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This is a working paper of members of the technical
ataff of the Tactics Di.ision concerned with ORO Study 11.3.

The objective of the study is to deveiop and expioit ~ri-
teria for improving the iniaiiry weapons system in a man-
ner consistent with trends in infantry weapons deveiopment,
organization, tactics, and doctrine. This paper, ORG-T-378,
deals with oneaspect of the study. The findings ard anaiysis
of this paper are subject to revision as may be required bv
new facts or by modification of basic assumptions. Com-
ments and criticism of the contents are invited. Remarks
should be addressed to:

The Director

Operations Research Office
The Johns Hcpkins University
6935 Arlingion Road
Bethesda, mMaryland
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FOREWORD

The members of the field team that conducted the experiment,
inciuding authors, were George Ziakamore, Ralph Disney, Car!
Hensley, Duncan Love, Paul hiicheisen, William Pettijohn, Robert
Redick, Kenneth Simpscn, Williana Waiton, John Young, and Kenneth
Yudowitch, ORO, Thomosg Ca’~as. Lloyd Corbett, Paul 3choltz, and
Inty Gtimsoun, Spricgneld Ar nory; Arthur Purns, Qlic Mathieson
Caemical Corporztion; Uspt 7. C. Scianick, 1st Lta James CooV
and Lindy Dowtin, 2d Lt Qlive. Hedges, 3d Div, US Armv; avid
¥Yerrin, Aberdeen Proving Gicmd, and Charies Dickey, Frank-
ford Arsenal.

The data reductionfrom target faces and electrical recorder
tapes were made by DR research aides Sheldon Chexin, Betty
Foster Cari ¢ :3iey, and Kenne'ih Simpson.

mrs. Foster in particular devoted much time to painstaking
data examination and computations.

In addition to these participants the authors are indebted to
numerous others within apd without ORO for aid of diverse sorts.
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PROBLEM

To Celermine the relative effectiveness of multiple-bullet and siagle-
bullet rifle ammunitions.

FACTS

Earlier ORO siudy indicaied thai combai rif’2 fire wculd be more effec -
tive if hita were increased by causing each trigger pull to fire several bullets
(salvo principle). Ammunition designedio fire in this fashion had been fak ricated.

DISCUSSION N
\

An experiment designed to compare the galvo cartridges with conventional
ammunition in combai-simulaiing aimed rifle fire, was conducted by ORO in
June and July 1956 at Fort Benning, Ga., under Lh‘\aunpices of the SALVO
Steering Committee sei up by the Chief of Orda-znce.

The ammuniiions iesied include .30-cal duplex and triplex rounds (two
and three tandem bulleis), compared in hits scored against standard single-
bullet AP M2 ammuniiion. Two “minimum-climb” fully automatic .22-cal
(single-bullei) types of fire were also tested: the Gustafson carbine and 2
modified T48 rifle. Automatic burst fire from these weapons was compared
with semiautomatic fire from the same weapona. A 32-flecheite 'oad was also
iired from a 12-gage semiauiomatic shotgun.

These eighi typea of fire were iesied on & combai-simulating range of 22
pop-up (Cockr Ken} targets. Several 10-man groups of firers were used in
siliing and standing position, in day and nighi fire. The experimental data in-
clude the number of rounds fired by each man and the number of hits scored on
each target. In addition, elecirizal recordirg provided chronological firing and
hii records by man and targei, icantifying multiple hitc from the salve ammu-
nitions. The data were subjected to statistical analysis to determine average
values of hii probabilities and statistical rellabilities. The analysis, incorpo-
rating factors of lethaliiy and weighi, leads to conclusions expre2s+d in casual-
ties per aalvo, per iime umit, and per weight umit for both aimed and unaimed
rifle fire. TLe hit measures we:e converted to casualiy measures, including
accouni of peneiration failure and multiple-hit overkilling. Differencea are
noted in both hits and rate of fire as functions of other experimental variables:
iring position, iliumination, markamanship qualification, learning, and targei
characteristics (size, range, concealment, exposure time, firing activity, and
movemant).

ORO-T-378 1
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Flndingg

The major findings are summarized in Table 1, which shows ihe percent-
ages of galn or i0oss in casualiies per salvo (per trigger puli), casuaities per
time unii, and casuaities per weight unii. The six major amumunition compar-
isons are summarized in this table. The firsi three lines compare irue salves
with singie buiiets, the fourth iine com )ares auiomatic bursts with semiauto-
matic bursts, and the last two lines compare tesi weapons. “Single” refers o
reguiar M1 fire. The comparison of automatic and semiauiomatic {ire com-

TaBLE |

Oven AL L PERCERTAGE CASUALTY GAINS®

Ammunition or {iring Casusltiss/time Casualtiss/weight °Average”

comparcd Cosusltics/sslvo uait anit asin 20
Daplex to single + 60 + 60 + 60 + 68 7
Triplex to singl-? +110 + 70 +110 +100  *11
Flechettes to siagleb + 290 +100 +200 +20C 225
Astosatic to scmisctomaticC + 60 + 10 - 30 + 10 B 5
+22-cs] carbize to .30-cel M1 + 10 + 30 +129 +. 58 =B
.22-cal T48 to .30-cal M1 + 10 + 20 + 30 & 18 g

S(ver thosc from .30-csl single bullets or seminntomatic fire.
bRased on limiled ds:a.
Clecludes both Gestsfson carbine ssd modificd 48 rifle.

bines both carbine and T48 results, since they are nearly identical. The car-
bine and T48 are compared with the M1 in semiawtomatic fire only. The
“Casualties/time unii” incorporate experimental data on rate of fire. The
*Casuaiiies/welighi unii” are based on ihe weight of the weapon plus normal
ammueition load (224 rounds).

Table 1 is deduced Ly weighting the tl.ree firing conditions ia the spproxi-

mate ratio of the amouni of experimental firing—2 (day wiiting): 1 (day standing):

1 {nighi sitiing). This raiic is extremely conservative in heavily weighting the
most accurate {iring condition. Secondly, values are derived for unaimed-fire
casualiies. His noted thai the experiment nisasured only aimd fire. However,
the arbitrary over-al! esiimate shown is thougzhi i be the beiter genera) effec-
tiveness measure. The una'‘Ted “Casualt’.s/salvo® is simply the produci of
the number of bullets per salvo and the lethalily per bullet, adjusted for pene-
tration fallure and multiple- hit overkill. The {able combines the sverages for
2imed and unaimed fire om a fifty-fifty basis. The vaiue of this unaimed fire
in its neutralizing or harassing effeciis s5sume to be measurcdby itn canualty-
producing poteatial.

The {iith column, "Average gain.® is a crude method of deducing s rough

single effectiveness ratic. It Ls aimply an sverage of the three crtteria of the
other columns.
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t.gure § vuwg the average values, together with the 95 percent coudi-
dence ba:-iy

~he confidesce ltmtts (2 o) estimate (with a 95 percent certainty) the
range within which the true gain lies. For example, with a 95 percent certainty
tt i known that the average duplex over stngle-buliet elfectiveness gain (as
defined) is between 53 percent and 67 percent. These limtts are deduced from
sampling errors only. Systematic errors are found to be up to two to three
ttmes larger,

DUPLEX
TRIPLEX
FLECHETTE
AUTOMATIC
CARBINE
T48
250
GAIN, %
Fig. 1—Average Selvo Gains
P t t
Lower JSiwerage Upper
condidence confidence
Himit lim ¢
95 perceni contidence be Wa
MAJORCONCLUSIONS

‘Z Ali salvo ammunttions examined show effectiveness increases. The

60 percert duplex rain is unequtvccal; the automatic ftre gain iz smaller, de-
pending on the criterton selected; and the trtplex and {lechette gains of 100 and
200 Qe;(,‘mt require further veriftcatton.

" &. The smaller weapons examined show effectiveness increases of 20 to
£0 percent over the M1 in conventiona! semtautomatic ftre.

".y. Typical fire is &t a rate of 16 rounds/min after 1%, sec to acquire at
target. Average test accuracy is 14 percemt htt probabiltty, or an error (linear
standard devtation) of 3.8 mtls.h

ORO-T-37%
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BF.COMMENDATIONS

From these conclusions and the discussion accompanying the 22 conclu-
sirmg in the body of this memorandum, the /nllowing recommendations are
deduced:

1. The duplex and triplex ammunitions shouldbe considered for adoption.

2. Additional tests of triplex and flechette ammunitions should be
conducted.

3. Flechette development should be accelerated.

4. A flechette side-arm load should be developed for test.

5. Doctrine for aimed - tomatic shoulder fire should be reviewed.

8. An investigation of smaller weapons should be initlated to identify ob-
served .22-cal gains.

7. A .22-cal duplex ammunition should Le fabricated and teated.

8. The peep-sight requirement should be reconsidered,

9. Actual combat accuracy of rifle fire should be determired.

10. This experimental context should be considered for training use,

4 ORO-T-378
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PURPOSE

To determine the relative effectiveness of muitipie-buiiet and single-
bullet rifie ammunitions.

An experiment was performed to determine hit probabiiities with salvo
ammunitions in combat-gimulating aimed rifie fire. The anaiysis, incorporating
factors of lethality and weight, ieads to conciusions expressed in casualties per
salve, per tlme unit, and per weight unit for aimed and unaimed riflc lire.

HISTORY

The salvo concept is by no means new. Probably some clever caveman
put several stones in his siing ut one time. Stories exist describing the prac-
tics of some tribes in eariy modern warfare whu used knives to split their lead
bullets. The shotgun is an example of extreme salvo, where lethality and range
capabilities have been compromised for the hit increase in the projection of
multiple pellets. The massing of artllle:y fire is a further exampie of salvo,
using separated launchers. The machine gun and the automatic rifie approximate
the fundamentzl characteristic of salvo, which is the projection of more than 1
round with a singie aiming and firing effort.

The type of saivo development with which this paper is concerned appears
in the 1856 US Army Ordnance Report.' This report dcscribes fire of two and
three round b2‘!s at one time from a “rifie musket.” An 1862 US Patent® de-
scribes “lmpiuvement in Compcund Bullets for Smali-Arms” (Fig. 2). Official
concern appears in the 1879 Ordnance Report to the Secretary of War.' That
report includes the disclosure and subsequent correspondence of Captain of
Ordnance E. M. Wright, who proposed the use of a t2ndem salvo round—three
builets ncse-to-tail in a single cartridge (Fig. 3). Captain Wright's efforts
were defeated by Captain of Ordnance J. E. Greer, whose negative report was
indorsed by the Chief of Ordnance. An overshadowing development, the intro-
duction of the magazine rifie, squeiched further efiorts at that time.

In eariy 1945 the Naziz reported on “Die Infanterie Doppeliges=hosz."*
The.r report describes in detail the development and testing of a tandem dupiex
rifie round and several modifications (Fig. 4). The German reports indicate
considerable success (Fig. 5) and plans for special issue in 1945 as is indicated
by the foilowing:

PROGRESS REPOHRT NO. 64 17 March 1945

On the Preaentation of the D-Ammunition ard Discussion at Friedenthz! na
17 March 1943

ORO-T-378 7
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CONFiDENTIAL

Subject: Use of D-Ammunition for Special laaue
(8S-Anssult groups)

The purpose of thz rresentatica in Finow was to issue tbhe D-Ammunidon to the
battle fron¢. 88 Sto~". .. .Juk.er Dr [leens propogec >t this new type of lulantry ammu-
cltlon be - "7t {Taued to the Parpiroup assault groups e .re b .7 masible to obisin an
w87y wedcel rerrit 6. wiil be hept 100% secrer S5 Hutet G _ardt suggeated that
29.0gla  ochurmann take part ia the tests ai Finow.

The deveiopment of D-Ammunition for the Pistol 08 and the infyntry Sturm
rifie is also as urgent as for this caliber.

ORQ analysts, examining the operational concept of small-arms aimed
fire, recomme:'¢. i1 1952* the development of a weapon designed to fire slm "
taneously up to il -ojetiles:

f. It is recominre >~ ~ that .ne Ordnance Corps proceed to determin’® the Zzaien or
technoiogical feasihility o1 Leveloning 2 hand weapon which haa the characteristics clted
in this analysis, namely:

8. Maximum hit effectiveness againit man targets within 300-yd rsnge (Fig. 6].
(This does pot mesn that the weapon will be ineffective beyond ibis rsnge.)

b, Small csliber (lesa than .30).

c. Wounding cspahility up to 300 yd at least equivsient to the present riflas,

d. Disperelon of rounds from salvos or bursts controlied so as to form s pattern
such that alining errora up to 300 yd will be partly compensated, and hit effectiveness
thereby incressed for these ranges.

2. As one possible alternative to the current volume of fire {fully automatic)
approach to the prohlem of increasing the effective firepower of infantry riflemen, it is
reccmmendod —subject 10 ten*ative confirmstioa of design feasibility—that a rifle incor-
porating at least in principle the military characteristics here proposed be manufactured
for further and conclusive teat.

This concept was presented by ORO to the US Arroy Chlef of Staff, Gen
Lawton A. Colling, who directed Ordnance to develop materlel to evaluate the
proposed concept. In response to this order, the SALVO Steering Committee
was formed. In 1953, ORQ published 2 memorandum® describing the theoretical
performance of duplex and triplex tandem rounds (Fig. 7). Subsequent industrial
development and testing of these tandem rounds proceezed under the direction
of the SALVD) Steering Committee.

In 1954, ORO, in response to a request from the SALVO Steering Com-
mittee, designed a field experiment to determine the hit probabllity of the taidem
salvo round in aimed combat rifle lire. By 1956, coordination efforts with Ballistic
Research Laboratories (BRL) (s2e App L) and other interested agencles per-
mitted acceptance of the ORO test plan and assignment of facllities at Fort
Benning.” In June 1956 the experiment was conducted by ORO.

The recommendations of this memorandum are essentially the same as the
preliminary recommandations presented in an earlier report.’ These conrlu-
slons and recommendations have already been disseminated, and in some part
carried out. At this writing, duplex ammunition is being procured for official
user test with both M1 and T14 rifles. A program is under way {with apparently
Inadequate priority, however) to examine the shotgun flechette improvement wih
reduced dispersion. A recommended development of a flechette side-arm or
pis‘ol load is currentiy in the doldrums, but several agencles are interested in
supporting the development.

8 ORO-T-378
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MEUBEN SHALER, OF MADNOK, UDEENSSIUT, AED idi W. BRALER OF
BBOORLT, 557 VoK, AAMEES 90 Bii W. MEALER.

°
I ROROVINENT 1 CONPOUME BULLEVE FOR SMALL-ARMS.

Tporifantios fitwing port of Lattres Pataat T, S8,0D8, dubed Aaguet 30, VN

Fgs. Fgz2  Fg3.  Fgd

A k[

¥ ¥ = =

Fig.3.
Fig ¥ e/

&Aﬁ
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DESCRIPTION OF BUOKBHOT CARTRIDGE, FOR PRESEST SERVICE ARMS
AND ALTERED REVOLYERS.—CAL. .45 BUCKBHOT.
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tqumi. charge, & or 4 graime
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interest lu the salvo rifle program has resuited in the publication of other
studies. It is appropriate ncre to discuss the interpretation of apparent incon-
sistencies that have been noted. The most pertinent study that has come to the
wrlters’ attentlon has been published by BRL." A major difference between
this BRL report and the present study arises {rom the effectiveness criterion.
The BRL study is based on the criterion of “one or more hits.” This criterion
discriminates against a saivo load in faiiing to credlt multiple hits with more
lethality ti:an a single hit. A second assumption 18 an unreaiisticaily low aiming
error of only ! mil (this experiment showed 3.3 mils average dayllght error).

The BRL conclusion that = -“der no consideration 18 the dupiex buiiet
superior to two independently aimed projectlles” is misleading, since it is true
only when based on a quite inequltabie criterion: one dupiex firing vs two singie-
bullet firings. Two independently aimed projectiles require two weapons and
two men for the same opportunity, or a repetition of the opportunity. The sum-
mary tables in the BRL report suggest that the caiculations are based on the
unrealistic assumptlon of no holdoff (eievation) for gravitational drop. The
need that the BRL report recognizes for theoreticai estimates of tha effective-
nees of the conirolied duplex round was recognized, and a publlcation. was under
way simultaneously with the BRL report.'® The BRL criticism that CRG-SP-2°
faiis to emphacize the superiorlty of the .22-cal carbine is accepted.

The totaiity of these criticisms negates the primary BRL conclusion that
“the advantages of the duplex round SALVO rifle are marginal.” The authors
of this memorandum are in agreement with the {inai statement of the BRL
report: “*Any promising smali arms should be {inally evaluated on their mass
elfectiveress against anticipated number of men in llkely patterns, i.e., under
service conditlons.” Furthermore the authors believe that this (ORO) memoran-
dum has made a substantial effort to satisfy this condltlon of evaluation.

A second study of direct concern has been made by the Armour Research
Foundation (ARF) for the Springfield Armory." Thls study cor rectly concludes
that the exact form of an optimium salvo has not been determined and i8 not de-
terminable without an ambitious program of basic studies. The Armour repoit
implles that experimental materiel development on items such as the duplex
might best be curtailed, as they do not represent theoretlcal optimum ammunl-
tions. In the iight of practicai considerations of such matters as lead tlme,
such ar. implication is unwarranted. The practitioner of military art is gener-
ally aware that the materiei he accepts in order to maintain a status of preparel-
ness rireiy represents the theoretical optimum, and the satisfactory item is
accepted instead of waiting for the perfect item.

The Armour conciuslon that an ¢ptlmum saivo number exists ia in itsalf
very tenuous. Clearly, radically different forms of saivo wili yleld different
optlmum numbers, and the criterion {for selection among these types will surely
transcend the theoreticai criteria on which the proposed studies would be based.
Dollar and logistical cost and development time are sigunliicant items that must
modify any concluslons from a theoretical technica: study. The specific proposal
of Armour for an automatic weapon 18 of course worthy of separate considera-
tion, provided that the weapon could overcome the obvious disedvantages of
automatic flre that are demonstrated ir this (ORO) study.

Another saivo study hae been conducted by the Midwest Research Institute
(MRI).'"* The MRI report conclusion that “the best system uscs a 64 Flechette
cartridge” is based on examination of cartridgee of 84 or ieas flechettes. It

Ll ORO-T-378
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appears that the criterion on which this conciusion is based would yvield the
more general conciusion ithai the best auriber oi salvo pivjeciiies s ils masd-
mum number possible. The determinat.on of an optimum number requires the
application of additional constraints. MRI’s conclusion'® concerning the deslr-
alile dispersion of flechettes is in reasoirable agreement wlth a recent study

conducted by ORO.**

SALVO EFFECTIVENESS

The objeciive of mililary {ire Is ¢ither 10 Revirailas or to iadlict casuslties
on an enemy. Casualty infiiction in turn may be separate. oy target character-
istics into categories designated as aimed fire and unair.eu fire. The applica-
tion of the salvo principle to unaimed area fire is so elementary as net to re-
quire speciiic field tests at this time. Because area fire targets are charac-
terized by a dispersion in constderable excess of the dispersion of any reason-
able salvo, it is clear that the hits are merely proportional to the nwnber of
bullets per saivu, ignuring variaticas ln hii probabllity or lethality with varia-
tions in range ur other characteristics of the targets. In the case of automatic
fire, the definition of a sailvo and the deterioration of aim with succeeding rounds
are subjects of separate consideration. The experiment made no atteinpt to in-
clude area fire.

The concept of measurable effectiveness of 2.med fir¢ has three parts.
The stated objective of aimed fire, “inflicticn of casualties on targets,” provides
identification of the three essential and commensurate elements. To “inflict,”
the target must be hit with the bullets, implying 2 measure of hit probability.
“Casualties” implies a measure of the casualty-producing effect or lethality
of the bullets. Thirdly, “targets” implies that both of the above measures must
be applied to the enemy target syst=m that {s anticipated. The first two parts
of the concept are well recognized. ln general, however, earlier efforts at rel-
ative evaluation of firepower have failed to provide an integrated measure
reflecting the anticipated target system. As an operational analysis it would
appear to be an incomplete study that provides only a table of potential effective-
ness against a list of target types. The authors have attempted herein to
make a realistic integration of anticipated target types in order to derive a
simply expressed measure of relative effectiveness. Withail, the design retaina
the capability of correction of these meusures with modification of our modei of
the target system.

The potential hit increase of salvo rifle fire depends on the existence of a
fairly large error in combat rifle capability. “Combat expenditure of small
arms ammunition per hit is prodigious —some 8000 to 13,000 rounds.”'* Meas-
ures of rifle aiming error indicate that under target-range conditions, riflemen
achieve errors of less than 1 mil. It is evideat, however, that typicai ccmtmt
error is iarger. From a preliminary experiment,' it was estimated that typical
combat rifle fire occurs with an error of 3 to 4 mils. This figure is the linear
standard deviation (o) of a radially normal distribution, and may be interpreted
as an average value. Examination of weapons used in this test indicates the
typical dispersion inhercnt in the weapon—a few tenths of a mil (App B). Ex-
rerior ballistic errors for most combat ranges (< J0C yd) are likewise generally
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Fig. 8—Duplex ond Triplex Cartridges

30-cal single
buller

.30-cal duplex

.30-cal riplex

22-cal corbine

.22-cal T48

Fig. 9=Test Ammunitions
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much less than 3 cr 4 niils. Il is apparent that the human aiming error reprs-
sents the preponderant influsnce among theze indspendent error sourcss, des-
spite contention to ths contrary.'® Ths increass of hit probability then becomes
a problem of overcoming ths predominant human alming ¢rror. This may be
acccmpllshed either by raduction of error, or design of a mode of flre com-
patible with such an srror. No rscommendatlons are made hers rsgarding
continuatlon of efforts to reduce the aiming error by training or by any other
method. The approach of this study ls restrlcied to the evaluatlon of materiel
cssigned to increase the hit cagability of pressnt riflemen.

AMMUNITIONS TESTED

The salvo system deemed operation2] at the time of investigatlon was ths
tandem round; which ls actually not a salvo weapon, but a salvo ammunition
iLs !ncorporation in conventional small arms. #‘Es primary test item is ths
duplex, eecond the triplex (Fig. 8) with singls~bullet ammunition for comparlson.
The frcnt duplex buliet maintains dispersion comparabis with an ordinary
single bullst; the rear bullet of a pair falls in a narrow ring concentric about

TaABLE 2
WEAPONS AND AMMUNITIONS TESTED IN THE SALVO | EXPERIMENT

Ammunition Maxxle Round Bullet

or velocity, weight,  weight,

Weapon firing ft/mec greins graion
M1 rifle (resmed chamber) .30-cal single-hullet M2 2160 414 163
+30-cs] duplex 2630 449 %6
+30=cel triplex 2630 49 61
Gustafson carbine (M2) «22-cal nemisntomatic 3125 135 41
.22-cal burst fire 3125 135 41
T48 rifle .22-csl namisstomatic 3400 280 68
.22-cel hurst [irs 3400 280 68
2-gage sutoloadiag shotgen 32 flechsttas 1400 720 13

the froant bullet. The angular spread between the two bullsts is the radius of
the ring, approximatsly 3 mils, which is about optlmum, being the width of a
man-target at combat range.'* The .22-cal carbins and the T48 aiford two ex-
ampies of burst {automatlc) fire —with ssmiautomatic fire for comparativs con-
trois. These .22-cal weapuns were selected as tlioss available offering the
least cllmb—ths best hold on target for a salvc burst.

The 32-flechette joad was tested as the most promising of several flechstts
developments.'!” Figurs 9 shows ths test ammunitions and nominal charactsr-
istics. Ths meajured charactsristics are given In Tabis BY, App B.

Four types of weapon were used, and a total of sight diffsrest combinations

of weapon and ammunltion or types of {irs were tested. These eight combina-
tions are shown in Tabie 1.

ORO-T-378 18
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TaBLE &
FARGET CHARACTERI WS

Characeriatic Amoant or type
Size E (knee!ing) and ¥ (prone)
Range 50350 vd
Lxposure lime 31034 wec
Visibility Day, night, day-hidden
Movement 3 of 22 targets
Activity Bianke being fired et 1} of 22 wnrgets
Confusiea 20 demolition poaitiona plus n
phonograph
TABLE 4

SALVO I'TARGET SYSTEM LayouTt

Target Raage, Target Con- Move- Blank ilami- Expoaure
number vd aizet cealment  ment firiag nation time, acc
1 82 F E F N 28.5
2 63 E — — N 3.0
3 65 E — - N 7.5
4 67 F C F N 12.0
5 4 F - F D 4.5
6 76 E — F N 4.5
% 77 F C F D 15.0
8 78 F (& F N 19.5
9 86 F — - D 4.5
10 B9 F © F D 15.0
1 90 F C F N 4.5
12 91 F L £ N 9.0
13 11i F & F DN 19.5
14 127 F C F DN 9.0
15 119 F - - D-N 4.5
16 152 E - M = DN 10.5
17 161 E - F N 3.0
8 io2 E - M = D-N 6.0
19 164 E - | = D-N 18.0
20 165 F. (G == D-N 345
21 169 E g — DN 4.5
22 176 k. C F DN 9.0
pix 209 F = = N 3.0
24 216 F C — D 4.5
25 218 F C — DN 15.0
2% 221 F - F N 1.5
n 223 F C F N 21.0
28 245 7 - F D 6.0
» 259 g - F L 10.5
30 27 F - - D 30
i 269 F C F n 28.5
32 334 F - F D 7.5
1n " F - — ] 3n
M » F (] F D 210

106N 231 0D
Total 14k 150 kL] 19F 17D 25).5N
204 12N
°F (insoiwmg! and F (prowe) silhrnetien
16 ORN-T-378
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To describe combal targets in terms of seven characteristics that criti-
cally affect aiming erro:' as shown in Table 3, a questicanaire-interview was
adminigtered to veteran riflemen (App C).

A study of the information obtained ied to the adoption of two target
systems —one for daytime fire and one for nighttime fire. Each ¢f these sys-
tems wag composed of 72 pop-up {Cocky Ken)'* targets, 10 of which were com-
men to both aystems, making a total of 34. The tardgels were exposed by cpring-
loaded mechanisms for time durations of 3 to 344 sec. None of the targets was

Cowvesy of Olin Mothiesen Chemica! Corp.

Fig. 10—Blonk-Fire Rifle and Target

schedulad for exposure simultaneously with another, and the intervals between
successive target exposures were varied. The sum of the scheduled exposure
times for the 22 targets during a day run was 220 sec, and the total time for
the run was 7% min. This means that during a run some target was scheduled
for exposure during about half the total time for the run. Three of the targets
moved laterally during exposure. Target activity was indicated by blank fire
at half the target positions (Fig. 10).

The 10 {Ilring positicas were on a 50-yd firing line. The ranges from the
firing line to each of the 34 target positions and other characteristics of these
targets are shown in Table 4. Target slzes were limited to two: E (kneeling)
and F (prone) silhouettes (F shown in Fig. 11). The minimum target range
was limited for safety to 50 yd. The maximum range of 350 yd reflects the
occurrence of 95 percent of combat targets within that range (App C). Varia-
tions in visibility were limited to three: day, emposed; day, partly concealed;
and night, expcsed.

ORO-T-378 117
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Courseay of Olin Mathiasen Chemigel Carp.
Fig. 11—F {Prons) Torget in Up Position

Courtesy of Oim Mathiwsen Chamios! Corp.
Fig. 12--=Firing Line Showing Sitting Pesitien with Elbow Rest
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The aiming error also dapend2 sa the rifleman {(Table 5). To make the
experiment Zpplicable to typical US riflemen, four average 10-man equads were
constiiuted of riflemen of qualifications in the same proportion that occurred
in the 3d Div: one expert, four sharpshooters, four markemen, and rne unqual-
ified. In az-dition, one better and one worse squad were tested. The firing po-
sitions were limited to two: a stable aiming positior, raised enough for all men
to see all iargets, sitting with elbow rest (Fig. 12); and a poor siming poseiiion,
standing. Detonatlon charges inthe targetarea and recorded baiile noises added
coniusion for the rifiemen. In addiilon, the rifleinen vere subjected to electrical
shocks ai irregular intervals during the runs by means of wires attached inside
the boot.

TABLE 5
TrooP CHARACTERISTICS
Qualification Betier, average, worse
Position Sitting, standing
Stress Shock snd noise

To recapitulaje, each target system was then composed of 22 Cocky Ken
targets, 3 of whica were capable of lajeral movemeni, and 11 of which returned
blank fire \Figs. 13 and 14). There were 20 demoliiion posiiions, including
nitrostarch charges to slmulate artillery, and blasting caps, readily confused
with rifle fire. Sg.:ads were deployed on a 50-yd line. For uniform visibility,
night tirings were conducted with limited floodllghting.

The entire program of target appearances, target movements, demolitions,
blank {irings, and siress shocks had w0 De preciseiy reproducible for a controlled
experimeni. To accomplish this, electrical controls were plugged into a specially
buiit programmer before each run. To start a run, it was nec4ssary only to push
the starting bution; operation was then automatic for 7' min.

The entire schedule was composed of 68 runs. Only two runs were alloited
to the flechette iesi, owing to limitation oa available ammunition. Each of the
other types of {ire was acheduled to fire from the sitting position both day and
night, and from the standing position in the day (Table 68).

Deleiion of most of the planned triplex runs was necessitated by a mal-
function.

The Cocky Ken targets drop on schedule, noi when hit. There were no
simuitaneous target appearances, and the order of target appearances was
varied between runs. Ammunition expenditure was unlimited.

Physical det>ils of the test system may be seen from motion piciures taken
during the experimeni. ORO has prepared a 6-min {ilm showing the installation
and operation of the teet system. Included are pictures of instailation of the
electrically operated targets, installaticn of track for the moving targets, zero-
ing and famillarization fire ol the test weapons, and a viaw of the several special
devices (stress shockers, ehot recorders, and target hit recordars). The films
also show lire on targets during runs, revealing the genera] patterns of fire, and
glving a clear plctures of the snvironment of the test.
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Firing L ina
Fig. 13—Day Torget Loyt
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The test plan, including a summary uof requirements drawn up in December
i955, appears as Annex L1 to App L. This annex describes the elements behind
the questionnaire of App C for determination of the target system, and outlines
that system. It also outlines a schedul? of firings and a list of the various re-
guirements. In addition, App L discusses the adequacy of this tes! plan, and
points up the conside rations favoring it over others. Considerably more detaii
on the statistical validity of the test plan is given in App M., A master schedule

of the actual experimental runs is riven in Table L2.

TAnLE A

Oxg Day s Runs

Run no. Ammunition Visibility Position Sqvad
1 Control Day Sitting A
2 Test Ny Sittiog A
1 Contrel Dey Sitting 3]
9 Teut Nav Sitting B
5 Coatrol Nay Standing A
) Teat Uav Standing A
r Control Night Sitting B
8 Test Night Sitting n
INSTRUMENTATION

The operation of all targets was controlled by a programmer, which was
set before each run by means of a patch board of 300 sockets. Eight different
programs for daytime runs and four different programs for nighttime runs
were used. The different programs presented the targets in different sequences,
but the times of exposure, and the intervals prior to target exposure after the
preceding target dropped, were held constant for a given target. The intervals
between target appearances varied from 6 to 13'4 sec.

For recording shots fired, each test rifle was equipped witn a specially
constructed switch within the trigger mechanism. The switch was closed with
eacn trigger pull, which fed impulses to an Esterline -Angus recorder. Separate
channels were used for recording ths shots from each of the 10 firing positions.

For recording the number of hits, each target silhouette was covered with
two sheets of eiectrically conductive rubber with an insulating rubber sheet
sandwiched between them. The passace of a bullet through the sandwich caused
a momentary electrical connection between the conductive rubber sheets. The
completion of the electrical circult between ths t'vwo conducting sheets activated
a mechanical counter, and also recorded on s continuously advancing roll of
paper. The circuitry permitted the separation of hit impulses to sbout 1 msec,
which permitted recognition of multiple hits. It was also possible to identify
shots fired with hits ecored.

Ths demolition charges in the target ares, and the blank-firing rifles were
controlled by the programmaer (o permit precise prescheduling

12 ORO-T-3M
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Al eaih {iring ousiiiun, a tatlery and nigh-voiiage coil were connected to
electrodes that could be slipped into the riilleman’s boot. Under control of the
programmer, shocks were delivered to the riflcman to simulate battle stress.
The shocks could not exceed 10'% ma in current, but producsd jolte of up to
5300 volts.

In view of the complexity of the instrumentation for the SALVQO I experl-
1eat, it is not surprising that many malfunctions occurred. It seeme clear
that the electrical data shouid be appropriately adiusted to eliminate the effect
of malfunctions as far as poselble.

Fortunately, many questions of interest can be studied and conclusions
reached on the basis of manual counts of ammunition used and holes in target
faces. The major portion of the analysls In this paper 18 on this basle. Inves-
tiga‘ on of hits by individual riflemen on individual targets recvires the use of
the electrical data, since no manual count of this kind 18 available; llkewise
identification of multipie salvo hits requires the electrically recorded chrono-
iogical hit record.

&

PREDICTIONS

Before it 18 determined that there 1s some reason for conducting an ex-
periment, there is gei.erally some knowledge on which imperfect predictlons
of the experlmental resuits can be made. The reason for conducting the ex-
periment is to verify the uncertain assumptions on which such predictions may
be based, and to demonstrate with greater accaracy and greater reliabllity the
differences being discussed. In the inatance of the salvo assumptions tested
in this experiment, a good deal of specific detailed information was availahle.
The theory of the controlled duplex pattern was already understood.’® The
patterns of both the random triplex and the flechette loads weras ater [ol . auiy
well predicted.” In additlon, basic informatlon on rifie alming errore was also
on hand.!® Theee earlier examinations of the salvo patterns were readily applied
to the ealvo target aystem to yteld quantitative predictions on the number of
rcunde to be flred and the number of hits of each kind expected.

Appendix M discusses these predictior.s in detall. Table M3 presents the
predicted hits and rounds fired for day and nlght runs, and compares the pre-
dictione with the experimenta} results, showing reaeonable agreement. The
dupiex hit prediction In App M is devoted to a generallized theoretical prediction
far controlled duplex hits. The triplex and fiechette hit predictions sre also
presented in App M. Finully Tables M12 and M13 compare in summary form
the prediction and experimentaily achie ‘ed data. The sgreement s such as to
justi{y the experiment—i.e., it is ciose enough to demonstrate that the order
of magnitude of differences was anticipated, and it is pocr enough to warrant
the experiment rather than rely on the theorstical predict /)ns aons.

Finally tl.e experimental deelgn itself is roughly jus.ified by the predicted
deviations ehown in Table Mi4. This tstle compares the predicted hit proba-
bilities of duplex, tripiex, and {lechelte ammumiticn with the etngle -buliet con-
trol. Approximate standard devialions ars then deduced. The significant con-
clusion is that sach predicted nalvo vslue differa from the single-tulist valus
by st ieast thrss predicted standard deviations This may be interpreted as s

ORO-T-3N 13
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prediction that the experiment il design is adequate to determine these desired
ratios with acceplable reliability

A companion theoretical consideratiun made in conjunction with these pre-
dictions is the determination of the .ufle zero seiting for the experiment, This
is discussed in App M under the seciion “Combat Zero.™ The desired zero
setting for the test weapons is defined as that setting which results in the min-
imum value of total miss distance for all target hits due to gravitational drop.
An interesting resvit of the comgutations is that this zero setting is insensitive
to variztions among the test ammunitions. The result is apparently character-
istic of the target system. The daytime target system yields an optimum zero
setting of 165 yd. All test weapons were accordingly zeroed at 165 yd for both
day and night firings.

DATA

The basic data are the manual count o rounds of ammunition expended
and the manuai count of target hoies for each run. In addition, electrical re-
cordings were made of shots fired by cach rifleman during the time each target
was exposed, and of hits made on that particular target., Malfunctions were ex-
perienced in the instrumentation, 8o that serious disagie:ment exists between
the manual count of rounds and holes and the electrical recordings for corres-
ponding shots and hits. A method for adjusting these electrical data has been
developed to minimize the effect of malfunctions. The adjusted data tables
support the conclusions reached with the unadjusted or raw data tables.

