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Of whot <hould o rifls be capoble in Luttle today? Since there is a
limit o8 10 how accurately the infontrymon fires, con one increase hits
by giving him g rifle with new operotional choracteristica? ORO's
Project SALANCE studiad this by taking data on how often, and by
how much, riflemsn missed targets (a2 well e the distribution of
hits) ot different ranges, by taking data vn the ronges of engogement
in bottle, and by taking date on the physiologica! wound efects of
shots with dif{ering ballistic charocteristics. The recommendation
is mode that Ordnunce proceed to determine the technological
feasibility of o weopon with operating chorocteristics onolyzed in
this memorondum. Thig fo!lows from conclusions which ore listed
only shatchily be'ow:

Jate

Hit effectiveness using the M-1 is sotisfoctery only
o to 100 yorda and declines very mpidly jo low

orde ot J0O yurds, the general limit for battiefield

tifle engogements.

A pattern-dispersion principle in the hond weapon
@ would tend W compensete for hwmin siming ervurs
ond increese hits ot reages 1 to 300 yerds.
Missiles, smaller caliber then new stenderd, could
be veed withewt lors in weunding effects end with
logisticel odventege, ond o grewt incrense in hit
lethality could be effected by wsing tonic missiles.
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SUMMARY

PURPOSE

The study reported upon in this memorancdum was undertaken
fur the purpose of determining the arsirable operational char.
acteristic« of a general purpose infantry hand weapon.

ASSTTMPTIONS

It has been assumed that it is desirable to increase in both
nu:nber and rate the hits which may be inflicted on the enemy by
aimed small arms in the hands of the infantry.

It has been iurther assumed that it 13 cesirable also to
increase the mortality of wounds caused by these hits.

DISCUSSION

In this examination of the basic infantry weapon, the riflc.
two commonly accepted considerations or premises were carc
folly scrutinized, and their bearing upon infantry opera‘ions
evaluated ) the time taken to hit enemy man targets is vital
in that hits should be inflicted as early and at as zreat a :ange
as posuible. and 2) thes= hits should inflict aignificant injury -
should be at least immediately incapacitating (in some circum-
stances, lethal). The findings are generally zffizmative with
respect (o hoth prapositions

Study uf combat re« ords of uperations, as well as {seld
investigations of the man-rifle combination, shows that much 1s
to be yained by increasing the hit capability »/ a.med rifie faire
at the . ommon battle ranges, and that incrcasing the severity of
the hits 1s alsc to be sought. How men actually use tne rifle in
tombal, the ranges uf engagement most trequently recurr.ng
in bhattie how terrain Limite intervistuility of opposing firing

ORO.T. 100 t
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Battortie i cian ity data stow why Combat rifle fire as
olaally S warrated noranyge hy narma, terry podstructions o
e e of sigtt as Tarteiy tuexoerd 3190 vy Stones ot the
Manrter An WRii N g aLatt MWOURCS are incurred an bDattie sugre st
that .esser-included ranyes 2re 1n fealty the ymporiant ones
Measaremerts of niarksmanship stiow that nerformance 1s ot

law srder ey cred a range of 103 yd o WoLnd ballisi

. ey
nata olfer counvincing evidence that amaii caliber. high veloaity
missiies may he sard profitadbly at <. h rar s, waithout loss
in wounding etfects and with significant iogi.  cal gains

The mu...aily contirmatory nature of the severai findings
Roes {ar . explain nresernt re‘le operations. and to saggrest the
drsirabier .haracteristics for a general purpose irtantry hand
acapon  The conclusions which ioilow have em:rged.

CONC L SIONS

wd the ranyges within whirh the grrater fracticn of man

! {he ranges at wiach the ritie 's Laed most frejuentiy an &
| g
i+ .~ anh be geen :n the Lattlefield do not exceed 100 yd

t ener expert rillemen as 2atisfactory in meeting ac’ual battle
regnrements niv up to 100 yd, oeyond 100 yd, morksmanship @
de.ii.en sharply. reacPing & low order a. 00 yd Qi :

¢ Toamproce hit effe. ivernesas a* ite Fanges nol coveres - /

) 3 N
! Wtk thege itnportant battie ranges. the markamanship 3 &
Yoo

S PRL IS ST N £ P I P 2R Sy men sing the Mo {1590t

Vice wids, the adoption of a4 pattern-disperarien principle in the'

tacd earapon “oa.d part.y compensate {o- human simany eirnars

ar therery signify- aitiy inor ase the hite at rarges ap to 309 yd
4 Crrent mecdeie of fally 8Lt maatis bhant! weaporny addard

ce ther these “eg.-ohiy Raracteristic s 1o wlequate alterra-

t~ee . Sy nviear .o are alaeiess fr m the starndpoiel «!

o Presarg the roar Yer of targets Mt wheo aittung on serarated
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coaved wite oLt signiticatt jossea tn over-al it elfectiveness

' Tu meet the actual operatinne, rejuire menty vl a gencral
pocpuse INtAntryY hana weapon, ety TPussibilitis ase epen for
doaigns which wiil ive desirable dispersion patterns {and accum-
perving increases 1n hit prubabiiity) at the ranges of interest
C: the puasitie saive or volley autumatic designs,* the small
caither, L.ghtae,ght weapon with controiled dispersion char-
s.'eristic s appears to be a promising approach. (Low recorl
“f « amall . aliber weapon tacilitates dispersion cuntroi.)

T Te create militanily acceprahile wound damage at common
Lattie ranges, misalies of - maiier cailiber thau the prescut ateand-
ard .30 < al can be used without lnss 1n wouuading effects and with
sabstartial logistical and over-all military gains.

