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BALLISTIC RESEARCH LABORATORTIES

MEMORANDUM REPORT NO. 1139

’CBenjami:a,Jr./0Simmons/1is
Arziae.n Proviny Ground, Md.
Arril 1958

A COMPARISON OF PROPOSED SM/LL ARM:' WEAPON SYSTWMS (U}

ANSTRACT

A comparison of proposed celiber .22, siugle %“all, tha proposed
caliber .30 duplex and the caliver .30, #P riile-armuniticn combivitions
hae been made in an attempt to dctermine signilicant differences between
weapon systems. The comparison 1s based on the expected number of
targets killed for ranges oﬁt to 400 yards for a fixed weight for rifle
and arrnunition. Data obtained from the Salvo I experiment and tentative
wound ballistic data heve been combined with results of ewsrlier Ballistic:

Researclh Laboratories studies of sm:sll armes effectivencuss in order to

make the ~omparison.
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INTRODUCTION

Much information has been generated in an attempt to determine the
characteristics of anp improved small-arms weapon system which would be
sufficiently accurate, ligntweight, economics]l and reliable to rroduce a
significant improvement in kill probability over the standard rifle. Of
primary importance in this investigation wag the determination of wound
ballistic data for various projectile~types under consideration, for this
has permitted projectile performance to be isoclated fram the performance
of the weapon itself insofar as the production of ca.ualtiees 18 concerned.

The Salvo I Rifle Experiment was designed to determine the hit per-
fornance of several weapon-ammunition combinations. This experiment
ylelded valuable basic data concerning weapon accuracy, rate of fire,
hit probability, etc. urder simulated tactical conditions,

The data obtained from Salvo I and the wound ballistic data have be:n
combined with results of earlier BRL studies of small-arms effectiveness
in order to compare the following weapon systers:

Cal,.30, M1 rifle firing AP ammunition
Cal..30, Ml rifle firing duplex ammunition

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

Preceding Page Blank
SECRET
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THE SALVO T EXPERIMENT

The Salvo I exporiment -consisted basically of controlled tests of
rifle-ammuniti-n combinations egainst é nrogrammed sequr nce of targets
where the targots appeared for only small intervals of time. Facinrs
which were includea in the test set-up which do not-lend themgelves
readily to quantitative analysis included visibility, movement and con-
fusing context of the target and simulated Y. . :le conditions which in-
cluded detonation of explosive charges, blank fire frcm some c¢f the

target positions, rolse emanating from a FA :zystem, etc.

The operation of the turgz:l svstem wus crntrolled automatically
by a programmer which insured that escl: wveapon would be tesied under
o . 7,"‘ ,xA
the same conditions. Targets consisted of 22 "E¥ =xul " allhouette-type
targets at ranges up vo 350 yards. Target exrnnure times varied from 3

1o 35 seconds.

The wespon-semmunition combinatiors which vére'ﬁested 1ﬂcluded,the ML
rifle which fired caliber .30, AP, duvplex ard triplex ammunition; a
modified cerbine which fired caliber .22 carbine ammunition either auto-
ﬁatically or semi-automaticelly; a modiried T48 rifle firing the caliber
.22 Sierra ammunitior either automatically or semi-automatically; and the

12-gauge shot gz with the 32-flechctte round of ammunition.

T.e data collected from the tes* zcnslsted of a count of the total
nurzer of holes in the target faces =nd che totgl'number of rounds ex-
pended per run. "There was also & coﬁtinuous TGCOrding of rounds fired
from each firing position and a continucus recording of hits on each
target. However, the recorder systems used for such continuous recordii:z,
vere subjected to an excesslve number of malfunctions, which therefcre makes
questionable the use of data so obtained. The Salvo data which have been
used in thils analysis are simply the number of hits made and the number of
rounds fired. These values were obtained cither from the raw data publishod
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cearch Office * and/or dircctly from ORO personnel.
R i that these data do not give the number of hits

S LT for the multiplex armunition.

we relative advantage of the rniltiplex
{a woges » rounds, the relative number of hits (with
ammuntition ~ec ~uted for eich weapon-smmunition combi-

respect to Cal. W shown in the histogram of Fig. 1.

