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BALLISTIC RESEARCH LABORATORIES

MEMORANDUM REPIORT NO. 1139

'TCBenJamt2 ,Jr ./,UXSimmns/is
JA- ae--n Prov.nt, Ground, Md.
Arril 1956-

A COMPARISON OF PROPOSED SHI LL ARK"' WEAPON SYSTeX9 (U',

A comparison of proposed c&Laiber .22, single ')all, tho, proposed

uiniber .30 duplex and the callber .30, i'P rL'le-wmiunition combtv-tions

has been made in an attempt to d.te-riize signiicant (ifferences between

weapon systems. The comparison is based on the expected numbey: of

targets killed for ranges out to 400 yards for a fixed veight for rifle

and a=mnition. Data obtained from the Salvo I experiment and tentative

wound 'llistic data have been combined with results of etu-lier Bal istic

Research Laboratories studies of sm: I &ars effectivenLS in order to

make the comparison.
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INTRODUCTION

Much information has been generated in an attempt to determine the

characteristics of an improved small-arms weapon system which would be

sufficiently accurte, ligntweight, economical and reliable to produce a

significant improvement in kill probability over the standard rifle. Of

primary importance in tbs investigation was the determination of wound

ballistic data for various projectile-types under consideration, for this

has permitted projectile performance to be isolated from the performance

of the weapon itself insofar as the production of ca.,ualties is concerned.

The Salvo I Rifle Experiment was designed to determine the hit per-

formance of several weapon-ammunition combinations. This experiment

yielded valuable basic data concerning weapon accuracy, rate of fire,

hit probability, etc. under simulated tactical conditions.

The data obtained from Salvo I and the wound ballistic data have been

combined with results of earlier BRL studies of small-arms effectiveness

in order to compare the following weapon systems:

Cal..30, M1 rifle firing AP ammunition

Cal..50, Ml rifle firing duplex ammunition

Cal..22 lightweight rifle firing a 50-grain lead core
projectile

5
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THE .lA! VO I EXPEHINDINT

The Salvo I expcriment consisted-basically of controlled tests of

rifle-ammunition combinations cgain±t a ,rogrammed sequ iace of targcts

where the targ ts appeared for only small intervals of time. F_= '

which were included in thu test set-up which do not lend themselves

readily to quantitative analysis included visibility, movement and con-

fusing context of the target and simlated b- .le conditions which in-

cluded detonation of explosive charges, blank fire from some cf the

target positions, noise emanating from a IA system, etc.

The operation of the t ,r-.:t syntem -c,,tr-olled auu1.uatically

by a programmer which insured that e'.ch v w-ion would be te-, ted under

the same cbnditions. Targets cons" ted of 22 "9" 3n2 " s!Lhouette-type

targets at ranges up to Y90 yards. Targci eTr lim . iez var-'id from 3

to 35 seconds.

The weapon-aimunition combinations which were tezted ircludida the M1

rifle which fired caliber .30, AP, duplex and triplex ammunition; a

modified carbine whic'I fired caliber .22 carbine ammunition either auto-

matically or semi-automatic'lly; a modified T48 rifle firing the caliber

.22 Sierra ammunition either automatically or semi-aut matically; and the

!P-gauge shot guiith the '152-flechetle round of ammunition.

7".;e data collected from the teP4' .;oasisted of . count of the total

number of holes in the target faces a-. ih e total number of rounds ex-

pended per run. There was also a couit[uous recording of rounds fired

from each firing position and a continuous recording of hits on eclh

targ- . However, the recorder systems used for such continuous recordi.,

',;ei'e sdbjected to an excessive number ok' malfunctions, which therefore makes

questionable the use of data so obtained. Tho Salvo data which have been

aefd in this analysis are simply the number of hits made and the number of

rouwnds fired. These values were obtained either fro-m the raw data publishr'
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.search Office * and/or directly from FO0 personnel.