4 A .ery greatancrease in hit lethality can Le effected by
the addition of toxic agents to bullet miszailes

RECOMMENDATIONS

I It s recummended that the Ordnance Curps proceed to
determine the design or technological feasibility of develuping
a hand weapon which has the characteristics (ited in this
analysis, ramely

a Maximum kit effectiveness agairst man targets
within 300 v} range (This does not mean that the weapon will
e ineflfective beyond this range )

b Small caliver (less than 30).

«. Waunding capability up to 300 yd at least equivalent
to the present ritie

d  (vspersion of rounds from salvos or burst controlled
so as to form a pattern such thet aiming errors up to 100 yd

‘i grent o lilads wags 4 ihe ta.. w.gin nalv.. ot vdley A oalumed Ky aalen’ b
Narr on: A2 b v e generaliy mees, teae Lively, 1he cimuliane . us 1ia Aaryw id asveral
vt m E R e m e e te cana d & aurilet of alm e Army weually amplaye the
@ el ml Mo the oy ws sl png f severnl guas SRAIN 8 citggle ¢ LB mam] wnil
I T T wor 0ly iBheR Ly Bl sarvi on | . mran the airullane ws Tuing 16 Buster
41 0cn Caunve un'! Mo os.oja - nthal Ihe wliiweymen lien applise (he & ) to the
v @bl yhevm i aset 'ung fa srtisage Tt nue e froumis by s bl
01000 W » aln! 10 sa Bras 0 | yane) hove ant wthe | |L.® ng j@e 18 Bithet
e ol o E 8 gh v in e Lgel, Sl AR Aamsr rumta o0 i@t aubie
ot &' e IBINl 1a8 W eGlont uit ¢ U ausl telsaas Inthe ! eeam tra gn, e
4wt rme s il i te Bmyrs @@ il @ « 10 ihe toa tel abit Log@ia & ¢ (milarn
ke @ st he s Gliet w , 1o die nem] Bt AW )ty 2 0 ln Lagte & & Wl
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w1l) ve pastly cumpersated, and hit effectiverness thereby |
JdJureaseq luf trhese Tanges

2 As ane poisibie alternat.ve to the current ' valume of
fire (fully a:tornaticj approach tc the problem cf increasing
‘he eltective firepower of infantey riflemen, itis recommended — subject
to tentative confirmation of design feasioilitv —that a rifle ancor-
purating 4t ieast .n priacipie the miitary characteristics here
prupused be matufactured for further ano conclusive test
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OFPERATIONAL REQUIREMENTS FOR AN INFANTRY
HAND WEAPON

INTRODUCTION
The subject of this study 13 of a basic naturc {or it applies X
to the basic weapon of the basic branch=the rifle carried by the
infantry. Pecause the hand arm offers certain capahlities not
duplicated by any other means, and because 1t 13 basic to the |
whole weapcis system, the effectiveness of that weapon in battle
1s a subject of first importance in any general consideration of
the whole fire system. It follows that any study directed toward
e comprehensive examination of the aggregate of weapons for the
purpose of designing and proportioning a “balanced” system
(the mission of Project BALANCE) may logically take a beyg.nning
with this basic grcund weapon,

Such an approach is, moreover, timely at th2a moment in the
sense that the NATO 19 confronted now by an urgent requirement
for standardization of & general purpose hand weapon for the
infantry. Thus, any information which may be cogently pertinent
to such weapuns will have a bearing on an 1immediate problem of
some mument.

The study here presented has been carried out not on'y 1n
full recognition of the importance «f improving the effectiveness
of infantry, but alsu i1n growing awareness that the task —even
though so basic 1n neture ~1s an exceedingly complex ane. The
effort has thus far Deen only preliminary. Limited ime, and
inadequate knowledge of basic umt operations 1n combat, have
restricted the degres to which the whole problem might be
examined Consequently, no compl. ‘e solution is offered by this
mem:.randum, rather, some analytic>' findings are presented,
whith suggest the principles governing certain measures which
cvuld be undertaken to improve infantry 2ffectiveness with
reope:t to aimed rifle fhve,

This memourandum beazs directly upon the impu: "ance and
the usr by infantey ol aimed emall arms (ire in the (ron "\ne

ORO.T.i60 L)
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TS A SAPR LT CWT SR £ T (e svanan D roairecting the study

erostt canr g anel fire s tnat the comman arm o1 the intantey,
Preo e, o tesogned nr marty Sor the armed fire role, that as,
Pt ke noLsrles @rosleapressy ¢ oafferd o capatility ot ddrecting
Masse s 1t e serven man-targels woth high arherent precision
vt affensice und defenciine action. Delitery by savh a weapun
A verag fre o nestrahize or pin duan the enemy and pernat
ety Mane e as tactica ly wseful, hut nonethieless amouaats
‘a4 secnndary role fur which design has provicded only inciden-
taniv. The smportant question at hand, theretare, 15 not so much
connected with the varving act.al use of the present firearm as
with the need of the infantry to engage the (lose enemy effed -
tiveiy by the use of aimed ritle fire, and with the feasibility of
intorporating an the rifie «f general 1ssue the capgability of
answering thas real requirement.

Kecent GRO investigations in Korea have shed some Light
©n this subject by 1nuicating quantitatively the comparative
importance of aimid ard unaimed fire as related to offensive
and defensive opcrations. Generally, aimed fire plays a more
iinpurtart part in defense than unaimed or vulume fire, whereas
in the uifensive, the reverse 18 true Almost irrespective of
the part playrd by the sujporting weapouns before or during the
final phase uf close combat, the decisiun 1n each small tactical
Lattie rests uitimately 1n large measure with the infantrvman
and his ability to use his hand weapon effectively. If hand-to-hand
fighting develops at ail, decisiun thus rests almost entirely with
the infantry in this iast time .phase of the tactical situation. To
attach impurtance to this aspect of battle 1s therefore logical,
and the attempt to maximaize the « apability of infantry 1n this
reie cannot be misdirected effort.