Preliminary reports have been prepared by ORO on the SALVO I experi-
ment.'™ " The Systems Analysis Corporation undertuok statistical analysis of
the SALVO I data under subcontract to OROQ."

In analysis of the data, variance-analyais techniques and selected statistical-
signicance tests have been used in weighing the possible effects of the heavy
random error that was evident in soine of the preliminary analyses. The ana-
lysis scheme generally has been based on the assumption that the SALVO 1
data are samples from parent populations whose parameters have been esti-
mated. The significance levels of differences that may represent real effects
of known changes In controlled variables have been calculated. In this way the
possibility that these differences may in fact stem from random error {or
sampling variations) has been considered.

The totals of rounds fired and hits scored for each of the 68 runs were
tabulated as the lasis for analysis. The largest categories of differences are
(a) differences among the several types of test ammunition; (b) differences
among the three conditions of firing (day sitting, day standing, and night sitting);
and (c) differerces among the six squads.

Table 7 i8 a summary of the comparisons that can be made from the re-
sults of the SALVO I experiment. It is seen that standard single-bullet ammu-
nition was used on a total of 18 runs; 10 day sitting, 4 day standing, and 4 night
sitting. Duplex ammunition was used on a total of 14 runs; 8 day sitting, 3 day
standing, and 3 night sitting. The results of each of these 14 duplex runs can
be compared with the results of a corresponding single-bullet run
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Table 7 shows that only two runs using triplex ammunition were completed.
Additional triplex ammunition runs were originatly scheduled, but were can-
ceied ond iargely replaced by duplex runs.

The last four iines of runs tabulated in Tabie 7 show that balanced com-
parisons can be made among the foilowing four types of rifle fire: carbine
a' tomatie, carbine semiautomatic, T48 automatic and T48 semiautomatic. The
results of one rur for each of the four average squads (A, B, C. and D) are
availabie for comparisons of these tvpes nf fire [2r the day.-gitting firing con-
dition. Sguads B and D made vach of these four \ypes of run for day standing,
and Squads A and C made simiiar runs for night sitting. The balance, with re-
spect to squad and iiiumination-position condition, among the 32 runs discussed
in this paragraph (and listed on iast four iines of the tabic), erabies one to use
standard variance -anaiysis techniques to welgh the possibiiitiey of chance
accounting for the observed differcnces in results.

TabLE 7

TABULATION OF RENS (1-68) WITH SQuADS (A—F) aND CONDITIONS SHOEN

Ammoaciron or firag ‘TL Dav sisieg Nev swsnding | Night aitiing
—— — =2 RS i

Simgle Al A25 R RZT O3 (% D D80 EAS BT AS AT 3 (A2 WY B D Deé
Duplux A2 .13 i3 C87 ™Ms D59 kA6 FeR  As T (a1 He 39 el
Trplee A Hnm
{ arbioe, automatic A20 Hie .43 D4l R Das A4 47
Coarbine. semiostomatic 419 m? C44 D42 H21 Da: a2 T4
TAb, avlematic A12 Hi0 C51 Dae Rl4 03y Ale 58
THR, saminatomatic Al}) Be (.5 ] Dso (115} 179 Al 5

It is seen that 12 pairs of runs using single-bullet and dupiex ammunition
are availeble from whichpossibielearning by the squads during the experiment
can be assessed. This balance in experience gained between pairs of runs by
the same squad enables the authors to evaluate the learning eifect with greater
confldence than would be possible in a less systematic arrangement of runs.

The last four runs (65-88) were made by the expert (E) and unqualified
“bolo” (F' squads.

Ali the data described above are recorded in App E. The detailed infor-
mation on roundn firsd and hits scored is listed in Table E4. Most of the sig-
nificant concluslons arc drs=m froam the ¢ntalg by run, which are summarized
in Tabls Ld. In addition a detailed list of weapon muiiunctions is included in
ths 19 parts of Table E5. Deductions of multiple hits {rom the chronological
records are presented in App O. Targetl-system malfunctions and observed
corditions of weather and lighting are included in Table E4.

The adjustment of data to correct for maifunctions and other obeserved
variatlons are descrited in detail in App F. Tabies Fi to Fi9 show the ad-
justments made un hit records, target by target, and run by run. Tables F20
to F18 show the same information for rounds {ired. The method 0. discarding
incomplete porticns of data is not used in this anaiysix. The reasn for reject-
ing this technique hecomss quite evident when il iz attc mpted —the categories
ameaable to comparison depend In such compiex fashion on the individual nieces
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of data that discarding even a smalil percentage of the total data 1esulia vit]-
mately in discarding fiir too great a proportlon of the summary dJdata to yield
useful results. For exampie, if targets with only one malfunction in ail the

68 runs are discarded from all of the runs, few If any of the targets yleld total
figures. However, where an obvlous malfunction has affected a plece of data,
the erroneous data have h.en eiiminated, and replaced with a prorated vaiue.
For example, U in Run 4 target 10 way known to remain erected beyond its
proper exposure time, the recording of too lurge a number of rounds fired is
anijcipaied. It would be a siatistical luxury inat could not be afferded to dis-
card all the other 50 daytime values for target 10 because of thls single rocog-
nizederror. Instead, the excessive value is replaced by 2 predicted valu. Ut
is an average for that target ar d that type of run. it turns out that 13 percent
of the hlt and round data is adji:sted in this fashion. Many of the later analyses
Illustrate that the adjustment dyes not signiflcantiy affect major conclusions.
That 18, dual anaiyses with botl: raw and adjusted data yleld simila~ resuits.

The adjusted hit and rounds-fired data are summarized by run in Tabie
F4l (corresponding to the raw-data Table E6). The {lechette results, being
quite incomplete are handled differently. Instead of adjusting these grossly
incomplete flechette results to perfect runs, the comparable single -bullet data
are adjusted to match the incompiete flechette data. This adjustment Is ex-
plained in detall in App F.

Appendix N summarizes both the weano:: and target system malfunctions.
Table N2 shows four categorles of weapon malfunction 1or eacn ot nine 1ypes
of fire, with a grand total of two malfunctlons per i00 rounds fired. Table N3
shows a trivial 0.1 percent trigger-switch failure in recording rounds flred,
and « very substantial 21 percent error in hit recording; l.e., one of the five
categories of electrical-hit-recording fallure occurred 21 times for each 100
hits. Corresponding target-operation malfunction le noted in Table NS to be
11 percent.

STATISTICAL ANALYSIS

The experlmental data were subjected to detalled statlstical analysis with
the asslstance of the Systems Analysis Corporation.'"® These discusslons are
presented primarily in App J. In App J the baslc data examined are the number
of hits per run and number of hits divided by the number of rounds fired per
run. The experiment provides elght types of ammunition and three conditlons
of fire, with three omlsalons. These 21 ammunition-illumination-position
combinations (AIP combinations) then provide four data each: hits and hit
probabilltles, both raw and adjusted. These 84 numbers as presented In
Table J2 form the basls for comparisons.

Aprendix J 1s then devoted to deductlon of differences and ratlos among
the various ammunitlons and conditions, and the establirhment by analysis of
variance, by test, and by deduction of standard deviations of the reliabilitles
or significance of these differences and ratios. The major differences are
summarlzed as ratlos of hits and hit probabilities in Table J1. Flgures J2
and J3 are striking graphical presentations of the consistent differences among
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tie ibajur iesi llems--gingle-buiijet, duplex, and triplex ammunitions. Although

it is difficult to make a siinple summary of the many detailed reliabillty or aig-
nificance tests in App J, it is generally clear that the major differences for run
totals as listed in Table J1 are quite real.

SEPARATION QF E&reECTS

Appendix K presents the major resuits of the experiment. In this analysis
the number of hits and the number of rounds fired per run are selected as the
basic data for analvsis. Hits per round or hit probabilities are discussed only
after these baslc data are appropriately reduced. Appendix K is further arbl-
trariiy based exclusively on the adjusted data of App F rather than on the raw
data of App E.

The method of isolating effects of ammunitions and other effectlve param-
eters is to sequentially reduce the data by eliminating mean differences.
Thus the entire experimental data are used In examining for each effect. For
example, if the difference between duplex and singie builets is eiiminated, then
all sltting runs with both ammunitions may be compared against all standing
runs with both ammunitions. It is quite clear that such comparisons ignore
interrelatlons among these efferts. Nonetheless rough measureés of ihe sem -
Taliu mauss viiecis are aesired. This sequential reduction procedure is made
necessary owing to the imbalance of the experimental data. The reductions
are made in two stages. The flrst stage yleids resuits for each ammunition
under each condition of illumination and firing position. The second stage fur-
ther combines stili grosser means, so that ammun:tions may be compared with-
out reference to lllumination and position, and also provides a measure of the
effects of illumination and position themselves.

Borrowing from the tables of App K, the following tables {8 to 12) com-
pare the results in two measures: hits H and hit probabilities or hits per round
fired Py. All the data tollowing miay be deduced dlrectly from Table K5 and
Table K15.

The learning effect is quite evident in terms of absolute hits H. For each
successive run by any squad, the number of hits increased by about 2.0 percent
per run. As ihe regular squads fired as many as 18 runs each, this resulted
in a total increase of about 40 percent more hits on the last run than on the
first run fired by the same squad. From Table K5 it is clear also that the
number of rounds fired increases at almost precisely the same ratio; hence
the hit probability is practically constart. The computed average shows a total
reduction of 2 percert in hit probability over the 18 runs, or an average relative
decrease of only 0.1 percent per run—a quite insignificant charge.

The squad differences are also deducible from Table K5. ii we set the
average of the so-cailed “regular” squads (A, B, C, and D) at 1.00, the relative
hits and hit probabilities by squad are as shown in Table 8.

The effectiveness of salvo ammunitlons is comparea to siagle-bullet am-
munition for each of the illuminatlon-position conditions in Table 9.

Table 10 compares autom:tic to semiautomatic fire, combining the two
comparable weapons (carbine and T48).
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TaBLEB

RaTios OF [INDIVIDEAL SQUADS
10 ABCD AvERAGE

§qnun H P”
A 1.08 0.94
A 1.08 1.15
C 4.95 0.99
n 0.88 0.9
F® 1.89 1.14
Fb 1.01 0.80

*F xpert nqand

bRslo mquad.

TasLE 10

RATIOS OF EFFECTIVENESS OF

CONFIDENTIAL

Taprg O

HaTios OF EFFEC.IVENESS OF DuprLEX, TRIPLEX, AND
FLECHETTE AMMUNITIONS TO SINGLF BULLET AMMUNITION

Ammunitina

compared e H Py
Duplex to mingle Dsy sitting 1.59 1.64
Day ntsnding 1.86 1.64

Might sitting 1.67 1.86

Triplex to siagls Day aitting 1.7 2.25
Flechatts to mingle Day standing 1.84 3.20
Nigl. stendicg .43 1.70

®llluminmtion nued pomition firing condition.

Tavge 11

HAT108 OF E¥veCTIVENESS OF (48 anp CarsiNe TO M1

Weapons
AUTONATIC TO SEMIAUTOMATIC FIRE. comparal P H Py
P " Po T48 w0 M1 Day sitting 1.19 1.17
o Day atendisg 123 0.89
e ‘“"':!' g':‘; g'i: Night witsing 193 2.10
.'\f." i 0.87 0'55 Carbine to M1 Day nittiag 1.18 1.30
ight aftting ) B Day atanding 1.59 1.12
Night sitting 0.62 0.64
TasLr 12
lHovch GrRotPEDR HATIOS

liem or comdition =nmpered H Py

Standing to sitting (dav) 0.89 0.79

Night to dav (artting) 0.38 0.32

Aptometic to seminntomatin fire 0.71 047

Carbiae ta M) 1.80 1.1

Tes1s M1 1.3

Dapler te Siagle 1.67 1.70
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iabie il cumpares the 1'48 and the carbine to the Mi.

ollowing s mere complete separation of eflects as presonted in Tabie K15
(App K), it is possible to combine some of the separate conditions of Tables 8
to i1 in Table 12.

MISCELLANEOUS EFFLCTS

in addition to the reducticn and isclation of differences in Appes Jd and K,
separate anaiyses were made of several effects. Appendix G examines squad
and qualification differences; App H examines learning; App I examines the
rate of fire; and App P isclates effects of target characterisiics.

The squad analysis of App G agrees quite well with App K. Tables G8
and G12 show good agreement with Table 8 (from App K). More interesting
is the deduction of the relative ratings of the several qualifications from the
squad ratings and the known squad compositions, which is stated in App G.
From App G, for exper! rated at 100 in hit probability, sharpshooter scores
88, marksman scores 75, and unqualified scores 43.

The separated learning effect from App K was already shown to be 2 per-
cent increase per run for both hits and rounds fired. The corresponding anal-
ysis of App H yields about a 2 percent increase for rounds fired and a 3 per-
cent increase for hits. It is concluded that the 2 percent per run increase in
tha rata nf fire ie "‘““ and that tho additinnal Indisntad 1 pc.'cc.'.t nCTéRas i
hits is questionable.

Appendix I examines the chronological firing record. First the steady rate
of fire is computed. A figure of 17 rounds/min is deduced for single -bullet day-
sitting fire, 15 rounds/min for all M1 rifie runs, including duy standing, and
night sitting as well as day sitting. A rough average is 16 rounds/min.

The computed average lag time to achievement of this steady rate is 1.77
sec. This is the extra time to acquire and swing onto a new target. Average
time from target appearance to first round is 1.77 sec plus something less than
the steadv rate interval of 3.56 sec, or 5.4 sec. This observed practice is con-
sistent with the recommended optimum of 3.5 sec (1.8<3.5<5.4)."

The record also provided evidence of fire continuing after target disappear-
ance. About 12 percent of all fire comprised this late fire, which coatinued for
an average of 1'4 sec after each target dropped. It is thought that typical values
might be smaller, because the dusty condition of the experiment occasionally
obacured target disappearance, and hence encouraged late fire.

The effects of individual target characteristics on hits and rounds are
sxamined in App P. The major effects on rounds fired are quite naturally
found to be exposure time and concealment. The pumber of rounds fired is
proportional to target exposure time {less .77 sec lag time), and is about 25
percent less for concealed targets. The smaller targets receive about 10 per-
cent leas fire than the larger targets. Target size, movement, and blank fire
have small effect on rounds fired.

Hils are also proportional to exposure time (minus 1.77 sec). Hits also de-
crease with range (= i/R*). Also, for targets of approximately half size, hits
drop to about 30 percent, or ¢4 percent of the hits per target srea. In addition
the targets exposed shortest (3 and 44 sec) are hit some $0 percent less than

ORO-T-378 29

CONFIDENTIAL



CONFIDENTIAL

expecied {rum ihe abuve general proporiichaiily wilh ime. Finally Visas 1ific
at target positions increases hits scme 50 perceni. Target movement reduces
hits about 10 percent. The iight concealment has little observed effect on hits

in this experiment.

These effects, beyond thelr inherent interest, are of potential value for
extending the experimental resuits to target systems composed differentiy
than the ones used. It 1s possible with these factors to adjust the balance of
target characteristics in any suitable fashion, and recompute the integrated
experimentai results.

INTERPRETATION

The major effects for interpretation are isolated in App K. Tabie K5 is
first modified Ly the lethality considerations of App O. I the trivial peretra-
tion differences arising from the different day and night target-range distri-
butions are ignored, the net iethality figures for each test ammunition iisted
in Table 13 are obtained. These {lgures are based on lethalities of 70 percent

TasLE 13
CASIALTIES BY AMMUNITION AND CONIETION

C mdition
Ammuaition or firing l“t"“"' Day nitting Day ntanding Night aitting
L]
Ch C/R Ch C’R Ch £/n
Singln 70 83 13.4 69 11.3 29 3.5
thaplex 63 lig 19.8 116 16 8 44 5.9
Triplex 57 119 24.5 (106)a  {19.4)a (45)a (7.8)%
Carbise, anmiaatomatic 70 123 17.4 117 12.7 18 25
Carbinn, antomatic 68 75 7.1 69 5.0 19 1.6
T4., snmisstomatic 70 99 15.7 85 10.2 57 7.4
T8, sstomatic 68 68 7.1 52 4.4 44 3.8
Flechetten 28 (57 (84 S1 14.5 40b  10.8b

AThesa experimentally miaaing data are artificially developed from the real data for thnen amma-
niticaa hv wains thx p rtigeat rtine from Toble 12: Standing to Sitting (./t = 0.89; Standing to Sit-
tin_q‘,NC/R = 0.79; Night to Day, C't = 0.28; Night to Bay, C/R = 0.32,

ight Staading.

for all conventional bulieta and 35 percent for singie flechettes (App B). Con-
sideration of salvo overkiliing and penetration failure modifies these two values
to yield the lethaiity figures of Table 13. Appendix O describes the detaiied
considerations. Applying thege lethalities to the data of Table K5, the capual-
tles per run (C/t) and casualties per 100 rounds fired (C/R) of Table 13 are
deduced. C/t 1s really a measure of casualties per time -ait, s runs were
fized in time (except that day and night times dlffered). {/R Is sometimes
referred to as “percentage casualties.®

Proper operational salvo consideraiion for automatic fire requires casual-
ties per trigger pull or per salvo (C/8), rather than casvalties per 100 rounds
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\C/R). Laies iabies wiii use C/3, which is 1dentical with cRsunities per single
round for ail other {ire. The average number of rounds per trigger pull is de-
duced in App E. The values from Table E7 are 2.07 rounds/salvo for the T48,
and 2.63 rounds/salvo for the carbine (2.33 rounds/salvo over-all). Illumination-
position differences are not slgnificant. The automatic-fire total rounds per
run was carefully measured, and proved to be 1.5¢ timas the semiautomatic
rounds per run.

These two figures then provide the rate of fire in trigger pulls per run
(automatic to semiautomatic): 1.50 to 2.33 = 0.64. This one-third reduction
in automatic compared with semiauiomatic rate of trigger pull also agrees
with the observed estimate.

TapLE 14
AvMuNITION, SYSTEM, COMBAT LLOAD, AND MAN-AND-[.OAD WEIGU TS
(In pounds)
Weapos Combat Man and

Ammonition Round system load loud
Single 0501 26.4 4.8 195
Duplex D635 27.4 41 .8 196
Triplex 0620 M1 41.5 196
Carbine 0185 13.1 i A 182
T4s .0410 29 7.0 109
Flechette 1024 34.6 49.0 204

Having translated hits to casualties, further refinement of effectiveness
measure becomes difficult. For example, how many casualties per dollar, per
pound, per minute, or per trigger squeeze? I dollars, spent for what, if pounds,
of what? The answers are not clear; one can only look at several of the seem-
ingly most reasonable criteria.

Costs are not simply accounted for. The prototype fiechettes were ex-
tremely expensive, and no good estimate is on hand for production cost. The
duplex and triplex ammunitions are more in line with conventional singte-bullet
prodaction cost. The duplex ammunition particularly is loaded in a single-
machine operation, ard production cost is roughly estimated at about 15 percent
over single-bullet coit. Casualties per dollar cost of ammunition is not com--
puted, as it is thought to be & poor criterion. If any effectiveness-cost ratio s
sought, better cost data are first required. Secondly, the system must be de-
fined: the pertiient cost is almost certainly not for ammunition alone, but in-
cludes weapon and other costs.

Logistical costs are similarly difficult to take into account. Here, how-
ever, adequate meagsures are available. The pertinent weights are listed in
Table 14. All weights are given in pounds. The round weight is taken from
Table B3. The weapon system includes a Korean average of 224 rounds, the
paclcaging (1 belt, 1.6 lb; 3 bandoleers, 0.4 Ib: and 28 clips, 1.7 Ib} and the
weapon. Weapon weights are taken from Table B2,

The 3.7-1b ammunition paciaging is taken as coastant for all the test
ammunition. The average total issue in Korean use (clothing and equipment)
was 40.8 1b. Subtracting the weapon-system weight leaves 14.4 I1t. This 14.4
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ib is taken as constant for ail test-wespon systems and added to produce the
*Combat load” coiumn. Finaily, the average 154.5-1b man weight is added for
the last column.

For normalization to time oi firing, it is noted that *up™ warget time was
231 ssc for day runs, 253% sec for night ruis. From these quantities it is
possibie to compute casualties per minute from casualties per run. Divicing
by 10 yields average casualty production rat? per man. A this time a list of
casualties per unit firing time and casualties per unit weight for any of the
four categories of weight of Tabie 14 can be made. As it would be tires~ome
to inspect a needlessiy compiex tabje using all theae weights. Tahis: 15 ia com-
puted for only the weapon-system weight (rifie plus 224 rounds plus packaging).

TaBLE 15
CASUALTIFS PER SALVO, PER VINUTE, AND PER Pouno

Dav aitting Day standing Night sitting “Averuge”

CSIC/T{C/m | CS C/TICw | CSiC/TEC/w | C/SICTIC/W

Ammunition or firing

Siagle 13.4 216 104 113 1.79 09 35 065 G630 104 1.70 0.8%
Doplex 9.8 306 162 1648 3.01 137 5% 104 048 156 254 1.27
Triplex 24.5 3.09 2.02 (19.4) (2.75) (1.60) (7.8) (1.07)} (0.64) 19.1 2.50 1.57
Carbine, semisutomatic 17.4 3.19 298 127 3.04 2.17 2.2 043 038 12.4 2.45 2.13
Carbine, automatic 187 195 1.21 132 1.79 2.7 4.2 045 0,27 13.7 1.54 0.89
T48, semisutomatic 15,7 257 15 101 221 101 7.4 135 0.73 123 2.18 1.22
T48, axtomatic 14.7 1.77 0.70 91 1.35 04 79 104 038 11.6 1.48 0.56
Flachette (18.4) (1.48) (1.19) 145 1.32 094 108 095 079 155 1.31 1.01

C/8 cciumns are taken directly from Table 13 (times 2.63 and 2.07 rounds
per salvo for carbine and T48 bursts, respectively). C/T columns list casual-
ties per minute per man, asing C/t data from Table 13. C/W coiumns list cas-
ualties per pound of weapon system, using C/R data from Tabie 13 and weights
from Table 14. “Average” casualty values are deduced by arbitrarily lumping
the three separate conditions of firing in the approximate ratio of the experi-
ment: 2 (day sitting): 1 {day standing): 1 (night sitting). This ratic is conser-
vative in heaviiy weighting the most accurate fire.

1t is now cppropriate to compare salve with the single-bullet ammunitions:
dupiex to singls bullet, triplex to single bullet, flechette to single builet; and
also carbine automatic to carbine semiautomatic, and T48 automatic to semi-
astomatic. Because these last two ratios are cocsistently approximately equal,
they are combined in Table i8. It is also of interest to note weapon comparisons:
cartine semiautomatic to Mi, T48 semiautomatic to M1.

To further generalize the elfectivenesa measure beyond aimed-fire cas-
ualty production, unaimed or area rifle fire must be considered. This umaimed
fire is gensrally directed at specific suspected target areas, and las the pri-
mary effect of neutraiizing or harassing enemy troope, and heace protecting
and encouraging friendly troops.

Nsutraiization 2ffectiveness has been alternatively messured by (1) number
of bangs, (2) number of buiiets, (3) number of hits, and (4) amber of casualties.
Criterion i offers no discrimination among the test ammunitions uniass perhaps
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loudness of bang 18 inciuded. Criterion 2 cquates aingle bullets, scores duplex
doubte, triplex triple, and fiechettes x 32. Automatic bursts (from the Tabte K15
rate of {ire)score 50 percent over single buliets on 2 per time basis. The elower
shotgun rate (about half) and ineffoctive tumbling {raction of 1lecheites reduce
the fiechette factor to about 10 times single bullets on a per time baslis.

Briel reflection indicates that so long as the target area ts larger than the
greatest dispersion (a reasonabie assumption), the number of hits (criterion 3)

TABLE 16
AiirD- 1RE CaSUALTY RaTiOS
Coadition
Ammunition or firiag Day aitting Day stunding Night aitting Average
corapared
C/SS|C/T|IC/w|CA|C/TIC/BI|IC/S|C/TIC/RIC/S|C/TIC/™
Duplex to single 1.48 1.42 1.41 1.49 1.68 1.43 1.69 1.51 1.57 1.48 1.50 1.43
Triplex te ningle 1.83 1.43 1.77 1.72 1.54 1.87 2.23 1.5¢ 2.13 1.81 1.47 1.76
Flechette to aingle 1.37 2452 1.04 1.28 0.74 058 31.0% 1.38 2.50 1.48 0.77 1.izZ
Aatomatic to semisutomatic 1.01 065 0.42 0.7 0.60 0.41 1.26 0.84 0.59 1.02 0.65 0.43
Carbine to M1 1.2¢ 1.48 261 1.12 1.7C 2.25 0.63 0.62 1.23 1.1% 1.45 2.3%
T48 1o M1 1.17 1.19 1.37 0.990 1.23 1.05 2.11 1.9 2,43 1.16 1.28 1.36
TasLE 17
UNAIMED-FIRE CASUALTY RATIOS
Namber
Ammunition oc firing of Relative Rate of
compared bullate  lathality fire cs C/v O
Daplex to siagle 2 0.90 0.9¢ 1.20 1.76 1.73
Triplex to siagle 3 0.91 0.78 2.43 190 2.3
Flechsatts to siagle 16 0.40 0.49 6.40 314 409
¢ towatic to samiantomatic (2.33) 0.97 {0.64) 226 148 097
Carhine to M1 1 1 117 1.00 1.17 2.00
T48 to M1 1 1 1.06 1.00 1.06 1.1

is just proportional to the number of bullets (criterion 2). The relative number
of casualties (criterion 4) ia then deduced from the number of bullets and the
bullet lethality, degradea for penetration failure and overkill. The corrected
fethality figures from Table 13, togethar with the numbsre of bullets per salvo,
yield the relative values of C/B of Table 17. The average value for rounds per
burst (both weapons) is taken from Table E7 as 2.33. The average rate-of-fire
values for computing C/T are taken from Table K15 for simgle-builei, duplex,
carbine, and T48 ammunition. The missing triplex and Nechette ratee of {ire
are deduced from the incomplete data of Table X5 using tha method stated in
footnote of Tabla 13 {(corrected for iacreased night “uwp” time). Thesse them

are avaraged in the weighted ratio: 1 (day sitting : 1 (day standing): 1 (night
sitting). The C/W valuse wee Tubie '“ system v-izats as before.
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The number of fiechettes in Table 17 i3 halved to account for the observed
effect with the prototype ioads tested: many of the fiechettes {aii to fiy properiy.
These erratic flechettes presumabiy fail to reach the target area, or at jeast
fail to reach it in an effective orientation. A most conservative estimate is that
at least half of the 32 do fly properiy. It should be noted that suc7ess in cor-
recting this erratic flight wiii doubie the fiechette effectiveness of Table 17.

Note that only the relative numbers of unaimed-iire casuaiiies have been
deduced, If actuaj casuzlties were availabie, experience indicates thit the
figures might be 30 much smaller thr.n aimed-fire casualties as to be in3ig-
nificant. Yet the neutralizing effect of potentially casualty-producing rifie {ire
ts not insignificant. Cleariy then, the absoiuie casuaity values are not .eeded,
and the retative values of Table {7 are stiif vaiid as measures of potential
casualties (casuaities suffered by the enemy if he should faii to seek cover
and be neutralized).

TabpLE 18

Ovrr-ALY CASUALTY RaT10S

Ammyuiiion or [iring

compared c/s C/T o/w ot
e o 108 1.68 1,58 0.03-0.11
Triplex to single 212 169 2.06 0.06-0.14
Flechetts to single 394 29% 301 0.16- —
Automatic to sewiautomatic 164 1.65 070 0.04-0.23
Cerbine to Ml 110 131 220 0.03-0.12
T48 to M1 1.8 1.17 1.2¢  0.03-0.11

®Sisedard deviation of C.'S colums ouly.

It is desirable now to deduce over-all ammunition comparisons for ali
rifle fire. The question is;: What relative value to allot to aimed fire (Tabie
18) and to unaimed fire (Table 17)? Appendix C shows that unsimed fire con-
stitutes 39 percent of all rifle fire. This agrees with informai accepted miii-
tary opinion that two-thirds to three-fourths of rifle fire is no: aimed. Pre-
sumabiy the conditions of battie are such that aimed rifle {ire at visibie in-
dividuai targets is generaliy more critical, and hence an appropriate average
weights unaimed fire at something iess than 59 vercent. For lack of a better
basis for value judgment, the ratios of Tables 18 and 17 are weightad equally
in deducing the over-all casualty ratios oi Table 18. R must be borne ia mind
that Table 18, although our best over-all effectivenvas estimaie, lavolves n
crude iumping of aimed and unaimed fire. The {irmer experimental results
appear in Table 18.

The range of standard deviations is from the minimum purely rendom or
sampling errors, taken from Table J35 and the maximum gross experimental
aggregate value from Table J33. The perceitage figuraa from these two tables
{divided by vd) are appiied tc the C/8 column 10 yield the absolute valuse listed.
The standard deviations for aimed fire (Txbie 18) are larser by an average of
Vi. Individual aimed-{ire standard deviziions may be computed {rom Tables
J33 and J38.
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CONCLUSIONS

Major Conclusiouns®

The major conclusions of this paper may be drawn trom Tables 16,17, and
18. Sincethe casualty ratios of Table 18 are often not toodilferent for the var-
jious criteria (C/8,C/T,C/W), itis sensible in these cases iv express average
effectlveness ratios. Tahle 19 ghows thése averaged-criterion casualty ratlos.

1. Duplex ammunltion achieves 60 percent more casualtics than single
bullets over-all. This gain increases with decreasing accuracy (40 percent
sitting, 50 percent standing, 60 percent night, and 80 percent unalmed; alao
57 percent expert squad, 64 percent average squad, 72 percent unqualified
squad). System weight and rate of flre do not diifer slgnificantiy from those
for single bullets.

TasLE 19
Mean CRITZRION CASUALTY RaTiOS

Ammunition or firiag Dey Day Night
comparsd eitting sitting sittisg Unsimed Over-all

Deplex to siugle 1.4 1.53 1 co et i.oz
trplex to siugle 1.68 1.64 1.97 2.23 1.96
Flechette to single 1.03 1.00 2.26 4.81 3.30
Automatic to semi-

antomatic 0.69 0.06 0.90 1.56 1.13
Corbine to M1 1.80 1.69 0.83 1.39 1.54
T48 10 M1 1.24 1.06 217 1.07 1.17

2. Triplex ammunition appears to achibve double the casualtles of single
bullets over-all. This gain increases with decreasing accuracy (79 percent
day, 120 percent unaimed). System weight does not differ significantly from
that for single bullets. Rate of fire appears to be decreased about 20 percent.

3. Flechettes appear to achieve two to four times the casualtles of single
bullets over-all (100 to 290 percent gain). This gain inc reases radically with
decreasing accuracy (0 percent day, 130 percent night, and 380 percent un-
aimed). System welght is about 30 percent more than that of the M1. Rate of
fire appears to be decreased about 50 percent.

4. Automatic {lre without bipod is compared with semiautomatic {.re.

Its casualty score varies from a 1oss t0 a grin as accuracy decreases (-30
percent day, -10 percent night, +60 percent unaimed). Raie of fire in rounds per
minute {or short bursts is 50 percent greater than that for semiautomatic flrs.

5. The .22-cal carbine achieves 50 percent more casunlties than the M1
over-all. This gain decreases with decreasing accuracy (80 percent sitting,

70 percent standing, and 40 percent unaimed). Night fire shows a 20 perceat
1oss, system weight is 50 percent less than the M1, and the rate of fire is in-
creasad 20 percent.

6. The .22-cal T48 achieves 20 percent mors casualtiss than th~ M1 over-
all. This gain does nut vary appreciably with decreasing accuri.~y (20 parcant

®Contlusioan 2 and 3 are hased oa limited dota.
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sitting, 10 percent standing, and 10 percent unalmed). Nlght fire shows a 120
percent gain, system weight is 10 perceat iess (han the Ml, and ihe raie o iire
is increased 10 percent.

Discussion of Major Cunclusions

it is cconcluded that duplex ammunition offers an unambiguous gain of 60
percent effectiveness over single-buliet fire. This figure is statistically
sound, and holds roughiy for considerable modification in the arbitrary weight-
iag of different types of lire.

The averaue gain of 100 percent effectiveness for triplex ammunition is
based on meager aimed-flre data (two runs) but seems qulte reasonable. This
value, however, fluctuates with the criterion used, particularly to give a lower
value (70 percent) on a per time basis because of the observed and unexplained
reduction in rate of flre. it is suspecied that this observed rate effect is not
generaiiy real, as no satisfactory syslematic explanation has occurred. Addl-
tional testing is required to verify the 100 percent over-ail figure.

The flechette gain depends markedly on the criterion selected. Tabie 18
shows roughly that casuaities per minute doubie, casualties per pound tripie,
and casualties per saivo quadruple the single-bullet score. Further the gain
depends markedly on the type of fire. Almed fire shows an average gain of I
pe.cent, unaimed fire a gain of 380 percent. Further the gain varles consid-
erably with accuracy condition in aimed flre: no gain in day fire, 130 percent
ain at night. This suggesis that the flechette type of highly multiple salvo is
particulariy valuable in poor accuracy conditions. Very probably the iimita-
tions on combat simulation in the experiment produce greater accuracy than
true combat, making this study’s results conservative. The realization that
pistol aiming error is generaiiy about flve times rifle error’® strongly suggests
the application of a flechette-type load to a side arm. Furthermore, the 50 per-
cent rate-of-fire decrease and 30 percent weapon-sysiem-welght increase to-
gether with estimated 50 percent erratic-flight observation combine to indicate
that the considerabie additional gains may be achieved with successful further
development. :

The automatic fire resalts show 60 percent increased effectiveness com-
pared with semiautomatic fire on a salvo or trigger-pull basis, 30 percent de-
creased effectiveness on a weight basis, no appreciable difference on a lime
basls. Further the average ioss is 30 percent in aimed fire. The only condi-
tions appreclabiy favoring automatic fire are night aimed fire on a per salvo
basis {+30 percent), unaimed fire on a per salvo basts (+130 percent), and un-
aimed fire on a per llme basis (+50 percent). Other conditions and criteria
favor semiautomatic fire. These automatic fire gains are based on the assump-
tion that avtomatic unaimed fire is confined to the target area. This assump-
tion warrants critical scrutiny. it is noted, however, that the aimed-fire data
are restricted to flring without bipod (from the shoulder). On the other hand,
ali automatic-fire comparisons were mads with light .22-cal weapons, which
probably hoid on target better than heavier weapons such as the BAR and M15.

The .22-ca] carbine and T48 both achieve about 30 percent more casuai-
ties per round in aimed semisutomatic fire than the M1 with single-buliet am-
munition. This accuracy gain may be attributed to the smailer caliber, the
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iight weapon weight, or the ~gduced recoii eifect. A further gain ig noted in
the increased rate 7 fire (about 10 percent), resuiting i a 20 to 20 percent
over-ail galn for dhese weapuns vit a Caduaily -pCi -ililiuie Caais. an SRpCL-
ment to identify the source of this accuracy and rate-of-fire gain is indicated.
The iighter system weights make the advantage of these weapons still more
pronounced on a casualty-per-pound baslis (30 percent for the T48, 120 percent
for the carbine). Here it becomes essential to seiect the criterion that wiil be
uged to evaluate uitimate effectiveness. Casuaities per pound favor the small-
carbine single-builet over .30-cal duplex ammunition; czsualties per round or
per minute favor duplex. In all cases (except carbine night fire), the .22-cal
weapons tested are superior to the .30-cal M1. This resuit naturally suggests
that .22-cal duplex and tripiex ammunition be examined to achieve both gains.
{Triplex ammunition may not be practicable in .22 cal, consiGering available
muzzle energy and veioclty losses).