L

actlon tested. Thls ~is3ing o note thet the caliber .22
z  Vrom thess valiec tt le e relative number of hits as
© o vesulte in apprixbn (gotors appear 4G causc this
 sbiatiuc . the duplex ammy

anomaly -
A fire of cach of the weapcns

N e
. e . I 5 e
Firat, Ly deteszo.. € relat, -ainst the complete Largst

{i.s., the wuber of rownas- "By en, wer .22 carbine is

v\,i
Te . .

complex) it is seen that the ié&;g\\ the mul*iplex

RIS

appraximately 125% of that of the cailis t..r .30, AP.

smmunition gives a rate of rfire slightly il ¢ shown as

The relative rates of firec or the weapons teste.

a fuhction of muzzlebmomentum in Fig. 2.

it is evident that the aiming =rror for the carbine 1s somewhe: iess than

the aimiwy z2vror for the heavier veapens . ‘Whe faet that lightwelight

weaponfs reguit in ousller siming errors was ©lso demonstratr. in a series

of terte of rifles, cervines and pils~ols where alming erro:r s for each '
wear:,n were mensurnd 45 a function of target sxposure timm.** The percentage

of .1ts Lo M Ffereat target exposure times are shown in Fig. 3 for the

¥ "ora) iminary Report On Szlvo”, 25 October 1956, Staif Paper Ly
Se. K. L. Yudowitch, Operaticus Research Office. A
¥4 BPL Report “o. 969 - "Rifle, Carbine and Pistol Aiming Errors (U)"
by K. L. . owltch and T. E. Sterne.
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caliber .22 carbine ani the caliwvcr .30, AP only since the data 3o not
yield such values for the multliplex ammunition. It is felt thet the
increased rate of fire and the dscreas~’ aiaing errors vhich appear to

be a functica of the weight of the weapon resulted in the higher percentage
of hits for the caliber .22 caibine. The relative percentages of hits is
ploited in Fig. b as a Tuncvinn of rrnge. Combining these data with the
rciative rate of fire ylelds the relative mi=ber of hits vhich is vlotted
a8 a function of range in Fig. 5. Included is an estirated value for the
Zaliber .22, SO-grain round, assuming the probability of hitting is equal
to that for the calider .22 carbine and the relative rate of fire is a
function of the muzzle momencum.

SZCREY
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THE WOUND BALLISTIC DATA

Fivings of single prolectiles against goats were conducted in ordex to
establish the probability that a hit results in a kill., Tentative data,
for 100% "Sure" kills only, have been obtained for the ammunition types
vwhich were used in Salvo I. Taese data, plotted as a function of mass x
valocity 3/2 are given in Fig. 6. Very stable projectiles such as the
caliber .2 ; AY and the caliber .22, Sicrra are seer to be relatively
poorer in ability i~ oroduce kills than the caliber .30 duplex which, in
turn, 1s inferior to the -~aliber .30 triplex. However, differences between
the curves are not large for most s=2locitics considered.

THE PRCPOSED MULTTPLEX AMMUNYIL.LCZ

A modificelicz =2 the present caliber .30 projectile to . —lace the
single projectile with eitaer 2 or 3 shorter projestiies of the same
diameter has resulted in the development of the duplex and triplex rounds,
Since the tests of Salvo I, the muitiplex principie has buci =ctended to
rounds of smaller calibers.

The caliber .30 duplex round contains two 96-grain projectiles pa-ked
in tandem in the .cartridge case. To accummodate the two projectiles the
neck of the cartridge case was extended, resulting in a slight modification
of the weapon itself. The triplex round contains three 6l-grain projectiles.
Since the total weight of projectiles is approxicately the same for both the
duplex and triplex rounds their muzzle velocity 1s the same -- about 2600
fps. This 18 a reduction of about 200 fps. belov the velocity of the
standard caliber .30 rounds.