The study has yielded suggestions fur increasing infantry
effectiveness by improving the effects of aimed rifie fire. It
appears almost certain that [utare large.scaie ground uperat;ons
will irmvolve a numericaliy suserior enemy and necessitate, ot
tiret, a defersive strategy on our part. Morever, frequent
attempts to vuerran infantry positions, with attendant «luse
combat, are to be artic.pates  Thus, toincresre eac ki infantry.
man’s . apatality aith respect to defensive rifle fire hecomen
Yty drerale

inthe Light ot s oo h considerations as thene 1t appears ¢+ ccret
Looass.me that it e tesiratie L increaar 3 Hath namber une
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The resear Lot Ras onaaded examination b vasualties
cf mast wars, studios uf terrain as 1t Lumats hattlefield visibiaty,
determanation of the marksmanship of men, wouna balastios
reqodrements, actiai dse uf the ritle 1n combat, and other
tonsiderations bearing on mxh.ary ‘mcral.\mul requirements
fer the geners, purpose hand v.eapnn The determinations
arri.ed at from the study of present ridle fire and its effects
are presenterd ain the following sections,

COMBAT CASUALTY STUDIES

Former Studies

Earlie. work done by ORO on the de..nse of the individual in
combat, and a preliminary study of the oftensive capabilities
of the rifle, yreldsd definite indications that rifle fire and 1ts
effects were deficient :n some important military respects, and
that further study of the problem would be necessary fully to
establish the facts. In these former studies 1t was found that,
in combat, hits from bullets are incurred by the body at random:
regional diatribution of bullet hits was the same as for fragment
misriles which, unlike the bullet, sre not "aimed. " Further,
it was found that exposure was the chief factor resporsible for
the distribution of hits from buliets and that zirned or directed
fire does not influence the manner 1n which hity are sustained.’
Stated briefly. the comparisonof hits from bullets with those
from lu'memo showed that the rifle bullet 1s not utu:lly bcch_!
directed towarda vuinerable paru of the body.
T The discovery of these facts, nlong ‘with eviderce of prodi-
grous rifle ammunition expenditure per hit, strongly suggested
the need to entend the study of the rifle problem. The facts
known at this point also prompted one to regard with sume
dubiety the employment of the rceent, highly accurate, pre-
ciston-made rifle as o general purpose infantry weapon It
should be ruted, however, that complete verification would not
suggest eliminatinn of a precision long-range rifle to be used
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by some men Fighly sialied wird selected tor spe.tisiist ypema-
tiony, & g.. wr:pers

Lethality of the Rafle
As for the combat importance of hats from . 1ifle bullels as ;
compared to other weapons in the yround system, historical
studies show that bullets have arcuunted for 10 to 20 perc:n?
of »ll hits from all yround weapuns in most battles, campaigns, and

wars of this contury.® Although these figures qualitatively provide
a measure of the relative capability of hitting the opposed infantry-
r.an, they 2o not disclose capabilities with respect to severity of
wnjury. Of these two factors (simple wounding and extent of 1njury)
which characterize weapaons effects, not much 1s huuwi cbuut either
in the sense of cost versus effect because ammunition expenditures
and corresponding casualty-producing effects are not usually known
with precision On the other hand, aside from the closely relateqd
machine gun, the rifle is the most lethal of il (unventional ground
arms its lethal index (ratio of kills to hits) exceeds 30 percent,
putting it above other weapons in capability of inflicting severe
injury.® The lethal index of the machine gun, of course, exceeds
that of the rifle because multiple hits increase over-all lethality.
For bullet lethality, the 30 pzrcent figure given for the rifle would
by \he closest approximation to single round lethality for all ranges
1. battle.

Rifte Bullet Hits as a Function of Runge 1n Combat
Lnowledge of the rangrs at which hits have been incurred in
past wars 1s sharply limited. Since this parameter 1s almost indis-
pensable to the military specialist or aperstions analyst in deter- .
mining weapons effe:ts, 1t 13 astcrushing that greater efforts in the
part have not bzen directed toward gathering information of this
kind i1n combat operations.
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1has Uw 1,02, which 10 (Do laum ber. What in swant o that o iary=t frac tioa of the Lnal
bagliot Rite renyita 1n 4eath tan frem Mtr ram any othet Aegje n i he cupiahalioh § o me
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Oniy twa stunies «aiv® arich kave reference to hullet hits as
afunction of range 1r battle, and they are based on indirect and
posaibly inaccurate measurements Oughtersuvil’ analyzeu vxpe
rience on Bougainsilie in World Ware 1l and found that, of those
cases studied, almo-t all rifle bullet hits were received at ranges
less than 75 yd.*  The Surgeun Gencral recently qiammed the
wuurded in Korea, and from a sample of 109 rifle bullet huts
suffered among members of the Turkish Brigade, the mean range
for these hit- was found to be just over (00 yd.' [t'was noted,
however, that mcst of the hits occurred at ranges.within 300 yd
and in a later scction of this report these data aluny with data on
battlietield visibility wrll be given mare extensive treatment.