Of special note are the night aimed-fire comparisons with the three weap-
ons iisted in Table 16. Without considering weight differences, it 18 seen that
the carbine drops irom a 40 percent average day gain over Ml to a 40 percent
night iosa. The T48 Increases irom a 10 percent average day gain over Ml to
a 100 percent night gain. To get a better notion of this nigit elfect, the day re-
suits for the three weapons (C/R and C/T) are normaiized and compared with
the resultant night values. This yieids a relative carbine right degradation of
80 percent and a relative T48 improvement of 80 percent. These large differ-
ences were apparent during conduct of the experiment.

THe T8 pupGiivi vy 18 attiicuiacic tT the zire and nogition of tha rear
peep sight. The T48 was noted in the field to have a sight picture about three
times the linear dimension afforded by the M1. This is borne out by the sight
dimensions. The angle defined by a pupiliary diameter of '/ in. (night) and the
aperture diameters and distances (from Table B2) are: M1, 8 miis; ‘T48, 14 mils;
and carbine, 7 mils. The poor carbine night performance is apparentiy no! due
to sight dimensions. Possibly aperture reilectivity, depth, and taper are in-
volved. Debrieilng reveaied that troops generaily used the T48 sight in night
firing but compietely avolded use oi the M1 and carbine sights at aight.

It should be noted that thesec experimental firings were all with augmented
bright mooniight. Variations in iliumination might lead to different results.
The lack of explaration for the carbine night degradation and the possible un-
certainty in the explanation of the T48 night improvement suggest further fieid
tests on peep sights under conditions of limited iliumination.

It is instructive to examine the salvo to single-bullet ratio in casualties
per saivo as a fuaction of accuracy. In unaimed fire the accuracy is such that
the basic single-bullet hit probabiiity is negligibie. The assoctated casuaity
ratios are givea in Tables 16 and 17.

Furthermore it is posaible to deduce the casualty production for each
ammunition under the condition of perfect accuracy, or 100 percent hit ;yoba-
bility. For this computation only one hit per salvo is first assumed. I rom
App O the penetration degradations are none for single -bullet ammunition and
automatic fire, 0.2 percent for duplex, 7.1 percent for triplex, and 7.2 percent
for fiechette ammunition. Appiying these degracat!ons to the App B basic bul-
fet lethalities (35 percent for flechettes, 70 percent for aii buiiets), the C/8
for the one-hit case are deduced.
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TaBLE 20
PeprEgT-ACCURACY CastALTY RaTios
L]
Ammunitios or firing Numberof | o s &/

o bellets 1 (i hit | All hite | One bit | All hits | Ose kit | All hita
Deplex to sisgle 2 1.00 1.30 0.98 e 0.96 1.25
Triplex to sisgle ] 0.93 1.37 0.73 1.07 0.90 1.33
Flecheiise to single léx 0.46 1.43 9.23 0.70 0.35 1.09
Automatic to eemisetomatic 2.5 1.00 1.33 0.60 0.80 0.40 6.53

SEffective namber for prototype.
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The C/8 for the as.nmption of 211 bullets hitting are compuisd Dy the wsua!
overkill calculation. For example, duplex ainmuniticn scores 0.7 cieuzltiea
with the first hit, plus 0.7 x (1-0.7) with the second hit. The total {0.41) is
greater than the single bullet (0.7) in the ratlo 1.30, shown in Table 20. The
C/T and C/W columns are compuied from the 7/8 column as in the earller
tables.

The one-hif values of Table 20 apply to very distant targets, and the ali-
hits values apply to very close targets. The integrated average for the targei
system llesbetween, but would ne most tedicus {c compute. Omliiting the arti-
ficially generated iriplex and flechette data, the C/5 are shown in Fig. 15 as a
function of accuracy. Intermediate values from Table 20 are wt . for the
pe:fect-accuracy points. The figure shows clearly the trend of decreesing
salvo gain with increasing accuracy. Furthermore the curves demonstrate
thai this effeci is most pronounced for the largest salvos (flecheite slope >
triplex slope > duplex slape).

As accuracy characie ‘lzed by hii probabilities of over 20 percent ig of
little practical military s.gnificance, the same data are plotted in Fig. 16 on
a larger scale. This is clearly the accuracy range of interest. Similar plots
are shown in Figs. 17 and 18 of C/T and C/W. From all three figures, it is
clear that in unaimed or very inaccurate fire the effeciiveness order is (1)
flechettes, (2) triplex ammunition, (3) dupiex ar.munition, (4) automatlc fire,
and (5) single bullets. The most accurate fire shows generally (1) iriplex
ammuniiion, (2) duplex ammunltion, (3) single bullets, (4) flechettes, and (5)
automadis {02, Dlupica and iripiex ammunitions are never shown to be inferior
to gingle bullets.

From the crossover points or these flgures It ls evident that further data
are needed on actual combat rifle accuracy or hit probabllities. Flrm decisions
on relative combat effectlveness require kno=ledge of where to make valld com-
parisons along the abscissa of Flgs. 1€ to 18. Combai experience must be can-
vassed to provide an egtimate of rifle accuracy in actual combat.

Additional Conclusions

In addition to the six major conclusions on ammunition and weapons differ-
ences from Tabies 18 to 1§, there are 168 other cunclusions from the experiment.

7. Most day targets range from 75 to 350 yd; night targets from 50 to
125 yd.

8. Mean ranges of firing are 177 yd for day targets and 121 yd for night
targets.

The target system, based on the questionnaire of App C, givesday targets
with rang 4 of 75 to 340 yd with a mean range of 180 yd. Table Pl of App P
gives the hits by target and permits the calculation of a mean range of hits.
This value is 133 yd. Appendix F glves single-bullet rounds fired by target,
and permits calculation of a mean range by rounds fired. This weighted mean
range 1s 177 yd. The mean day-target exposu:e time is 10% sec.

Slmilarly the night targets range from 50 to 125 yd, with a mean range of
i35 yd. The computed mean hit range (from Table P2) is 85 yd. The msan

range by rounds {ired (Table F40) is i2i yd. The mean night exposure time is
il",, sec.
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9. Mean asingie-vuilel Wi pivbauliitien are 19 percent for day sitiing, id
percent for day standing, and 6 percent for night sitting; 14 percent average.
10. Mean aiming errors (linear standard deviations) are 3.0 mils for day
sitting; 3.4 miis for day standing; and 7.8 miis for night sitting; 7.8 miis average.

The equivalent target sizes (F and E) are circles of radii 8.8 in, and 14.0
in. (shown in App M). As the questionnaire ieads to i2 F and 10 E targets for
both day and night, the weighted average turget radius iz 11.8 in. Thus it is
conciuded that typicai rifle targeis are representabie by a i-ft-radius circie
at aboui 170 yd for day or 120 yd for night.

It i3 porsibie to use these typical targets together with the h'* probabiiities
from Tabie K15 (19, 15, and 6 percent) to compute representative aiming errors.

From expression M3 of App M the aiming error as a iinear standard de-
viation o is a function of target size [, range R, and hit probability P, .

c=T/R Y211 -Py)

Using the mean ranges (by rounds fired) 170 and 120 yd yields errors of 3.0
miis for day sitting, 3.4 mils (or day standing, and 7.8 mils for night situng.
In graphic lerms the circie diameiers that incivde baif ihe ruounds fired \6 x
CEP) at 100 yd are about 2§ in. for day sitting, 29 in. for day standing, and 66
in. or 5Y, ft for night sitting.

e e Wk e =F e v 4 1)
i -t ) gl o ,.-.c'.:.wu..., 0T &ll 1€5% CunUIlLILS IT1UIL Tavle Bid is 14

percent. This corresponds to an average aiming error of 3.8 mils {(based on

a mean target range of 160 yd). If it is desired to deduce accuracy values for
ali fire including unaimed, the 14 percent hit probability is reduced to about
4.4 percent by considering that the 69 percent unaimed fire (App C) score
negligible hits. This 4.4 percent hit probabitily correaponds to a 7.0-mii aim-
ing error.

11. Average rate of rifie fire is 3 sec/round.
12. Average time to acquire a target is 1%, sec.
13. Average extent of laie fire (after target disappearance) is 1Y, aec.

The time pattern of fire is deduced in Appl. These averages hoid for
this experiment. This iate fire constitutes about 12 percent of ali fire.

14. Average rate of fire drops to 3.2 sec/round for sitting and increases
to 2.8 sec/round for standing or night.

Raies of fire can also be compared for the several firing conditions. The
verage numbers of rounds fired per run from Tabie K14, divided by the target
up times (231, 253"/, sec) yieid average {iring times of 3.2 sec for day sitting;
2.7 sec for day standing; and 2.8 sec for night sitting. This agrees with i
App ] over-all average of 3 sec/round but shows a siight \ncrease in time (or
careful aiming and a siight decrease for iess careful aiming.

15. The relative hit probabilities by qualification are 100 for expert, 88
for sharpshooter, 75 for markaman, and 43 for unqualified.

Appendix G compares squad performance against squad composition by
Army marksmanship qualification, and deduces relative scores by qualification,
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18. During the experlment, the hits per round was constant, the hits per
unit time increased about 2 percent per run (rate of flre Incrcased about 2 per-

cent per run).

The trends of score wlth experience in the test firing is examined in App H
rnd App K. This shows a 19 to 20 percent increase In rounds flred, and a neg-
ligible Increase in hit probability over the learning span. This increase in hits
per unit time ts large enough to warrant examination of its imnplications for

training.

17. Hits foilow inverse-square law with range.

18. Hits and amount of fire are proportional to target appearance time
(less 1%, sec initial lag) for targets exposed 6 sec or longer.

18. The smalier (F) targets received 10 percent less fire than the large
(E) targets, and only about two-thirds as many hits per area.

20. Target movement reduced fire and hits by about 10 percent.

21, Coincuaiment reduced the amount of fire by about 30 percent, the hits
by about 10 percent.

22. Biank flre at targets increased hits about 50 percent.

Appendix P on target characteristics leads to concluslons 17 to 22 (from
Table P8).

RECOMMENDATIONS

1. ‘The duplex and triplex ammunitions should be considered fcr adoption.

The increased casuaity production of both duplex and triplex ammunitions
is consldered well enough demonstrated to warrant their official consideration
by Department of the Army and CONARC for adoption. This consideration
should presumably be based on independent Army tests and appropriate eco-
nomic and standardization aspects not evaluated in this study. The demon-
strated gains warrant more effort on duplex and triplex ammunitions than on
conventional single-bullet ammunltions and weapons.

2. Additional tests of trlplex and flechette ammunitions =hould be
conducted.

Further tests are needed of the casualty-production capabiiity of triplex
and flechette ammunitions. The principles are now clearly shown; these tests
should be performed by CONARC or Ordnance Corps.

3. Flechette development should be accelerated.

The fiechette potential is so high as to warrant development of a much
superior prototype. Fabrication of a system of tighter dispersion and more
convenient physical characterlstics is an Ordnance Corps respounsibility.

4. A flechette side-arm load should be deveioped for test.

Tho clear by-product recommendation ol this study requires initiation of
a project by Ordnance Corpa to r roduce a suitable side-arm flechette load for
testing.
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5. Docirine for aimed autcmatic shoulder fire should be reviewed.

Since auiomatic fire from the shoulder scored poorly in the SALVO 1
experimeni, the iraining for such fire should be reviewed (perhaps by HumRRO),
and modified if necesosary.

8. An investigation of smaller weapons should be initiated to tdentify ob-
served .22.czl gains,

The improved performance of the two smaller caliber weapons may be due
tc weight, recoil, or caliber difference. An experimental investigation by
CONARC or Ordnance Corps {8 needed to identify the specific cause.

7. A .22-cal dupiex ammunition should be fabricated and tested.

A .22-cal duptex ammunition appears (o afford dual advaniages of duplex
hit increase, and .22-cal, improved operational accuracy. This might weil offer
the best bet for interim adoption.

8. The peep-sight requirement should be reconsidered.

The night diiffereinces observed suggest that the present peep sight is too
restrictive, and that a large peep or an open sight 1s superior. This could be
demonstrated by experiment, perhaps by HumRRO.

Q@  Actus] comhat ascurscw of rifle fire chowld Bo Sotormined,

The tack of knowiedge of how to extend the resuits of this study to real
combat emphaszies the need for data dn combat rifle accuracy. ORO is attempt-
ing to extract data from experience; other efforts are needed.

10. This experimental context should be considered for training use.

The iearning observed and demonstraied in this experiment suggests the
utility of the same sort of context for use in training. HumRRO might examine
OROQ’s test system for usefui training features.
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SUMMARY

Test-subject seiection was based on the marksmanship scores found tn
the eight battalions of the 3d Inf Dtv tn May 1958. In accordance with these
scores ORO requested four “average® 10-man squads, each composed of 1 ex-
pert, 4 sharpeshooieis, 1 inarksmen, aad 1 ungaalified ftrer. Two additional
squads were requested—one of t0 experts and one of 10 unquaiified firers. The
3d Div furnished 3 experts, 24 sharpshooters, 13 markemen, and no unquali-
fied firers, unevealy distributed among the four average 10-man squads; &
experts and 2 sharpshooters for the expert squad; and 2 experts, 2 sharpshoot-
ers, 2 marksmen, and 4 unqualified firers for the unqualified squad.

The test subjects were asked a series of questions after each pair of runs,
and another after the completion of each week of firing. They reported an over-
whelming preferance far the T48 with semiautomatic- and automatic-fire op-
tton. The reason mostcommonly given for this preference was the "added ftre-
power” that the automatic fire provided. The test subjects also expressed a
disitke lor the carbine, which had the same automatic- and semiautomatic-fire
option. The reason here was lack of “kiiling power.” Answers to other ques-
tions are presented in the section “Debriefing.”

TEST SUBJECTS

The major crtterion used in the selection of the test subjects waas their
rifie marksmanship quaiifications. In addition each subject was given a com-
plete physical examination, and his medical records were checked to ensure
that he had no record of heart disease or epilepsy. This precaution was taken
because of the use of electrtc shock during the test.

The results of a survey'® of the rifle marksmanship of eight battaltons of
the 3d Div are shown in Table Al.

To the nearest 10 percent this distribution may be approximated by t0
percent experts, 40 percsnt sharpshooters, 50 percent marksmen, and no wn-
qualified. It was judged, however, that at feast a few of the mintmum-score
marksmen were *penctl-qualified.” Hence it was dectded that the test sub-
jects should include 10 percent experts, 10 percent sharpshooters, 40 percsnt
marksmen, and 10 percent unqualifted. The 40 tsst subjects requested from
the 34 Div were (0 be i0-man groups or squads, sach group inciuding | expert,
4 sharpshooters, 4 markamen, and | unquslifted riflaman.

The 2d Bn of the 3d Div sent four {0-man iots (o the iest stis cstenstbly
having the given qualifications. During the comduct of the expertment, particu-
larly as a result of the debrtefing interviews, suspicion aross concsraing the
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marksmanship qualifications of the test subjects. Since it was then too late to

change test subjects the test continued with the troops furuished. A subsequent

check of the service records™ of the test subjects indicated deviation from the

originai criterion as shown in Table A2. Imbalance occurred both in totals and

in each 10-man squad. For example, squads E and F ware supposed to be com-

posed exclusively of experts and unqualifieds, respectively. Although this was
Terny [}

- ]
ALLE Yl

3D P1v YARKSMANSHIP {UALIFICATIONS

laf b Expert Sharpshooter Markamaa Unqualifiad Foal

Lat 15 95 147 0 257
2d 28 167 150 13 358
id 20 o9 209 5 33
dh 29 113 94 6 242
Sth 29 123 164 14 330
6th “% 127 %9 4 276
Tth 19 111 107 0 257
Bth 41 & 100 i 265
Total 247 951 1070 S0 2318
Percent
of totnl i1 41 46 2 100
TABLE A2
QUALIFICATIONS FURNMSHED AND REQUESTED®
Squad Expert Sharpahooter Markaman Unqualified

A i 1} 30 4) 6( 4) o 1)

B 11 70 4) 2( 4) of 1}

C 0( 1) 6( 4) 40 4) ol 1)

U 1{ 1) 8( 4) 1{ 4) 0( 1}

F. B(1O) 2{ 0) o 0 o O

F 2( 0 2( 0) 2( 0) 4{10)

Total 13(14) 28{(16) 15(16) 4{14)

"Farenthetical eatries are tha requeated numbers; tha nambers pre-
cediag indicata the nnmbers farninhed.

not the case it can be seen that there was in fact a large difference between
the qualifications of the two lots, and hence the experimental objective of
measur ing qualification effects on salvo gain was largely fulfilled.

Table A) shows the results of the postexperiment study of personnel rec-
orda of personnel tesled in the SALVO [ experiment. The subject’s weapon
qualification listed in the table is the one that had the latest date on his rec-
orde. Some of the records were not available because of discharges or trans-
fers, and these instances are noted.

Seventy-lfive percent of theee test subjects were enlistees, and 75 percent
had over 2 years of service. They had completed an average of 9'/, yeaurs of
schooting, the range being from the third grade to the third year of college.
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lApLE A3

INIVIDUAL (UALIFICATIONS

Nualidicationa Qualificationa
from from
peracana! 3d Div personnsl 3d Div
Squad and taat ssbiect recorda deaigoation | yuad snd test aabject recorda dasignation
Squad A Syaad D
Sgt Voaurge 2 (X Pf tall E E
St Lopez SS S8 Sic ‘telton sS S8
Pvt Perer 55 58 Sp 3 Swallord 8§ 58
Ple Dungee 38 55 Sp 3 Ck=pmaa SS 55
Pvt [.adson WAt 55 Sp 3 Besrica 8s )
St 1tarry MM LY L Sic Piaa S5 pt 1Y
Sat Bennett b MM Sp 3 Nulfer 55 MM
Sp 3 Chitwood MM M Pyt Peery S8 M
Sp 3 Drake MM MM Pfc Browa A MM
Pvt Whelchel MM UNg Pvt floaldia SS UNO
Sgnad B Expert aquad
Sic Kaakle E E Pi. Oliver k. k.
St Frowley c 58 Sgt Wilson Ss E
Sp 3 UHarris c S8 Plc llugh E t.
vt Adsma b 58 Pvt Holder b E
Pvt kaowles 38 S5 e Diaz sS 5
Spt Fammea e bt} Lo = A 3 i
Pvt Meazie 58 MM Pvt Fowler B £
Ste Perty MM MM Pvi Baiza B E
Pvt Roon ;MM MM Sp 3 Saschaz B E
et Zerbe S8 UNQ Sic PPniater E E
Squad C "nqualilied squad
Sfe Zdina ) E Sfc Dabl S8 NG
Sp 3 Mork 55 b1 ffc Casper d UNG)
5p3 Freeman S8 S5 Sp 3 Fdwards E ENQ
Sgt O Reilly Ss S8 Sp 3 Aiifler E ENQ
5p 3 Chamblisa 55 85 Sp 3 Kamsaly S5 ENQ
Pvt Miller MM MM Sp 3 Sean MM 1IN
Sp 3 Wright MM MM Pfe McNabb UNQ 'NQ
Pyt Ross MM MM Pe Little UNQ I'NQ
Pe Ortiz \IM MM Pyt Coame UNQ NG
I*vt Bonner 58 UNG Pvt Coloa MAS ENG)
Diachnrged. bTranslesrad. ®No qoafificatioa raeord. dRecord mianing.
DEBRIEFING

After each set of two rums and at the end of each week of {iring the test
subjects were asked two series of questions about the experiment itself and
about the test and control items. The object of these questions was to obtain
subjective information concerning the effect of the experiment on the test
subjects, and also to uncover any factors affecting the experiment that were
not obvious on the firing line. These questions were asked in individual inter-
views. Some difficulty was experienced in questioning the Puerto Rican sol-
diers owing to their imperfect understanding of English. The questions, a nu-
merical tabulation of the answers, and an interpretation of these answers foliows.
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Questions Aaked after Each Set of Two Runa

1.°Did your weapon malfunctlon? Which ru~ and how many times?”

The anawers to these queztlons were so vague and lnaccurate that asxing them was
discortinuad. Tbis Information was inatead collected on the firlag line by the Ordnance
represeatstives and is reported in App N,

2. "Do you feel that the tsrgets, that is, the way they appeared, the time they
were up, and the distances at which they 2ppeuared, were like what you would expect com~
bat to be like?"

Anigwer Response, &
Just like combat 18
Very much like combst 21
Something like combat 57
Not mucbh ltke combat 3
Not at all like combat 1

3. “Did the wires attachad to your rifle interfere with your getting hita?”

Answer Response, &

Did not interfere 100

4, “How much was your firing affected by concern over getting an electric shock
on your leg?”

Answer Response, %
A lot 1]
Some 2
Yery llttle 5
Not at all 93

5. “How much was firing affected by the wires sttached to your leg?"

Answer Response, %
A lot 0
Some ]
Very little 2
Not at ail 98

6. "Onm this run did dust om the target system interfere with your getticg hite ?”

Responae, %
Answer of runs
Dust did mot interfere 19
Dust did intorfere 618

'Ou or more men reported interference,
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On the 81 percent of the runa on which there wes some renort of dust Interferance
an sversge of 58 percent of the flrers reported this Interference. This dust was from
fow rounds and demolitions in the turget system.

7. *What effect did heat have on your getting hits?”

Heat was cot reported as affecting hlis.

8. “Was there anything else that affected your getilng bits? U so, what?”

This was 2 catch-all question, which svietiues turned up imeresting resuits. One
man reported that he had received [ive Inoculations in the upper part of his right arm be-
fore coming to the fleld for the day's firing. By the end of the day the man reported a
very palnful shoulder. ORO requested that the teat subjecta be glven no more !nocula-
tions during the balance of the test,

During one run five men reported recelving light abocks from the trigger housings
of their rifles. This situation was investigated and corrected

9. “Were you able to get a sight picture?” (Thia question was asked after the
night runs.)

Weapon used Yes, & No, %
M1 0 100
T48 62 8
Carbine 0 100

10. *Have you fired the regular carblune in automatic fire? If so, do you think that
the recoi] compensaator on the carbine caused It to jump less than an ordinary carbine?”

LI e B 4t . h
{-A-:--uu weta) wmabws WUY CALWILE TUDS.)

Answer Yea, % No, %

Have [ired carbine in automatic fire 26 e5

Of thome who had fired the csrbine in sutomatic fire, all theught the modified car-
bine used ln the test jumped leas.

Questions Asked st the End of Each Week of Flrlﬁ

i. *“If you had your chelce, which of the weapon-ammunition combinationa you
have fired In the teat would you prefer to have in combat ?”

Answer Response, %
T48 automatic and semlautomatic 72
M1 with duplex ammunitioa 12
No opinion 8
T48 semlautomatic 5
T48 automatic 3

More than 80 percent of those who preferred the T48 with automatic and aemi-
automatic option gave as the most important rsason the automatic-fire capability, Evsa
though the tsst subjects kpew that the 10-man groups a8 3 whols were getting fswsr hits
with amtomatic firs the belisf perststed tn many |ndividuaia that they persomally wars
getiiag mora hite. Otber factors that coatributed Lo the popularity of the T48 wara the
larger aperture peepsight and the bells{ thet the T48 was lighter.

ORO-T-378 81

CONFIDENTIAL




CONFIDENRTIAL

£. *whalch weapon and ammuaition would you losat like to have in combat 7"

Answer Responae, &
Carbin= 62
No oplalon 27
M1 with AP 5
M1 with dupiex or triplex 3
T48 autcmatic and semiautomstic 3

In llating their reasons for their dialike of tha carbine, 90 percent mentioned &
lack of *killing power.” The aecond most common complalnt waa its high rate of mal-
function. Thoae who dlallked the M1 complained about ita welght,

3. "How much experlence have you had in firlag the BAR?"

Anawer Responaz, %
None 23
Some (a few rounds {n basic training) 32
A lot (qualified) 45

4, "How much experience have you had in automatic carbine flricg?*

Answer Reaponse, %
Never fired 35
Some (a few rounds In basic tralning) 18
A lot (qualifled) 47

5. Do you feel that your concern over gettiag shocked would be like your con-
cern over getting wounded in combat 7”

Anawer Reaponse, &
Vary much the aame 19
Somewhat the same 43
Not at all the same 47

6. “Have you fired on & raage aimilar to this one before?”

Anawer Response, &
Yes 418
No 52

Of thoss who aaid they had fired on a range simllar to the test range befora, alil
but two aald that they wers referring to the Army transition range. Two of the teat

subjocts had fired the HumRRO TRAINFIRE | rangs™ and thought thia and the teat range
quite aimilar.
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SUMMARY

The weapons used in the SALVO I test were four kinds of rifles and one
shotgun. The rifles were (a) the standard Army .30-cal M1 rifle, (b) a modi-
fled .30-cal M1 rifle with a reamed chamber to accept long-necked duplex and
triplex cartridges, (¢) a .22-cal (Gustafson) carbine developed at Aberdeen
Proving Ground from the standard Army .30-cal M2 carbine, and (d) a .22-cal
T48 rifle modified at Springfield Armory from a .J0-cal T48 (Fabrique Nationale
d’Armes de Guerre). The shotgun was a Remington model 11-48A 12-gage auto-
loading shotgun with four stiffening ribs welded on the barrel.

Tare 131

TEST e aron-AsmestTion COMBINATIONS

Yeapon \mimunition Huns
A0-cal MI* A0l YT AR R’
I0-cal M ANal 2 AP 10
A0-cal M8 A0-¢al duplex 1t
A0-¢cal V]n SW0gul tesples e
22-cal TiRs 22-cnl Sierra 16
22.cal 1?2 carbine® .2%cal carbine 16
12.quge shotgun" A2-flechette load - 2

Total 8
Modified.

Special ammunitions were developed for thistest and compared with stand-
ard Army-issue .30-cal M2 singie-buliet ammunition. The experimental rifie
ammunitlons were (a) .30-cal duplex (controlled-dispersion type), (b) .30-cai
triplex (random -dispersion type), (c) .22-cal Sierra ammunition, ali produced
by Oiin Mathleson Chemical Corp., and (d) .22-cal carbine ammunitiondeveioped
at Aberdeer Proving Ground. The 12-gage shotgun sheil contained 32 flechettes
that were 1 25 in. long, developed and produced by Aircraft Armaments Corp.

Ths expe.imental single-bullet rifies and ammunition were checked for
dispersion, and all proved generally comparable to the standard M1 rifie with
single-bullet ammunition. Velocity and lethaiity were aiso compu.'d, and
showed that ths experimeatal rifle loads wers as effsctive as the standard
ammunition against personnei targets out to 350 yd. The weapon-ammunition
combinations used in the test are listed in Table Bi.
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WEAPONS

Figure Bi shows the test weapons, and Table B2 compares the rifles and
shotgun with respect to some of their differences in speciflcatlons. A comparlson
of the accuracy of these weapons using the test ammunition is given in the next
section in Tabie B4.

Vigrye “wmmngron 1] (84 sutelosding shetgun impdriied]

Cewrtesy of Fronklord Arsenal

Fig. B1—Test Weopons

.30-Cal M1 Rifle

The original pian of the experiment was tc use modifled M1 rifles to fire
not only the duplex and triplex rounds but aiso the single-bullet rounds. The
suggestion was made during the experiment that single-bullet perfor mance
might be thought to be degraded with the modified M1 ""._ .. Aciosdiagly
Board 3 of The Infantry Center supplied 12 unmodified M1 rifles for half the
single -buliet runs. These rifles proved noc more accurate or immune from
maifunctions than the modified M1's they supplanted Ten-shot groups were
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taken aiter the experiment, using an expert fircr from a bench rest.” Ten of
thege unmodified M1’s had a iinear standard deviation of less than 0.4 mil, but
two were quite inaccurate: 1.1 and 1.7 mils. However, even th¢se large errors
are generally smaller than the experimental aiming ei'rors and do not there-
fore notabiy affect the exverimentai resuits.

TaoLe 12

CHARACTERISTICS OF TrsT WEAPONS

,22-cal 12-gage

Characteriatic 30-cal M1 .22-cal T48 cnrbine shotgun
Feight (empty magazine, no aling). |b 9.5 &R S50 8
Reight ({nll magazine, with slisg), |b 10.0 10.7 6.3 8.5
Rifie le npth, in. 43.6 43.0 5.6 48.5
Barrel leagth, in. 4 21 18 26
Barrel nfling (right-band twiat), in. 10 9.7 16 None
Namber of groovea 2or4 6 6 0
Sight radius, ie. 28 22 22 =
Sight-apertere diameter, in. D.069 0.099 0.079 .
Average eyn-lo-aperture distance, in. S 2.5 4.5 —
Trigger pall, ib 6-T7 6—7 5=T —_
Capacity, rousda .} 208 15 sb
Rate of fire, avtomatic, rousdea mia Noae 700 750 None

“la practicn thn 20th rownd ia the T48 mngazine (Jesigned for .30 cal} cauaed the
weapon o jam. Hence only 19 roneds ware louded in the T48 magmzine.
bFour in magazine plua one in chamber.

-30-Cal M1 Rifle (Modified)

The standard Army rifle was modified by Springfieid Armory by elongating
the chamber to accept the long-necked experimental rounds. The chamber was
lengthened 0.46 in., using reamers supplied by Olin Mathieson Chemical Corp.®
These reamers are eaay to use, even by relatively inexpert technicians. An
lllustration of this operation is given in Fig. B2.

The rifles were {ired from a cradie to check their accuracy before and
alfter chamber elongation. The linear standard deviation (using M2 ball ammu-
nition) before rechambering was 0.31 mil, and after rechambering 0.38 mil.*
After the test 11 moditied rifies were sent to Development and Proof Services,
Aberdeen Proving Ground, where their ballistic dispersion was again measured
ln bench-rest firings at 0.33 to 0.44 mil.*® This accuracy is just about the same
as the 0.38 mil established mean accuracy of standard M1 rifles tested with the
same lot of ammunition. The ammunition used was .30-cal M2 singie-bullet
the range was 100 yd, and the {irings were bench rest by two outstanding experts.

.32-Cal T48 Rille

Twaivs .30-cal T48 rifles were modified by Springfieid Armory** to fire
the .22-cal Sierra cartridge. These rifles were {irst manufac*ured by Fabrique
Nationale d'Armes de Guerre, Lieje, Belgium. Generai characteristics are
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given in Tabie B2. The T48 ls a light-weight, air-cooled, gas-operated,
magazire -fed shoulder weapon designed to deliver selective'y either seml-
automatic or automatic flre.

The 12 rifles were tested at Springfieid Armory before the experiment
for funiction and accuracy. The average linear standard deviation when fired
from 2 bench rest was 0.35 mil.*

Cowresy of Aberdeen Preving Grewnd
Fig. B2—M1 Chaomber Reoming

.22-Cal Carbine {Modified .30-Cal M2 Carbine)

The standard Army .30-cal M2 carbine was modified at Aberdeen Proving
Ground.® A commercial .22-cal barrel blank was machined so that its outslde
contour was the same as that of a standard .30-cal carbine barrel. Internal
modifications were required to accommodate the different cartridge. The
muzzie was threaded to accept a compensator deslgied to minimize vertical
and horizontal muzzle movement, and to function as a “muzzle brake.” reducing
recoil by changing the direction of the expanding powder gases. The sverage
linear standard deviation was about 0.13 mil.

12-Gage Autoloading Shotgun

The shotgun used in SALVC | was a modified version of the Remington
mcdel 11-48A sporting arm,utilizing the recoiling-barrel principle to achieve
its autoloading action. The tapered shoulder at the forward edge of the chamber
was reamed square to accommodate the special fiechette ammunition. Four
longitudinal ribs were welded (0 the barrel {0 minimize whip. These added
approximately 1 b to the weight of the weapon and shifted the balance point
1.7% in. toward the muzzle. The barrel bore ia 8 simpie wvamodilied cylinder.
The atm is sccumplished with a bead froat sight and aa open rear sight.

% ORD-T-373
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Five different kinds of rifie ammunition were fired; three were .30 cai
and two were .22 cai. One type of shotgun load was ajso fired. The ammuni-
tions are compared for seiected characteristics in Table B3 and pictured in
Fig. B3. Comparisons of the rifle ammunitiona with respect to precision are

given in Tabie B4. These dispersion values were obtained from severai sources.
The ranges indicate variations in these reported valuer. Some of the farger de-
viations arise from differences in measurement technique.

TasLE B3
CHARACTENISTICS OF TEST AMMUNITIONS

32-flachette

.30-cal  .30-cal .30-cal .22-cal .27<al 12-gage
Characteriatic MZ AP  duplex triplex Sietra  carbiae shotgun
Total rosad weight, graina 114 445 134 287 132 7
Case leagth, in. 2.49 .94 2.94 2.04 1.30 —_
Projectile weight, graina 163 % -2 60x3 68 41 12x32
Prop 'la weight, greine
Main o .rge 33 49 50 44 16 30
Detwaea bullets - 2 i — — —
Case volome, cu in. 0.23 0.23 0.24 0.19 0.08 -—
Charge-to-mass ratio 0.33 0.27 0.28 0.65 0.40 —
Total length, in. 3.34 3.34 3.1 2.62 1.64 2.66
Chamber presasrs, pai 50,000 52,000 55,000 54,000 37,000 —_—
Velocity, ft/aec® 2760 2510, 2680, 3300 2080 1260
2350 2560,
2500

"Noplex arnd triplex valaea for firat, wecond, and third bullets, reapectively.

TABLE 14

FRONT-"WLLET PRECISION

l.inaur standard

Caetridge deviation, mila
+30-ca] M2 AP 0.33-0.44
.30-cul duplex 0.19-0.42
30-cs] triplax 0.37-1.60
.22~cul carbine 0,12-0.14
.22-cal Sierrs 0.16-0.44

e e —

Most of the precision data on SALVO ammunitions was supplied aa mean
radius and extreme radius. It is assumed that the patterns are Gausalan and
radiaiiy symmetricai, permitting computation of the corresprnding linear
standard deviationa ¢ from mean radius 7. The l(ransfGrmation ia made as
foliows from the definition of the distributii=

dP - e h T

o2 1.._’. i,
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where dP> 1s the probability of a hit at distance r from the center of the pattern.
The mean radius 7 is defined as:
8 P (R2)
0
With appropriate substitution this yields the useful conversion facior

P, - " (B3)

Fig. B3—Test Ammunitions

.30-Cal M2 Single-Bullet Cartridge

The experlmental controi ammunition used in the tes. »us .30-cal single
bullet. This was seiected in preference to ball ammunitlon because the elonga-
tion of the M1 rifle chamber was expected to produce a slight decrease in bal-
listlc accuracy of ball ammunition, which it did, from 0 31 mii before reaming
to 0.38 mil after. Not so great an effect was expected on the accuracy of single-
bullet ammunition. As it turned out the modilied M1 rifles were used after the
first week of the test only for long-necked dupiex and triplex cartridges. Ball
ammunltion is usually siightly more precise than singie-builet, but proved to
be the eame in the modified M1; the average ilnear standard deviation of both
was 0.38 mil.™

.30-Cal Duplex Cartridge

The duplex round was developed and produced by Olin Mathisson Chemlcal
Corp. and was of tte “controlled-dispersion” typa' This nomenclature is con-
trasted with "random dispersion.” The second or rear bullet of the controlled
dispersion deviates from the path of the first buliet by approximately a 2.4 -mil
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Courtesy of Olin Mathisson Chemical Corp.

Fig. B4—Potrern of .30-Cal Duplex Controlled Dispersion
F, front bullet; R, reor bullet; ronge, 100 yd; position, machine rest.

average.’’ Tiiting the heei of the rear bullet causes that bullet to deviate from
the alming point. The direction of the deviation depends on the original orienta-
tion of the builet ‘n the chamber and, since this orientation was random, the
points of impact of the second bullets were randomiy oriented around the aim-
ing point. The pattern is described further in App M, indicating an optimum
builet separation (for 70 percent lethality) of 2.8 mlls. For practicai purposes,
Flg. M8 rhows that the achleved separation of 2.4 miis is adequate.

