an expansion ratio of 4.0 gives 
4300 pal peak pressure to e.1ect a 25-pound projectile at 250 feet/second. 
Under the sair.e oondi-üions, a closed spigot gives 64-00 psi peal: pressure. 
A choice oC an oper. or closed spigot design would depend on the*require- 
ments for a specific system. 

Launcher Weight 

Since the launcher weight may be a critical factor, it was 
calculated for both open and closed spigots as a function of the ex- 
pansion ratio. 

. The weighv of a hollow launcher tube can be expressed as: 

\}t = 2/>VJ)tXT (22) 

where D is half the sun of the external and internal diameters, and t 
is half the difference. The "2" occurs because there are two tubes. 

The tensile stress on a thin-walled cylinder as a result of 
internal gas pressure is commonly expressed as: 

h D 

This can be rewritten as; 

(23) 

t = !Ll (23a) 
:- cr 

Substituting this expression in equation (22) gives: 

W+ = />*&  Pi xT 
(24) 

Substituting equation (20) in equation {2k-)  gives an expression for 
the weight of a closed spigot system in terms of E: 

W - kfi  (K:E) E iZz ^ 
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Substituting equation (21) in equation {2h),  an exnression for the 
weign* of an open spigot system is obtained in ternis of E: 

. •  w. =• ^(^ ^-^ c*-^ 

sion ratio^^S ^ T^^Z^T ^e^ 
curves ai-e similar to the cur.- for peak pressure as a function o^ 
expansion ratio. Figure 1? shows that for a closed spigot design ihe 
launcher weight is a miuimuin for an expansion ratio of 2.5. SSre 18 
showa that.for an ppen spigot design the launcher weight iicr^aST 
witn the expansion ratio at en aLnost unifo^ rate. The laSr 

pSSon^!' 1S ^ leSS ^ ^ 0^  6piSOt Vi^ ^ -- -■ 
Acceleracion 

.inn .«M/111
 
ex?re8Si0^ fof acceleration as a function of the expan-  ' 

sion ratio can oe ootained as follows. It  is common engineering 
practice zo express maximum acceleration for a projectile hurled 
:rom a gun as: "U^J-CU 

P t 
'i "C 
Wt (27) 

Substituting for Pi from equation (20), 

a ^ k'E {-ij:'  W~ 1) A« 
 7  .i. \ * wt n^1 - ^Tj^D2 

But,       U = TTiy- 

So,  ticjeleration for a closed spigot system is: 

fl t    12E (KE)  (/- 1L 
(28) 

To find an expression for acceleration for an open spigot sys- 
tem, substitute for Pi in equation (2?) from equation (21): 

12 KE (s - i) (y- i)g •• 

\-U  X,n /^ 1 -■   1 \  ~ (29) 
a = 
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Figure 17. Launcher Weight as a Function of Expansion Ratio 
for a Closed Spigot 
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: Figure 19. Peak Acceleration as a /unction of Expansion Ratio 

• ■ . The resulting c-orves are plotted in i-'i-rure 19. Again, the 
closed spigot has a minimum peak acceleration at E^ 2.5 since J:ie 
acceleration is directly related to the pea; pressures. The.open"snigot 

.öl.course, snovs substantially lower acceleration, since it operates at ' 
ipwer pressures and. has a longer stroke. . 
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CONCLUSIONS 

It is concluded that the use of standard CAD as decoy launchers is 
entirely feasible, wish etich particular unit covering a certain weiriit- 
velocity range. 

The design of a reactionless launcher to cover any specific 
weight-velocity combinatioa is possible for the rang-s tabulated. This 
launchei- could be either spigot or full-caliber, denending on the 
weight-velocity range desired. It was concluded thaf the use of a 
high-low ballistic spigot system is not desirable where a smaller 
caiioer direct system can be used. If launcher weight or the G load- 
ing on the decoys is critical and a spigot design is used, the open 
spigot will give reduced values, in which case, the use of a high- 
low ballistic system may be desirable.. In fact, the nressures may 
become so low that the use bf compressed gas or a mechanical system 
is recommended. Equal or greater launcher weight savings can be ob- 
tained oy cnoosing aluminum or ti-anium over steel. 

.RSCO.'S.S'.'DATIONS 

It is recommended that the analytical methods develoned in this 
study oe made available to those groups within government and industry 
wüo are designing decoy launchers or other package-ejecting devices 
:or use on missiles. 
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G 

. APPENDIX I 

" List of Syobols   • . . . 

A  — Croas-sectional avaa c? launcher bore (in.2) 

C  — Charge weight (graas) 

D  -- Diameter of bore (in.) 

E  -- Expansion ratio (dimensionless) 

F. — Potential of propellent (ft-lb/lb) 

-- Aocelerr-ticn in g ;r:.ib;5 (dirjensicnless) 

g  — Ac-celeration due to gravity (32.2 ft/sec2) 

Pi -- Initial pressure (assumed to be peak pressure) (lb/in.2) 

Pi- -- Final pressure (lb/in.2) 

T — Thickness of launcher tube wall (in.) 

• Vi -- Initial volume of launcher (in.5) 

Vf -- Final volume of launcher (in.2) 

v -- Velocity of projectile (ft/sec) 

WL ..- Propelled weight (lb) 

Wt -- Weight of decoy package (ih) 

w — Work done in adiabatic expansion (ft-lb) 

Xj — Initial length of launcher chamberj length of 
combustion chamber (in.) 

XL. -•- Length of stroke (in.) 

XT. -- Length of launcher tube (in.) 

^ — BaUistie efficiency (dimensionless) 

» ~- Ratio cjf specific heats (dimensionless) 

& -- Piezometric efficiency (dimensionless) 

P — Density of launcher tube'(lb/in. 3) 

<r — Yield strength (Ib/m.2) ' ' •. '  ' , . 
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APPENDIX II 

Tables of Peak Pressure vs Velocity 
for Reactidal-?s-s Launchers 

Tables II, III, IV, and V list peak pressure data for reactionlees 
launchers at various velocities. The data is tabulated for the various 
full-caliber and spigot configurations, with data on each type obtained 
for several different bore diameters. 
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