Man-Rifle Operations Studies
The British AORG during World War II, and ORO in FECOM,

have both attempted to study par: of the man-rifle complex by
interviewing experienced rifiemen on their use of the weapon in
offensive and defensive combat actions. The British examined
officers and NCO3 who hud experience in the ETO' and ORO
examined men with exgerience 1n Korea.* The agreement of the
two independent studies i1s straiking. For attack and defense 1in
European 4ctivns, 1t was foind that about 80 percent of »(feccive '
rifle and LMG f{ire takes place at less than 200 yd and Y0 percent
st less than 300 yd, according to the estimates made by the men
interviewed. About 90 percent of the LMG {ire was at less than
300 yd

(;f 602 men questioned about use of the M-1 rifl» in Korea,

87 per~ent said that at least 95 percent’” of all their firing was
done at targets within 300 yd range (day time offensive fighting).*
For day time difennive fighting, 80 percent of the men said that
rifles were used at 300 yd or less. Figure | shows the frequency
in which rifles are used as a function of range, baued on responses
of interrogated infantrymen. The approximate correspondence of
the curves 1n the Figure indicates that the use of the 1.ile is to at
least some extent dependen: upon battiefield terrain features as
they affect vimibility. *"° Although 1t 1s freely acknowledged that
the use uf data derived from judgments of the men about the use
of their basic arm may be subject tn question, the validity of the
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Saniorn sar.ey has been substentiate . hy & more reoent Rorean
staidy cordicted in combat arcas © Alsu, as ‘nenticned eariter,
the analysis made by ACRG tends to sapport the vonciasiug that
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F.q. 1e=Comparison ol batrietield v.sibility «n Korea ond ranges of
employment of the M- Rifte,

the infantry hasic weapon is actually used, on the average, at
shorter range. than commonly believed.

TERRAIN VISIBILITY STUDIES

Range Kequirements and Tacticul Employment of Hand Weapons

Despite the :mpourtant roie of infantry support weapons lartil-
lery, tactical aviation, armor, and others), the entire ground
weapaon sye'ern Rifges in MARY IMportant ways upon those weapons
which depenid {oor the:r elfective rmployment upon ground obser-
vatior of the target. These are the direct-fire nnd_"ob'"r'v:_&-' ire
wveapins. they ate elemerntal, basic, ardindiupensable to the
infantry -art.llery.armoar teamn
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For intantre, the Lbasic direct fire weapon 1s the rifie~at s
the (omanon denominator Spof which the enfire fire systera s
designed, both physicaily and tactically. Yet all direct-fire
weapons s {ler 4 Mma'or weakness in that vssential chservation
for their esifective empioyment may be obscured by weather
conditions, prevented by darkness or —mo.e importantly and
quite anavoidably —interrupted by terrain features. This 1ater-
ruption of the line of sight 1s one of the principal military effects
af terrain, for the ranges at which points on the ground are 1nter-
visibie are relatea to the employment and general effoctiveness
uf these direct-faire weapons. Accordingly, terrain limitations to
coninious visibility on the battlefield should dictate to a consid-
crable degree the actual design and emnployment nf direct-fire or
ouserved-fire weapons. A study of this subject which was under-
taken by Project BALANCE and which 1s covered in detail 1n a
separate report,” has yielded formulary expressions {or the
relationship between the opening range cf engagement for riflemen
and the range at which man-targets can be seen. Particularly with
respect to the rifle, the study is basic i1n its cencept and possibly,
for the first time, duta have been obtained which constitute a
reasonable yuantitative basis for determining the actual range
requirements and tactical employmens of a general-purpose
hand arm.

. Because of the importance of these findings to the infantry
weapons problem, they should be studied carefully 1n conjunction
with the work presented here on operational requirements for an
infantry hand weapon.

Map Ar_ulyn:

Topographical map studies of a number of large scale (1:25,0€0)
meps of various countries i1n the world have shown that it is pos-
sitle to predict, with reasonable accuracy, the probability of being
able to see continuously for a given distance from a random point
within the area."”

For the infantry study, the procedure used in the map sanalyscs
was to messure the continuous ranges of vis.bility between infantry-
men, with the position of one man (the defender) being at ground
level {oxshole or prene) and the approaching enemy being an erect
human taryet five feet high  This factor was chosen to set realistic
“imits on the range of intervisibility between opposing forces. The
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calrd.ty of the magn readings was verified by actual terrain meas-
srerercae are the trodings afe 1n QERCETAL a@recmie 0wt Dimated
¢ mbiat data from the Korean experience and ETO experience dur-
it Worla War [1°°

From the map st.ay, 11 was frund that all ti.e types of terrain
s tar considered fall 1nto one of three categories vhich are 1lus-
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trated hy the three curves :nk.y 2 The frequency distribution
for Type A rterrain ts typi 8l fur 4 - ountiv like the Satnt-1.o area
:r. Normandy, where visibility 1s sharply limited by the masses of
hedgerows. smail culiivated fields, orchards, and the nature of
the terrain itself. Type A also describes rugps , mountainous
terrain like Kores. The distribution curve for Type C describes
relatively open country where th» topography 1s gently rolling and
iarge, open, cultivated areas exist. Type B 1s intermediate between
the two extremes cited and describes an average type of cultivated
countryside.

The impourtance of these data to the infantry study 1s related
to the range requirements fui infantry weapuns and, as shownin
F:q 2, "6 percent uf all nbaervations include ranges which are i h
less than the range capabilities of many of the :rfantry direct fire
weapons The ymplication that such weapons may be cver-designed
is appreciated when 1t 18 considered thiat the rifle alone has a
maximum range capability of 3,500 yd.

The following description of the procedure used in the map study
1s presented so that the practical application of the data may be
recogni.ed

Figure 3 shows diagrammatically a corner section of a 1:25,000
map. The method of measurement was zdopted from a suggestion
by Peterson of Ballistics Research Laboratory who used map grid
lines as guides for sampling any given terrain.

The analysis of each map 13 begun at Point A (northwest corner)
Proceeding along the east-west grid line. the distance is measured
from the edge of the me.p to the puint where an erect (five (eet)
infantryman would just be obecured {rom the sight of & defending
prone infantryman at Point A. In this case, the crest of a hill
{contour) 19 the factor which obstructs visibility, After recording
the distance A to B, the next point of obscuration is meassured by
proceeding along the grid line from Point B to Point C where «
raiiroad embankment interrupts the line of vision. Distance BC
1 then reiorded and so on along the grid line to the far edge nf
the map. It will be noted that a house or building himits visability
at Point D and woods limit vision at Point k.