The descrlption of the behavior of the duplex ammunition just given is
somewhat idealized. An example of this pattern resulting from the duplex
ammunltion used on the SALVO | test is given in Fig. B4. There is a central
group of holes made by the front buliet, and dispersed around this group are
the second or rear bullet holes
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Since dupiex ammunition is belng considered as a substitute for the eingie
bullet a comparison cf the relative preclslon of the two ammunitlons becomes
of interest. Table B4 gives the front-h.llet dlsperslons for standard and ex-
perimental ammunitions, These linear standard deviatlons were obtained from
both bench-rest and Mann barrel machine-rest {ilrings at 100 yd. It is clear
from these {irings that duplex front-builet and single-bullet preclslons are
essentially the same.’”* Hence: the duplex rear bullet may be regarded as a
bonus or gratuitous increase in hit probabillty.

.30-Cal Triplex Cartridge

The trlplex ammunltion was manufactured by Olin Mathleson Chemlcal
Corp. using the same long-necked case as the duplex ammunition.®®

The markedly high error for triplex ammunition in Table B4 is not sur-
prising.*”™ The higher value comes from bench-rest rather than machine-
rest {irings.” The pattern from the test ammunltion ig of the so-called “random”
type; i.e., all three bullets {it roughly a symmetrical Gaussiszn pattern about the
center, and the front bullet 1s not notabiy more accurate than the trailing bullets.
Unlike the “controiled” dupiex pattern all three bullets had the possibility of
central hits. Test firings’'’ report that two- airds of all bullets fired fall within
acircleof i1.3-in. average radius at 100 yd. From the Gaussian distribution
the hit probabliity ls given by

Py = 1-a-RY202 (Ba)

For Py = 0.67andR =11.3/3.6 mils, ¢ = 2.14 mils. Thus the standard devia-
tion o of the experimental triplex ammunition is 2.1 mils. Figure M16 in App
M shows an optlmum triplex ¢ of 1.7 mils. From that figure the achieved v
of 2.1 mils ls qulte adequate.

.22-Cal Carbine Cartridge

The carbine ammunition was developed and produced at Aberdeen Proving
Ground.™ The cartridge case Is a rimless bottle-necked type with the same
head dimensions as the commercial .222-cal Remington. The bullet is a new
design not prevlously tested, a fuil-jacketed lead-core ball approximately 0.57
in. fong. This ammunition showed the least dispersion of all the types tested.?”’®*

.22-Cal Sierra Cartridge

The .22-cal Sierra round was produced as a high-velocity round by the
Western Division of Olin Mathieson Chemical Corp.”® It was made {from stand-
ard components to {it the modified T48 rifle. Its performance was examined
with the other ammunitions *"*

i2-Gage 32-Flechett: Shell

This round was developed 1y Aircraft Armaments, inc., Cockeysville, Md.**
At the time of its use in the RALLVO | experiment it was in early prototype form,
and limited data onm its performance are available.

The standard high-velocity paper sho'gun shell manuwfactured by Reming-
ton Arms Co was used. Thirty-two fin-atabiiized 1',-in. steel darts repiaced
the usual shot load These were seated on « 40-grain aluminum-base plug
0.156 in. thick to deveiop desired pressurs and to prevent tumbling of the flec-
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hettes {rom the passage of propellant powder gases between them. Two paper-
base wads separated the flechettes and base plug from the proprllant charge of
smokeless shotgun powder. The flechettes were nested in a cruciform pattern
within four {iber sabots of about 14 grains each. Limited dispersion tests In-
dicated that 52 percent of the projectiies hit within a 30-in. circle at 40 yd. An
average linear standard deviation has been given as 9.4 mils.*

BULLET LETHALITY

Analysis of SALVO I test ammunitions at Edgewood Arsenal® gives the
probabillties of incapacitation shown in Table BS5.

TaBLE BS

BLLET LETRALITY PROBABILITIES

Dullet Assnul, % Nefense, % Average, %
.30-cal l‘inpla 44 43 44
.30-cal duplex 44 43 B
.30-val wiplex 44 13 44
22ecal Sierra 45 1l 43
.22-cal carbine 42 41 42
087 -cal flechette 17 18 18

All data in this table are expressed in percentages of incapacitations for
hits at 140-yd real range. The average range of hitting for the SALVO I target
system is shown in App P to be 133 yd for day fire and 85 yd for night flre.
Data for 500-yd range show a lethality drop of less than 7 percent average.
These lethality figures are based on hits on the so-called “100 percent vulner-
able body area® (vital organs) and neglect hits on nonvltal areas, which have
vulnerability of less than 100 percent. It seems reasonable to require that
small-arms hits incapacitate attacking troops in '/ min and defending troops
in 10 or 15 min. Hence the figures in the “Assault” column are the percentages
of incapacitations within '4 min. The “Defense” column ls composed of simpie
means between the computed values for 5- and 30-min Incapacitation probm-
bilities.’® The figures of Tabie B5 refiect the fact that the agsaulting man can
sustain less damage than the defending man before becoming ineffective in his
mission. The .30-cal single-buliet data were actualiy obtained with the NATO
round but are assumed to be applicable for the .30-cal ball or single-bullet
round without change. It is quite clear from Tabie B5 that one may use an
average Incapacitation figure of 43 percent for all conventlonal bullets and
18 percent for the individual flechettes. Further, the difference between the
assault and defcnse figures is so trivial that a simple average ls easlly justi-
fiable for general use. It can also be concluded that the trlvial differences
amnong the conventlonal ammunitions may be neglected.

A refinement of the use of these total incapacitation figures is the extra-
polation to over-all operatlonal incapacitation. This is best explained as follows.
The total figures of Table B5 for 43 percent probability of total incapacitation
represent the actuai physical incapacitation or physical impoesibility for the
victim to perform in combat. Actually it is expected that most victims under
typical combat circumstances wouid fail to function with a level of wounding
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short of totaj physicai incapacitation. Even allowing for high motvation and

lack of secondary or psychoiogical effect it is ciear that the ccmbat function of
most victims would be at ieast reduced in effectlvenzss. In other words it seems
reasonable to assume that the vajues of Table B5 represent minimum operational
lethality, which is sure to be grossiy exceeded In practice. For exampile,

the Edgewood figures (43 percent) completely ignore a wound such as one caus-
ing loss of fine muscular coordination In the leg. Such a wound obviousiy affects
a soldier’s performance and might reduce hls effectiveness in assauit by 50 per-
cent or so. BRL personnel have included such “partial” incapacitations to esti-
mate the operational incapacitation expected from a .30-cal gingle bullet. They
deduce 71 percent or 1.65 times the 43 percent for the absolute lncapacitation.

TanLE 36

HELMET PENFTRATION RESUL 1S

Cartridye Range, vd Penetration
50-cal M2 AP 500 Yem
A0-cal Juplex 100, Some

300 Some
.30-ca! triplex 200, No

100 Yen
.22-cal carbine 400, No

N Yen
22-cal Sierre 500 Yen
87-cal flechens 500 Saome (at low

oblignity ooly)

Use of this same 1.65 ratio for the flechettes resuits in an extrapolated
estimate of 30 percent operational incapacitation for that projectile. Examina-
tion of the effects of the flechettes, however, reveals that a larger proporticn
of their total effect accrues in the non-totaj vulnerable area. This means that
the proper correctlon irom absolute to cperationai incapacitation for the flec-
hettes is somewhat larger than the bullet factor of 1.85. It is difficult with
presently availabie iethality data to deduce an accurate operationai lethality
figure for the flechette. A reasonable estimate is a ratio of 1.95, or a flechette
operational jethality of 35 percent. Hence it is concluded for purposes of cal-
culation in the other sections of this memorandum that all the conventional
builets have an operational iethality of 70 percent, and the individual fiechettes
an operational iethality of 35 percent. For special use In an extremeiy desperate
and brief combat situation it may be desirabie to use corresponding absojute-
incapacitation {igures of 43 and i8 percent.

HELMET PENETRATION
Heimet penetration tests of SALVQO | ammunitions have also been reported.™
The resuits are summarized in Tabie B6. From these resuits it is concliuded

that the heimet protects the head (effectively i8 percent of operationaily vuiner-
abie target area™) for triplex, duplex, and the carbine beyond ranges of 150,
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300, and 350 yd, respeciively. Decausc of iz ence of deflaction and consequent
fallure to penetrate at hlgh obliquity the flechettes are somewhat degraded by
nelmets at all ranges. Roughly some two-thirds of the flechettes can be ex-
pected to penetrate at 100 yd, reducing Lo one-third at 400 yd.

Edgewood Arsenal personnel have reported that all the SALVO 1] test
ammunitions penetrate the standard US body armor beyond the maximum ex-
perimental range (350 yd). Although there is some evidence of reduced lethallty
for rounds that have penetrated helmets, this lethality loss is ignored. Certainly
no gross differences exist in lethality losses by the test ammunitions. Further
reduced by the 18 percent efiectively vuinerable area such differences must
indeed be negllgibie. This 18 percent figure is deduced from the product of
two reported data:® 29 percent of wounds received are head wounds, 62 per-
cent of the head is covered by the US helmet.
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SUMMARY

The target characteristics that criticaliy aifect the aiming error are size,
range, exposure time, vtsibtlity, movement, dlsclosing activity, and confusing
context. To determine the values of these factors in a model target system, a
questionnaire-interview was conducted with 26 company-grade officer recipients
of the Combat Infantryman Badge.

On the basis of responses, twotarget systems were deveioped, one forday
ftring and one for night firtng. These stmulated, as closely as feasible, ele -
ments ol both offensive and defensive combat situations. The gquesttonnaire
revealed that under conditions of good visibiiity 86 percent of the aimed {ire
was delivered at less than 400 yd. Under bad visibility all aimed fire was in-
cluded in this range. It also indicated that almed flre accounts for about one-
thtrd of all combat rifle fire.

Battlefield formattons of enemy assauiting and defending forces were de-
veloped from sketches prepared by the questionnatre subjects. The centers
of the formations were located, and the depths and widths calculated from data
on the sketches., Durations of target expogure anddirections of movement were
likewise developed from questionnaire responses and were computed separately
for all targets in each formation.

Thirty-four pcsitions, some partly concealed, were preparad for the 3]
stationary Cocky Ken targets and 3 inoving targets. Seven stattonary and the
three moving targets were common to both day and night systems (t.e., 22 tar-
gets in each system). Twelve programs were devised, which incorporated ran-
dom order of appearance for the target groups and for indtvidual targets withtn
each group. The programs allowed target appearances from 3 to 34'4 sec.
There were no simultaneous exposures, and each appearance was preceded by
an intervai ranging from 6 to 13'4 sec.

Ail events inthese programs-—target appearances, simulated artillery,
dtsclosing fire, and “wounding® by electric shock—were programed through
the electronic control system described in App D.

RATIONALE

It 1s apparent that theteat depends criticaliy on the mode! of target system
that is seiected. The seven primary target characteristics that critically affect
the atming errors are size, range, exposure time, visibility, movement, dis-
closing activity, and confusing context.

A good model should include a number ol targets that are characteriaed
by appropriate distributions in each of these seven characteristica. Whatever
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unesdepenaencies exist among these characteristics shouldaisobe reproduced
in the targets of the modei.

In order to describe the anticinated target systems in terms of the given
characteristics a questlonnaire-interview was used. The assumption wus made
that the anticipated target system would not uiffer significantly from the target
systems experienced by US rifiemen in Korea and WWIl. The questionnaire-
intervicw was an effort then to descrtbe the targets at which riflemen had actu-
ally aimed and fired.

Twenty-six officers provided by The Infantry Schoo! filled out the ques-
tionnaire at Fort Benning, Ga., on 5 Aprii 1956. Ail these officers were quali-
fied to wear the Combat Infantryman Badge and had served in combat with an
infantry battallon or lower-echelon rifle unlt in Europe (5), the Paclflc (3),
Korea (11), Korea and Europe (5), and Korea and the Pacific (2). Thelr com-
bat experience ranged from 3 to 32 months with 2 median of 8 months and a
mean of 11 months. Prior to these interviews a preliminary questioning of
several dozen experienced officers was conducted at Fort McNalr and Fort
Myer. From this questioning it was determined that best resuits could be ob-
tained from intenslve interviews with a smail number of carefully selected
gubjects.

The questionnaire was designed to provide the frtjucacy disiributions
necessary to guide the establishment of a target complex with consideration
of the foilowing factors and their interrelatlons:

(a) Visibllity (good or bad)

(b) Enemy attitude (offense or defense)

(c) Mean distance of formation from {riendly forces (nearest 100 yd)

(d) Side-to-side intervals between positions within a formation (nearest
yard)

(¢) Front-to-rear intervais between positions within a formation (near-
est yard)

(f) Number of targets in a posltion

(g) Side-to-side intervals between targets in a position (nearest yard)

(h) Front-to-rear intervais between targets in a position (nearest yard)

(i) Exposure out of cover (none, head only, head and shoulders, fuli tnay,
ful! body kneeling, or full body upright)

(j) Movement (still or running)

(k) Direction of movement (eight dlrections)

(1) Concealment (none, haif-hidden, or entirely hidden)

(m) Firing (not firing or firing hand or shoulder weapon)

{n) Duration in this particular attitiude (seconds)

Many of these factors were subdivided to account for the effects of other
factors in the iist. For exampie, duration was handled separately for offensive
and defenslve targets. The responses were reduced to yieid distritutlons of
each of the seven target characteristics, including relations among dependent
characteristics. The distributions were then used to define the characteristics
of an integra! number of targets for the experiment.

Two target systems were required for the experiment —one for day firing
and one for night firing. Each of the two systems was to represent as closely
as possible the more common combat rifle targets. In short the problem was
to construct target systems to give the closesat approximation to those found
typicaliy in combat in both defensive and offensive situa‘ions.
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QUESTIONNAIRE

Foliowing is a copy of the questionnaire The percentages given iiiustrate
answers for which there was maximum agreement among the respondents. The
numbers in parentheses are approximate ranges indicating accuracy of estimate
(see Part I of the queationnaire, “Percentage Estimates”). The sketchet of the
defensive and ofiensive formations are actual examples received.

AIMED RIFLE FIRE QUESTIONNAIRE
Part I--Percenteze Estlmates

Make ‘he best estimate you can of the percentages requested in the foliowing
questions. Be guided by your knowiedge and combat experinsnce, but estimate for the
over-ali conditions of modern warfare, not for any particular type of terrain or situation.

Do not record vour name, but do put in the ugper right corner of this sheet the
number of months of combat experience you have bsd with rifle units of battalion size
or amaller,

For each percentage that you eatimate, put beside it in parentheses the iowest and
highest percentage that would be just aa acceptable to you. This gives an indication of
how approximate you befleve your actuai estimate to be. For exzmple, {f you estimate
20 percent, write 20 (5-35) or 20 {15-40). Your estimate may or may nct be halfway
between the ends of the rengc In the parenthescs, The parentheticsl numbers do not
nave to add up to 100 percent but your beaaic eatimates do.

Questions 2—4 ali refer only to the aimed flre mentioned in question la. This in-
ciudes not only fire at visible targets but fire aimed at s particular point of a bidden
arca becauce it {8 thought more likely to conceai sn enemy than other nearby points,

Visibility is good {f there ia either daylight or very bright flares. Visibiiity ls
bad if there is darkness, moonlight, or dim flares.

1. For rifle fire in combat, what percentage of all smmunition iz expended in
each of those three cstegories:

Ammunition
Category expended, %
a, Aimed iire at visible or suspected targets 31 {15-40)
b, Neutralizing and harassing area iire 533 (40-80)
¢. Panlc fire ig (5-30)
Total 100

2. Substantielly all combat actions involving aimed rifie {ire at visibie or sus-
pected targets (18 above) are fought under conditions of good or bad visibility with enemy
forces on the offensive or defensive. Estimate the percentage of ali friendly aimed
combat rifle fire {other than neutralizing, harassing, and panic fire) in sach of the

* categories befow, For exampie, if 100 miifion rounds of rifle ammuni. (on represented
tctal ammunition expenditure in aimed fire for a war, what percentage s expended in
cach oi the four categories below, Total of the four percentages should equal 100 percent,

Enemny attitude &. Good viatbility, % b. Bad visibility, %
(1) Dafensive 22 (15-30) 1i (5-28)
(2) Offensive 45 (35--50) 22 (10-35)
Total e7 33
aBO_T_ M 7i

|,



CONFIDENTIAL

3. Averaging sll situations when the enemy is on the defensive {your answersa o
2(2) above|, what percentage of rifie smmunition {for aimed fire at visihle or suspected
targets) is directed st targete whose distance from (riendly troopa ls:

Distance, yd a. Good visibliity, % b. Bad visibllity, %
() 0-5v 12 (5-25) 35 (10~10)
(2) 50-100 17 (10-35) 24 (10-55)
(3) 100-200 a5 (10-50) 29 ({20-49)
(4) 200-300 17 (5-30) 12 (5-20}
{5) 300-400 12 (3-20) 0 (0-190)
(8) 400-500 8 (0—15) 0 (0-5)
{7) 500+ 1 {0-5) 0 (0-1)
Totai 100 100

4. Aversging all situations when the enemy force is on the offensive {your snawere
2(2) above], what percentage of rifle ammunitlon (for aimed fire at visible or suspected
targets) ls directed st targets whose distance from {riondly trocpe is:

Distance, yd a. Good vistbility, % b. Bad visibiiity, %
(1) 0~-50 8 (5-15) 30 (15—40)
{(2) £9-100 i3 (5-25) 25 (15-30)
(3) 100-200 37 (20-50) 30 {20-50)
(4) 200-300 25 (20-30) 0 (5-20)

{§) 300400 13 (5~-20) 5 (0-10)

{8) 430-500 6 (0-15) 0 (0-5)

{(7) 500+ 0 (06-5) 0 (0-2)

Total 100 103

Part 1I—Battlefleid Formstiona

Draw two sketches, one on each of the two graph sheeta sttachad. Ome will be
“Enemy Defending” and the other “Enemy Assaulting.”

Each sketch is to be an ahstract representation of 10 enemy infantry troops (a
"squad”) engaged In 8 fire {lght with {rleadly forces at some distance between 100 and
300 yd. Each picture is to represent s typical moment In a typlcal engagement with
average terrain and visibhility, Friendly troops sre In the directloa of the bottom of
the sheet.

The amsll squares on the graph sheets sre 5 hy S yd. The 10 enemy troops sre to
be drswn {n probable locations with the symbols shown oa the accompanying key, The
difierent symbols an thls sheet sre grouped into five sets. Do cne set st s lime tn order.
(1) First locats the 10 men by drawing the aymbol for how sach man is out of covar
{merely put a dot if no pert of him is out nl cover). (2) Beaide any map wbo ia running
{not wslking, crawling, or stlll) put an arrow showing his direction of movament, (3) In-
divste how much concealment {if any) is ia froet of each man. (4) Put sn F beside those
likely to Le firing their weapons at thls typical moment, (5) Beside each man put the
mumber of seconds he ls likely to remain in the position in which vou have drawn him,
For sxample, fnr s rumaiag man this would he the number nf seconds he will rua before
stoppiag to take covsr ar fire his wsapou; for s maa whose head is out nf caver, it would
be the mumber of seconds Lhat be exposes just this mush of bimsell. Do aot nmit any of
the key symbols Uf thay sre appii=able,
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In drawing these two piciures consider yourself to be 2n enemy commander and
place your 10 men uas you think tf 2y would probabiy be located, Then consider yourself
to be a friendly riflemsn iovking out across the battlefieid and modify your picture if
necessary te achieve maximum realism with regard to concealment, proportion of the
10 enemy troops viasible, etc.

Erase and redraw each picture until you are satisfied that it is your bast estimate
of the typical situation [Figs. Cl1 and C2jJ,

i 1
| 1
10 10
t . $ 2 P ]
' 60 1 s 0 s+Triot o
SSTRERCHE, SR T
] ® 10-.. = 60 0 e e 17 Y F-,...._ + =
: ] Em . $ $ : ‘t" h X [9°% 4’
e e N
L | I
I
T
Enemy troops Cnamy iroeps
front line front line
Friandly troops Frisndly troops
front line from lina
Fig. Cl==Typicel Grouping of Enemy Defending Fig. C2—Typicol Grouping of Enemy Assaviting
in Actual Combat in Actual Combat

5. by 5-yd squares.

1. Cover {omaunt axpused; protects wgainst fire

os well as shesrvetion)

5- by 5-yd squares

Key for Figs. C] and C2

3. Concenlment (protects sgoinst ohser:
vetion only)

@ nons — entirely hiddan
0 hewd w~ hall hidden

? head and shoulders

t full bedy, creuching er kneeling 4. Firing

2 full body, upeight

F  fHiring hend or shoulder wospon

& full bedy, um.u crawling

2. Running

TNA rumsing in direction shewn

5. Duretion

Wite number of soconds sach men is
In sttworion shewn

Exemplas
lg' One man, full bedy veright out of cover, running in
ar dwaation of ervew, nat hidden, Hring, for § sae
o ?_? 8 Toe men, hoad end shoulders s of eiver, net

runming, snticely Niddon, nnt liring, foe | wuin
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CHARACTERIBTICS OF COMBAT TARGETS
FROM QUESTIONNAIRE

This section utilizes the data from the questicnnaire to provide a method
for establishing a target complex. The data refer only to aimed rifle fire at
visible or suspected targete, which, according to the reepondents, accounts
for about a third of all combat rifle fire.

Except for Tablee C1 and C2, which are based on Part 1 of the queetion-
naire, the dats were all taken from the sketches and reduced in the following
manner: A smooth curve was hand drawn througha plot of the raw data. This
curve was then normalized by multiplying its plotted values by an appropriate
factor so that the sum of the ordinatee would be unity.

The curves ehown in Figs. C7T to C14 are these emoothed and normalized
plots, with the original data pointe euperimpoeed after having been multiplied
by the aame factor used to normalize the emoothed curves.

Location of Formatione

Table C1 shows the percentagee of ammunition expended in categories
representing combinations of visibility, enemy attitude, and distance, The
breakdown of the first 100-yd interval wae obtained on the questionnaire be-
cause safety factors prevented use of targets closer than 50 yd in the SALVO I
experiment,

The percentages shown are based on the eetimates showing greatest agree-
ment on the questionnaire after multiplying by approprizte factors to correct
for rounding errors and to bring the sums back to 100 percent. This estimate
is somewhat like the mode in that it was agreed to by more responderts than
was any other estimate; i.e., it fell within more of the parenthetical ranges
indicated on the questionnaires. Each percentage shown wae agreed to by about
three-quarters of the respondenta.

Table C2 contains the same information ae Tabla C1, rearranged under
major categories of visibiiity rather than enemy attitude for later use to form
separate target complexes for good and bad visibility. 1t is assumed that the
percentage of targets taken under fire is proportional to the amount of ammu-
nition expended at various ranges. The data for each visibility condition are
brought up to 100 percent. Note that the range interval of 0-50 yd ls omitted
in Table C2 since it could not be used in the experiment for safety reasons.
Table C2 is thus computed directly {rom the data iisted in Taole 1.

Figures CJ and C4 present graphically the information in Tables C1 and
C2 except that the percentages for enemy defending and enemy assaulting are
each adjusted to total 100 percent.

Ths number of targetas in each visibility complex at each range interval
is selected to be proportional to the percentages in Table C2. An arbitrary
total of 32 targets was used for each complex. This small number of targets
permitted so faw to appear for sny range category of Table C2 that each cate-
gory comprised a singls formation. For a large number of targets it might be
desirable toc have several forinations for soms catsgoriss, but present data
provids no guide to ths appropriats sizs for foymations. Ths centsr of each
formation is located at random in the proper rangs intarvai, which is congid-
ered to be 200 yd wide.

(L) ORO-T-318
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A arevicus atudy®® also supports the concluslon that by far the greater
part of all semiautomatic rifle fire in combat occurs in firing on targets at
ranges of 300 yd or less. Of 800 men questioned In this study about the use
of the M1 rifl2 in Korea, 85 percent said that all their firing was done at tar-
gets within a 300-yd range (daytlme offensive fighting}. For daytime defensive
fighting, 80 percent of the men eaid that rifles were used at 300 yd or less.”

TasLE Cl
AMMUNITION EXPENDED IN AIMED RIFLE FIRE AT VAMIOUS RANGES IN COMBAT

Fasmy defendiag Esemy asssslting

Distance from
friendly forcen, | Good visibility | Bad vieibility | Good visibility | Bad visibility

yd
Ammusition expendsd, %
0-50 3 4 3 v
50-100 4 3 6 S
100200 8 3 17 7
200300 4 1 11 2
300400 2 0 6 1
400500 1 0 2 0
500+ 0 0 0 0
Tote! 22 11 45 22
TaspLe C2
TARCETS AT VARIOUS RANCES IN COMBAT
Good visibility Bad visibility
f:::‘:l.c;ai:: Esamy Easmy Easmy Easmy
v; ' | dofeadisg | asesclting | defendisg | assssiting
Targets, %

50-.100 7 10 13 23

100200 13 28 13 ¥4

200-300 7 17 5 ¢

300--400 3 10 0 5

400500 2 3 0 0

500+ 0 0 0 0

Total 32 6B 5 &9

Figure C5 shows (a) the data for daytims offensive and defensivs rifle employ-
ment taken from Fig. 1 of ORO-T-18(FEC),™ and (b) the total fire from Tabls
€1.

For the purposes of the SALVO I experiment, 400 yd ls used as ths rangs
within which all aimed-rifis-fire targets in combat ars to be found.

From the Korean dats,” it was found that 93 perceat of all daytime rifls
fire in combat is directed at targsts 400 yd or lsss from the firer. It must be
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noted hers, however, that the concluslons shown in Flg. C5 repr_sent rifle
fire (aimed and unaimed) under conditions oi good visibiiity oniy.

The responses to the SALVO | questionnalres indicated that 9§ percent
of aimcd iire under condltions of good vislbillty occurs on targets 400 yd or
leas from ths {irer, and the corresponding flgure for vad visibllity is 100 per-
cent. Of all almed fire, 97 percent is delivered at targets at ranges of 400 yd
or less. The concluslons regarding the range distrlbution of targets under
aimed rifle flre are then substantially in agreement.

The data of Table C1 were combined for all four conditions. The resulting
frequency distribution ls shown in the block diagram of Flg. C6a. A. the sug-
gestion of Dr. J. Bruner of CRO the curve {or the expresslon

[(R) = 4R/RY .~ 2R/R (C1)

was adjusted to the mean range R of 170 yd computed from Table C1. This
analytlcal expression™ for the frequency distribution of range R had been found
to fit data on ranges of fire received by US tanks {with a different mean range
of course). Figure C6b presents the cumulative frequency and shows the phe-
nomenal agreement of the data of Table C1 with this analyticaiiy expressed
distribution. It should be remarked that this comparison was made and agree-
ment noted only many months after the data of Table C1 were gathered.

Locatlon of FPosltions

A formatiou contains several posltions (e.g., foxholes), and each posltion
may contain one or several targets. Positions (containing one or several tar-
gets) are located with respect to the previously found center of each formatlon.
Tobleg C3 and C4 show the distribution of positions in a defense formation, and
Figs. CT and C8 are plots of these data. The intervals are taken from scale
sketches as shown in Figs. Cl and C2.

Location of Targets

Table C5 is used to provide the number of targets to fill each position.
The data for this table are derlved from the sketches on the questionnaire
using the assumption that men drawm within 5 yd of each other were by defin-
ition In the same posltion.

For enemy defending,targets are located within a position in the same man-
ner as positions were located within a formation. Tables C6 and C7 (illus-
trated by Figs. C9 and C10) are used for this purpose.

For enemy assaulting, each position was assumed to contain only one
target. Tables (C8 and C9 (illustrated by Figs. C11 and C12) are used tc locate
these targets.

Direction of Movement and Duration of Target Exposure

Table C10 shows the {requency distribution of target type. Omitted com-
binations of symbols represent types that did not appear at all in the sample,
and hence are assumed to occur with a negligibly small {requency for purposes
of this study

CRO-T-378 7
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TasLE C3

SIDE-TO-SIDE PosITION INTERVALS IN COMBAT FOR

ENEMY DEFENDING

Intervel, yd Oceurrences, % Intervel, yd  Occusvences, %
0 1.1 17 2.4
1 1.4 13 1.1
2 2.0 19 1.3
-] 2.7 2 1.5
[ 3.5 2] 18
) 44 22 1.1
6 56 n 1.0
7 1.6 u 0.9
] 8.2 23 0.5
9 8.7 » 0.7
10 5.3 ¢ 06

11 8.4 m 0.5

12 7.0 b ) 0.4

13 5.1 » 0.5

14 sl 81 0.2

13 3.4 22 0.1

16 1.5 33 0.1
TasLE C4

FRONT-TO-REAR PoSiTION INTERVALS IN COMBAT

For EngMy DEFENDING

hutervel, yd  Occwrrescas, % | Interval, yd  Ocowrrencon, %
+30 0.1 -1 | X ]
b ) 0.1 2 LN
18 0.1 3 8.0
n 0.1 4 6.5
W 0.1 S 4.6
25 0.1 6 2.8
4 0.1 7 1.0
n 0.2 3 1.7
12 0.2 9 14
21 0.2 10 1.1
x 0.2 11 0.9
19 0.5 12 0.7
18 0.3 12 0.6
17 0.3 14 0.5
16 0.4 15 0.4
15 0.4 16 0.4
14 0.3 17 0.3
1 0.6 18 0.8
12 0.7 19 0.3
11 0.6 0 0.2
10 1.0 0 0.2
9 1.2 22 0.2
L} 1.4 3 0.2
7 1.6 u 0.1
[ 1.9 - 0.1
8 2.4 »u 0.1
4 3.3 n 0.1
] 5.2 »n 0.}
2 8.0 » 0.1
el 8.5 ) 01
0 8.6
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TasLF C5

NtMBER OF TARGETS WITHIN A PosiTiON
IN CovBaT FOR ENEMY DEFeNDING

Targets
in position Occurrences, %
1 83.C
2 11.8
k] 7
4 0.5
5 0.5
TAPLE C6

SIDE-TOSIDF TARGET INTERVALS WITHIN A POSITION
IN CoMBAT FYOR ENEVY NEFENDING

Interval, vd Occurrences, %
¢ 14
1 13
2 27
3 18
4 8
TasLe C7

FRONT-TO-HEAR TARGET INTERVALS WITHIN A POSITION
N CoMaaT ror ExeMy DEFENDING

Interve!, vd Occurtences, %
0 47
1 25
2 15
3 8
4 4
b 1
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Tar.F C8

SibE-TOMDE [ARGET INTERVALS In COMTAT

FOR ENEMY ASSAULTING

lnterval, yd Ocewrencen. % latorvel, yd Dccwvanren, §
9 2.7 » 1.3
1 43 b3 1.0
I 63 - 0.0
1 1% n 0.7
4 [ 3 Hu 0.0
3 9.0 -] 0.2
] 0.0 » 04
? T4 n 0.4
[} 39 n 03
9 10 » 0.2
10 43 » 03
1 30 1l 0.3
12 34 31 0y
1y 3.0 » 0.1
14 17 M 01
12 L Y % 0.1
16 21 |} 0.1
17 1.8 n 0.1
18 1.6 » 0.1
19 14 » o1
TasLr C9

FRONT-TO-HFEAR TARGET INTERVALS IN COMBAT

FOR ENEMY ASSAULTING

laservel, vd Oecmronces. 3 Latarvel, vd Ocewveances, %
+39 01l ] 6.3
» 0.1 =1 6.2
T 0.1 2 0.0
% 0.1 3 0.0
s 0.1 4 2.0
34 0.1 5 3.0
13 0.1 4 21
1 01 7 1.0
31 0.1 ] LB |
S0 0.1 ’ 33
» 0.2 10 1.9
-] 0.3 11 1.7
T 0.2 12 1.0
» 0.2 1] 1.4
-3 0.2 14 113
34 0.2 13 1.1
-} 0.2 L] 1.0
n 0.1 17 09
1l 0.2 18 o8
20 0.3 19 0.7
19 0.3 0 06
1o 01 31 0.2
17 [ ] n 04
16 0.8 n 0.3
13 04 » 0.2
14 0.3 n 02
11 08 » 0.2
13 [ n 0.2
11 os n [ B ]
10 [ X ] » 0.3
L] 1.1 » LB ]
] 13 1 01
1 14 12 01
[] 30 u 01
3 18 4 01
4 0 -3 01l
] £.2
3 (5]
+ 1 43
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C1l0

FREQUENCY OF TARGET TYPES IN COMEAT

F.acmy Foomy Enemy Faemy
Targest defending senayliing Tacgoi® defeading semonliing
Occwrrancee, § Occwrzesces, %
L +“+.3 122 F & 0.8 43
° 35 12 Foi 0.0 35
2 5.4 0.8 t 0.8 s
s s 0.4 1 e.4 08
Fe 2.7 0.4 L 0.4 0.0
k& 6.1 2.0 iR 08 0.4
2 4.2 2.0 FTH 0.0 15
T 0.4 23 F iR 0.0 12
3 31 0.8 F 1 G4 2.0
1 1.2 0.0 F3 1.2 18
$R 1.5 00 Fi 0.0 0.4
FeR 00 08 ? 0.0 38
F 46 11 1 0.0 20
FY L 23 TH 0.8 177
F§ 31 0.8 iR 0.0 5.0
N 0.0 0.8 v TH 0.0 69
& 0.8 2.0 F iR 0.0 08
§ 0e 12 Ft 0o 47
Fi 08 2.0
5K ey for Toblaa C10, C16, nnd C19
1. Cover (emount exposed) 3 Coaceslmest (protecia egainet
= seme observeiiun omly)
® heed — eatirely hidden
% head and shouldern ~~ half hiddea
s fall body xome or crawliog 4. Firiag
1 feoll body, crouchiag or kaeeling F  fliriag hend or ahonlder waspon
§ full body, apright 5. Duratioa
2. Ruanieg Nember of snconds cach mas ia 1a
R rwaiag is anv directins sitantion abows
Tasik C11

MRECTION OF MOVEMENT8 OF HUNNING TARGETS
N COMBAT

Diraction, deg

Esemy defendian

Eaemy easonlizeg

Occurrencon, %

0 15 1
45 5 1]
L] 4 0

18 ) ]
180 15 ]
= 0 15
rn 16 . ]
315 20 15
$hreciion of movemomt
Fasmy treops
”»
158 . 4
i1 [ ]
s 118
e
Frvedly wospe
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70 B0
DURATION, SEC
Fig. C13—Target Duratian in Combat for Enemy Defending
T T T T T T
L
N 80
DURATION, SEC
Fig. Cld—Torget Durotion in Combot for Enemy Assoulting
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The directions of movement of running targets are given in Table C11.
The iength of time a target is vislble 1s ;iven in Tabies C12 and C13 and piotted
in Figs. C13 and C14.

These characteristics are assigned to specilic targets in the target sys- s i
tems on an equai-probability hacis  The time durations are coinputed separ- "
ately for ail the targets in each formation.

COMPOSITION O TWO TARGET SYSTEMS
SIMULATING COMBAT CONDITIONS

The results of applying the methods described in the preceding section
are summarized here. Tabie Cl4 shows the number of targets in each range
category as based on the percentages Iin Tabie C2. inthree lnstances where a
singie target would have represented a formatlon itwas combined arbitrarilywith
another formation so that everyformation would have from two to seven targets.

Table C15 gives the iocation of the center of each formation, and Fig. C15
is a scaie piot of this information. The centers for the good-visibility compiex
were seiected first. Those for the bad-vislbility complex were placed in the
same jocations for the convenience of using many of the same targets for both
compiexes. The one exception to using the same locations was in the close-in
zone of 50-100 yd where the first formation to be chosen (formatlon C) for the
bad-visibiiity compiex was geiected at random from the two already seiected . ‘
for the good-visibility compiex, and the other (formation A) was picked at a
new location.