The increase in single shot hit probability whick resultz frcx the
multiplex rounds is brought about by the dispersiom between the lesling
rrojectile and the othevr projectiles which have canted bases tc induce
dirpersion. The leading projectile is about as accurate as the stcadard
single ball rouma,
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THE PROTOSED CAL. .22 WEAPON

An earlier BRL study * Indlcated that a projectile which tended to
tumble soon after target impact also tended to result in greater kil
probabilities. A3 a conclusion to this study; it wes shown that a calfler
.22 projectile welgning 50-grains could be made to result in goos wound
vallistic performance !f the transverse moment of inertis were sufticiently
low to encourage tumbliagy tmmcdiately after imyact. This resulted in the
recommendation of & caliber .22, 50-grain leasd core projectile.

The initial velocity required for the proposcd projectile has been
assuned to be that which satisfies the CONARC requiramen® for a helmet
venetratiou 4t 500 yards. For the 50- rain caliber .22 projectile this
velocity is eapproximately 3500 fps.

In order to establish the wounding power of this pirojectile in the
absence of actuasl wound vallistic data for the specific design and velocities,
1t hes been <ssumed that the SQ-grain projectile which tumbles socn uter
impact will follow the same MV5/2 - PHK laws a3 those observed with the

cglibver ,22 carbine and the triplex amrunition.

Caliber .22 weapons tested in Salvo I included a modified czrbine and
a nodified T48., Both of these weapons were originally designed as caliber
.50 weepong and are, therefore, of greater weight than required for caliber
.22 use. Discussions with Springfield. Armory personnel have indicated tlrat
e more realistic value of weight for a calider .22 rifle would be approxi-
mately 6.5 1ks. This valuc has been used in this study. However. recent
informaticn received has indicated that a caliber .22 .?fle which firss a
53-grain projectils at about 3300 fps. has been successfully demoratre.z2d
to CONARC personnei. This weapon weighed only 5 lbe. It appesrs, thcrefore,
that the weight of 6.5 1lbs. is probably a conservative estimate.

#* "Upon Selecting an Optimm Rifle Round (U)" by Donald L, Hall and
Billy 8. Campbell - BRL Memo 1055.

10
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WEAPON ACCURACY

The effectiveness of a small-arms weapon is greatly influeaced by the
accuracy with which it can be aimed. The tests of Salvo I indicated that
the aiming accurccy veries with the weapon. A meaningful ccpverizon <
weapons must, then, be based on accurate estimates of alming accuracy for

eacn rifle.

Using the Salvo I data as fully as possible, the standard deviation
of aim error for the caliber .3) weapon was obtained as follovs:

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 (o) for each target
at each rdnge was computed by

2
R
P_=1 -e 5—§
0 -e 2¢
where R 1s the target radius.

Since some of the targets had many more roun s expended on them than
others, because of the varyling target exposure times, the individual values
of o were weighted by the corresponding aumber of rounds expended pexr
target. These values were summed over the complete target systen and
divided by the totcl number of rounds expended. The average velue of o
thus obtained for the calilber .30 weapon is 3.8 mils.

The accuracy of the cailber .22 carbine, based on the same method of
computation is approximately 3 mils. 7This value has been used to estimate
the accuracy of the caliber .22 light-weight rifle. Although test data
are not availeble to support this value it is felt that sufficient data
are avallable to Indicate significant differences in alming errors between
weapcrs. A 3-mil standard.deviation can then be used as a rough indiecstiorn
of the gain in effectiveness which can be achieved by a reduction of aiming

errors.

11

SECKET



SECRET

COMBINED RESULTS

A comparison of the proposed caliber .22 projectile, the proposed
caliber .30 duplex ammunition, and the caliber .%0, AP has been made in
an attempt to deiermine significant differences between weapons.

Interpoletirg in the graph of Fig. 2 to the muzzle momentum of the
caliber .22 50-grain projectile at & veloclty of 3500 fps. indicates an
expected rate of fire equal to 120% of that meansured for the caliber .30
weepons. The expected relative number of hits was then computed and
eatered in the graph of Fig. 5.