After all harizontal grid lines are measured in this way, the
same method 1s used on all vertical grid lines. Then all the obscu.
rations from one nap are used to piot a frequency distributiun.
Examples of such {requency distributicon have been given already
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oo ann aatas by hangine, s dependent o the woode gt e
At and not st por ground features Theesstare, e rancom

seeection an a map ot a battlefront an any given terrart, shoLid pre.
A the actial ground Coanditiop of the battletield, In peneral, oty
‘wit that menerose 1n hattle 1n a more ar less random manner, so
e data obtaired in the visibhility study are reasonahly vand tor
preduoting the s rotability of sceing targets over any area, particus
'y since the method ased measired the type of movement used
Yy troacre gn hatt.e, that as, from cover to cover,

Emploving this methua, map studies of Canada, France, Germuany,
Korea, North Africa, and the US, ta a total of some I8 000 readings,
showed that 70 percent of the ranges at which wn erect human taryget
can be aeen hy a defending prone rifleman are less than 300 yd {and
that 40 per-ent are less than 700 yd).

Since range requirements exert a considerable if not doemin.ating
influen e upon such characteristics as weight, caliber, and missile

elocity, the data from the map analyses have a very important
Lhearing upon the design of an infantry hand weapon  Comparing the
ratige analysis deta with the maximum range of the present M- |

rifle (3,500 yd}, and its design for incapacitating clothed peruannue.

ip te 1,200 yd, it may be concluded that the effective ranges of the
wreater part of infantry hand weapons could be recuced mn'er\ally

to an nrder s_uggeued by the ler;m_n__an.alyan (A reductinn of the

rmge of the rifle for maximum effertiveness up te 300 yd does not
tmean that the veapon woull not be effective at ranges beyond this. )

THE RIFLEMAN AND HIS WEAPON

HMarkamanship Tests and Analyses

The preceding seo f1ons have described, to sarne extent, - ertain
ma or {actors dictating the actual operational requrements for the
general.-purpose hann arm of infantry  Since markamanship obviously
plays a maror rule in the aver - wll effectiveness of hand weapuns em-
plovment in the mibitary situation, the measure of the varying capa-
Hintties of caombatante 1 gar thetr aecagpons w, S tacti al effectiveneas
Decomes, along with arget visibiaty, a «ignifio snt parameter 1 the
@' e infantry sturdy

Toovronade mearargfal tata on thie s Lhect, field teats were ron.
G trd At Foort Beivoar, Vorginia, whnere torepert rillemen (highe s
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a.so ue revorded (lrese experimnents ani the resalts wre des ribe d

vt tetail an the Anprndaa
Further ‘ata were pro red from a rarge test o datomatiy
rifies at Furt Bernino Georora e

Inthetestsat Belu ar, a varety of coritions wasamposed on
the participants chiefly by - Aarging the titne of turyet cayosare
and imposing forms of paychelogioal daress it aas {and that
Lesl results aere uttaired ahen single rouds were fired on an
inividual basis 4t static marn-sise largets  Marxsrmnanship
declined when group fi-ing (4-man groups) was performea ot the
same taryrts  Wath slight psychological l-ac, 1 the form of
lLimited target exposure ime and random crder of presentation
at varying ranges, & further decline in effectiveness was noted
it probatitity as & function of range far both gracdes - f ~itierien
is shownan Fug A4 [Appendix).

Significant res . ite from these analyses are (a) hit prohatnlity
1o high for both grades of riflemen at ranges ap to 100 yd, (b at
racxes Leyond 10 yd a sharp deciins in hit prohatihity occars
vt thie deciine 1 etfectiveness 1v most marked 12 the comnon
nattie ranges, Lo soen by nd Yud v, Do At su ya, noth experts
atct marbsmen perform uncatisfa - taryly, a perfarmance quite
Joonsisternt with the design « apability of the weapor and ajth
mLtary specifications

Vhese findingse pro.ide part of the explanation tor moet tre.
q.ent Lattle use of rafles at rarges leas thar '30 yd and far the
e e, ¢ man wiaigws b ansiatame Lt 1)}
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a'ternpt 4t the cdevelnpment of skills through training wrnich wouoid
vein to approach the acc rauy ot the wedpon itselt  Although care.
ful selection and intensive *raining of personnel 1n the use of the
rifle may accomplish much 1in imnproving marksmanship in peace
time, the problerns of (ypid A=my expansion *nd accelerated t*un-
ing in time of nationai mobilhization preciude the opgportanity to
de.elop highly skilled rifilemen in large numbers by selection or
through proleneed traiming.  This puint 1s often uverlooked by those
whnn argue for hetter training as the only solution {for the rifle prou
blem  Actuaily, to reach truly proficient standards 1n marksman-
ship, the ime required 1n trawning would greatly exceed the prac-
tical iimits 1irnposed on Arimy iraining schedules by the needs of
mnbilizstion ’

In the tearch for alternatives to an extensive (and impracticable)
trawning program, cons.deration was given to the posmibility of
compuensating for man-aiming errors through a weapon-design
principle  The results of the marksmanship study indicate that a
cychc or salvo-type automatic firc arm offers promise of increasing
hit effectiveness if the missiles in a burst or salvo were projected
80 av to be dispersed randomly or uniformly around the point of
aim. Obviously, a uniform type of dispersion would be more
desirable than random dispersion if hit effectiveness were to be
maximized. In considering such a weapon, twn points required
determination (a) a practical limit on the number of rounds per
burst nr volley. and (b) the pattern design of the rounds to be
delivered.