Tabie C16 shows the kind and number of targets seiccted as based on the o
percentages of Tabie C10. Targets compietely conceaied and not firing were
omitted since they would be unknown to the firing troops. Ruuning targets were
limited by avaiiability of equipment to three, and these were chosen only from
among those moving in directions other than directiy forward o. rearward. It
was supposed that a target moving in elther of these 10 directions for a short b
time wouid not show the firing troops more than a siight difference !n appear-
ance from a target that remained statlonary. The thiree moving targeis do not
fire as they run, the movement itself being sufficient to attract attentlon. They
are located (as are seven other targets) in the same position for both the good-
visibility and the bad-visibiiity compiexes.

Table C17 shows target durations seiected from Tables Ci2 and C13.

Increments of 14 sec were used to accommodate the programmer.
The time intervais between (or preceding) targets are listed in Tabie C18.
Only one target was permitted to be up at any given time, thus azsuring that
each target would not compete for receiving fire. Intervals of 8 to 13%/, sec
between targets were used. The iower limit of 6 sec was made this iarge to
reduce carryover effects between targets appearing in sequence. The upper
iimit of 17'4 sec reasonabiy sets a range of intervals such that, when 22 of
them were drawn at random, the totai time of thesge intervals plus the target A
duration times wouid fit the maximum time capacity of the programmer,

Table Ci8 is a summary of ail the information concerning the target sys- i

tem compiled up to this point. The tabuiation includes completely conceaied

:
|
!
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TanLe CI4

DSTRIBETION OF TARGETS YO Tho TARGET COMPLEXESD
SIMULATING COMBAT CONDITIONS

' Target complexes
»
) Good visibility Bad viaibility
Distance from
fr:tndlvdfnrcea. Faemy Enemy Faemy Fnemy
K def ending asasulting defending assaulting
Targets
50100 2 2 3 5
100200 3 6 3 T
200--300 2 4 1 2
300400 0 2 0 1 T
400500 0 A T 0 0
Total o f 1022 7 + 15 = 22

8Targeta in single formations are conpected by underlinine. Figurea are based
on Tahble C2,

TanLe C15

LocaTion OF CENTERS OF FORMATIONS vOR Two TaRcET CoMPLEXFS
SIMULATING COMBAT CONTITIONS

.
Target complexes Nistunce, vd from
‘ Approximate
diatance from Enemy Faemy b .
firing line, defending annaulting Firing Left v
A edge of
vd line A
Targeta s
Gond-Visibility Target System
50-100 2 e 118 2]
2 86 [l ¢
100- 200 1 183 146 ]
6 162 55 &
200300 2 219 102 B
4 267 ol G
300 —400 3 36 134 i
Bad-Visibility Target System
50-'% 3 86 T C
5 63 103 A
100200 k| 127 146 n
7 162 55 F
200300 1 1 219 102 F

SRange intervsl is 200 vd wide

ORO-T-378
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Fig. C15—Centers of Torget Farmations Simulating Combot Conditions
O. good vinibility, X, bod vivibility, ond (I, locetion of terge s

determining extreme ongles of fire.
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Tas.e Cl16
TARGETS SELECTED TO SIMULATE CoMBAT CONDITIONS, BY SIZE

Esemy defendiag Enemy asssulting
Tatgeta 3
No. Type No. Type
Dtuwiihers, ¥ uaed usedn ooty used ssadn
* 4.3 0 g 12.8 0 L4
Sublotal 6 i
0 25.7 4 F'& 6.8 1 F e
LN
Be
L ]
¢ 22.0 3 F % 10.1 2 [
& $
F
*
s 3.2 0 13.8 2 g
Ly
2 4.0 0 15.6 e R
. TR
. |
? 0.8 0 40.9 7 TR
TR
b
5 b
3
|
F g
Total 55.7 7 87.2 15

8See [ootaote », Table C10.
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TasLE C17

TARGET [XRATIONS FOR SIMULATING CoMBAT CONDITIONS,
BY VISIBILITY AND ENEMY ATTITUDE

Good visibility

Rad visibility

Faemy defending Fnemy sssaulting Eaemy defending Enemy ssasulting
(7 targets), {7 targets). (7 tazgets), (15 targeis),
sec sec sec sec
4% 3 4% 3
14 3 4% 3
4% 3 ¢ 3
¢ 4% 9 4%

° 4% 15 4%

15 6 18% 6
194 6 194 ™

9 7%
7 9
10% 10%
15 1?7
15 8
21 21
25'% 28%
Y 344
Totst
& 165, & m
231 253%
ORD-T-378

CONFIDENTIAL



CONFIDENTIAL

. 4
TasLE Cl18
INTERVALS PRECEDINC TARGET APPEARANCES
FOR SIMULATING COMBAT CONDITIONS
Good viaibility Rad viaibility
Position and Interval, Poaition and laterval,

target no. 2 (1.7 target no ® sec

B7 9 A2 9
H& T LY} ™

e 10% A3 6
C1o 9 A6 1014
N4 6 Ll ™

s 12 C8 9

D15 9 C11 12
4 K18 134 12 104
E20 ™ N4 ™%

F21 13% nia 6

F22 10% nis 9
. Fle 9 Fip 10%
F1% 12 ¥.20 ™

‘ F24 T E21 9
F25 10% k22 13%
G30 9 El6 %
G28 13% F19 10%

Gal 1044 K17 9

G29 12 F25 12

H33 Y F23 6

H34 9 F27 9
H32 10% Fah ™
Teotal 219 196%

"Letters indicata target {ormation; aumbars ideatify
individaal targets
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targets, but the experimental system omits them, as indicated by the identifi-
cation numbers in Table C19.

Table C20 gives random sequences of target appearances for each com-
plex such that all targets in a given formation will be used before any targets
in another formation appear. The times are in i'4-sec rather than 1-sec units
for the programmer, which operated In 1% -sec steps.

TaBLE 20

TARGET APPEARANCE PROGRAMS FOR SIMVLATING Coudat CONDITIONS

Programs lor bad-visibility
Programe {or good-visibility sequences (dsy) seqoences (nizht)

1 2 3 4 5 6 7 8 9 10 11 12

Startiag poiat® lormation, snd target

AG30 A-F24 A-E22 ADI4 ACO A-HS A-H36 A-I'24 A-DI4 A-DI5 A-Al A-A2
G2s F25 FI9 M3 Cl0 B7 N3 Fs D13 D13 A4 A4
G31 GM® Fl6 M™MS W32 630 H32 G300 NS5 N4 A6 A3
G29 G31 FE20 EI8 H3 G288 F25 €28 C8 K22 A2 Al
D4 G2 FE21 E22 N34 G31 F24 G290 Cll FE19 A3 A6
PI3 G FEI8 E20 Fl6 G2 BS G3l Cl2 E2 D13 B
DS D15 Cw Ele K19 Fz4 BT @5 Fle Fls D15 Gia
F2¢ D13 C9 K19 E22 F¥25 €l0 B7 F20 FE21 D4 Di4
F25 DIl4 B-F24 E21 E21 BEI$ €9 Cl0 E21 Elé BEl6 ElIs

BCS BFls F25 BG30 E20 E20 D4 C9 E2 K17 F2 E22
Cl0 FI9 B? G2 FI18 El6 DI3 BDI3 16 B-A3 E20 Flé
Fi18 E21 85 G331 BG2 E21 DI5 DI5 EI9 A6 El9 E2I
E20 E20 DI3 G2 G31 E22 RB-El9 Dl4 EI7 A4 Elz E17
E20 E2 DIS B7 G30 Ei8 El6 K6 B-A2 A2 E21  El19
F22 EI8 Dla B5 G258 1134 F22 E21 A4 Al E17 E20
El6 BS G2 F25 D15 133 Fi8 F19 A3 C12 F21 BCI
El9 BY G2 F2¢ D13 H32 F21 F2 A6 C8 F2% C12
BT H3 G209 B32 D4 Clo E20 FE2 Al  Cn  F2s Cs
BS H G0 H33 F25 C9 €2 Fl& F25 F25 F23 F2
H33 H32 W34 W34 F24 D4 G330 N34 FB F? CNl F27
M34 Clo N33 Clo RS D13 G288 H32 F2? F2 C12 F26
M32 C9 H3i2 C9 BT DIS G3l W33 F26 F23 €8 F25

®The letter A or B to the left of the hyphen in the atarting point. Fach seqecnce waa
started ot cither A or B, e.x., program 2A started with tazget F24 and ended with (.9, whera-
ss program 2B started with target £16 and ended with target D14, The letter A tr. G to the
right of the hyphes or clowed ap with the target sumbar is the lormation.

DETAILS OF TARGET SYSTEMS SIMULATING
COMBAT CONDITIONS

Each target system was composed of 22 Cocky Ken targets, 3 of which were
capable of lateral movement. The daytime and nighttime range distributions
were significantly different, requiring the preparation of additioral target posi-
tions. As 10 of the positions were common to day and night target systems, it
Was necessary to prep.re a total of only 34 positions to complete two systems
of 22 targeta each. These positions are indicated schematically in Fig. Cl16.
Tabhle C21 describes several characteristics of the targets.
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TasLE C21
LAYOUT oF TARGET SYSTEMS SIMULATING COMBAT CONDITIONS

Target Raage, Target Blaak

no. vd sizet Coacealmentb Movemenic firingd  lllumination®

1 52 F Cc v N

2 63 E N

1 65 E N

4 67 F ¢ F N

5 T4 F F 3]

6 76 E F N

g 17 F C F D

B 78 F C F N

9 86 E D
10 A9 F & F D
11 90 F C F N
12 91 F N
13 111 F 0] F D-N
14 127 F C F D-N
15 139 F D-N
16 152 E ] D-N
17 161 E F N
18 162 E ] DN
19 164 E ] D-N
20 165 E Cc D-N
21 169 E D-N
22 176 E Cc F D-N
2 209 F N
24 216 F Cc D
25 218 ¥ C NN
26 221 F F N
on 22 F c F N
28 245 E F D
29 259 B F D
30 267 E n
1l 269 F & F D
32 34 F F 3]
n 336 [ D
kY 139 F C F D
Total 14K, 15C KLY 19¢ 10D-N, 12D,

208 12N

3F, kneeling (large) target: F, prona (amall) target.

bC, camouflage: blask, ao concenlment.

€Thraa targeta moved leterully,

dF, blank cartridges fired na target appeared

€[), daytime target; N, nighttime targel; aad D-N, common to both avatems.

ORO-T-3178 o7
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350 T
34
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k7]
300
N
30
29
7 250 ks ™
@7 n \\\\Q
27 2
5
24 2
200
-
E 2 2
3 17 Ly 18 9 / B
- o
o [ = 50
N\
\ 14
\ -
\ -2
100 -
19 N
oy, r /
\ ] 5
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¥ % 30
O N
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/PN
4 / Firin! line \
H0 50 0 50 100
RANSE INTERVAL, YD
Fig. C16—Leyout of Target Systems Simeleting Csmbet Conditions
L indicotes position of lights far night fiesvg.
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The actua! programs ailowed target appearance from 3 to 34'; sec. There
were no simultaneous targei appearances, and each targel appearance wae pre-
ceded by an inlerval of from 6 1o 13 sec (Table C22). The order in which the
targeis appeared was also varled to prevent learning bias. The targeis were
grouped in elghi najural operailonal groujings deslgnated A to H. The several
targets comprlsing any group always appeared successively in random order.

TaBLE C22

TIME INTERVALS PRECEDING AND DUMING APPEARANCES OF
TARGETS SIMULATING COMBAT CONDITIONS

Good vinibility Rad visibilitv
Terxet pll‘:::',er;i'nlg. M Target pl[’:::eerd\::lg, Raadicn,
sec sec
sec sec

5 7.5 4.5 1 7.5 28.5
7 9.0 15.0 B 9.0 3.0
9 10.5 45 3 6.0 T
10 9.0 15.0 4 7.5 12.0
12 12.0 19.5 6 10.5 4.5
14 6.0 9.0 8 9.0 19.7
15 9.0 4.5 11 12.0 4.5
16 9.0 9.0 12 10.5 9.0
18 13.5 6.0 13 6.0 19.5
19 12.0 15.0 14 7.5 90
20 7.5 31.5 15 9.0 4.5
21 135 3.0 16 1.5 10.5
22 10.5 4.5 17 9.0 3.0
24 7.5 4.5 18 10.5 6.0
25 10.5 2.0 19 10.5 18.0
28 13.5 6.0 20 a5 345
29 12.0 10.5 21 9.0 1.5
30 9.0 3.0 22 13.5 9.0
3 105 25.5 23 6.0 3.0
32 10.5 745 25 12.0 15.0

33 7.5 3.0 y. 7.5 v
34 9.0 21.0 r44 9.0 21.0

Twelve pregrams were devised thai Incorporated both random order of the groups
and random order of Individual targets within each group. Table C20 liste thage
12 programs of targeiappearances. The 20 demoiltions were likewise Independ-
enily randomly programedas shown in Table C23. Thefigures indicaie the dem-
olition time in 1Y,-sec time increments from the siartof the orogram. Care was
taken to avoid any iransient obscuraiion of targets by demoiiiions by careful co-
ordination of iime and position of demolitions relative iotarget appearances.

The achedule for the siressing shocks is given In Table C24. In this case
16 schedules were used. Durlang each run, 5 of the 10 men on the line received
one shock. In each case the eniire scheduie selected from Tables C23 and C24
was incorporaied inio a master program. Finally a last varialion was intro-
duced in thai each of the 12 programs couid be started ai elther of iwo points
as shown in Table C20.

Programs 1 to 12 are presented in Table C25. This masier scheduie is
presented in geometric form identical with the programmer patchboard

ORO.T-118 ”

CONFIDENTIAL



CONFIDEMTIAL

TaBLE C23
DevoLirioN PrROGRAMS FOR TARGET SYSTEMS SIMULATING CouBaT CONDITIONS

Program
Demolition 1 o 3 4 5 6 7 8 9 10 11 12
Time increments, 1%-sec nnite
8 148 36 13 251 147 227 a0 264 2 235 26 141
28 Pl >5 289 192 14 255 102 a2 2% 159 237 104
3 22 4 291 259 176 226 29 199 292 g 115 253
4* 92 221 3 193 278 254 104 45 135 T4 181 255
5 255 2 155 250 229 162 a9 B84 218 285 199 150
6 198 3 83 103 80 40 204 13 61 111 177 120
? 200 158 185 59 12 108 172 213 161 175 40 59
8 112 10 140 256 5G 4 103 173 133 73 65 178
9 102 134 45 183 162 111 45 108 130 250 131 55
10 134 63 71 (] 161 29 69 123 193 53 188 157
11 262 112 32 133 195 199 2 38 216 288 264 276
e 103 201 70 249 3 236 192 48 60 40 179 219
13 272 126 202 238 120 46 155 61 224 242 198 177
14 125 239 264 42 113 163 245 123 225 149 204 204
15 4 o7 266 131 2 2 216 283 122 207 2 256
16¢ 113 202 125 184 6 169 62 153 183 121 105 106
7 51 62 a5 67 67 8 101 214 234 . 104 117
18 24 152 166 139 199 87 112 186 92 55 82 a2
19 151 192 243 34 288 47 218 21§ 217 39 187 74
20 269 74 7 145 70 5 280 85 134 11 42 176

»

*Rlestiog caps vaed, aut sitrosterch,

ORO-T-373
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TaRLE C24
Suock PROGRAMS FOR TARCET SYSTEMS SIMULATING COMBAT CONDITIONS

Program

Position | 1 2 3 4 S [ W 8 9 |10 |11 |12 13[“ 15 | 16

Time increments, 1%-sec units

..-“-__
[ 1e -

1 148 196 69 102 295 123 96 25 224
9 73 70 243 188 55 223 102 52 184 44
3 178 09 25 107 103 251 105 124 291
4 178 47 %84 260 24 13 6 20 9
5 176 38 13 93 292 22 168 279
‘ 6 228 46 61 120 62 175
i 219 187 25 130 47 247 % 208 M1 1721
8 299 221 40 200 186 %0 175 60
. 9 218 117 74 3 74 180 219 177
10 106 142 23
»
|
1
k., ORO-T-378 10t
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SUMMARY

The instrumentation empioyed to obtain the realism, controi, rep:oduci-
biiity, and accurate recording of data required for the SALVO I experiment Is
described in this appendix. The design is based on general considerations of
hit recording discussed eisewnere.** ‘

A sequentialiy programed 7'%4-min flring experiment utiiized 1¢ stationary
E (kneeling) and F (prone) slihouette targets, and 3 moving E silhouettes, which
were exposed at preselected times for periods ranging from 3 to 34 sec. Ad-
ditional reaiism was achieved by including in the electronicaliy sequenced pro-
gram disclosing fire from: emplaced biank-icaded rifies, simulated artiiiery
bursts, simulated wounding of test troops by eiectric shock deiivered to the
lower leg, and recorded battle nclse piayed through a public address system.

Switches attached to the ‘rigger mechanisms indicated the time of firing,
and hits on targets were recorded electrlcaliy when projectiles perforated the
two conducting surfaces of spaclaiiy constructed targets.

The synchronized hit-recording and trlgger-switch instrumentation was
sufficiently sensitive to ldentify hits with the weapon from which they were
fired, and to determine the instances in which multiple hits resuited irom a
single round {or the salvo ammunitiona. Electrical recording was comple -
mented by manual counts of hits on the removable paper target faces.

Night firing utiiized the same instrumentation ut necessitated the instal-
lation of tower-mounted flcodlights to provide a constant level of iilumination
that 2--mximated bright moonlight.

INTRODUCTION

Instrumentation for the SALVO I experiment was deslgned to provide
{(a) reallsm, (b) control, (¢) capability for recording, and (d) reproducibility.

The realism of the experiment ls reflected in the instrumentation by
(a) the activation of the target system, (b) the simulated artiliery bursts and
simulated disclosing fire, and (c) the slmulated hits on the {iring personnei.

The controi function refers to the sequential appearance and disappear-
ance of the targets, firing of the simulated artillery, and delivery of the sim-
ulated wounds on the {iring personnel.

The data to be recorded are the times of the hits on targets, the times of
target appearances and durations of exposure, and the times of rifle trigger
pulis. A common time base wan used for all recorded data.

Reproduclble action of aii these events was conirolled by clrcuitry behind
the firing line that permitted changing tne saquence of events to minimize the
effects of possible learning by the test troops.
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The funcilondl diagram presented in Fig. D1 indicates the importance of
two essential components of the control system—the timer, which provides a
time base for all events, and the¢ programmer, which determines the sequence
of those events.

The target mechanism, known as the Cocky Ken (pop-up target) or ORO-
JHU Target Device Type 2, was developed for the SALVO | experlment by the
ORO Electronics Laboratory. An electricalslgnal activates the mechanism
that elevates the target by rotating it from a prone positlon to a vertical posi-
tion in less than Y% sec. A second electrical signal initiates the action that
further rotates the target to a supine position. The mechanism [s mounted on
a 2- by 4-in. wooden stake, and positioned in a shallow depression that conceals
the unerected tar get and mechanism from the firing ilne.

Electrically detonated Y, -1b blocks of nltrostarch slmulated artiliery bursts.
Discloging fire was simulated by electricaliy fired blank-loaded rifles emplaced
near 10 of the stationary target positions. Klectric-shock devices, used to sim-
ulate hita on test personnel, applied a safe level of voltage to the firer's ieg by
means of sultable electrodes.

Figure D2 is a functlonal dlagram of the recording system. Two recorders
were used—an electric-spark 4-pen Brush unit and a 20-pen Esterline -Angus
recorder. The standard timing-pulse and the target-appearance tlmes were
recorded on both ingtruments simultaneously, thereby permitting correlation
between the two records.

The very smail separatlon in tlme between hits with salvo ammunitlon re-
quired instrumentatlon capable of resolving hits separated in time by as little
as 0.5 msec. Hit recording was accomplished by electrically sensing the pas-
sage of the bullet through a special target sandwich consisting of two sheets of
conductive rubber separated by a sheet of nonconductive rubber. An outer layer
of heavy cardboard was added to minimize penetration by ricochet fragments.
This target was based on a dewign developed by the Army Puarticipation Group
of the Navy Special Devices Center at Port Washington, N. Y.

The connections between the target sandwich and the recording circultry
utilized smali-diameter coaxial ieads. These were Iald in a trench 1 ft deep
and covered with soil, to protect them from damage during firing.

The individual target-hit sensing clrcuit was not energized unti| the target’s
appearance had been called for. This technique eliminated the possibility of in-
terference by other targets and their lines.

Trigger pulis of the test weapons, except for the fiechette units, were re-
corded on separate channeis of a 20-pen Esteriine -Angus recorder. Switches
were deslgned by ORO’s electronics group and Instailed in the M1 rifies, M2
carbines, and T48 rifles. Switch action resuited from the hammer movement
in these weapons. A 15-ft llght flexible cable carried the signal iv an inter-
connection block adjacent to the firing position.

S8YSTEM BLOCK DIAGRAM

The salvo target system is shown tn block form in Fig. D3. This diagram
shows ail Interconnections between the major parts of the system and the flow
of power and controi signals. The system can be divided into two sections:

ORO-T-N7R 118
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one contains the control instrumentation necessary for running the experiment
(the timer, programmer, control reiays, and field devices}; the other comprises
tn~ data-recording instrumentation. This involves recording hits scored vn

the w.rgets, trigger pulls of each rifie, and the re<ording of the time base and
target exposures. The arrows indicate the direction of fiow of control, which

in general 18 from left to right on the dlagram. Two separate 115-voit 5 kw
geierators were used to supply the neceassary ac power. Generator 1 supplied
power for all the control circuits, targets, demolitions, etc. Generator 2 sup-
plied ac power only to the hit recorder. Any heavy power surges of the control

125-volt ac

iy M

115volt oc

345

T Fer e oS s LT

&-valt de

ns-
230- % volt ac

0 03 0.6 0.9 P2 | =S 18 21 24 27
TIME, SEC

Fig. D4—=Pulses from Timer

circuits were thereby isolated from the relatively sensitive hit-recording cir-
cuit. The control power was polarized and a coromon ground used throughout,
Power was distributed to the individual control instrumerts via the timer unit.
The recording-instrument power was also polarized; it was, however, individ-
ually distrivuwed to each instrument.

The timer, described in detail in a later section, provided all the neces-
sary timirg and operating pulses to initiate events in the assoclated control
instruments.

The heart of the controi system is the 300-position stepping-switch pro-
grammer that determiies the sequence of events {duration of target exposure
timme and the time between target appearances). At this point events followed
severa] paths. The controller, buffer relays, denmwiition networks, and shock

ORO-T-378
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units were plugged into the programmmer patchboard to operate in the desired
sequence and at the desired time.

The iarge power and voltage for operating the blank-firing rifle solenoids
and the Cocky Ken targets required the use of intermediate buffer relays. I,
pulses energized the appropriate relay and the relay contacts, and applied 115-,
230-, and 345-volt ac to the blank-firing rifie solenoids. Essentiaily the buffer

relays within the controiler performed an identical function for the target devices.

Other contacts on the controller relays controlled marker pulses to the
Esterline-Angus recorder and the Brush recorder that were produced at 1'4-
sec intervals via the T, pulses, and indicated the exact time at which the relays
were called to activate the targets (Flg. D4). A third function of the controiler
relays was to select a second buffer relay that in turn connected the hit-recorder
preamplifier to the signal lines of the selected target.

Puises produced by hits on the targets were electronically conveyed through
the preampiifier to the spark generator, and then to the pens of the Brush re-
corder. Pulses received from the trigger-switch mechanisms in the weapons
activated pens of the Esteriine-Angus recorder.

TIMER

The timer provided all the necessary timing and operating pulses to the
control and recording equipment. Flgure D5 is a schematic diagram of the
timer. Four cams attached to the shaft of the synchronous motor operated
microswitches to produce the necessary timing and control operating pulses.
The motor output shaft rotated at one revolution every ' sec. Push-bution
switches were paralleled with each of the microswitches to provide a manual
method of producing each of the pulses. This feature was used extensively in
routine malintenance and testing of equipment. Neon lights were placed across
each of the microswitches to provide a visuai check on each pulse circuit.
Resistance-capacitance arc-suppresslen circuits were installed across all
operating contacts to reduce damaging inductlve voltage surges.

The T, pulses were deveioped by microswitch M5, and were produced
once for every revoiution of the motor. The pulse was 0.1 sec long and applied
175-voit dc to the programmer sequencing relay. The sequencing relay inturn
advanced the stepping switch in the pregrammer one position. The T, pulses
(110-volt ac) were then fed through the stepping-switch contacts tooperate con-
trol equipment. T, pulses were delayed a short period of time behind the T,
pulses to allow the stepping-switch contac.s suflicient time to close before a
voltage was applied to them. Microswitch MS; operated relay A, which in turn
produced the three sets of T; julses. * 2-to-1 step-up transformer connected
as a booster transformer cascaded il the 115-voit ac line to provide the 230-
and 345-voit power. Relay contacts A,, A,, and A, in the transformer secondary
provided the actual T power pulses. The T; pulses were delayed in time after
T, pulses to allow sufflcient time for the control relays to operate. This en-
sured that the control relays mereiy carried the heavy target power pulses,
rather than making or breaking their pulses. T, pulses were 6-volt dc, and
were developed by mlcroswitch MS; . These pulses were used as timing pulses
for the Brush recorder and the Esterline -Angus recorder.

The timer panel also served as the ac power-diotributlon panel for the
other control equlpment. This permitted central control of all equipment power.
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TARGET DEVICE *

A drawing of the ORO Cocky Ken target device is presented in Fig. D6.
The basic paris of the device are the housing, drive spring, target-stake socket,
and solenoid. The housing, support clamp, and target socket are aluminum
castings, heat-treated prior to machining. The housing is approximately 4 by
4 by 3 in., and contains the eiectrical and most mechanical parts of tlLe device.
An eariier version has been briefly described.'*

Sclenoid
Solenaid
armdaturs
Latch-arm
=1
Clogper windaw
Latch
s
:" {4\-, :E Drive spring
fr o |
Support [ 4
clamp

Torgﬂ .-

socket

Lotch pin

Fig. Dé—Cocky Ken Torget Device, ORO Type TD-2, Mode! 2

Manual cocking to the prone position compresses the drive spring that,
on signal, rotates the target to the upright and then supine attitudes. Several
variations of drive springs were employed depending on the target weight. For
the E silhouette target a cocking force of 45 1b (consisting of a heavy soring of
20 turns of %,-in. steel spring wire) was required. For the F silhouette target
a cocking force of 35 1b (consisting of a spring of 20 turns of ‘/-in. steel spring
wire) was required.

As shown in Fig. D8 the housing end cf ihe spring Is parallel to the drive
shaft and projects into the housing through one of four holes spaced 90 deg
apart around the %%-in.-diameter drive-shait hole. This feature allows adjust-
ment of the spring tension. Reduced tension results in slower target response, 1
but increases the life ol the device. The outside end of the spring {its into one
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of several holes in a collar that fits into a slot in the end of the drive shaft,
allowing further adjustment of spring tension.

The drive shaft passes through the housing and projects on the other side
for the target socket. Both shaft holes of the housing are bossed, or thickened,
to minlmize distortion {rom latching lmpact. Lateral movement of ihe shaft
is resiricted by coilars on either slde of the housing. The target socket is
pinned to the shaft to facilitate ready replacement of damaged units.

Fig. D7—Torget Device with E Silhovette Torget

The latch and pawl system encounters heavy shocks when the target 1s
operated, and thege parts are therefore prehardened. The latch and pawl sys-
tem ls very sensitive to relative positioning; however, because of the sturdiness
requlred of the latch support, adjustabllity could not readily be incorporated in
the design. Accurate positioning 18 attained by drilling the drive shaft for the
pawl fastening pins after the target socket 1s joined to the drive shaft and the
shaft inserted intc the housing. The flats of the pawl are thus allgned with the
proper position of the target socket.

A 115-volt Bendix solenoid trips the latch that releases the drlve spring,
thereby erecting the target. The clapper, made of sheet metal with a latch-
arm window in its center position and a welght on its lower end, 18 loosely pin-
ned to the armature in the solenoid. The adjustment of the soleno:d position is
determined by the latch xnd the window engagement when the sclenoid is ener-
gized, such that the tripped latch will prevent the armature {rom seating by
approximately '/, in.

ORO-T-378 13%
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A microswitch and its operating cam are located in the housing. The
functio.. of the microswitch is .o discorneci the soicnojd from the “up” line,
from which it receives pulses,and connect it to the “down” line. This prevents
the solenoid from accepting further “up” pulses. The targe: wili thus remain
in an erect position untll pulses are applied via the “down” line.

The target installation was a quick and simple operation. A 2- by 4-in.
stake was driven in the ground and the target mechanism was clamped to the
stake. Wires {rom the control position terminated in a three-pin twist-lock
plug, which was inserted into a receptacle on the device. To minimize possibie
damage to the mechaniem, sandbags (up to approximately 9 in. hign) were placed
between the device and the firing line. An alternative method of installation was
to scogp a shaliow hole in the ground, so that the mechanism was half below the
surface, with the removed s0il placed in front of the device. A device with an
E target is shown in Fig. DT.

PROGRAMMER

The ORO -deveioped programmer proved to be a reliable means of obtain-
ing automatlic presentation of targets on a reproducible schedule of events con-
troiled by a preseiected program of eiectric pulses. A total of 300 equai time
increments was provided such that, beginning with the start-button contact at
time zero, event-creating pulses couid be obtained from the appropriate ter-
minais on a patch panel in any number up to 300. For this experiment the basic
time increment generated by the timer was 1'4 sec, permitting a program of
450 gec, or 7'4 min.

The basic component of the programmer wis a 12-ieveil 25-positicn rotary
stepping switch, which advanced one position for each activation of its motor
magnets. A second, smaller synchronized-action stepping switch seiected
each of the 12 ievels cf the larger switch in sequence. The top horizontai row
of 25 terminais corresponded to the 25 positions of the first ievei of the main
stepping switches; the next row to the next ievel of the main stepping switches;
etc. When the stepping switch had reached the end of the bottom row, other
internai circuitry returned the switches toa “homed” position. Pushing the
start button set the programmer into its autoinatic sequencing.

The programmer had two main sections: (a) The control for sequencing
the switches (T) puise programing), and (b) the seiection of clrcults by the
contacts of the stepping switch (T, pulse programing). From Fig. D8, it can
be seen that the small stepping switch selected the contact ievel ¢f the jarge
stepping switch. To reduce the required number of levei seiection contacts,
two adjacent levels of the large stepping switches were connected to a single
contact of the ievel seiector switch. This was possibie since the contacts of
the large stepping arc weare distributed on an arc of only 180 deg, and adjacent
ieveis were not simuitaneously engaged. The indlvidual comacts of the large
stepping switch were connected to the 300 correspondingly located terminals
on the pat-h panei (Fig. D9). These terminais presented the output cf ia¢ pro-
grammer, demoiitions, blank-firing rifle relays, shockers, etc. T; puises were
fed through the level sciector-switch contacts and then to the large stepping-
switch conticts, and from (hese to the output patchboard terminais. The con-
tacts of the stepping switches did not actually make or break the power to the
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loads. T, pulses, as explained eariler, were appiied oniy after the stepping
switches had advanced.

Figure D8 shows the manner in which the controi of the programnmer was
accoimnplished, Since the 26th position of the large stepping switch was not use-
ful for the progreas of the programmer, it was necessary that at every 26th
step the iarge stepping switches were automatically advanced to the next posi-
tion; on every other 26th step {(or every 52d step) the small level-selector

Fig. D9—=Patch Penel for Pragrammer

awitch also had to be advanced. Both functions were accomplished by the addi-
uon of a separate relay cperated by T pulses, and by the separate slde and in-
terrupter contacts that are part of the steoping switches. Referring to Fig. D8,
this functioned as follows: the T, puises operated relay R each time they closed.
The relay contacts controlled the large stepping-switch magnets, causing the
switch to index around one position. When the 26th, or blank, position was
reached, the side contacts of switch A operated relay R, and hence the large
stepping-switch magneta. Wher these magnets operated, the interrupter con-
tacts were opened and reiay R opened the magnet circuit. Since the switch
stepped in approximately ‘4, sec, it advanced to the next position before the
associated Ty pulse was produced. The 52d step of the switches closed the side
contacts of the large stepping switch B, which controlled the indexing level-
setector awitch C,

To accomplish the automatic resetting of the grugramimer to its ready or
*home” position, two extra tevels for the level-gelector switch C were used.
The second level controtled the operation of relay R by the timing contacts,
and by ils action ensured that the large stepping switches were stopped in the
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right pogition for the next start. The third levei and the interrupter springs
of level-selector switch C returned switch C to Its start.

Two push-button switches located on the control panel provided for man-
ual single-step operation. One, the start switch, also functioned as a manual
level-indexing switch. The other switch operated relay R in a manner similar
to the timer contacts. Two neon lights on the control panel showed (a) the timer
contacts closing, and (b) when the lowest level had been reached by the sequenc-
ing stepping switches.

Although the programmer was generally operated from 115-volt ac lines,
1i €-volt dc lines would have served. For lieid use where 115 volts ls not avail-
able, a simple modification could readily be performed to permit operation from
28 volts supplied by storage batteries.

To reduce the sparking of the control circuitry contacts, spark-suppression
resistor-capaciter networks were connected as shown in Flg. D8. For other
uses of the programmer, interruptor-switch connections were brought out to
panel terminals to permit synchronized control of other appropriate exterior
circuitry.

BUFFER RELAY PANELS

This panael served as a buffer unit between the programmer and the target
mechanisms (Fig. D10). The programmer stepping-switch contacts were too
small to carry the 5-amp current surges drawn by the target-device activating
solenoid. The control relays were operated by the programmer, and their con-
tacts In turn switched the target power. The relay employed was a two-position
latching relay with four double-throw contacts. One such relay was used for
each target device. A target was cailed up by activating the set coil of the re-
lay by means of T, pulses via the programmer. T3 pulses then passed through
the up contacts to the target device. The target could be triggered down by
activating the reset coll so that T; pulses were apglied to the down line. In-
dividual switches on each relay provided manual operation of each relay for
testing purposes.

The secona set of control-line contacts on these relays operated the hit-
recorder-circuitry buifer relays. These relays selected the correct target
signal lines and were physically separated {rom the control relays in order
to eliminate possible spurious signais being induced on the input of the hit re-
corder, Neon lights on the third set of contacts gave a visuai indication of the
utate. The fourth set of contacts operated pens on the recorder for the desired
turation of target appearance.

MOVING TARCETS

The moving-target carrlage waa developed by ORO’s Electronics Labora-
tory. Three moving targets were included in the target complex. Each unit
moved approximately 60 ft while exposed, and the rates of movement were dif-
ferent for all three.

A trench 3 ft wide and 60 ft long was required to protect the moving car-
rlage and its gulding and supporting track. The excavated material was placed
to the front of the unit to permit a reduction of the required trench depth.

ORO-T-3178 129

CONFIDEHTIAL



shojey seyng—olQ ‘6!4

e s

ORO-T-378

CONFIDENTIAL

- SN NG Of —»

“—— $IINNOT) O —b

(PP

—— tiesey Of ———a

WA [SNUSD & |

)i jdwoeid pwdel 0} sdins 1]
-# Py L= s iwpws yzwe
_ ! sy Bay 4
1 or-9 = o - r@
e = 3 -
: =g
o
$T-tl J
i | enpete | N
if i
3 =%, ;
m—y] [T 4
oLt .TI/..-T_
olﬂ_.l.tll. o
.
e
¥
— e

130



T R

LR |

a ok o
"-'|—I-Illll'l-n||.||. P

-[dl

;
|

CONFIDENTIAL

All ihree moving targets utilized the E siihonette; the target mechanisms
were the Cock Ken units previously described. On cumnmand the target was
eieva'ed. As tie target neared its fully upright position, the carriage started
acceferating untli the preset top speed was reached. The internal speed-
governing circuit then functioned to permit the carriage to coast untii its speed
decreased approximateiy 10 percent, at which point the power was again appiied
to accelerate the carriage to the top speed limit. Fhe effect produced simulated
a running man.

Near the end of the desired length of travel, a carriage-mountcd trip switch
was triggered by a pawl on the track. The switch caused the drlve motor to re-
verse Its direction thereby slowing, halting, and finally reversing the direction
of the carriage travel. As the carriage reversed its direction, the trip switch
was again actuated, the motor power was removed, and the target dcvice act-
uated to drop the target.