Computation of the wound ballistic date for the three weapons considered,
results in the graph of Fig. 7. Limiting ranges for helmet penetrations

have been included for comparative purposes.

In order to determine expected hit performance of the duplex ammunition,
the standard deviatlion of mlss distance was computed for the caliber .30,
AP. Using this value ard a fixed angulsr dispersion of 2.5 mils between
the front and the second bullet, probabilities of hit were computed using
the method of BRIM 1030.* Probabilities of hitting are plotted in Fig. 8.

The probability of killing for single projectile ammunition 1s obtained
simply by multiplying the probabiilty of hitting by the probability thav a
hit 1s a kill., For duplex ammunition, the probabillity of a kill ieg given by

P P,y )

- P+ (P. P )(i-P
X Phl hKy ( hy hKé)( By "BK)

vhere Ph = the probability >f a hit with the first bullet,

4

Ph. = the probability thet a hlt by the first bullet results in
g ki,

P = the probabllity of a hit with the seccnd bullet

i

?h = the probability thut s hit by the second bullet results in
Ko & kil

The rrobabllity of killing 1s given as a function of range in Fig, 3.

* BRIM 1030 - "FEwvaluation of a Salvo Rifle (U)" by Donnid L, Hell and
Ed S. Smith

SECRET
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The relative effectiveness of the rirles campared 1s defined as the
ratio of the products of the kill probability times the relatlve rate of

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

P P x
hy BKy

P, P . x (Relative Rate of Fire),
hy R @

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

Reletive Effectiveness "=

reference has been chosen as the caliber .30, AP rcund fired froam the
standard Ml rifle. Relatlve effectiveness over the range of targets in the
Salvo I test is given in Fig. 10.

For a fixed weight of rifle plus ammunition the relative expected
number of targets kllled has been determined. These values are based on

the following weights of weapon and ammunition:

Weapon Weapon WT. Ammo. Ammo. WT.
Cal. .30, M1 9.5 1bs. AP k14 grains
Cal. .30, M1l 9.5 1bs. Duplev. 49 grains
- Cal. .22 6.5 1bs. 50 grain 170 grains

The relative expected number of targets killed is plotted in Fig. 11 for
a: rifle plus total anmunition weight of 15 1bs.

CONCLUSIONS

Differences between ammunition-types insofar as wounding power is
concerned, are rather small, Because of this small difference 1t appears
that 1f the milltary requirement for helmet penetration at 500 yards is
met, the choice of cne weapon system over another will be based on other

characteristics.

Insofar as single shot crrectiveness is concerncd, a superiority for
the duplex ammunition is indicated vrovided the welght is not a factor to
be consldered. For sustained fire, the higher rate of fire for the lighter
weapons tends to vreduce the overall differences so that the differences
between the relatiﬁe effectliveness of the caliber .22 single ball
and the caliber .30 duplex are not signit'icant.

15
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Sizniricant diftrererces between ween™ 18 ho e been obtained when the
welght of the veapon is considered or «+hrm a difference ‘n alming errors
is assumed. With respect to this ccaclusion it must be 1. terated that
aining errors for lighter weazons are apperencly ess than for neavier
weancns -- & factor which should be inveciigated more rully by teets.

If the weignt of rifle plus ammunicion s 2f great izportance the
conclusion oi this study becomes quite cbvlious. A lighn-welght caliber
.22 rifle with the 50-grain projectile wili resvlt in a corsiderably

greater effectivenens than the other weapon systems compared.
RECOMMENDAT ION

Since thg proposed light-welght caliber .22 weapon system appears to
offer considerable promise,; particularly in so far as single-shot hit
probability and overall weight are coacerned, it is recormended that &

Program be initiated to determire the required data to evaluate more fully

the proposal to use a lighter weapon. This program would require some
development. of a rifle and corresponding ammunition and also include
sufficient testing to provide deta for comparison witk competitive

we A\a’aﬂ““/ 9“»

W. C. BENJAMIN, JR.

K A

R. L. SIMMONS

weapons.,

1
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