In the Appendix, the consideration of four- and [ive-rouna
salvos was not arbitrary. Wound ballistics data show that small
caliber missiles of high velocity could be uned in the new weapon
{sre section on Wound Ballistics), which suggented the possibihity
of obtaining ltogistic equivalence (that is, equivalence in weight of
weapon ard ammunition carried) between a four-round salvo and
present single-shot rifle lire'’, also, not less (han {car rounds
would be required to form a symmetrical pattern (diamund-shaped)
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around the point of aim which would tend te maxirnize hit prob-
ab.ity un the human-target shape *

As shnwr in the Appendix, & cyclic or salvo-type hand weapon
wouid materially increase the effectiveress of aimed fire amony
the infuntry  Although not all possibilities 1n pattern dispersions
and numrbers of rounds were analyzed, it appears that the best
design {for the gruatest practical ya:ns) 1s one usiny the four-
round salvo with 20 1n. spacing among rounds at 300 yd range.
The develupment of » salvo weapon having these characteristics
represents an 1deal toward which etfort might be directed; it 1s
not suggested that this e the only solution.

By considering the need tv ma'ntain minimal logistic require-
ments (number of rounds) and minimum weight. a weapun which
cenforme 3 to the principle of this design would tend to cptimize
the military effects of a fire arm, per se. To add tu these gains
materi/ y, an impractical number of rounds per salvo or
burst, or an entirely different weapon would be required’’

From the analysis of the disperaion of shots fired at various
ranges, 1t was possible to calculate the relative effectiveness of
a hypothetical new type, salvo automatic weapon, which was
assumed to differ from the M-1 rifle only 1n the manner in which
the missmles were projected. Examples of the effectiveness of
four. and five-round salvos with 20 in. spacing among rounds at
varying ranges are given in Figs. A4l and A42 It will be noted
that a four-round salvo of 20 in. spacing at 300 yd would more
than double hit effectiveness at this distance. Coincidentally,
this increase, through a design change alone, would raise the
performance of common marksmen using the salvo weapon to th
level of expert riflemen using the M- 1.

From this snalysis of marksmanship and its relation to a
given weapon, il is concluded that. (a) The markei decresse in
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Yl prshanihity ccrurring between 190 and 309 yd supaests that
sognitficert improvement an eifec tivencss at these ranges cannot
be 4 hieved by increas:ing the ballistic accuracy ol the weapon
a.NINR errors are tou great to be compensated by any improve -
ment 1n the accuracy of the rifie alone. (b) A cychc ur salvo
atomatic weapon could compensate largely for these aiming
errors if the miasiles were projected with a dispersion pattern
desigrned to maximize the prubability of a hit on the human target
at ranges which mo.t frequently recur 1n combat (up to 300 yd)

Full Automatic Fire

The last conclusion prompted an examination of the opera-
t1nnal parfnrmance of current models of fully automatic rifles
to determine whether these desirable characteristics obtained.
Two questions were salient: (a) As the fully automatic rifle is
ordinarily aimed and fired, what 1s the nature of the shot dis-
persion from short bursts? (b) Does automa: fire in short
bursts increase the probamlity of a hit on a man-size target,
especially at ranges of 100 to 300 yd?

To answer these questions, tests were arranged at Fort
Benning, Georgia. 1n which both exper: riflemen and marksmen
used current models of full automatic rifles. Type E silhouette
targets we:c mounted 1n {ront of six by six-{t target screens.
The first firing serial was at (00 yd using controlled bursts of
five rounds each. Never did more than one round hit the target
or screen from any of the short bursts, and consequently no
information could be obtained at |00 yd on the nature of the
dispersion pattern To obtain more than one strike on the six
hy s:x.ft aireen, tne range had to b clesed to 50 yd.o At this
short range 1\ wus nrted that the man-silhouette target in front
of the screen was not hit more than once from any burst. S'nce
single round firsng with the M-] rifle at 29 yd yields & proba-
biiity of hit of near unity, the effectiveneses of automatic fire
at such short ranges was of no interest.

The results of these trials (although preliminary) strongly
suggested that the emphasis and impetus currently being placed
by the US ar 4 other NATO countries on the developm: it of fully
sutomaty: hand weaprne should be questioned on the basis uf
actual military requirements for the autumatic feature ORO
pians i make further tests' of infantry weapors and some of
these teats will snclude further work on shot dispersions of
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fantry hant arms H i aever, any waurk vearinig un the estao-
cahment of miiitary requireinents for weapons, especialiy
) datomatic hand arma. shouid provide operational data upon

X which decisions car bhe made In this cunneltion, 1t might be
B pointed out that the tests on automatic rifles co~ducted at Fort
N Benning, Georygia. do notconstitute the type of weapons eval-

.ation from which such requireinents can be established. In

the reports of these tests,'” the weakness ot atomativs from
arn, operational effectiveriess standpoint was rot revealeu, and

it s unfortunate that such large-scale trials should not have
Leen designed scientificaliy to produce data upon which such
facts might be determined. Any comparison uf autumatic and
seevcatomatic weapons should be desigued tu determnine nuilitery
effectiveness by relating hi* effeciiveness with fire power, to
tnciude rate of expenditure.

From the preliminary, yet informative, tents conducted by
ORO un automatic hand arms it may be stated that:

. Regardless of the sxill of the rifleman, only the first
round 1n a short, {ully automatic burst can actually be directed
at a point targe:.

2. At normal battle ranges, all shots after the firat fall off
a man-size target in an approaimately linear pattern. the prec-
gressively greater departures’ depending in magnitude upon .
trne characteristics of the weapon and the manner in which it is

held.