Between runs the carriage was reiurned manualiy to its starting position,
and the target device was again cocked. The unit was then ready for the next
run,

Two light control lines of combat wire and the coaxial iead carrying the
hit-recording signal were connected between the carriage and the control point
behind the firing lines.

A B8-vclt storage battery was mounted on the carriage to provide a power
source for the driving motor. For the 80-it runs, a single charge of the storage
battery was sufficient for 2 days of operation {(approximateiy 20 to 30 runs in-
ciuvding testing).

Figure D11 shows the generai construction of the moving target, and Fig.
Di2 shows a schematic drawing of the controi circuitry. Figure D11 shows the
basic parts of the carriage and the way in which it is mounted on the tracks,
hut dAneg not zhew the dolails ol U Guuble-ilanged wheels that support the car-
riage from the fower track. The wheeis are looseiy fitted to their axies and
are centered by helical springs from both sides to the channel -shaped iron
frame, thus allowing the carriage to follow the horizontal changes of the guid-
ing track without binding. The tracks are two hot-rolled flat-bar iron raiis,

/e by 21n.,spaced vertically about 12 in., and supported by a series of metai
posta at approximately 3-ft intervais. The bottom raii supports the carriage.
The top rait maintains the unit in a verticai position, and its fiat side provides
a surface against which the propulsion wheei reacts. This track design pro-
vided the flexibllity needed to adjust to minor terrain variations.

The supporting structure of the track system 18 made of “Dexion,” perfo-
rated light steel and aluminum angle. The vertical stake used for spacing the
tracks and supporting the upper one is bolted to a crosspiece that serves to
provide the support for the lower track. To achieve rigidity, a third member
is aitached between the crosspiece and the vertical member on the opposite
side [rom the tracks. Longitudinal Dexion members serve to tie these basic
secticns together.

‘CThe motor used is 2 Ford starter unit equipped with an extra set of fieid
windings to provide reversibility. A centrilngai-switci, speed governor is at-
tached to the shait of the motor, and allows easy adjustment of the top velocity
cf the mechanism within a range from 5 ft/sec to 30 ft/sec. Totai weight of
the target carriage is 85 ib. The unit can acceierate to a velocity of 20 ft/sac
in the first 1% ft of track.
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The elecironic control sequence of the mmoving carriage is as follows:

(a) Pulses from an external timer are flrst applied to line 1. The target
eolenold 1s energized; the target is raised.

{(b) The cam-operated microswitch, located within the target mechanism,
switches from line 1 to line 3.

(c) Latching relay K1 is energized by the up pulses on liue 1. Comizcts
Kl;, Kis and Kln cloge.

(d) The K1, closing of contact K1, energizes the forward solenoid, which ln
turn energizes the drlviag motor.

T

Up puises
{line 1)

\ | | I  Targer
Target up

S 2

__4F__._.

1 3 | | Torget |microswiteh
! iz down
— ? | Reley D
£3 l
) j ! |
—! | Forward
i | solencid
; L
. Down pulses
| o T (tirse 2)
' Ilm
+ Line switch
i i '
i | |
. | |ty Reiay B
| |
| 1
L Reverse
! ! } solencid
I | |
1 L 1

Fig. D13-=Wove Forms fer Moving Target

(e) The target iz now moving along the track, within fractions of a second
after the flrst up pulse,

(f) Up pulses are removed and down pulses are applied to line 2. (Note:
K1 ls still set; therafore contact K1, is open, keeping the down pulses off the
target solenoid.) Relaiive wave forms for the operating sequence of the moving
targets are shown in Fig. D13,

(g) The target moves aloag the track under coatrol of its governor. When
the targei neurs the end of the track the trip switch ls thrown via & mechanical
stop.

(h) The trip switch deenergizes the forward solenold and thus the forward
winding of the driving motor. The trip switch in its new position energizes the
reverse soienoid and thus the “reverse direction travel” windings of the motor.

(1) Latching relay K2 is 2lso sst through the trip switch, operating contacts
nlc nlo M Kz,.
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()} The target reverses its direction 2nd, in coming back past the llmlit 4
switch, sets it to its original poaition. This deenergizes the reverae solenoid.

(k) Relay Kl resets through contact K2;, and the forward sclenoid reinains
deenergized owing to contact Kz, being open.

(1) This has occurred before the target has had time to pick up speed; g
therefore it coasts to a halt in a very short distance (1 to 2 ft).

{m) Contact K1, applies the down pulses to the target solenoid and the target
pops down. Relay B is reset through contacts Kl, and K2,.

(n) All switches and reiays have been reset to their original condition, so .
that it is only necessary to push the target back to the other end of the track, cock
it, and the target is ready to run again.

Loss of control of the unit, partlcularly at the end of its travei, was ex-
perienced and ls primarily ascribed to the type and quality of the latching re-
lays used.

DISCLOSING FIRE FROM THE TARGETS

To disclose the position of targets that were partly concealed, a blank
round was fired at the time of the target appearance from M1 rifles aimed to-
ward the firing line and mounted in speclaily constructed boxes.

The rifles were electrically operated and controlled from: behind the fir-
ing line by the programmer. The operation of the rifles was as follows: T,
pulses from the programmer operated the correct buffer relay. The relay
contacts in turn zppiled ac power to the control lines of the blank-firing rifle
for the duration of the relay contact closure. This power operated 2 Bendix
soienoid identical to the ore used in the Cocky Ken target device. The solenoid
was mechanically linked to the trigger so that the rifle wouid fire when the
soiennid was energized. Figure D14 ls a photograph of the unit. .

ARTILLERY AND RIFLE FIRE

To achieve realism, 10 artillery bursts, simulated by expinding "%-1b
blocks of nitrostarch, and 11 rifle shots, simulated by No. 8 electric detonat-
ing caps, were detonated in the target area.

Combat wire carried the required currents from the control point to the
field locations. A connection block terminated the wire in the fleld, and func-
tioned as a quick connectlon for the wires from the detonating caps, and as a
mount for an arc -suppression resisf{or-capacitor network.

The panel used to terminate the lines from the fleld at the control point
incorporated a quick-disconnect plug for the leads from the programmer. To
provide maximum safety this connector was replaceable with a plug that shorted
all leads from the field together and to ground.

ELECTRIC BHOCK UNITS

For additional realiam, ORO's Electronics Lab developed a special shock-
ing device that would simulate wounding the subject troops during the experi-
mental firing (Tig. D195).
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Fig. D15—Electric Shock Unit (Shown with Three FlashMight Botreries
Instead of the Six Penlite Botteries)
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Examination of the iiterature® indicated that safe electrical currents
through the human body ehould not exceed 12 ma. Current in excess of 12 ma
is dangerous if it exceeds about B msec. Theee limitations are appiicable to
fuii-body ehock on normal adults. Shock that does not traveree the heurt region
can safely be coneiderably higher (with the provieo that no accidentai conner -
tion across the heart region is possibie). On the other hand, the safe conditions
for normal adultis are not adequate in the event that the subject is prone toheart
disease or epilepeay. It was also noted that the maximum safe current is very
close to the minimum eifective current.

Ford Madel T . AAAAS o
ignition coil \ s 1 R
I
|
Contrel reley |
2 i
i Electrode
: i | connecting
s, | | pointa
i J I |
| | "
I | |
ERESE BER |
e )
—ijl .

Fig. D16—Schemetic Diagrom of Electric Shock Unit¢

For use in the SALVO I experiment it was first thought that violent mus-
cular or psychological reaction to the electric shock might incur secondary
danger, since ths subjects were handling londed weapons in ciose proximity
to one another. It was decided therefore to keep the shock off the upper por-
tions of the body entirely. It was feit that application of the shock cn the leg
would be quite safe in this regard. Use of carefully constructed eiectrodee on
the iower ieg or ankle precluded any possibility that the high voitage could be
applied to the upper torso. Accordingly ajuminum-plate electrodes were de-
eigned to slip into the subject’s boots. The gsubjects were screened for heart
disease and epilepsy before acceptance. To avoid even a remote possibility
of catastrophe, the circuit was designed to limit the curreat to the indicated
12 ma.

The device used was & Ford Model T ignition coil, which operated with
its own interrupter. (Figure D16 shows the circuit used.) The relayshown
operated oo Ty pulses [fom lhe programmer to close the primery circuit. The
identical equipment is supplied by a novelty company under the trade name
“Auwto-8hocko.” To emsure safety the unii was isolated {rom the ground in a
plastic bousing, thus eliminating the posaibi’ity of the shock passing through
any part of the body but the leg to which the electrodes were attached. The
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resistance R was added to the item as suppiied by the manufacturer. Measure-
ments of a dismantled item indicate the following characterlstics:

(a} The capacltance C ls 0.1 pf.

(b) The transformer turns ratio was measured at 1 to 75.

(¢) The transformer secondary inductance L was measured at 17, henries.

(d) The resistance R that was added is 0.5 megohms.

From these values it is pcsslble to compute the maximum current deliv-
erable from the output terminals on the right side cf the figure. Using the two
penlite batteries, the prlmary current with the interrupter § closed was meas-
ured at 0.4 amp (I}

The maximum delivered current I3 is then given from Ohm’s law by

Iy =(Eq/R) (D1)

where Eq is the peak voitage included on the secondary.
Ez-H{dflth)-Hll.’r (D2)

where 7 I8 the decay time, and M ls the mutual inductance.

re Iy C {D3)
W kVI T, = JI,L, (D4)

for coefficient of coupling K approaching unity. Combining:
e = (h/R} VLT (D%)

Iy = 10% ma

The corresponding maximum voltage E, is 5300 volts.

Tt is thus seen that the delivered current is limited to less than 12 ma.
The maximum current actually achleved was probably considerably lower,
owing to a variety of factors that increased the decay time, reduced the pri-
mary current, decreased the coupling, increased the load resistance, etc.

HIT RECORDING

Figure D17 shows construction details of the hit-recording target. Es-
sentially the target consisted of a front and rear layer of conductive rubber
separated by an insulating layer of rubber. The conductive rubber was United
States Rubber Company type M8737, and the insulating rubber was type M8871.
The conductlve layers had copper-screen electrodes stapled to their edges as
shown in Fig. D17. This configuration was used sv that the distance from a
hit to both electrodes and hence the pulse attenuatlon would be approximately
the same regardless of the location of the hil on the target. Severa] leads were
attached to each electrcde to ensure having connections even after one or two
had been shot away.
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The layers of the sandwich were glued together with B, F, Goodrich Co. ¢
Vulcaiox rubber cement. The sandwich was then attached to a standard Army
pasteboard silhouette target previously mounted to an aluminum-channel sup-
porting stake. An additional pasteboard target was giued to the [ront of the
sandwich to prevent some of the rlcochet {ragments {rom penetrating it and
causlng a permanent short.

A previous test showed that the usual wood supporting stake couid not
withatand the heavy flre to be expected in the SALVO | experiment. Aluminum
channel was substituted, and functloned satisfactorily even after sustaining 50 .
to 75 penetrations.

Electrode (copper-screen}
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Fig. D17—Hit-Recerding Target
Exploded diagram. . r

The hit indication was obtained when a bullet penetrated the target and
produced a transient short between the two layers of conductlve rubber. Volt-
age applled between the two layers produced a pulse by the shorting action.
This pulse produced by the target was of very low amplitude, and shielded
cable was required between the target and the recording circuitry to reduce
undesirec pickup and ccazenuent spurlous indications. The low-ampllitude
pulseas resuited from the . - reslstance of the conductlve rubber. Attempts
to amplify the pulse by increasing the applied voltage above 200 volts were un-
successful. Increased voltage produced multiple pulses {rom a single hit.
These multiple pulses were probably caused by arcing across small {ragments
of conducting rubber torn loose by a bullet.

Flgure D18 ls a schematic diagram of the target input circuit, preampli-
fier, and spark gensrator. The input circuit of the preamplifler consisted of
a UTC LS-12X input transformer with a step-up ratio of 10 to 1. A low-pass
reslstor-capacitor filter was used on the input of the preamplifier to eliminate
high-frequency noise that might be recognized as a hit. Three €7-volt batteries
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were used to develop the target pulse with a resulting signal level at the ambii-
fier .nput of approximateiy 10 to 20 mv. The amplifier utilized was a modifi 1
commercially available Scott decade ampiifier. To eliminate the possibitity of
noise or interference {rom the 60-cycle power supply, the preamplifier was
modified to be completely battery operated. Specifications on the ampiifier
are as foliows:

Gain—40 db

Equivaient input noise—10 uv for a bandwidth of 500 ke

Qutpui voitage —40 volts

Frequency response —{(.2 db from 10 cps to 500 k¢

Input impedance—1 megohm

The input of the amplifier was made adjustable by means of a 25,000-0hm
potentiomcier. Tula ouiput was then fed into a second unmodified Scott decade
amplifier set to a gain of 20 db. The signal thus available at the input to the
spark generator was a pulse of approximately 10-voit amplitude. 1ts widih was
approximately 50 usec.

The first stage of the spark generator served as an inverter and ampii-
fier. 1t was a standard audicamplifier, and a gain of 20 db was obtained from
one half of a 12AT7. The pulse availabie at the output of this stage had suffi-
cient magnitude to drive the succeeding fiip-{lop stages; however, its teading
edge was not sharp enough to trigger the fiip-flop. A squaring amplifier foi-
lowed the {irst stage and shaped the pulse into an acceptable form by convert-
ing the slow rising nuise into a square wave of a standard amplitude and of
suitable rise and decay times. The squaring amplifier was a self-contained
plug-in unit that operated on a minimum input signal of 30 volts and accepted
frequencies beiween 0 and 100 kc. The magnitude of its output signai was 100
volts. One-usec rise time and a 3-pysec decay time were required.

As mentioned earlier, hit: couid occur as ciose together as 0.5 mse<:
however, the electric-pen writing circuits were unabie to recover in this short
tima. To allow sufficient time for these circuits to recover, the hit pulses
were sequenced to four pens. Each pen was thereby used once for every four
hits scored. The desired separation was accompiished through {requency-
dividing flip-flop circuitry. Three piug-in interconnected flip-fiops (Fig. D18}
were used to oktain the desired frequency division of four to one. The wave
forms (Fig. D19) show how the division was accomplished and indicate typ-
ical response from six randomly spaced hits.

1t is easily seen {rom these wave forms that any one output of flip-flop
2 or 3 went in a positive direction only once for every four hit pulses at the
input of {lip-flop 1. It was this positive pulse that activated the thyratron
pen-writing circuits.

The thyratron (type 2D21) pen-writing circults were biased wi‘h minus
45 volts so that they were normally cut off. The thyratrons were seli-
extinguishing through the action of the Z-uf condenser on the plates. A posi-
tive pulse on the control grid {ired the thyratron, and it extinguished itseif
and remained cut off untl] the next positive pulse from the {lip-flop output.

The previously mentioned long recovery time of the thyratrons was the time
required for the 2-uf condenser to charge through the 5000-ohm plate load
(10 msec). If five hits occurred within this 10- msec period, the thyratron
beiny; pulsed to record the fifth hit would aot have had timie to recover., The
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probabillty of getting gver feur hits wlthin this perind of *ime wis small
enougn to be acceptable,

The discharge of the condenser through the thy ratron developed a pulse
across the 6-volt winding of an ordinary filameni trinsformer. This pulse
was transformed up by a factor of apprcximately 1 to 20. A pulse of over 500
volts peak was obtained from the seconcary of the transformer and applled to
the pens of the recorder.

T T T T T L
a [ | \ | | Hitjpulses

Flip=flop 1 input

Flip-flop 1 Pin &

Flip-flop 1 Pin 7

| | f |
' | | | [
Hin l‘ N ] | | i
T
Flip-flop 2 Pin & |l ; 1 L |l |
! Hi 'S
: 5 | : Hir | 3 l | |
Flip-flop 2 Pin 7 ] I | T 1 I
: i | ! , f
I | | | I |
P * : Hit | 6
| | |
Flip-flop 3 Pin 6 T ! | : l
|
Flip-flop 3 Pin 7 : | | Hir 4 i :
| '
| T 7 | \
i 1 4 1 | |

Fig. D19—Wave Forms far Flip-Flop Switch Responses ta Six
Randemly Spaced Hits

The recorder was a standard Brush Electronics Oscillograph model BL-
202 that had been modified by replacing the standard ink-wrlting pens with four
special electrlc-writing pens. The chart paper had its reverse side coated with
a conductive graphlte compound. The electric spark developed between the pen
and the paper burned a smail spot on the paper to provide a permanent record
of the time of each hit. A separate inking-type pen applled iming-marker
pulses every 1'4 sec by responding to T, pulses. The recorder-paper trans-
port speed was set to 50 mm/sec

Electromechanical counters were incorporated as auxlllary hit indlcators.
The counters were actuated by a reiay that in turn was driven by one triode of
a type-12AT7 dual triode. The hit pulses were coupled into the grid of the re-
lay driver through an and/or gate of the {lip-flop outputs. One of the counters
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Fig. D20—M1 Rifle Switch for Recording Trigger Pulls

Oid version at bortom, modifiad version at top.

Pen-
driving -
cotls :‘;":__
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—T o o—
—— —o”" o——
N 04y
T o o—d
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Fig. D21—-Trigger-Puil-Recording Circunt
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was allowed to operate as fast as :t could, to indicate all possibie hitse. The
second counter’s zction was slowed down by means of a network so that it
would only count bursts of irc rather than individual hits. Thus if four hits
were ecorad froir ¢ne automatic burst, counter 1 would indicate four, whereas
counter 2 would indicate only one. Multiplex hits were not resolved by either
counter.

TRIGGER-PULL RECORDING

The internally mounted trigger switches used to indicate time of firing
utilized the weapon’s hammer movement to provide switching action. Figure
D20 is a photograpn of the M1 rifle switch showing both old and modified
versions.

A light 15-ft three-wire cable carried the signal from the weapon to a
terminal block at the firing line. Two wires of the cable functioned as elec-
trical leads, and the third served as a mechanical strain-absorbing device.
Combat wire carried the signal from the biock to the recorder. Figure D21
shows the recording circuit used.

POWER CONSIDERATIONS AND ILLUMINATION

Two 115-volt 60-cycle 5-kw gasoline-driven generators supplied all the
power used by the target and recording systems. Although generators of iesser
capacity (down to 14 kw) would have been sufficient, more reliable operation
was assured by the larger units. One generator supplied power for the control
devices. The second generator supplied power for the recording system only.
Separate generators were used to prevent the heavy power surges drawn by the
control oqwipment Ircm alleciing Uie al supply o the recording instruments,
and providing spurious pulses that might record as hits.

The night firings took place under a constant low level of artificial illu-
mination approximatire that of bright moonlight. Floodlights were mounted
on six 20-ft towers constructed on the site, using Dexion perforated-steel
angle. Three towers were spaced along both edges of the firing fan to obtain
the required evenness of iilumination. In the four fixtures nearer the firing
point, 500-watt incandescent lamps were used; 1000-watt units were used in
the more distant fixtures. These were powered by a separate generator of
5-kw capacity. The reflectors were pointed slightly upward and away from
the firing ilne, s0 that iliumination on the target area was fairly even.
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SUMMARY

Seven kinds of data were recorded in the SALVO | experiment: (1) bullet
holes in the paper target faces, (2) count of ammunition expended per run,
{3) continuous recording of rounds fired at each position, (4) continuous recoru-
ing of bullet hits on each target, (5) malfunctions occurrin; in the target sys-
tem, (6) weapon malfunctions, and (7) conditions ot weather and light.

HOLES COUNTED

At the beginning of each run the targets were covered with paper faces,
each of which was clearly identified by run number and target number. The
faces were collected at the conclusion of each run, and the holes were counted.
and {dentified as internal or edge holes, since holes at the edges might have
failed to be counted by the electronic instrumentaticn. Ricochets, identified
by their characteristlcally elongated holes, were noted but omitted {rom the
holes-counted totals. Tabie El lllustrates this type of record, and a later
table summarizes these data for runs and targets,

ROUNDS COUNTED

The second kind of data were taken by simply counting the issued ammu-
nition at each firing position at the start of each run, and subsequently counting
the unexpended ammunitlon at each position immediately following the run (see
Table E2). A’'summary for runs and men {iring appears in a later table.

For flechette runs an observer actually counted the shots {ired at each
target. (Ammunition was issued in 8 -round clips for the M1, in 18-round mag-
azines for the T48, and in 15-round magazines for the carbine.)

SHOTS RECORDED

The coatinuous recording from the Esterline-Angus recorder p.ovides
a permanent record of trigger actions at each firing position. Figure E1 gshows
an example of trigger-action records. Unfortunately, malfunctions ia the trigger-
switch mechanisms gave rise to quite [requent iailure to record rounds fired,
8o that this continwous record quite often yielded a lower total than the ammu-
nition count. However the record did permit ancribing all those rounds re-
corded to individuel targets of the system. See App F for adjustment of data
(Tabies F20 ts F36).
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TaBLE El

SampLE Fomy roB CoUNTING TARGE (-Favy, HoLes

RUN 26 Progrem 7H-14 M1 (Triplex) Dey (1305)
Jume 23, 1956 Scusd A Sitting
Complete Fldge Total
Taiget no. holes holes holes Ricochets
5 6 0 6 0
7 47 4 51 pA
9 24 1 25 1
10 46 1 47 0
13 25 0 25 2
14 7 0 7 1
113 0 0 0 0
16 1 0 1 0
18 8 0 8 0
9 17 0 17 1
20 64 3 67 1
21 4 0 4 1
22 1 1 2 1
24 1 o 1 0
.51 3 v 3 0
28 8 0 8 0
29 8 0 L o
30 0 0 0 0
k3| 12 0 12 0
32 1 0 1 0
n 0 0 0 0
kY 7 1 8 1
Totals 290 11 301 11
TasLe E2
SaxpLy Fonu rom CounTiNG Hounos
AMMUNITION AND WEAPON ISSUE
Date: Jume 23 Woapon type: M1
Time: 1:15 PM Firing rea: 26 Ammo type}  Triplex
Weepos Ammusition
Position Maa serial -
no. losued Returned Expesded
1 Sgt Bosangs 0542 160 71 43
2 Sat Lopesx T047 160 L7 63
3 Pvt Pisex 9081 160 a2 78
4 Pic Dungee 6973 i60 92 64
5 Pvt Ledson 7559 160 86 74
6 Sat Bosmay 3453 160 84 76
| Set Besasut 8663 160 9% 65
s Spd Chit—ood 7349 160 109 51
9 5p3 Deska m 160 82 78
10 Pvt Cobslehs| 2016 160 0 70
20 Chips (B} 1800 894 708

D. L.ave, Dats recorder
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HITS RECORDED

Brush Recorder. The continuous Brush recorder hit record las capable
of resolving multiple bullet hite (from duplex, tripiex, and automatlc ammu-
nitions). Thus the permanent record of the electrically recorded hits is capabie
of distlaguishing among the singie and wmuillple hlts per trigger pull, which
comprlse the total number of hits as counted from the target iaces. (Tables

TabLE E3
MecHaNicAL CounTER RECORD

Dete: 3 Jaly Cemulative resolved hits (Counter 1) 145
Time: 1425 Cumulstive unresclved hita (Counter 2) 126
Rus: 43 .22-cel Carhine Maanal-cownt hite 101
Automstic
Individual target Individual target
Target resolved hits uareso;ved hits
sequence {Counter 1) (Couster 2} Turget no.

1 i 5 5

2 18 16 T

3 28 18 w0

4 25 20 28

5 39 M n

6 4] 36 29

4 45 40 24

3 48 43 25

3 9 | 46 19

10 71 66 20

11 17 72 16

12 82 76 2

13 104 a8 22

14 110 94 18

15 112 %6 3

16 113 97 »

17 114 98 32

18 122 106 10

19 1% 110 9

0 134 116 14

21 143 124 13

n 145 126 15

Sgt Robt, H. Cesteel, Date recorder

Ol to O4 in App O give multiple hits from these electrical records.) Hit totals
from this source were not used as they were seriously affected by malfw.ctions
of the mechanlsm. The proportions of multlpie hits from single trigger puils
are reported in App O.

Veeder-Root Counter. Two Veeder-Root slectromechanical counters
were incorporated into the hit-recording circuitry. Counier | had a resolution
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time of 100 msec, too siow to distinguish between multiple hits from one round.
The reanlution time of Counter 2, retarded by condensers to count only once
for each 3- or 4-ghot burgt from the automatic weapons, was about 800 msec.
The differences are illustrated in Table E3, which is tae record of a .22-cal
carbinz automatic run. Clearly the counter records include spurious counts,
as the run total is 44 hits in excess of the more reliabie manual count. I re-
iiable, the counter record impiies that 15 percent [(145 - 128)/126] of all hits
were multiple hits. Unfortunately this {igure is probably biased, with a too-
large fraction of spurious mulitipie hits.

Noise present in the hit-recording system affected the counters also.
Furthermore the difficulties present in manually recording the output of the
two counters during the course of a run increased the number of inaccuracies.
For these reasons these data were not used in adjusting the hit totals.

MALFUNCTIONS

A log was kept of all maifunctions that occurred in the target-operating
mechanisms, shockers, and similar programed devices. These malfunctions
are included in Tabie E4.

Maifunctions of the individeal weapons occurred with considerable fre-
vency. Unfortunately the recording system included no chrnologicaliy guan-
titative record of these malfunctions. Hence it was not possible to make accur-
ate corrections to compensate for nonfunctioning weapons. However, the test
iog reveaied when weapon malfunctions occurred, and rough adjustment could
he made for recognizad failure of a weapon to function during aspccific target

appearances. ]
The tabular qualitative record of weapons malfunctions appears in Table ES.

CONDITIONS OF WEATHER AND LIGHT

Accidental and deliberaie changes in conceaimeni, diiierences of iargei
color (some faces were darker than others), and conapicuous weather changes
were also logged and are noted in Table E4. These, pius the weapons and target-
vomplex malfunctions, were used as a gulde in adjusting the data (see App F).

The run totals of rounds fired and hits from Tabie E4 are summarized in
Tabie ES6.

ROUNDS PER AUTOMATIC BURST

In order to properiy consider the approximate effect achieved with auto-
matic fire, it s necessary to determine the number of rounds fired per burst,
or per trigger putl. The instructions given to the test troops were to attempt
to fire an average of two or three rounds per burat. Observation during the
conduct of the experiment indicated that the discipiine in response to this in-
struction was quite good. The manuzlly recorded data record only the total
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numbers of rounds expended per run. In order to determine the number oi
rounds per burst, it is necessary to examine the record of trigver-switch
impulses. As the switches were activated by the rifle-bolt action rather than
the trigger action itseif, these records include a count of the actua! number of
rounds fired on each trigger putl. Owing to the considerable maifunctioning of
these trigger switches, the record is not coziplete. However, inasmuch as this
study is ccncerned only with the average ratio of rounds per trigger pull, the
Incomplste record is quite satisfactory. It is reasonabiv assumed that the re-
corded data are an unbiased sample, which will give a good estimate of this
ratio,

An analysis was therefore made of the unambiguously reported firing im-
pulges from the 16 runs of automatic fire. The total numbers of bur 3ts and
corregponding rounds are shown in Table E7. The rounds per burst (rom the
totuls for each of the six types of fire are listed in the right-hand column. It
is evident that the resuits indeed do vary between the iimits of 2 and 3 rounds
per burst. For some purposes, it is adequate to use an average numnber of
rounds per burst for all the automatic fire. Tabie E7 shows the grand average
to be 2.33 rounds per burst. 1t is observed that the carbine bursts appear to
be consistently slightly longer than the T48 bursts. It is instructive therefore
to indicate separate averages for the two weapons. These are 2.07 rounds per
burst for the T48, and 2.63 rounds per burs! for the carbine.
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TaBLE E4

HoLes CounteD, Rounns CounTED, TARCET MALFUNCTIONS,
DESIGN CHANGES, AND WEATHER VASIATIONS

Largel characieristics®

Tiws, wos, Exposure
Mbsailing lime, sec
Range, yd Movemewnt Cooceslment Type exposure ! Target no.
Day Night Day Night

52 X F — 7.5 — 28.5 1
63 K 9.0 — 3.0 2
65 E - 6.0 - .5 3
v b4 ¥ — .5 - i2.0 4
T4 F 1.5 -- 45 —_— 5
16 E - 10.5 - 4.5 6
™ X F 20 - 15.0 - 7
8 iy — 9.0 - 19.5 a
B6 E 10.5 —_ 4.5 — 9
89 X F 9.0 e 5.0 - 10
90 X F - 12.0 - 4.5 11
91 F - 10.5 - 9.0 12
111 X F 12.0 6.0 19.5 19.5 13
127 X F 6.0 15 9.0 2.0 14
13% F 8.0 ERY] 45 4.5 15
152 X E 9.0 15 9.0 0.5 16
161 E - 9.0 — 30 17
162 X E 13.5 0.5 6.0 6.0 18
164 X E 12.0 10.5 15.0 12.0 19
165 X b 1.5 1.5 1.5 3.5 20
169 B 13.5 9.0 3.0 45 21
176 X E 10.5 13.5 4.5 9.0 22
209 F _— 6.0 m— o0 23
216 X F 15 — 45 - 24
218 X F 0% 120 90 15.0 F =
221 F - 7.5 - eie 2%
223 X F - 9.0 - 21.0 27
245 F 13.5 6.0 a
%59 E 12.0 10.5 2
267 [ 3 9.0 3o k
269 F 1.5 5.5 N
334 F 10.5 1.5 32
136 F 15 o0 n
339 X F 9.0 21.0 34

*Noliunction, design, md weathor code (¢ code lettor ls parentheses indicmies questiosabls dote)

Mechesical meliunciions:

Target iniled 10 rise

target isiled 10 move.

Turge wp & wroag 1ime

Ancther tmpet up sionli1ancously
Blashk loiled ta fire

Conceslm-m beovy.
Concealment 1ight

Firsse shocked by rifle

Targes joce came off

W el gy =0 AT

Tanign - bangpen

Target down swrly (samber of srcouds)
Taget down late (sunbm of seconda)

- Fogim ssmecvph o sprm on salemw 19 be lea

lighs » mme o sl s gl bl wd §as . o tene

ORO-T-3T8

s Powrrma shaervetion showed conreniment to be
e haavy; conceslment decransed befwe auboe-
quam rune

p Origisel 0D tongwt colow changed 1o white shaee
chesrveiion ahowed 0D turgere tae diflicult 1o
-

1 Tugm delibwrmsly nade 1o come down ewrly for
liee hemine rums b= owns of hmited supply of
—

Bewi b rar 1wl iomm

P Nale
o Lighs glwe
t  Overly bright mosaligin
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TasLE F.4 {contipucd)

10 11 ] 12 ] 13 ] 14 I 1£ 16 ] 17 r 18 -[ 1%

Waspon, ammo, end /o liring

TiluquTMn-l ITﬂaco ITNudITH-u-IT“ u-lthlnmlChu-iJCh awa ]Cb- sem
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TaBLE E7

lloUNDS PER BURST OF AUTOMATIC FIRE

Position-iflumination

No. of rounda

Wenpon combination Burats fluenda per burst

T48 Day sitting 254 512
405 801
121 618
452 045

Total 1432 2,877 2.01
T48 Day standing 383 808
455 986

Total 838 1,794 2.14
T48 Night sitting 392 817
313 676

Total 708 1.491 2,12
Carbine Day aitting 249 641
283 868
219 162
269 698

Total 1020 2.669 2.62
Carbine Day standing 550 1.365
10 743

Total B60 2,1 FAL)
Carbine Night sitting 391 1,197
253 666

T atal 644 1,863 2.89

Grand total 5499 12,804 2.3

168 ORO-T-378
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Appendix F

DATA ADJUSTMENT

SUMMARY

ADJUSTMENT OF HOLES COUNTED, EXCEPT FOR FLECHETTES
ADJUSTMENT OF SItOTS RECORDED, EXCEPT FOR FLECHETTES
ADJUSTMENT FOR FLECHETTES

TABLES

F1-F19. ApJusTMENT -F HoOLES COUNTED

Fl SiNcLE BuLLETS, Day StrTiNG

F2. SINGLE BULLETS, DAY STANDING

F3 SincLE BULLETS, NIGHT SITTING

F4 DupLeEX, DAY SITTING

o Didia, CAY STANDWG

F6. DupLEX, NIGHT SITTING

F7. TairLEX, DAY SITTING

F8 CaRBINE AUTOMATIC, DAY SITTING

F9. CARBINE AUTOMATIC. DAY STANDING
F'10. CARBINE AUTOMATIC, NIGET SITTING
F11. CARBINE SEMIAUTOMATIC, DAY SITTING
F12. CARBINF SemiatTOMATIC, DAY STANDING
F13 CARBINE SEMIAUTOMATIC, NIGHT SITTING
F14 T48 AvromaTic, DAY StTTING
F15. T48 AreMaTic, DAY STANDING
F16. T48 AuToMaTIC, NMICHT STTING
F17 T48 SemiauToMaTIC, DAY SITTING
F18. T48 SEMmiAUTOMATIC, DAY STANDING
F17 T48 SEMIAUTOMATIC, NIGHT SITTING
F20-F38 ADJUSTMENT OF SmoTs RucombDrp
F20 SinLE ButLeETs. DAY STTinG
F21 SiNcLF BWLLETS, Day STAaMDine
F22 Secur BrLLrTs NCAT SITing
F23 Deretey, Day STrinG
F24 DxeLEXx Day STanDteG

ORO-T-378
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174
175
176
177
LR
176
179
179
180
180
181
181
182
182
183
183
184
184
185

185
188
189
190
102

169



F25

26
F27.
F28.
F29.
F3o0.
F31.
F32.
F33.
F34.
F3s.
¥36.
F37.
F38.
F39.

F40.

F4l.
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DupLEX, NICHT SITTING

TaIPLEX, DAY SITTING

CARBINE AUTOMATIC, DAY SITTING
CARBINE AUTOMATIC, DAY STANDING
CARBINE AUTOMATIC, NIGHT SITTING
CARBINE SEMIAUTOMATIC, DAY SITTING
CARBINE SEMIAUTOMATIC, DAY STANDING
CARBINE SEMIAUTOMATIC, MIGET SITTING
T48 AUTOMATIC, DAY SITTING

T48 AuTomATIC, DAY STANDING

T48 AUTMATIC, MGRT SITTING

T48 SEMIAUTOMATIC, DAY SITTING

T4E SEMIAUTOMATIC, DAY STANDING
Ti8 SEMIAUTOMATIC, NIGHT SITTING

REDUCTION OF SINGLE-BULLET RESULTS FOR COMPARISON ¥iTH FLECBETTE

HEsuLTS, DAY STANDING

REDUCTION OF SINGLE-BULLET RESULTS FOR COMPARISON WITE FLECRETTE

RESULTS, NIGHT Runs

SuMMARY RESULTS BY RUN (ADjusTED DaTA)
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194
194
195
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198
198
199
200
200
201
202

202

203
204
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SUMMARY

In this appendix the term “hoies counted” refers to the raw data of hoies
counted in the target faces, and the term “hits recorded” refers to the raw
data of hits electricaiiy recorded on targets. The category “hlts adjusted” is
used for the adjusted data after compensatlon for malfunctlons, etc. Similarly
the category “rounds counted” refers to the raw data of rounds coualed for each
run, and the category “shots recorded” refers to the electrically recorded num-
bers of trigger pulls. The category “shots adjusted” 1s used for the adjusted
data aiter compensation for malfunctlons, etc.

The holes counted are taken from Table E4. From run and target {otals,
corresponding predicted values are computed. The raw value ls replaced by
the predicted value if (a) the two differ by one standard deviation, and an appro-
priate malfunction was recorded, or (b) the two differ by three standard deviations.

The shots recorded are proportionally adjusted to agree with the rounds

counted for run totals. Then, only for those cages where hit adjustment was

made, correamonding shat adinptmente ware nransrtionally mode, Finglly,

predicted shot values are computed, and replace recorded values where differ-
ing by three standard deviations.