, that these data do not give the number of hits

for the multiplex L.nmunition.

lie relative advantage of the wJtiplex

- rounds, the relative number of hits (with

,uted for each weapon-ammunition combi-

respcr to C4., "I. qhown in tne histogram of Fig. 1.

flatio,, testd. T 'sing co not: that the caliber .22

'rom these valtec it it eie r.-2,ative number of hits as

results in apprti, .acto's appear t,--a-zc .

ob~tain<. the duplex amr.,,

anc<maly
afyire of zh of the weapons

First, by ae .... e relat, ainst the comaj.emC U. t

(e. the L' mber of rot- . by e.. ber .22 carbine is

complex) it is seen that the ra.- - teulpx

approxbately L25% of that of the a .. '.r .30, AP.

anunition gives a rate of fire slightly -s hovn as

The relative rates of fire of the weapons testi. -

a function of muzzle momentum in Fig. 2.

Secondly, by determiling the value of dispersion which J, i *

the hit probabilities as measured in Salvo I, where h numbe.. ....
Ph=number'," =:.,

it is evidfnt that tie aiming error for the carbine is somewhe.;- less than

the aiai.,,3 a-'ror for the heavier v-A±pc'-,, The fact that lightweight

weapon, reEL..t ir .-;ller aimij er:-ors wa6 also demonstrater. in a series

of te' "s of rif le", ce. :,ines and .is oi. where aiming erro: -i for each

weaT ,n were ,aezisurid ,hs a function o. target eaxposure timn. The percentage

S- o f .. ere-t target exposure time. are shown in Fig. 3 for the

* "ii )±mnih, ry Report On Slvo", 25 October 1956, -LZalf Paper by

fr. K. L. Yudowitch, Operatiolis Research Office.

BEP.. ieport "o. 969 - "Rifle, Carbine and Pistol Ati- Errors (U)"

hy K. L. -owitch and T. E. Ste-rnp.
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caliber .22 carbine and the calltr .3O, AP only since the data o not

yield such values for the multiplex ammunition. It is felt that the

increased rate of fire and the decreas-'_ aling erz&ws which appear to

be a function nf the weight of the weapon resulted in the higher percentage

of hits for the caliber .2 carbine. The relative percentages of hits is

plotted in Fig. 4 as a .:unc. oIn of rPnge. Combining these data with the

'ive rate of fire yields the relative nmb'.r of hits which is clotted

as a function of range in Fig. 5. Included i an estimated value for the

-aliber .22, 50-grain round, aesu. the probability of hitting '- equal

to that for the caliber .22 carbine and the relative rate of fire is a

uanction of the muzzle momentum.

N .



THE WOUND BALLISTIC DAA

Firings of single projectiles against goats were conducted in order" to

establish the probability that a hit results in a kill. T-ntative data,

for 100% "Sure" kills only, have been obtained for the aumnition types

which were used in Salvo I. Taese data, plotted as a function of mass x

1- ocity 3/2 are given in Fig. 6. Very stable projectiles such as the

caliber .7-; AP knd the caliber .22, Sicrra are seer to be relatively

poorer in ability 'n produce kills than the caliber .30 duplex which, In

tvtnn, is inferior to tht- -aliber .30 triplLex. Howeverj differences between

the curves are not large for most ;t-locities considered.

THE PROPOSED MULTLEX AM*WrL .

A modificaLL- --f the present caliber .30 projectile to :-:.lace the

single projectile with eitier 2 or 3 shorter projeatiles of the sam

diameter has resulted in the devellopment of the pex and triplex rounds.

Since the tests of Salvo I, the multiplex principle has b.i extended to

rounds of smaller calibers.

The caliber .30 duplex round contains tw 96-graln projectiles ph'e4

in tandem in the cartridge case. To accodate te two projectiles the

neck of the cartridge case vas extended, resulting In a slIght mdifioation

of the weapon it3elf. The triplex round contA*ns three 61-grain projectiles.

Since the total weight of projectiles is appkaximtely the sam for both the

duplex and triplex rounds their muzzle velocity is the sam -- about 2600

fps. This is a rednction of about 200 fps. below the velocity or tbe

standard caliber .30 rounds.