‘;,. 3 At all common battle ranges, with present hand-held
oy autornatics, the strike dispersion is so great that moving the
‘ venter uof impact for the burst to the center of the target would
;3? not increase the number of hits

4 Even st much reduced ranges, where more than one hit
from a short burst 1# scored on 8 Inan-si1ze target, the use of
) a birst can de justifred unly 1n a limited sense, since at
these ranges single rounds (sd ~aautomatic) have a probability
of near anmity of stribing the target [t follows that reducing the
range does not increase the probability of hitting with automatic
A fire,* but only of obtaining multipie hits Moreouver, when st
rangew cf %0 yd or less, miltiple hits become probabie. the

*the tllonmn b, o mev ¢ loas 111 it nmmnmaling sfl et may muort oty
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Wound Ballistics  Missile Caliber, Mass, and Velocity

Waound ballisticiirz have recently “etermired that the wount.
ing power or damage capability of a nussiie 1s more nearly
proportional to the « ube uf the velocity thun the sjuare’’ A
reasonable {and avveptable; measure for wuund severity (- the
maximum voluine of tue temporary cavity produced 1n the tissue
by a penetrating missile. It has been found, fur example. that
the efiect of increasing the veiucity uf a small caliper missiie
more than cumpensates fcr the reduced raass. Recent work'
has shown that, if extreme ranges are not important, a smaller
valiber bullet than t' e present .30 cal US military standard
might well be used. Moreover, evidence shows that 4t common
ranges, .22 ral bullets can produce wounds of measurably
greater severity than 30 cal bullets striking with the same
géluc\i'y_. providing these velocities at target are greater than
a3 certain critical value.

Although more extensive work will be required i1n inves -
tigating the effects of nose shape, weight, and other facturs ax
they affect flight characteristics and wounding ability. 1t has
been established that smaller bullets can be used to produce
battlefield physiciogical effects at least equivalent to those of
the present atandard 10 cal. Substantial logyistics savings would
also accrue from the introduction of substantially highter and
less expensive cartridges. although actual savings cannot be
eupreased quantitatively until further research indicates the
most practical weight and shape of bullet to employ. The areas
of incomplrie research should be investigated at the Biophysics
l.aboratory, the Army Medical Center, Edyev.ood, Maryland,
where facilities and shilled persunne! uffer the opportunity to
sdvance knowledge in this field in a reasonable length of time
and tn an important way
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Q.ite apart fram the 1dealized concept of a salvo weapnn,
safficient evidence 1s at hand to he quite certain that a Light,
high-velocity, small caliber rifle could be designea for nmulitary
ase and couid fulfill effectiveiy the role of a general purfiose,
lightwe.ght hand .rm

In a reent study'’ conducted by D.1. Hall of the Ternminal
Ballistics l.aboratory, Aberdeen Proving Ground, a theoretical
compariaon of the effects and military us+fulness of various
calibers uf rifles showys that, when the combined weight of wea-
pon and ammunition 1s held corstant to 15 1b, the over-all
expected number of kilis for the .21 cal rifle is approximately
2.5 times that of the present standard .30 cal rifle. When
rompared to M-1 ammunition, 4 21 cal missile of nigh velocity
tabout 3500 feet per second muczle velocity) creates equal or
greater damage than the standard .30 cal missiles at ranges
up to 800 yd. This evidence, combined with the work of Pro)-
ect BALANCE (ORO) on ranges of visibility, marksmanship,
and actual operaticnal needs, lends considerable support (o
the major conclusion that lighter hand weapons of smaller
caliber may well be provided without losing military effec-
tiveness, while offering both impressive logistical gains and
improved operations,

In addition to these gains, the advantages of low-recoil
effects offered by the smaller caliber weapons would be reflected
in improved skill in the use of the weapon by allowing a higher
rate of single-round aimed fire. Such weapons would also be
much less fatiguing to handle. Since recoil of a small caliber
weapon would be less than that of present weapons, the disper -
sion of rounds in a short, fully automatic, burst could be
considerably less than the dispersion of carrent models. This
important characteristic, yet to be determined by actual trial
of small caliber automatics, might possibly be the most prac-
tical solution to the problem of developing an auiomatic fire
arm which will project missiles 1n a burst such tha! the dis-
persion of ruunds, at ranges up to 300 yd. would approach the
tdeal dispersion for maximum effects as indicated 1n the
Appendix

The studies and experimental developrnent work' currently
being undertaken by the Ordnance Corps at Aberdeen Proving

‘i wsnia o ith G A Gutotalens «f the Noall Asms Soctioe of HNL indi ated chat 1t 10
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ehgt-hgel 1.8[80011@ jaitorne o rangea wp to V) yA, tenting 1 apysw b
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Ground sho.ild be encouraged to proceed toward a rifle develop-
ment which wil! fulfill these important military character:stics.
Although such a light wearon would not compensate for human
aiming errors when fired semiautomatically, it 1s quite possible
that automatic fire in short bursts at common battle ranges
would produce dispersion patterns commensurate with the
requirements of the 1dealized salvo weapon. In particular, the
low reco.l of a small caliber rifle offers the chance to employ
a muzzle compensator with significant effects, lending added
promise to a satisfactory development. If the development of
this light, high velacity weapon could proceed to include the
ideal salvo principle. obviously a truly effective hand arm
¢could be provided.

LETHALITY

Weapons in General

The Fistory of the development of weapons and tactics shows
an interesting process of self-adjustment. It has been found,
from an examination of many campaigns from Marathen to
Korea, that battles are no more bloody now, despite vastly
"improved' weapons, than they were in the days of the short
sword: the casualties incurred per number of men
engaged per unit of ime remains about constant. In fact,
it may well be that the sword is much more lethal than con-
ventional weapons because it can be directed with more
contrul 4t the vulneratle areas.lt remainstobe seen whether the
tactical use of atnmic and new CBR weapons will alter this
trend.