ADJUSTMENT OF HOLES COUNTED, EXCEPT FOR FLECHETTES

It is deglrable to adjust the data to compensate for known and suspected
malfunctlons of weapons, targets, etc., for drastlc changes in weather, and for
deliberate alterations in target characterlstlcs such as reduction of the amount
ot concealment.

After the target column in Tables F1 to F19 is the raw holes-counted col-
umn. The next column shows a predicted value for each datum based on the
line and column totais of the whole table for holes counted for all runs of the
same type of {ire. This is computed as follows: The sum of the holes counted
for all targets in a given run ls multiplied by the sum of the holes counted for
all runs of the same type for a given target. The product is divided by the total
number of holes counted for the entire table (all targets and all runs of that type),
to yield the holes predicted for that target and run. The standard deviatlon o
is computed for each line of holes counted (for each target).

ORC-T-378 1m
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The raw hole count for a target is rejected for either of the following
reagsons;: (a) there is a known malfunction, weather change, or deliberate de-
sign change, and the holes-counted value is differeat {rom tae holes-predicted
vaiue by more than vne standard deviation; or (b) the notes-counted value s
different from the holes-predicted value by more than three stai.dard devia-
tlons. (This is intended to eliminate data aifected by maifunctions of which no
record was made.)

‘The final column of hits adjusted for each run is composed of the same
values as the original raw holes counted except where rejections occurred for
the given reasons. Whenever the raw value was rejected the predicted vaiue
is substituted in forming the hits-adjusted column. Such changes were made
i85 out of a possible 1452 times; i.e., 13 percent of the hit data was adjusted.

ADJUSTMENT OF SHOTS RECORDED, EXCEI'T FOR FLECHETTEIS

The electrlcally recorded shot record (trigger pulls) provides the only
data showing the apportionment of shots to each target. However, the total
shots recorded were often different from the total rounds counted for each run
because of recerding malfunctions.

It is desirable to adjust the totals of the shots-recorded values for the
different targets of a single run to equal the appropriate rounds-counted totals,
retaining their relatlve values or ratios for each target. Moreover, it is de-
sirable to correct for the same malfunctions and weather and design changes
that were used to adjust the holes ccunted. (Correction for particular malfunc-
tions of the shot-recording equlpment cannot be done bccause there was no re-
liabie means of identifying such malfunctions.) This 18 accomplirhed in Tables
FZu 10 r38, where the raw shots recorded are shown after each target number.

The first operation performed is the change of each shots-recorded vaiue
proportionally to bring the total to equal (within rounding errors) the actual
rounds counted.

The next column shows lhe change of each 1tem proportional to the change
made from holes counted to hits adjusted for the corresponding target and run
of Tables Fl to F18. This takes into account the adjustments made for mai-
functlons and weather and design changes. Such changes were made in 155 of
1452 possible cases; i.¢., for 11 percent of the data. This value is lower than
that far hits adinstad hacangss 348 of (06 Slivis -1cLusdea liems tnat would nor -
mally have been changed were zero, and therefore did not change.

Next a predicted value is computed using the line and column totals for
the whole table of the data as adjusted so far (all targets and all runs of the
samec type of fire). As before, the predicted value I8 computed by muitlplying
the sum of the adjusted-to-total-rounds-counted values in a given coiumn by
the sum of those for a given line (target) and dividing by the totai for the whoie
tabie. This yields the shots-predicted value for the given line and column (tar-
get and run). The standard deviation o is computed for each row of adjusted-
to-total-rounds-counted data (for each target).

172 ORO=T=-318
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To eliminate unrecorded maliunction effects, all items are rejected where
there is a difference between the adjusted values and the predicted values of
greater than three standard deviations. There were 36 such changes, none ol
which coincided with the 155 changea corresponding to hit adjustments. Thus
191 changes cut of a posslble 1452 were made, or 13 percent of the shot data
was adjusted. By coincldence this is the same as the percentage of hit data
adjuated.

The final cotumn of shots adjusted for each run is composed of the
adjusted -to-total-rounds-counted values except where rejectlons occurred.
Wherever the adjusted value was rejected the predicted value was subsatituted
in forming the shots-adjusted column.

No special (reatment was given to zero values for raw shots recorded.
Proportional adjustments, of course, left them still zero. As with other num-
bers, the zero was used in the final shots-adjusted column unless It differed
by more than three standard deviations from the predicted vaiue, in which case
the predicted value was substituted.

In Tables F1 to F38 are all the raw and the adjusted data (except for
flechettes) broken down by weapon, visibility, firlng position, and target.

ADJUSTMENT FOR FLECHETTES

In comparing the two flechette runs (one day-standing run and one night-
standing run) with corresponding single -bullet runs, the single-bullet informa-
tion must be balanced with that of the ilechette. The single-bullet runs used
22 targets with a standard program. Run 68, the flechette day-standing run,
veed only 19 targcls, and & ol tiwse appeared ior only halt the normatl program
time.

Table F39 shows the shots-fired information equated to the total adjusted
ammunitior count of 2824. The second column shows the total shots fired per
target for the four single-bullet day-standing rung. The fourth columa shows
the seconG-column Information adjusted to balance with run 69, the one flechette
day-standing run. Targets 7, 10, 20, and 31, which were up only half the nor-
mal time, actually had approximately half the number of shots fired at them
in that time. Similarly, the iasi column shows the balanced target-holes
informatlon.

Table F40 follows a similar pattern in balancing the four single -bullet
night -sitting runs against run 70, the one flechette night-standing run,

Table F41 summarlzes the adjusted hits and rounds fired by run.
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Table Fi
ADJUSTMENT OF HOLES COUNTED, SINGLE BULLETS, DAY SITTING
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Tatle F1 (continued)
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Tahle F2
ADJUSTMENT OF HOLES COUNTED, SINGLE BULLETS, DAY STANDING
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Table ¥

ADJUSTMENT OF HOLES COUNTED,

NIGIIT SITTING

SINGLE BULLLETS,
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Tabis F4
AUSTMENT OF IWLES COENTED, DUPLEX, DAY SITTING
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Table ¥5

ADJUETMENT :F Hipl FS COUNTED

DUPLEX, DAY STANDING
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ADJUSTMENT OF HOLES COUNTED, DUPLEX. NIGHT SITTING
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Table F7
ADJUSTMENT UF HOLES COUNTED, TRIPLEX, DAY SITTING

Holas  Holee Hits Holss  Holes Hite Holse Moles Hite Holes  Holes hits
Targei|countsd predicted ndiusted|counted predicted sdjus.edcousted predicted adjusted [counted predicted adjusted| ¢ 3>

Run 26 Rum 21 Run Run
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7 51 54.0 30 6.0 60 180

8 25 22.8 K] 15.2 6.0 18.0
10 47 428 14 8.4 11,5 34.5
13 25 15.0 0 10.0 1.3 215
14 T 1.2 5 4.8 la 30
15 0 0.0 0 0.0 0N 00
18 1 12.0 15 0.0 0.227.0
18 (] 12.0 12 80 2.0 8.0
10 17 21.0 2.0 1] 4.0 14.0 0.5 1.5
10 B7 73.2 55 45.8 48.8 4.0 18.0
21 4 2.4 0 1.6 z0 8.0
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29 # 54 1 s 35105
30 0 0.0 n 0.0 0.0 0.0
31 12 9.0 3 6.0 45135
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33 ] 0.0 0 0.0 00 0.0
34 8 1.8 0 3.2 4.0 12.0
Total 301 08 8 201 176.2

Table Fs
ADJUSTMENT OF HOLES COUNTED, CARBINE AUTOMATIC, DAY SITTING
Holas Holee Hits Halea fivies Hita Holea Holas Hits Holes Holes Hits
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Total 114 1040 179 172.8 ad 592 104 1032
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Talle F3

ALJLSTMENT 00F HOLES COUNTED,

CARBINE ALTUMATIC, DAY STANDING
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Tabhla Fl0
ADJUSTMENT OF HULES COUNTED, CARBINE AUTOMATIC, NIGHT SITTING
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Table F11
AMMEUSIME~) OF HOLES COUNTED, CAKUINE SEMIAUTOMATIC, DAY SITTING

-— — = .t e e
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Tsble F12
AINUSTMENT OF HOLES COUNTED, CARBINE 8t MIAUTOMATIC, DAY STANDING
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Table FI2

ADJUSTMENT GF HULES COUNTED, CAHBINE

BEMIAUTOMATIC, NIGHT sITTING
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Table F |4

UL ES COUNTED, T4s AL

TOMATIC, DAY SITTING
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Table FI3
AIDNUSTMENT OF HULES COUNTED, Tés AUTUMATIC, DAY 3TANDING
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Tabla k16
ADJUSTMENT OF HOULES COUNTED, T4% AUTUMATIC, NIGHT SITTING

l Holes Holes Hits Holea Holea Hita ltoles Holes Hiis Holea Holus Hitu l
T.r‘ellcuunled predicted adjusted|counted predictad sdjusted |counted predicted adiasted|cousted predicted m)ulledl e M
i .

Rug 16 Rua 55 Run Huna

1 17 2017 20 163 1.5 45

] 4 22 0 (L] 20 69

3 5 7.3 L] 5.7 15 45

b ib to.h 3 a4 65 1%5%

1] 5 4 1 2.6 20 &80

) 13 0.8 [ ] 5.4 15 105
B 0 00 0 0.0 oo 00
12 3 22 1 18 16 1%
13 4 4.5 45 4 3.5 15 o 00
14 K] Zn 2 2.2 0% 15
15 0 0.0 0 0.0 o0 oo
L6 2 2.8 3 22 W 1.5
17 0 e ) vy on 0.0
1R 1 11 1.1 1 09 0.9 0N oo
19 1] 22 4 1.8 20 60
20 2 45 L 1.5 20 &0
21 0 0.0 0 0.0 60 00
22 1] 4.0 ] 00 o0 oo
23 0 0.0 0 0.0 00 0o
25 ] oo 0 00 o0 oo
8 0 a0 [} 00 00 o0
27 L] 0.0 1] 00 00 o0
Totwl ki Y "R HL] 5% 4

CRC-T-2786 183
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Tabia F17
AINUSTMENT OF HOLES COUNTED, T48 SEWAUTOMATIC, DAY BITTING

Holes Holes Hits Holes Holes Hita Holes Holes Hiia Holea  Holes Hita
Target|counted predicled sdjusied|counted predicted adjusted |counted predicted adjusted |cocunted predicted edjusted| o

Hua § Runm 11 HAun 50 Rua 62

5 4 31 # 4.5 4.5 4 40 1] 44 28 85

1 20 1% 2 15 25 4 234 28 22.5 27 249 53 159

9 - L 15 127 10 1.3 11 12.¢ 21 6.
10 17 16.5 18 2423 243 21 21.5 32 3.7 2377 63 187
13 9 7.3 12 10.7 ] 9.5 95 L7 10.% 105 42 188
14 1 40 L} 59 ] 5.3 8 5.8 29 8@
15 0 0 0 LR ) 1 0.3 1] 0.3 04 1.3
18 13 il 10 15 0 4.0 0 4.4 4.4 42 127
18 4 5.7 bl 4.5 5 T4k £ 8.3 23 69
19 11 gy 17 10.2 2 3.0 9.0 ] 9.9 5.6 14.8
20 3 14.2 14 2 21 209 3L 18.6 19 20.4 100 30}
21 1 1.1 4 17 1] 1.5 1 17 30 90
22 0 0.0 1 0.8 2 0.8 0 08 08 25
24 0 o2 0 0 L U3 0 0.3 04 13
8 0 0o ] co 0 ()] o 0.0 00 0.0
28 1 10 P4 114 2 1.3 0 1.4 08 25
29 6 40 2 59 9 + 13 1 5.8 26 7.8
v 0 0.0 0 0.0 0 (L) o 0u 00 0.0
1 3 a7 0 4.9 5 3.5 4 3.9 23 8.9
12 [} [} 0 0.0 0 0o ] o 00 0.0
3a 0 0.0 0 0.0 0 0.4 4] 0o a0 0.0
34 1] i 1 11 2 1.0 1 HI | 10 30
Total 97 111 2 113 1572 127 135 140 12986

Table FiR
ADJUSTMENT OF MOLES TUOUNTED, T8 SEMIAUTOMATIC, DAY STANDING
[ ! [
Holes Holes Bita Holsa Holes Hits Holea Hnleas Mg Rolas hvles Hata !

T'-..';:'.l;..un:&.l predizied adjusted|coumted predicted adjunmdicounl-d predicied ndju;ledioounted predicted adjusted| o
i

Rum 13 Aum 54 Rumn Run

H 2 3.6 3.8 5 3.4 1.5 45
? 24 231 21 211 1.5 4.5
H H 7.4 4 87 30 %0
10 15 145 13 135 10 3.0
13 14 17.6 118 20 18.4 154 30 90
14 1 05 0 0.5 0% 1S
15 0 00 0 00 00 00
18 2 b 13 12 7.2 55 165
18 5 67 " 83 15 4.5
19 13 7.8 2 1.2 55 185
20 1} 19 2 L 178 b I S
21 2 i L H 15 48
22 0 00 0 00 00 04
24 0 00 0 0.0 00 00
25 0 10 2 [ 10 30
28 b 1.8 2 L4 15 43
19 o 5.2 a s 20 640
0 0 0.0 0 00 00 00
T L 82 4 L] 20 &0
2 H 1.0 n 1.0 10 10
an 4] [ N] (] 00 o0 00
4 2 21 2 19 19 on a0
Tora i L4i2 112 JULR

184 ORO-T-378
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Tatde F1Y
ADJUSTMENT OF LIMLES COUNTED, T4 SEMIAUTOMATIC, NIGHT 817 NING

Noles Holes Hits Holes Holes Hits Holes Holes Hits Holes Holew Hits
Targal|enunted predicted sdjustedcounted predicted sdjusied|counted predicted sdjusted|counted predicted adjusted| o o

Run 15 Aun 56 Run Aun
1 0 86 13 64 13 .5 145
1 5 15 0 15 0 25 713
3 L] 12.2 10 114 10 v su
4 5 36 H 14 2 15 45
6 4 16 J 3.4 K] 05 135
L] 12 61 0 5.9 0 60 1.0
11 0 4.8 29 14 2 29 145 445
12 4 2.5 1 45 1 1.5 45
13 (] 46 3 54 bl 15 45
i4 3 2.0 1 2.0 1 1.0 3o
13 4 u.3 1 0.5 H 65 1%
18 0 Lo 2 1.0 2 1o 30
17 1] 0.0 V] 0.0 o 00 00
14 1] 0.5 1 0.5 1 0.5 15
19 1 1% 2 3] 2 05 145
20 28 18.3 10 11 10 5.0 249
n | 10 1 1.0 1 00 0w
22 1 1.0 1 1.0 1 00 0.0
23 [} 0.0 ] 0.0 0 o0 O0u
25 1] 00 0 20 0 9.0 6.0
26 1 0.3 0 0.5 0 o8, =gt
27 1] on ] v 1} 00 00
Total s L1 82 a2

Table F20
ADJUSTMENT OF SHUOTS HECORDED, SINGLE BULLETS, DAY SiTTING

Adjusted Adjusted
to total Adjusted ' .ols 10 total Adjudted  EBudas
Shois rvunde for h » pre- Shots Shots rounds for hita pre- hots
Tergel recorded  counted sdjusted dicted sdjusted | recorded cowmted adiusted dicted  sdjusted o
RAun | Rua 3
s 1" 12.8 1A & 1.2 (AW} 18.3
v 51 $0.3 458 'T 55 4 40 26.%
| ] 13 15.0 (LN} 14 18,9 1F.6 18,5
1e 43 50.0 4.8 39 7.0 40,7 6l.8
13 3 1.5 301 N 217 35.0 149
14 20 23.3 m9 5 8.0 10 28 7 [THF]
15 9 10.5 5.1 4 48 1.2 "
18 37 43.0 Il n 113 TR e
19 1] 24.4 nil 10 290 6 Iy
19 40 4.5 34.2 27 3.5 w0 A 105
13 ny 9.5 LY 73 81.% 757 bR
11 ] 10.5 a0 [ e 71 1o
22 [) 1.0 6.5 7 N4 74 1nn
4 3 1.5 45 0 (] 41 122
p N ] 12 1.8 ] 6.0 [ ERR
28 0 0.0 164 14 15.9 148 .3
29 21 244 349 2 TR n fiv 3
10 0 0.0 5.1 1 12 5 152
" P 233 LE 0 no .l (]
32 9 [UES LB L] (=1 LA ma
»n 84 74 4 T4 37 0 8.0 X 10+
34 4n 55 4 s [t & . M iny
Total 522 &M .1 540 1 840 1 m 110 (L in} %
Rounde
gt od o7 4Tl
ORO-T-378 i#d
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Tabhle F20 icontinued)

Adfuated Adjusted
to total Adjuated Sots o total Adjuat ed S.ola
Shots rounds tor hits pra- Shote Shota rounds for h'ta pra- Bhots
Terget recorded counted adjuated dirted adjusted | recordsd counted sdjuated digted  sdiusted 3
Run 25 Run 27
5 18 20.1 11 8 20.3 7 Tl 141 36 3
7 55 65 4 70.2 L] 65,2 42 4M.M 24.9
’ 22 T 24 5 16 16.8 le.o 6.5
10 59 [ ] 898 42 LR 46 61.6
12 | 1 LR 60.0 B4 (L] 417 T4 9
14 24 264 1240 4 444 24 Liw 31.9 #8.2
13 " 9 12.4 " T H.6 21.1
16 41 457 417 45 16 2 33.2 246
14 7] 1 354 bz 2T 9 4.8 3.9
19 42 46 9 524 45 46 6 36 4 20.5
v 113 126 1 128 7 96 9.3 9 55.9
21 13 145 12.2 12 124 L] 110
22 20 $z3 13.1 10 103 91 14 A
24 19 112 7.0 4 11 48 122
25 1 5.9 181 0 0o 128 351
26 21 234 251 19 197 17 4 28.3
2% a 28 u 53 % 3 217 ar.2 60.1
30 5 36 il 5 3 54 15,7
a1 31 36 9 59 § 54 569 .2 80,0
12 [1] 0o 13 % 1 10 w.? 231
33 0 0.0 57 - 24 10 104
34 61 (L8] 485 24 244 37 50.9
Total K65 7419 w27 1 Az?.4 378 5940 575.8 575 4
Rounde
counted 742 EYT
Run 34 Rua 3§
] 15 14 ¢ 132 9 L X ¢ 63
7 % e 456 e 152 a1 4y
] L] 175 a5 1= 119 1n 7 16 5
10 2 w7 4h.4 1 oo 45.9 616
13 87 55.3 189 o v o In 749
4 26 25 2 97 = 8 4 s | 44 2
15 5 49 LB 2 2.2 “ | 241
14 2 22.3 a9 RIT 3t a4 e
18 ar 35.9 bEN] 8 9.6 12.2 212 2y
[} ] 29 281 340 hil 342 34 0.5
20 (1] a2 HY 4 S am 2 .2 559
2l 4 L) R0 ' k] (Rl 1L o
2 11 12.¢ (B B 22 [T 188
M i 107 48 ! [N} 5 12.2
23 18 17.5 nr I8 110 (TR ] 351
29 14 13 .6 14 3 i FE 154 192
29 L1 4.9 M L] I8 ¥ .2 80 )
L) ’ &y o9 51 1 (T 50 157
LI [t 7.5 12y M 4.2 R | [T ]
32 14 a7 9.1 b 3 ¥.2 231
13 2 19 L ¢ Do An 1an
34 n 189 a1 4 ¥ R TN 8 0
Tota 542 544 2 4T 4 T g t3? [T T T
L
e el kel (L
124 ORQ-T-172
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Tabls F20 |cuntinued)

CONFIDENTIAL

Adjusted Adjusted
to L.tal Adjusted  Shots to total Adjusted  Bhots
Shots rousds for hits pre- shots Shots rounds for hite pre- Shots
Target recorded oountad adjusted dicted sdjusted recorded countad adjusted dicted adjusted o
Run 5% Run 86U
[ 5 51 116 15 167 17 4 36 1
T 45 461 6o 56 622 601 28.%
] 17 17.4 162 19 211 2404 16.5
ic 38 543 1 397 5 57.7 36 H 9. 61.6
13 59 604 s34 1 86 1323 51 4 744
14 5 U 1 K17 43 4 BITRE ol
1% 5/ 51 T.0 22 T4 16.6 211
16 k1] 4R 211 16 W 40 % 24 6
18 23 23.6 206 1 13 14 4 o 28
1 a3 3. 29 m M 22 444 ju-5
20 17 749 Tam w1 197 7 1111 559
H] ) 6.1 68 3 67 HTS 110
22 4 4.1 T4 3 33 12 18.8
24 1 1.0 ] 4 4.4 6u 152
25 2 2.0 162 14 211 155 35.1
28 23 23.6 118 143 L] 00 25 28 3
% 29 28.7 30 4 26 9 5 4 45w 60,3
30 4 41 4 & T bt 157
3 26 5.6 20 M a7 .0 131 80.0
a2 2 2.0 T 14 2064 il 0 23.1
k] [ 6.1 313 1 7.8 49 10.4
34 24 24.8 2% 4 I 200 4l 509
Tots! 492 503.8 4ioA 470.8 587 663 0 TR G TUR. &
Rounds
counted 504 683
Run 65 Ran 67
] 15 149 214 12 14.2 447 tay 6.3
7 [ #] 61 4 T4.0 e 47 54 9 269
L 29 28.7 300 15 178 125 222 16.5
10 59 54.5 107 & 13 6 0 47 4 b 8l 6
13 (13 85.2 54.6 83 2 40 47 4 16 4 749
14 H 1.7 48.2 a 385 21.3 35 K in 2
R ] iva i3.0 F 24 L33 211
16 4 0.6 50 2 an 6.7 In 7 312 244
16 a2 .7 3712 32 ats 27 4 21.4
1% 4 s 55.2 of azo 0y 206
20 121 119 % 136.8 L1 w7 101 4 559
21 10 8.9 128 11 130 95 110
2 1% HL N 1.5 118 18 In 8 e 2 1M M
2 1n 109 1.3 1 12 54 12
25 41 40.6 191 3 391 194 il W51
28 24 228 26 4 14 40.3 19 ¢ 200
29 51 50.6 568.4 n Yt Y Hu 3
30 14 139 82 9 95 (o 157
3l 1] 66.2 53 4 60 76 a2 R 60 o
2 21 2048 141 I8 211 o4 23 3
R 10 9 a0 6 11 L 1 =
34 42 He 511 12 112 17y 50 9
Total 873 A64.9 a72..1 2723 a0l T L hans
Roumis
counted (1.0 SAR
ORO-T-37v 187




CONFIDENTIAL

Tabde F21

ADJUSTMENT OF SHOTS RECORDFD, BINGLE BULLETS, DAY STANDING

Adijusted Adjusted
to tatal Adjusted  Shola o total Adjusted Shats
Shate rounds for hits pras- hots Shots rounds for hita pre- Bhco
Tarpet recorded couiled adjusted dicled adjusted | recorded counted  adjusted dicted adjusted 3o
Aun 5 Run 29
-] 20 24 2 131 13 132 1813 14 5
1 = ELE | 44.1 44 ] 55 35.9 3.0 8l.8 302
9 ] [} 125 5 25 4 17.3 F1R ]
10 1] 617 48.0 48.8 35 58.9 68 7 a7 9 n.9
13 du 339 45.8 71 783 3.9 43.1
14 -] 318 30.7 43 43.7 2.1 12.0
15 17 wh L ] ? T4 119 21.4
13 23 218 24 4 32 3zs 34.0 196
18 22 268 242 Fi.] 283 33.7 Tk
19 47 ELE.] 40.2 55 58 8 58.0 58
20 &7 Bl D 61.3 137 1087 113.8 .6
21 18 133 10.1 11 12.2 141 13 4
12 1] 60 8.9 3 30 98 24.8
24 1] ao 71 20 202 9 23.4
25 3 8.0 14 5 z8 285 201 4.3
2 19 0 111 z1 212 24.8 6.8
3 27 ze z9.2 35 s e 40.7 28
23 i 45 4.8 2 20 87 7.3
31 22 25 & 2.2 2 528 58.8 45 8
12 1] (R} 12 4 1?7 173 17.2 2711
33 v 1z 1 85 ] 61 vl 159
34 15 181 {3 ] 42 421 38.2 1.3
Total 479 5nl 3 350.9 3509 Ti5 T46 8 768.8 T786.8
Rounds
counted 579 147
Rus 38 Rus 62
5 H 128 149 12 1323 170 14 5
7 22 198 50.3 37 a3 .0 57 4 0.2
2 10 ay 141 17 299 181 161 N9
19 30 519 55 4 4“ 481 66.6 83.2 1.9
13 30 39 518 70 17 .4 47 8 491 43.1
14 19 J¢ 1 RLE ] 33 39.3 ae a.v
15 7 128 9.7 1 11 111 21 4
18 1 198 2711 34 s iLs 19.8
18 18 m7 s 13 144 3.1 31 4 1.1
11 ] 20 M9 457 2 a2l 4.5 3212 38
20 58 100.8 92.3 2] 104 0 1089 3l. 8
2l 4 12 1.3 ] 100 13.1 134
2 12 2l s 7.9 20 221 . N 9 48
24 [ ] 1086 8l 3 3.3 9.2 13.4
% I 19.8 18 4 14 185 18 8 24.3
28 13 4 20.1 18 111 YR %}
n §] i 31 33 287 3R 8
30 4 72 55 8 85 42 13
n 11 LE %) a1 L} L1 ) 547 458
a2 o 1o 14.9 22 42 180 F 4 |
k1 0 LR ] T4 12 133 L) 13 %
34 40 19 a9 n? " 431 s A
Tota) "n 173 3 623 ¢ 425 ¢ L1]] T2¢. 1 Tha T4 0
Reunds
it ad Lk 138
188 ORO-T-178
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Tabls F22
ADJUSTMENT OF SHOTS RECOHDED, SINGLE BULLETS, NIGHT SITTING
Adjuasted Ad)usted
to Lotal Adjusted Hhola to total Adjustad  Bhots
Fhota iGunde for hits pre- Shots Fhota rounda for hits pre= hots
Targ revordsd  counted adjusted @oied adtusied | recorded counted adjustad  dicted  sdjusied 3¢
Aua 7 Rua 31
1 92 1017 86.4 142 1407 13¢.0 4 1
2 12 1a1 12.0 2~ 22.8 190 121
3 h&) 45.7 30.0 41 60.4 478 42.5
4 0 00 260 53 2.5 425 683
[ 20 23 4 339 19.9 3 ar.6 s 5.7
] L1 691 4.1 8123 108 107.0 97.1 12.0
1 14 16 4 20.4 n 7 ny 19.0
12 ] 10.5 15.5 20 16,8 4.8 4.9
13 49 57 4 28.9 [} 0.0 45.7 68 3
" 29 M0 kLN 46 45.6 4.9 A3
15 10 117 14.2 25 249 ags 14 8
18 17 199 .4 %0 49.3 45.0 T .4
17 [ 00 1.9 @ 8.0 12.5 22.2
18 ] e 324 47 46.6 51.3 80.4
16 41 48.0 40.0 56 875 83 4 18 2
20 T8 89.6 627 146 138.7 9.4 154.2
21 11 129 10.4 o 2617 16.5 6.3
2 2 23.4 110 2 22.8 28 4 16,9
23 ] 6.0 6.0 [ 60 ©.0 0.0
23 1] 60 13.4 29 287 29.2 43.1
26 [ ] 66 7 2 20 10.7 4.4
27 [} 0.0 24.8 8 23 % 3 [N ]
Total 326 818.¢ 399.5 399.5 950 9501 950.1 930.1
Rounds :
eunted (31 ] 950
Mus 44 Rug 44
1 59 104 4 125.9 14 107 2 1107 “.7
2 1 124 17.a4 14 14 4 15.3 121
3 13 286 a7 26 26 4 a4 423
L] - - 2.1 H 328 RI ] 8.3
4 1 193 14.8 20 19 19.6 25 4 .7
] 56 843 ".3 .13 s 7 8.5 T2.8
1 18 203 29.7 n 326 28.1 19 6
12 19 336 2.8 L] LN ) 19.9 249
13 10 5 421 18 A1 431 3.0 483
14 23 L L 50.4 a1 &)y 44.1 33
15 1 195 20.7 19 14 6 1.2 146
14 40 76.8 41 4 410 412 116 a6 4 T1.4
17 7 174 11.5 10 206 10,1 11
in L] e *t & 2 L] 2 12 (1)
19 7 4T R LT 54 B3 B 51.3 14.2
n (1] 1042 o1 4 ] 00 RG.4 154 2
41 ] 189 152 L 08 13 4 m3s
22 21 2112 261 44 474 1 229 F{
£ [ (8} a8 4 L] +.9 a.n
5 10 384 L} 13 LN ] F~ B ] 42.1
24 ] 142 $A " 19 4 LN ) 4.8
27 5 443 M1 0 LI ] Jln L L)
Total 308 | T ) nliy L T} AaY | 168.2 R 3
LT )
sownted »el "
ORO-T-378 189
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Table F23

AIMUSTMENT OF 3HOTS RECORDED, DUPLEX, DAY SITTING

Adjualed Adjuated
10 total Adjuated shots 1o total Adiusled  Shota
Shota rounds for bits pre- shote Shota rounds for hits pre- Shots
Target recorded counted  adjusled dicted asdjusied | recorded countad  adjusted dicted adjusted Ju
Run 2 Run 4
5 13 147 10,5 - 00 100 2147
T 34 38.14 16.0 -2 u-o 34.2 50.9
9 21 0.5 0.9 17 28,9 19.8 11.3
! 10 5.1 38.5 4R 41.6 48 4 36.6 28.%
3 1 11 29.0 4 6.8 1.8 80,0
i4 12 135 26.5 T 119 432 25.2 33.3
15 3 34 ‘4 0 00 41 17.0
ls 25 42 %6 i3 58.1 26 | nrt
1 20 w24 6 18 212 28.2 2.9
19 34 3n 4 4.3 24 40.8 325 18.4
20 103 116 2 96 1 £ 149.5 91.3 88,0
21 12 135 10.0 12 20.4 9.5 14.5
22 5 56 R 2 3 5.1 1.8 15.4
24 0 0.0 1.5 '} 0.0 3.3 38.4
134 0 00 14.3 0 0.0 138 43.5
28 i3 147 151 -2 00 14.3 24.0
1% 25 .2 17 24 408 az.0 313
30 5 56 2.5 -8 6.0 2.4 8.1
31 v 00 21.9 -2 0.0 20.0 56 7
22 6 LX) B4 - 0.0 R.0 22.3
3 9 w2 47 =3 ap 45 11.4
3 Ly 530 16.1 -2 0.0 15.3 55.3
Total 430 491 % 491 9 491 R 451 9 278 469 1 461.2 467.1 467.2
Rounds
counied 432 469
Run 33 Rua 35
5 11 12.0 10 4 0 B4 9.4 217
7 21 29.0 315 40 422 21 56 9
s 20 21 9 200 1A 190 18.0 11.3
10 20 307 38.0 34 359 M2 28.5
13 4% 53.7 28 39 412 2.0 00,0
is 21 o ' ) 3 37 iGs 35.3
15 0 00 3 1 11 3 17.8
19 32 il %2 3 24.3 20 4 N7
10 10 175 n2 45 1.5 20.7 24.0 2
1% 19 @ FLI] 24 25.3 30.5 16.4
0 11 643 T (13 000 A5 4 00.0
11 15 184 99 (] 01 0.9 145
12 3 33 Bl 14 14.4 1.3 154
T4 (] [(X] 35 2 21 11 28 .4
15 17 189 141 15 158 127 43.5
10 22 Tt it & “e 20 2Ll 13 4 24 0
19 a2 3% 1 nz 25 221 a0 3.3
20 ] 19 2.0 s 13 137 2at 23 8.1
n 24 M2 213 10 211 1% 3 58 7
iz 0 00 (%] 5 5.3 78 21
33 0 00 IR ] 4 4.2 42 1ho4
24 te 06 15y 3 2.2 143 50.3
Total 481 Sus 0 e B0 404 % 431 4760 4an 2 e an2
Roundn
ooumed 508 116
'P-;- jammed ou Fale! llam- Angua recorder: m date on largets 5.7 28 36 35 32 33 amd Y4 for ren 4
190 ORO-T-378
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Teble F23 (comtinuca)

Adjuated Adjusted
to total  Adjusted Shots to total  Adjusted  Bhots
Ehats rownds for hits pre- Bhots Bhots rounds for hits pre- Shots
Tergsl recorded vounter adjusted dicted adjusted | recordad counted adjuated dicied adjusted 3o
Rua 57 Run 89
s 8 8.8 122 17 20.7 15.0 21.7
7 42 45.3 419 ' 87.3 5i.4 54.0
0 21 22.7 243 17 267 0.8 11.3
10 44 41.5 44 2 M.1 54.0 23.8
13 51 55.0 3.1 18 19.8 41.4 80.4
14 20 21.8 300 40 4.7 371.8 333
18 6 68 5.1 15 18.3 6.2 17.8
18 20 21.8 344 30 38.5 42.2 g
18 25 7o 51.8 32.1 32 3.0 W4 129
19 38 388 308 37 45.1 a8 18.4
20 92 100.3 84.0 1117 93 113.3 137.0 88.0
21 10 10.8 11.8 4 4.0 14.3 145
22 [ 97 0.5 15 183 a7 17 154
14 5 5.4 4.1 0 11.0 $.0 8.4
25 2 2.1 18.8 38 43.0 20 4 435
28 10 208 17.8 21 me 21.8 24.0
29 30 314 818 30.1 1] 3.8 4.0 33.3
30 3 32 30 0 0.0 3. el
31 23 4.0 25 4 53 84.8 31.2 58.7
3 13 140 ¢ i1 23.1 12.0 22.3
33 8 5.8 8.8 1 L) (% 11.4
34 1 7.8 18.7 47 57.3 22.9 12.9 85.3
Total 85 534.1 5714 5711 5718 814 T¢n.2 701.2 701.2 701.2
Rounds
counted 234 T48
Run 88 Rua 88
a 23 24.2 18.4 7 7.8 125 217
7 4 67 .4 543 45 50.1 2 £8.9
0 H | 22.1 1.4 i 25.0 4.0 11.3
10 FL] a1l su.2 47 8.3 5.8 28.5
13 80 72.8 36.3 o4 48 83 4 345 60.8
14 20 7.4 aas ] 31.2 3.8 313
i5 (] 0.5 88 1 11 a2 17.8
18 '} 4“2 2.2 48.3 3 413 35.2 3.1
18 38 40.0 4.2 31 348 326 32.0
18 LT 8.3 538 1 ot 408 18.4
20 118 124.2 157.2 150.2 ” 1078 114.4 AR 0
11 10 105 15.8 s .8 11.8 143
12 13 18.8 128 11 12.2 (1.} 154
14 4 1ie 58 2 2.2 4.2 4
15 7 28.4 17®.4 10 1213 17.0 434
L 14 14.7 4.0 e 17 1n.9 18.0 24.0
28 4" 443 a2s 1] 38.7 401 323
30 H) 5.3 4.0 4 48 30 el
N k] 400 342 ¥ ol.2 138 26,0 58.7
L 15 158 132 ] 160 10.0 2212
a3 [} B4 7.4 2 2.3 Be 114
54 s 40.0 162 ° 00 10.2 $6.2
Total 740 1788 768 8 788.0 1486 880 013, A6 & Bas5 5 (TR
Rounds
coudted 179 [ -}
ORO-T-378 191
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Tible F14
ADJUSTMENT OF SHOTS RECORDID, DUPLEX, DAY STAND N