The increase in single shot hit probability vhict result froa the

multiplex rounds is brought about by t& dispersion between the '!WsIng

projectile and the other projectiles vhtch have canted bases to induce

di persion. The leading projectile Is about as accurate as the taard

single ball round.

9
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TEE PROPOSED CAL. .22 WEAPON

An earlier BRL study inicated that a projectile which tended to

tumble soon after target impact also tended to result in greatez ki2-2

probabilities. Az a conclusion to this study, it was shown that a call'er

.22 projectile weigning 50-grains could be made to result in goo6 wound

ballistic perfoomance if the transverse moment of inertia were sufficiently

low to encourage tumbline imandately after imiact. This resulted in the

recommendation of a caliber .22, 50-grain leaA core projectile.

The initial velocaty required for the proposed projectile has been

assumed to be that which satisfies the CONARC requirament for a helmet

penetration 0, 500 yards. For the 50-.raln caliber .22 projectile this

velocity is approximately 3500 fps.

In order to establish the wounding power of this projectile A the

absence of actual wound ballistic data for the specific design and velocities,

it has been nssumed that the 50-grain projectile which tumbles soon ufinr
" /2

impact ill follow the same MV - PHK laws a3 those obser,'ed with the

caliber .22 carbine and the triplex ammunition.

Caliber .22 weapons tested in Salvo I included a modified carbine and

a modified T48. Both of these weapons were originally designed as caliber

.30 Veapons and are, therefore, of greater weight than required for caliber

.22 use. Discussioni with Springfield Armory personnel have indicated tlat

a more realistic value of weight for a caliber .22 rifle would be approxi-

mately 6.5 lbs. This value has been used in this study. However: recent

information received has indicated that a caliber .22 °Yfle which fir-s a

53-grain projectile at about 3300 fps. has been successfully aemonatra> cK

to CONARC personnel. This weapon weighed only 5 lbs. It appears, therfore,

that the weight of 6.5 lbs. is probably a conservative estimate.

* "Upon Selecting an Optimum Rifle Rcund (U)" by Donald L. Hall and

Billy S. Campbell - BRL Memo 1055.
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WEAPON ACCURACY

The effectiveness of a small-arms weapon is greatly influencei by the

accuracy with which it can be aimed. The tests of Salvo I indicated tlhat

the aiming accurcy vries with the weapon. A meaningful ccrinxio o , :

weapons must, then, be based on accurate estimates of aiming accuracy for

each rifle.

Using the Salvo I data as fully as possible, the standard deviation

of aim error for the caliber .30 weapon was obtained as o'"ll.vs:

The probability of a hit was defined to be the ratio of the

number hits per target to the number of rounds expended per target. Assuming

that the targets were circular, the standard deviation (a) for each target

at each range was computed by
R 
2

PH = 1 -e 2a-

where .R is the target radius.

Since some of the targets had many more roun7,; expended on them than

others, because of the varying target exposure times, the individual values

of a were -!Rghted by the corresponding number of rounds expended p-r

target. These values were summed over the complete target system and

divided by the tote l number of rounds expended. The average velue of a

thus obtained for the catliber .30 weapon is 3.8 mils.

The accuracy of the caliber .22 carbine, based on the same method of

computation is approximately 5 -ils. This value has been used to estimate

the acciuracy of the caliber .22 light-weight rifle. Although test data

are not ava.ilable to support this value it is felt that sufficient data

are availablo to indicate significant differences in aiming errors between

weapona. A 3-mil standard.deviation can then be used as a rough indication

of the gain in effectiveness which can be achieved by a reduction of aiming

errors.

11
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COMBINED RESULTS

A comparison of the proposed caliber .22 projectile, the proposed

caliber .30 duplcx ammunition, and the caliber .30, AP has been made in

an attempt to determine significant differences between weapons.