The explanation for this apparent constancy in the intensity
of battle effects seems to be related to the compensating
changes in tactics which each new weapon introduces. Most
sdvances in weapons either incresse the distance over which
s biow can be delivered (improved launcher) or increase the
lethal radius or radius of effect (improved missile), or both.
The ratio of the lethal arca to the concentration (or 4ensity)
of enemy targets appears tohave remained constant. Since
logistics costs have markedly increased since the early wars,
war 11oelf has become vaetly more costly i1n terms of the
effect-cost ratin, yet littie il any more effective 1n terms of
perasonnel casusities per unit time cr per unit effort.
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Tlas o ae i s iy gt s interest,me Lo note that severity
of aeap .ns a3 ine e ared by their (ethaiity has not chatoged,
Al irast in the pdast centiry  the ethatl indives of weapons

“alac 4 condtant couid he ravsed, efficiency and etfect might
well he improved materially, and no compensating tactical
ard ustment woald he practican’s it iy believed that the
rieans for doing tris are 4t hand. and, with specia! reference
th one weapon (the intariry hand arm). an estimate 1s made
ina folilowing section of expected resuits if bullet lethality
were increased, as seems iechnoogi. iy teasibie

[ SN

The lethal index uf a4 weapen corresponds roughly wath
to tical effectiveness since 1t refers tn those wound: which
are speerdily lethal, the (onditaon of whick cannot be reversed
by medical intervention. Since. by this Jdefirn.tion, "lethal”
effects result in death very quickly (or death 14 assured),
the lethal index 13 a measure of tactical effect. Therefore,
in the furward areas of the combat zone, where bi'ter hand-
to-hand fighting occurs, there i1s no sound basis for arguiny
aga.nst the merit of disposing of the enemy 1n the shortest
possible time by inthicting maximuin physical trauma For
the infantry hane arm, the infliction of severe wounds, that
are nnmediately 1ncapacitating, 18 important

As wtated earlier, the lethal index of the rifle exceeds
o percent when hits at all ranges are considered, ard,
with the exception of the machine gun, i1t 18 the most lethal
weapon of all convertional missile projecting ground arms

Compariyson of Lethality of an
ldeal Dispersion Automatic with M- ! Single-Shot Fire
From lable A9 and Fig. A40.in the Appendix, 1t 18 pos-
sibie to estin tte the lethality of an i1deal dispersion weapnn
at the various battle ranges and cumpare these effects with
thoee of the rifie. DBecause no exact information exists
vincerming the vital area complex of the body or the effects
on lethality of muiniple hirs, it wae neceasary to assume that
a.i Luliets from & salvo, or burst, are 1ndependently lethal
and that multiple hite are incurred at random reistive to the
valnerable a-eas  Obviogsiy, this assumption 1gnores the
P U that thysiologt. a) effects of multip.e wounds are cumy-
a' P AR s, enaAryinATIN, Ard the e, atid that hite
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from the 1dea! dispersion weapon foliow a pattern design and
do not, thercfore, strike at random S:ince cumulative effects
of multiple wounds add to lethality, and since any iack of
randomness in the hits may or may not favor the probahihity
of striking morialiy vulnerable areas, the estimates given may
be strengthened perhaps by the compensating ./fects of these
two indeterminate factors. For each weapon, Atis assumed
that the lethal probability of a bullet Mt 13 0.3.°

From Table A9 (Appendix) the letn: lity for the dispersion
weapun |{ive-rouna saivo pattery, can be estimated for each
category of single and multiple hits for each range. An
example of the method used 15 given for a range 200 yd.

Probability of kill per bullet tit, P! = 0.3,

Probability of not killing per hit, Ps - V.7,

Fhus, fur each category ot pos-ible hits from a five .round saivo’

f Hits vI; Ps Pl

t’ i 0.700 0.300
! ’ 7.490 0.510
! 3 C.34} 0.657
; 4 0.240 0.760
' 5 0.168 0.83%2

For range 200 yd (Table A9), the probabilitizs ol obtairing
exactly 1,2, 3, 4, and 5 hits with the five-shot patterns are:

! Hits I p 3 4 s |

Ph"* 0.188 0.122 0 2R4 0.0580 0.000

[P ——

therefore,
Fax Pl . 0.11n 0 Nnd2 0.187 0.0441 9.000

At range 200 yd. the probability of killing an enemy per
burst in the sum of the lethal probabilities » 0.409.
For single rounds from the M- 1 rifle at 200 yd, the kill
probability 1 0.135 (Ph = 0 4% and PL : 0.3, Fig. A40). In
*Too tothal iades of 1w 1ifle byllet o5, o0-ls ¥ porcent. It it ansvmmd \hat the smailer
i alihee byllet [0 \Dw 9o® woe, n wiukl U eyuni.y ledhal sitne 1L ®ill have & Bouniing
iapmb. ity equel L. @ Wealer (has the W | ol the tamges inviiven
"Ib Yl @ ie masd 0 the (Fdadilitien fiy A .t Wae (hal A0 Bil are dua U, Lthe
waie 4 taw Dusas Uget an  alle Ws 8 sUibe .l teu ' mese B from e S mevion
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this way, the lethajity of the two weap ns muay Ler rompared
as shownn Fig 5

The curves giving the lowest lethal limit’  ane "he prub-
able upper limit for the dispera.on weapon shew that a
congiderabie relative increase i1n lethaliiy over the rifle may
be expected through the use of the dispersion w.apon for
ranges beyond iC0 yd The :lieuretical upper Linmat would
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Fig. S—Comparison of lethality per aimed shat or burst for the -1 Rifle and
the Saivo Automatic.

enceed the M-| rifle by about a factor of three, if the basic
assumplions used 1n the estimates can be acrepted as rea-
sonably valid. Obviously, at ranges less than 100 yd, the
dispersion of the rounds 1n the salvo pattern becomes greatly
diminished as range 1o decrensed. Consequently, the lethal
effecte will not dilfer greatiy from the single-round rifle
especially when sero range is approaches This variation

In paitern siie with range points up the difficulty of attempt -
INE to assess comparative icthal effects at the shorter ranges
and also reveals the weakness of the estimates at the greater
distances
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