Interpolating in the graph of Fig. 2 to the muzzle momentui of the

caliber .22 50-grain projectile at a. velocity of 3500 fps. indicates an

expected rate of fire equal to 120% of that mefsured for the caliber .50

, eapons. The expected relative number of hits was then computed and

e.itered in the graph of Fig. 5.

Computation of the wound ballistic data for the three weapons considered,

results in the graph of Fig. 7. TAmiting ranges for helmet penetrations

have been included for comparative purposes.

In order to determine expected hit performance of the duplex ammunition,

the standard deviation of miss distance was computed for the caliber .30,

AP. Using this value and a fixed angular dispersion of 2.5 mils between

the front and the second bullet, probabilities of hit were coputed using

the method of BRIM 1030. Probabiliti.es of hitting are plotted in Fig. 8.

The probability of killing for single projectile ammunition is obtained

simply by multiplying the probabiiity of hitting by the probability that a

ht is a kill. For duplex ammunition, the probability of a kill is given by

where P the probability Df a hit with the first bullet,

P the probability that a hit by the first bullet results in
P " a kill,

P = the Irobability of a hit with the second bullet

7".) the probability thtt a hit by the aecond bullet results inhK,
C a kill.

The Irobability of killing is given as a fuction of range in Fig. 9.

* BRLM 1030 - "Evaluation of a Salvo Rifle (U)" by Donwlii L. da1 and

Ed S. Smith

12
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The relative effectiveness of the rifles cmpared is defined as the

ratio of the products of the kill probability times the relative rate of

fire, i.e.,
Ph 1 Ph x (Relative Rate of Fire)1

Relative Effectiveness'= P P x (Relative Rate of Fire)2

where the subscripts denote a specific weapon. For these calculations the

reference has been chosen as the caliber .30, AP round fired from the

stan ard M1 rifle. Relative effectiveness over the range of targets in thL

Salvo I test is given in Fig. 10.

For a fixed weight of rifle plus ammunition the relative expected

number of targets killed has been determined. These values are based on

the following weights of weapon and ammunition:

Weapon Weapon WT. Ammo. Ammo. WT.

Cal. .30, Ml 9.5 lbs. AP. 414 grains

Cal. .30, Ml 9.5 lbs. Duplex 449 grains

Cal. .22 6.5 lbs. 50 grain 170 grains

The relative expected number of targets killed is plotted in Fig. 11 for

a: rifle plus total ammunition weight of 15 lbs.

CONCLUSIONS

Differences between ammunition-types insofar as wounding power is

concerned, are rather small. Because of this small difference it appears

that if the military requirement for helmet penetration at 500 yar1s is

met, the choice of one weapon system over another will be based on other

characteristics.

Insofar as single shot :ffcctiveness is concenc~da superiority for

the duplex ammunition is indicated provided the weight is not a factor to

be considered. For sustained fire, the higher rate of fire for the lighter

weapons tends to reduce the overall differences so that the differences

between the relative effectiveness of the caliber .22 single ball

and the caliber .30 duplex are not significant.

15
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Significant lifferenzes between we h. n h.." been obtalned when the

weight of the weapon is considere4 or wcn a difference 4n aiming errors

is assumed. With respect to this conclusion it must be i-Itcrated that

aiming errors for lighter wve-'1_ns are apparencly less than for heavier

weanens -- a factor -hich should be invec-Ligated more fully by tet.cs.

If tne weight of rifle plus ammunicion Ls of great importance the

concasion or this study becomes quite obvious. A L.ighim-weight caliber

.22 rifle -with the 50-grain projectile will reso'lt in a conaidterably

greater effectiveness than the other weapon systems compared.

RECO4CMENDATION

Since the proposed light-weight caliber .22 weapon system appears to

offer considerable promise, particularly in so far as single-shot hit

probability and overall weight are co'cerned, it is reccmended that a

program be initiated to determine the required data to evaluate more fully

the proposal to use a lighter weapon. This program would require some

development of a rifle and uorresponding ammunition and also include

sufficient testing to provide dx-ta for comparison with competitive

weapons.

W. C. BENJAI4TN, JR.

B. L. SIMMONS
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