Adjuated At wnt o
to total  Adjweted Shots tototel  Adjusted Bhots
Shots rounds for hits pre- Fhots Toris rounds fur hite pra- Shots
Target recorded oounted  adiusisd dicted adjusted | recorded ocounted mdjusted  dicted adjusted Ao
Runs 8 Run 37
[} 21 21.8 14.5 i8 8 12 2 2 15.3 14 9
7 AL ] 748 41.8 4.3 30 35.5 58.5 9.1
» 2 22.8 18.4 7 116 18.7 14.%
10 70 12.8 66 4 23 4216 60.8 40.4 5.4
13 ¢ 0.0 a0 475 kK] €611 43.2 4.3
14 s 38.3 %8 L 18 1.3 z1.9 138
18 118 113.3 47.3 4 7.4 43.0 186.¢8
19 20 0.7 28.3 10 184.8 25.7 8.6
1s a 4.2 24.2 s 17 31.8 0.5 12.3
19 43 44.8 425 14 259 6.8 19.1
20 83 96.3 106.5 87 1056.8 7.1 133
21 19 10.4 10.4 ] 2.3 9.4 1.8
21 ] 0.0 4 11 20.4 1.1 9
24 ] 9.0 41 a 111 4.3 14.5
2.3 8 0.0 a.8 n 4.1 7.9 3.
18 21 218 18 4 15 21.8 25.8 8.3
4 ] 30 .l 1.8 3.0 23 42.8 32.7 39.3
30 a 0.0 13 2 37 1.2 8.1
3l k] 9.4 i18.2 84l 30 LER 8.2 2.2
32 11 11 4 15.9 10 18.5 14.4 8.7
3 4 41 29 0 0.0 257 5.9
L] o ana 13.2 a . %} 12.0 40.8
Total 842 5846 7188 718.5 T18.8 143 835.1 £5).0 852.2 o
Rounda
countad 887 835
Run 61 Run
b 1a LU 14 # it.9
T al 82.2 548 9.1
| 2 9.8 18.4 18.1 14.8
10 81 s2.8 4.3 6.4
13 70 na 41.7 .8
14 n 2. .9 138
18 -3 51 41 8 1te e
1y » 3.7 49 2.9
19 a o 29.4 18.9
19 47 47.9 7.2 2%.1
28 4 95.8 1 13.3
21 ] b2 91 19
2 3 3.1 T.4 b8 ]
24 2 1.0 11 14.5
18 ] 0.0 7.8 241
0 29 9.8 249 LI
20 42 4.4 al.e nl
30 (] 0.0 1.2 8.1
Al [ 1 8.2 78 8 2.2
a1 14 149 13.% [
33 4 4.1 28 [ % ]
34 0 0.0 11 8 40.4
Totel 833 848 .0 430.9% a30 4 &30.9%
Rounds
counted 84S
192 ORO-T-37¢
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Tabls F25
ADJUSTMENT OF SHOTS RECORDED, DUPLEX, NIGHT SITTING

Adjusted Adjusted
to total Adjusted Bhaota to total Adjusted Ghots
Shot s rounds for hita pre- Shots Bhsts rourde for hits pre- Shota
Target recorded  countr adjusted  dicted wdjusted | recorded ocounied adiusted dicted adjusted 3o
Run & Run 3%
1 9o 167.8 105.1 12 12.7 76.1 82.5%
2 k) H.4 11.1 9 9.1 8.1 12.1
3 7 56.2 407 8 4.2 29.8 31
4 1] 0.0 0.8 31 al.3 223 7%.8
- 21 275 24.7 15 13.1 17.9 24.1
8 37 68 2 72.1 43 45.4 52.2 82.5
11 15 17.9 20 & 12 19.2 14.2 12.5
12 14 14 7 zl.8 18 18.2 15.¢ 21.4
13 63 733 141 41 47.4 54.1 18.0
14 39 46.8 ki ] 2 .2 288 3212
15 12 143 201 19 19.2 14.8 18.9
16 19 2217 345 23 2.3 250 44.9
17 7 LR ) 8.2 10 10.1 4.5 11.9
18 22 263 45 4 2% 283 319 8z.8
19 3 4.6 8.3 P 9.3 3.5 4.8
20 89 82.5 0.4 52 82.8 12.8 22.0 108.4
271 9 10.8 4.1 4 L0 3.4 13.4
22 20 239 18.4 27 1.2 11.8 6.4
23 0 0.0 on 0 0.0 02 1.4
25 0 [ 1] 143 20 20.2 R.1 10 4 47.1
28 L] 0o 568 12 12.1 4.2 148
21 1] 0.0 12 4 0 0.0 .9 49
Total 567 8717 9 871.9 471.7 71.9 S48 563.1 4909 490 7 4909
Rounde
tcounled 678 553
Run 83 Run
1 148 148.3 1471.3 2.8
2 1 TS 150 12,5
3 44 4.7 57.0 371
4 84 3.0 43.2 1.8
L] 34 M3 340 24.1
8 110 117 1010 2.5
11 F4) 27T 4 20.9 12.4
is 32 32.5 Ju.2 21.4
13 78 79.2 1107 104 7 18.0
i4 50 308 55 4 32.2
15 29 29.4 8.2 8.9
19 58 589 48.4 4“9
17 1 10 8.7 1%
18 LE] 8.3 438 82.8
19 50 50.8 549 4385
20 0 0.0 2.8 108 .4
21 0 00 e 134
22 0 80 220 nd
23 1 10 04 14
%5 38 388 200 47.1
26 . 8.1 8.2 148
27 38 e 17.3 54.8
Total 04 918.1 849 8 w7 ™o B
Roumda
counted 218
ORO-T-378 193
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Table

ADJUSTMENT OF S8§i0T8 RECORDED, TRIPLEX, DAY SITTING

CONFIDERTIAL

o

Ad)ueted

L St

Adjusted

|

Shots rouwsis
Target recorded coumt ad

asacts
Shots

Shots rounds for kit
recorded  coumted adiasted  dicted adjusted

Suctr
pie~ St

& A ut~d
for hita

adjusted

 total

141

pra-

Rus 38
7.0
0.9

[ IS
331

B 2SO

MM

219

19
12
14
15
18
10
1"
1n
25
30
L
10
31
n
LE]
4

T™.0 134.0 127.1 T30.2 L1 401.0 .1 101.2 388.7

708

Total

4101

Table F27
ADJUSTMENT OF SHOTS RECORDED, CARBINE AUTOMATIC, DAY SITTING

E

Adjusted
o total

ots rousds

Adjusted  Shota

for hita

pre-

Shots
dicted  adjusted

Adjusted

pra—

Adjasted  Shots

lor bhita

Shols
recorded count od ad)usted dicted  adjusted recorded Comumted adj\ated

to tolal

Shots

rarget

"".'-‘7.'1....".""1

1319
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1608
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Table F2T {continuud)

Adjusted Adjusted
o total Adiusted  Shola tn tatal Adjusted  Bhote
Shota rounds for hits pro- Bhots Shots rounds for nita pre- oty
Target recorded couated sdjusted  dicted sdjusied | recorded counisd adjusted dicted  sdjumted Ar
Run 41 Run 43
5 16 172 158 a3 aze 32.3 40.v
1 95 103.4 B 6 41.6 T4 7.8 B8.8 T4.5
] 21 25.4 17.8 3 30.9 3t 3an
10 70 1.4 37.9 50 489 780 54.2
1 56 6825 4.4 81 TN 805 08
14 14 13.1 18.3 b E | 52.9 401 53.9
11 0 00 2.8 1t 10.0 5.8 177
1] 18 42.0 o i) 94.7 M7 64 8 6.7
by ] $0 96.9 7.8 13.4 0 0.0 24.7 335
19 43 48.3 32.2 44 43.9 87.1 5.2
20 52 54.0 120.5 175 174.5 3531.1 588.1
4] 2 2.2 5.9 18 8.0 12.2 34.9
22 17 16.3 9.3 40 9.9 19.8 41.3
-4 (] 45 8.1 23 23.0 16.9 24.5
25 (] 0.0 11.8 39 e e 248 78.3
28 (] 0.0 152 43 429 316 u.4
29 54 58.2 36 4 63 424 63.3 43.0
ag 0 L) 1.5 3 3.0 3.2 T.0
31 4 4.3 324 LR 84.8 57 5 213 ¢
2 0 00 8.0 kL] ne 16.8 493
i 0 LR ] .9 29 L 14 .4 3173
M 0 ¢.0 127 53 541 285 19.1
Total 385 €301 513 3 5133 R ] 1114 1109.3 1069.3 1069.2 1069.3
Rounda
counted 830 111
‘Tabla F28
ADJUSTMENT OF SHOTS RECORDED, CARBINE AUTOMATIC, DAY STANDING
Adjusted Adjustad
10 total Adjasted  Whots to total Adjusted  #hots
Shote rounds lor hits pre- Sty [ =™ rownde for hils pre- Haots
Target recorded oousted adjisted dicted sdjusisd | resorded oswmtsd wdjusted dicted adjusted Ao
Run 32 Ruu 45
8 51 32.0 535 35 s H1 321
7 112 1143 128.8 40 Bl.8 49.1 49.)
v 50 51.5 81.4 &5 4 14 80.0 s 5.8 15
18 : 73.5 9.1 3.1 a9 104 50.6 55.8 4.8
12 132 134.7 142.2 L] 2)5.8 81.) 58.4
14 4 300 80.5 127 17 158 433 433 542
18 58 59.2 41.6 5 8.1 2.7 al 2
1 k4 8d 2 RO & L] o 1z Teq
18 4 83.7 3.3 44 4.9 45 4 4.8
1 By %0.8 146.9 114.6 51 530 8.2 835 151.8
20 ns 200.) 3139 115 13113 119.9 131 %
21 21 21 4 5.5 17 17.3 137 8.3
22 26 28.5 4.5 3 23.5 1.6 13.5 22.1
24 43 432 41.0 1% 19.4 223 38.8
25 81 62.3 55.2 pLE ) 40 $1.3 415 s 1.5
2 3] 88 4 12.2 13 23.5 24 87 4
2 ] 4.9 100.3 87 581 547 58 2
k13 15 153 171 11 112 94 a3
il 141 143 9% 197.% 1739 1§81 1133 79.9 "M 190.7
32 57 58 2 4.2 &5 28.2 32.4 4.1
a3 11 112 211 31 21 4 L2 15.3
34 ] 1000 "o 22 [N ] 249 70.%
Total 1822 1855.1 1797 2 17974 1A24.2 1072 1093.2 0 § ¥ies m .3
Rovede
couated 1825 1003
- e
ORO-T-278 iee
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Table F''9

ADJUSTMENT OF SI1OTY RECORDED, CARBINE AUTOMATIC, NIGHT SITTING

Adjusted Adjusted
o total Adjusied  Blxne o twtsl Adjusted  Shots
Faols rounds for bita pra- oty Thots rounds for kit pre- Shots
Target recorded oousled sdinated dioted sdjusted | recorded couated  adjumted dicted adjusted 3o
Run 24 Rum 47
1 170 171.5 146. 4 170.4 [ 12.3 124.3 1443 87,2
2 47 9.1 37.4 18 20,0 o I 43.7
3 102 108.5 102.9 78 83.5 871 34.5
4 4] 101.3 98,0 al 345 759 812 s
8 80 627 34.0 0 0.0 .7 4.1
8 [}] 92.9 57.8 12 13.4 487 1193
11 24 25.1 329 2 15.6 21.8 15.8
t2 n 28.2 2.7 14 15.8 201 18.8
13 80 83 S 74.7 = 0. O 33 43.5
14 93 97.1 88.9 n 30.1 58.3 00.5
13 18 37 & Mo 1 .5 311 4.7
18 “ 61.2 56.8 48 53.4 44.0 480 33
17 13 13.8 14.8 14.6 12 13 4 12.4 124 0.3
18 53 55.3 82.5 54 66,1 52,9 7.2
19 19 51 2 45.8 30 3.4 Js.8 26 7
20 168 175.4 323.5 143 158.2 421.9 273.8 369.8
21 11 T4.1 £3.4 3% 43.4 539 46.1
22 29 30,3 417 42 %17 353 24.8
21 0 00 0.0 0 0.0 0.0 0.0
25 64 6.6 8z2.1 9 47.9 52,6 28 4
26 21 2.9 f1.9 0 on 100 329
27 59 L1l ] 52.0 3 4.5 44.1 40.7
Total 1401 1462.9 1471.8 1471.8 1472.8 196 r66.0 1248 1 1246.1 1238.7
Rounds
counted 1483 L]
. Tabls T30
ADJUSTMENT OF BSHOTS RECORDED, CARBINE SEMIAUTOMATIC, DAY SITTING
A adatond Adjuated
to tota]  Adjwsted Shots 1o total  Adjusted Shots
Shote rousds for Blts ore- Saots Thots rocusda for hits pra- Shots
Terget revorded oounted sdjusted dicted adjusted | 1scorded sounted adjwstsd Cicted adjusted Ja
Pum 17 Run 19
5 ] 8.1 98 5 5.7 118 117
2 o 86,7 82.3 4 71 74.5 39.8
| ] 19 19.2 16.0 18 20.7 192 s
10 4. 41.% 82.3 53.7 13 9.4 84.2 30.7
13 87 7.7 17.2 40.2 KL} 3.6 482 #4.6
14 0 0.0 8.5 18 0.7 10.% 2231
15 0 0.0 30 0 0.0 Je 15.2
1§ ] ki T4 38.5 i 299 4725 17.9
| L] ra 74 1 521 87 15 0.2 2.7 30.2
19 54 54 9 b %} (LR} 52 697 5T.8 32.9
20 109 110.2 119 4 12 1208 143.1 36.4
H 13 13.1 7.4 11 12.8 AN 149
22 2 2.0 11.3 11 12¢ 138 23.7
24 25 3 | 131 14 16.2 157 22.7
25 22 22.2 15.3 22 28.3 18.3 8.0
29 2! 21.2 208 A 22.2 248 195
2» 1 4 43 L1% 57.4 590 40.%
30 I 10 2.0 4 4.9 24 4.4
] 14 14.2 1.5 1] T47 401 725
32 28 63 14.1 17 195 19 244
2 [ [ B 14 7 2.0 5.3 (8]
34 17 74 30.2 43 [ 3681 4.1
Toval 1y LET N ] 633 4 Byl 4 $3d ¢ [ ™ Taa b 5N 0 751 % 158 0
Rounds (111 T5n
¢ounted
186 ORO-T-378
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Tahls P30 {contanued)

I

Adjusted Adjusted
to total Adjusied Shels o total Adjusterd  Shots
Shots rousds for hits pre- Shote Shots rounds tor bits pra- Shota
Targel recorded ocoustsd adjusted dicted adjusted | recordsd cownted  adjusted dicted  mdfusted Jo
Rueo 42 Run 44
5 [ 6 11.4 #.3 14 18.1 110 117
T 70 10 80. a4 84.3 71.2 398
[} 20 29 15 4 bl 9.0 1g 3.9
10 47 47 51.8 72 72.3 61.3 39.7
13 0 1] KL N) 92 22.4 46.0 4.6
14 27 27 JRUN ] LI} - 50 9.7 211
15 12 12 2.9 1 19 3.5 152
16 s b J4.2 .1 89.3 46. 4 40.5 17.6
16 41 k) id.0 J4.4 38 38 1 408 Ju.2
1L 54 54 408 .4 60 80.2 850 oZ. ¥
10 LE] L& 123 3 - 142 142 .8 138.7 35 4
sl 2 2 1.1 4 4.9 9.4 149
22 10 10 19.% 24 24.1 12.% 33.7
24 10 10 12.8 5 5.9 15.0 227
% 40 40 18.8 14.8 2 2.0 17.5 26 8
2 14 14 t9.8 21 21.1 23.5 18.5
20 42 42 T3.1 47.5 44 44 2 56,3 40,49
30 1 1 1.9 2 2.9 23 14
1 1 100 8.3 2.3 i 17.1 38.3 72.5
n L] 6 139 L] 9.0 16.1 24 4
k| L] "] 4.3 5 5.9 5.1 8.9
4 ] 9 29.1 34 4.1 LI 44.1
Total 844 644 all.e 810.7 8lf. ¢ 764 765.9 124 0 723 % T24.0
Rounda
ocounted 844 787
Table F3l
AINUSTMEINT OF BHOTS RECORDED, CARBINE SEMIAUTOMATIC, DAY STANDING
Adjuated Adjusted
o tolal Adjmaled Mols to towel Adjustsd  Shots
Shota rounds for hits pre-~ Shots Faots rounds for bits pra- Shots
Target recorded oountad  adjwsted dioted adjusted | resorded oounted sdjwted dicted adjusied 3o
Rua 2} Run 48
L] 18 17.% 298¢ 148 13 13.3 18,8 M9
1 13 )6 "o T4 151 73.7 ]
[} 29 s 192 22 321 32.9 138
19 89 LIS} 83 90.9 ‘o 76.1 .8 11.3
13 62 "2 "z 73 12 B [1 8] 21 3
14 26 7 %1 (i X} 58 56.6 7.5 49.1
1 ” 2t.3 ! 0 9.0 9.3 0
1" 42 “T 47.4 s B » v.2
i 41 488 44.4 e 398 e 197
18 5n 5 ”1 " L 3] ”n 1.4 53 4 39
30 13 130.3 133.4 ] B 100:1 57
n ] a4 LN ] 81 80 19
n 18 19.1 19.9 o | 2.3 49 5
34 18 19.1 .3 21.3 16 103 1.1 181 84
» 3 n 43.8 44.7 3 4 p N 3.3 L B}
» n 14.5 s 7 g "4 13.2 T4
m» [ =] e 8.1 0 [ B ] 2.9 100 5
19 ? T4 "8 4 41 (W] L]
n o« 7.3 303 (v} 87.3 (Y& TR
33 34 155 1312 15 13.2 1.9 1% 5
33 ] 4 | B ] 4 41 4.5 s
34 T3 M IS ] .1 i ] e 404 L3 B | [ R
Total e LR 1041 8 1041 9 1083 ¢ e L1 a8 Tead bALE 1.
Aounds
“rspled L 1] L
ORO-T-378 g7

CONFIDENTIAL



AIDNUSTMENT OF SHOTS HECORDFED, CARBINE SEMIAUTOMATIC, NiUh 1 SITTING

CONFIiDENTIAL

Table F22

Adjusted Adjustad T
0 totel  Adiusted  Shols to total  Adjusted  Bhots
Shota rounda for hits pre- Shots Shots rounds for hits pre- Shots
Target recorded  cousted  edjusted  dicted adjustad | recorded couwstad adjusted dicted adjuetad 3¢
Run 23 Run 44
1 153 1553 151 4 75 A% 9 98 4 98.1
2 30 30 4 21.0 3 1.6 15.0 40.2
3 55 56.8 483 18 19.2 28.7 54 9
4 Ly [1.M0] Tt.6 40 44.0 4.4 30.0
6 25 25 4 23.8 u 13.2 148 18.2
4 59 599 41,7 k-] 42.0 301 6l.%
11 T 27 4 s 4 32 6 20 240 18.9 20.2 38,0
12 22 2z2.3 41 2 T ad d T4 & 50 33.2
12 LT ] 471 99.1 &1 711 .2 212
14 17 41 7 &6 A 58.6 39 46 1 28.1 L s= 1
15 2R 28.4 6.9 18 2l 0 191 10.2
16 15 4457 64 0 53.1 as 420 252 241 882
17 3 31 6.1 8.1 4 48 2.8 38 0.5
i k1 a5 5 57.4 L1 ] §T 4 25.6 23.0
19 5R 54 Y 80.1 2 28 4 31.2 308
20 111 112.8 181 4 136.6 L] 106.5 59 8 848 152.4
21 24 24 4 2882 11 132 144 188
22 L) 4] & 49.4 494 iz 38.4 30.6 10.8 4.9
w i 0.0 o, 0 ~0.0 0.0 Q.0
25 40 408 84 3 83 63.5 198 34.4
26 " LI 5.7 1 12 3.6 10.4
27 52 a8 48.1 20 240 29.7 44.7
Total 1019 1034 2 1131 4 1131.2 1140.2 679 “l4.3 T00.4 160.48 LI ]
Rounde
cotrnted 1u34 814
Tehle Fi3
ADJUSTMENT OF SHOTS RECORDED, T48 AUTOMATIC, DAY SITTING
Adjusted Adjusted
to total Adjusted Shols to total Adjumted Ehots
Shote roveds for hits pre- Shots Bhote rousdy for kils pra- Shots
Targset recorded ocoustad edjustad  dicted adjueted | recorded counted  adjustad dicted adjueted 3o
Run 10 Run 12
] 40 500 17.8 15.8 27 3312 28.0 198
T 98 1in8 119.2 128 1588.1 168 4 1042
] 23 20.8 19.3 18 2.2 2.0 182
10 a7 A in.8 610 30 LI ] 91 88.1 887
12 53 88 2 80 8 0 1112 112 4 1.0
14 2 1.5 9.7 &4 "1 " T4 M1
15 14 11.8 [ 1 112 113 7.7
18 13 4 A a2 W= [ T 814 .0
18 55 48 8 455 49 e €34 46.9
19 57 1112 55 6 100 123 % 713 108 %
20 35 a2 n at.2 119 147 @ 121 8 124 9
a1 11l 13 n i n " 155 e
12 ] 0.0 34 ] 11 47 17
24 2 28 L ] 0 0.0 e .2
% a [} T2 » o 1n2 4.1
28 '} 18R 04 i 50 435 18.9
) 41 51.2 411 n ne a2 4112
Ju [] 100 s5.e 4 “h T .
21 41 5112 411 " 4“7 87y is B J
1z 1 13 L) v [ ] 1231 3.0
2 18 2158 17 4 23 "4 2412 b B |
34 3v s %9 n 3212 4 [ Y]
Totel L.} A4 4 758 2 Tn 4 T58.2 AS5 1084 0 1087 7 19879 1087 1
Arumie
counted L 1084
«tnd Fal o O LT
AawY VN1 =310
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Tebls FIY (continued)

Adjusted Adjusted
to wotal Adjusted Shots to totai Ajusted  Siote
Ehots rounde for hits pre- Fhote Bhota rounds for hita pre- Saote
Torget regorded counted sfjusted dictad adjusted | recorded ocounted adjua‘nd dicted sdjusted 3o
Runm 49 Run 51
-1 15 16.% 209 20 22 9 25.0 199
7 68 T4.8 196 7 1341 24 l07 & 160.5 104 .2
32 i8 17.8 21.71 22 25.2 25.9 133
10 7 84 7 84.8 58 84.1 82.1 85.7
13 » 98.9 008 101 1186 108.4 579
14 24 ¥4 22.1 28 3z 254 38.1
16 11 12.1 9.2 [ ] 9.2 11 177
s a8 T4.8 43 0 46.3 2 1. 55.4 38.6
18 R L] 3T.4 8] 2 aa 42.4 80y 489
12 28 308 ezs ki 44.7 74.8 106.2
20 138 140.7 38.1 148 167.2 93 1 117.4 134 8
21 14 18 4 125 13 14.9 14.9 4.5
2] 0 0.0 .8 15 17.2 3.2 4.5 13.7
24 4 4.4 8.9 20 23.9 83 27.2
29 [} 0o g.2 3 35.3 9.8 48l
28 4 T4 34.2 49 8.1 41.0 3% 8
19 33 54.3 16.2 2] 83.0 55.3 41 3
30 7 77 6.3 4 4.6 1.5 86
n 13 143 481 78 #5.9 85.2 78 0
33 0 o0 9.8 38 41.2 1.8 53.0
33 10 11.0 19.3 11 12.8 234 28 4
34 0 0.0 i3.8 735 a5 ¢ 40.3 54 6
Totsl 594 7233 8523 852 4 282 3 | 1. 1A 1108 Y 1020 2 1020 2 1020 2
Rouods
couned 783 1108
Tabls F34
ADJUBTMENT OF BHOTS RECORDED, T48 AUTOMATIC, DAY STANDING
Adjusted Adjusted
o total Adjwated  Shots to total Adjusted Bhots
hote rounds for bite pre- Mhots Sbots rounds for hita pra- Shols
Targst revorded ocunied adjested dicied edjusted | recordsd ocounted adjusted dicted ediusted 3o
Rum 14 Run 33
] 10 10.2 L2 28 4 52 1.7 55.2 36.4 85.4
T L] .7 HE5.8 888 bo 104.2 117.3 117.3 5.8
] 25 ».4 a7 42 51.8 4.2 19.2
20 107 108.0 18.5 83 19.0 108.4 2.4
13 T 73.3 7.8 2 112.8 108.5 0.8
4 n 21.4 28.8 501 73 89.5 413 L1}
28 10 19.2 4.8 1 13 4.9 13.5
19 57 54.0 8.8 1] ™7 79.2 33.%
23 133 135.3 99.8 81 ”.3 136.0 34 0
1® a1 a1 40 .4 27 3.1 342 435
20 88 8.0 E4 9 140 171 13.2 74 250
22 4 4,1 121 3l %7 17.1 24
22 ] 0.0 1-.2 p -} 40 4 232 .2
4 [ [ N ] 1s.3 32 .2 ft B .2
8 [ 1] 0.0 21 4 41 0.3 8.2 5.8
28 17 7.3 261 b1} “.1 251 99
2 ] b} ] i ] 34.5 (1.} im.» n7T 73.3 837
20 8 k1l 34 [} 0.0 417 12 2
22 3 .8 101.1 1n? 143 4 1393 733
” 48 LLE | 28.5 | B 138 b I N ] 3.0
3 1] 00 14 8 38 3 187 3
34 83 82 4.8 3 37 31 153
Total 807 nz 2 1 4 "7 2183 1o 1392 1 1262.0 12¢1 1 1378
Nowmdy
soumt- d 323 12A9
ORO.T-378 199
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Table F33

ADJUSTMEN I OF SHOTS RECURDED, T48 AUTOMATIC, NIGHT SITTING

Adjuntel Adjusted
o total Adjusted Hhots to total Adjasted Hhots
Bhots rounds for hita pre- Shots Bhote rounds for hits pre- Phota
Target recorded oounted adjusted dictad adjusted | recordad coumted edjusted dicted adiusted Ao
Run 16 Rup 55

1 154 200.9 205.3 134 154 ¢ 160.2 9.5

2 24 313 kR 24 i 24.% 5.4

3 4 444 37.0 47 54.2 41.8 147

4 83 108.3 98 5 34 62.1 72.1 é9.0

] (1] 7¢3 a8 2 35 41.5 50.3 08.2

-] 118 153.9 144.2 83 8.7 108.4 87.)
11 38 49.¢6 31.9 14 18.1 218 303
12 44 83.8 47.6 16 i85 34,8 63,1
13 .} 79.6 89.8 81 4 .13 78.4 68.8 46.8 1.5
it 31 86.5 58.4 30 L) 427 41.9
18 32 nt 348 13 18.% 25.4 34 8
18 48 63.9 66.1 44 50.8 48 4 19.7
17 § 8.5 i5 s 17 18.8 11.0 197
18 41 53.5 56.9 §9.2 42 48.4 4148 9.3 23.0
19 80 104 .4 191 8 82 71.5% 74.3 494
20 108 140 9 170.7 170.7 134 154 3 1248 29.¢6
21 25 32.68 .5 22 254 24.5 108
22 k1] 9.8 51.9 34 43.3 198 0.1
23 0 9 00 '] 00 0.0 8.0
25 3 7.8 4.3 0 9.0 LR ) 117
» ) 1.2 17.2 19 219 12.5 21.2
27 48 5e.7 392 L) 43.8 43.) 22 .4

Total 1107 14441 14880 1459.8 1489.3 938 1061 9 1087.3 1087.2 1037.5
Rounds
counted 1444 1082

Table F36 ]
ADJUOTMENT OF SHOTS RECORDED, T46 BEMIAUTOMATIC, DAY STTTING
Adjusted Adjuated
o total  Adjusted  Shots to total  Adjusimd  Fhots
Shots rounds for hits pre- Fots Faots rounds for hits pre- Pota
Target recorded cousied adjuste! dicted adjusted | recorded counted adjweted dicted adjusted 37
Rua § Run 11
$ 18 19.0 10.8 21 129 12.9 14.5 16.9
1 4 619 56.7 54 06.8 99.6 ™1 62.9
1’ 12 14.2 11.2 1] 297 2.1 16.2
10 41 48.0 sS4 ¢ 4 523 9.4 738 LI N ]
13 » 7.9 20.7 1% 392 340 589
14 9 9.9 19.4 20 3.3 247 436
16 1 2.4 2.4 [ 0.0 312 11.1
19 29 "we 136 1) 3.1 18.4 02.3
e 29 3.4 1.0 34 are 4. 18.7
1% “ 52.2 2.2 84 28.7 L1 ) 193
20 1A 158 71.9 76.1 ki) 7¢.2 1089 76.7
1 s 5.9 (B} [ a1 0.3 129
1 1 12 1.9 18 19.0 10.9 28]
24 t 1.2 4.9 o 9.9 .4 18.9
n 1 9.9 09 ] 9.0 1.0 0.9
» 1 [ I s.1 14 102 12.2 8.3
i ] 4 28 .4 21. b+ 2069 419 29.1
)0 2 2.4 14 1 1.1 1Ly 4.1
i s 1.0 42 8 84 9.1 88.1
32 [ 9.9 9.2 1 11 9.2 14
» 19 18.9 199 19 207 12.4 122
34 2 12.9 193 3 3.0 20 202
Total I %221 109 418 4108 (1] 588.9 [TTN ) 648.1 [TE N ]
Rounds
cousled 422 e
e ORO-T-378
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Tabla F28 (continud)
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Adjusted Adjustad
to total Adjested  Shots o total Adjusted  Jhots
Bhots rounds for hita pre— Ehots Thota rounds for hita pre- Hhots
Targs= recorded ovusnted adjusted dicted adjustsd | resorded oouniad  adjusisd dicted sdjusted v
Rua 50 Run 52
] 15 17.8 14.6 4 4.7 14.8 18,9
T [ 78,5 TRy 56 87.4 .5 519
] 20 23.8 23.2 24 28.1 22.2 15.2
10 89 821 73.9 76 888 85.9 73.9 9.4
12 o 0.0 34.4 73 88.2 52.7 34.8 888
14 19 22.8 249 3z 1.8 24.9 43.8
15 8 9.5 12 0 0.0 2.2 1
18 0 0.0 18.% ] 0.0 18.8 82.3
18 4 404 43.7 “ 514 4.7 18.7
19 [ 9.5 42.8 579 44 51.4 57.9 290.2
20 109 119, 106.8 102 118.2 108.6 78.7
21 12 15.5 9.3 4 4.7 9.2 12.8
o 16 18.0 10.7 0 0.0 10.7 28.1
24 12 143 5.4 4 4.7 5.4 158.8
5 0 0.0 8.0 ° 80 00 0.0
8 11 13.1 12.3 [ .4 12.3 6.2
a9 42 49.9 42 8 29 456 42.8 25.1
30 2 1.6 19 [ 00 1.9 4.1
21 60 IR 46.2 er 76.3 4.3 5.1
12 0 0.0 0.2 0 0.0 0.2 1.4
23 [ 7.1 13.5 2 15 12.% 22.2
24 7 6.2 28.1 20 234 28.1 30.2
Total 518 616.0 8493 849.4 849 3 803 708.1 845 4 8495 8494
Rounds
counted 616 706
Table ¥27
ADNUSTMENT OF SHOTS RECORDED, T48 SEMIAUTOMATIC, DAY CTANDING
Adjusted Adjuated
o total  Adjusted Shots tototal  Adjusted Fhots
Shots rounds tor hita pra— Saots Fhota rowsds for hits pre- Tty
Target tecorded oounied sdiusted dicted adjusted | recorded cowmnted adiwsted doted wdjusted M
Rugl3 Run 84
5 10 117 21.1 18.1 15 16 0 19.0 1.1
7 58 85.4 87T 1 108 1132 1.8 .9
9 19 2.2 21.2 is 21 4 22.3 1.2
10 84 82.1 88.2 47 50,2 858.1 16.2
12 82 72.4 9.0 78.4 78 81.3 60.7 80.8 368
14 17 18.9 9.7 ) 0.5 10.2 26.6
15 2 2.2 1.1 8 8.8 1.2 2.8
18 28 32.7 22.2 80 44.2 388 28.¢ 4.4
18 22 17.4 28 8 1% 4.7 40.8 [N
19 49 87.2 6.8 17 18.2 8.8 58.8
20 LY 0 94.7 .7 #1 7.2 ”e 98,8 0.5
21 8 9.3 8.2 ? 1.5 5.8 21
12 8 $.2 8.2 7 7.8 (X 2.1
24 1 12 194 18 3.5 202 53,0
25 1 1.2 8.3 3 26.4 19.2 2.8
FL) 17 19.6 18.6 17 182 1.¢ 24
9 29 2.4 30.1 » e 21.4 9.2
20 7 8.2 5.1 4 412 #.4 58
a 84 76.4 86 6 ] " 2 €0.0 6.2
3z 17 156 228 27 3.9 28.8 134
22 [ 58 11.2 1% 171 1117 17.0
24 87 58.4 67 1 4.1 .6 8412 101
Total a20 748.8 784.0 7641 7417 194 48 2 028 8027 8081
Rounds
codntad 38 844
URO-T=-378 201
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Toblas FIin
ADJUSTMENT OF SNOTS RECORDED, T4 SEMIAUCTOMATIC, NIGHT SITTING

Adjusted Adjusted
to toial Adjusted hols to totzl Adjusied  Hhots
Shots rounds for hlts pre- Shote Shota rounds for hits pra- Shots
Target rocorded counied adjusted  dicted adjusted | recorded cousisd adjusted dicled  adjusied 3o
Ruwa 15 Run 58
1 [ 0.0 474 1 160 2 52.4 150.3
2 21 238 17,2 12 12 4 18,8 171
K] 47 533 43.7 " 8.2 47.8 22.7
4 3l 5.1 48 8 L1} 63.0 51.3 41.9
] 4 272 193 14 14.5 214 191
] 47 5y 46 ¢ 101 104 3 94.2 42.
11 12 136 14.9 17 17.8 16.3 60
12 35 b 6.8 20 20.7 116 28.3
13 82 92.9 74 4 61 63.0 815 44.9
(£ 42 47.6 42.9 41 423 47.0 8.0
13 10 11.3 12.3 14 14.% 13.5 4 8
18 30 4.0 35.9 40 41.3 is.4 114
17 9 10.2 9.8 9.8 10 103 107 10.7 0.1
18 14 15.9 22 4 a0 310 245 27
19 42 47 8 4.9 .9 45 46 5 492 49.2 1.7
0 129 145.1 126.4 118 1198 134.5 38.0
21 16 16.1 17.5 16 18.8 %2 0.8
22 R L] 40.8 .l 24 24 5 J42 24.0
23 0 0.0 0.0 0 0.0 4o o0
25 17 19.1 171 18 16.5 147 4.2
26 L] 91 11.3 14 145 123 LIS
27 14 215 0.5 H [ Vit 34,3 a2
Total [3-11] 182.0 762.0 1819 718 9 429 A56 3 8536.3 a5% 4 259.4
Roundas
counled TH2 k1]
Table FJ9
REDUCTION OF SINGLE-BULLET RESULTS FOR COMPARIBON
WITH FLECHETTE RESULTS, DAY STANDING
Correction {aclor Inr
aetiimiorl giln reduction 1a expoaure Adjusted  Reduced
firad timeb for fMechetie Shota fired largel larget
Targets  (sisgle bulletyt targeta {single bullet} hita® hita
5 13 1 13 3 3
7 51 U 444 23 16 7
9 28 1 % R [
10 41 0.444 n 18 7
13 11 ] )] 11 0
14 4 1 M & L]
15 11 1 11 | ]
I8 22 1 23 4 4
1B 27 1 27 3 3
19 55 1 55 ] B
20 132 0475 483 18 L]
21 13 3 13 1 !
¥ 5 1 5 1 1
24 4 1 L] 0 ]
5 21 1 ot 1 1
2. 22 1 2 3 3
9 28 H i 3 3
hi L] 1 L] 0 1]
n 50 0 469 23 1 0
32 %] [} 1] 0 U
33 | 0 ] 1] u
a4 11 0 0 1 L]
Total T08 41N 105 (Y3
Smcat or 1mste of ahota fired per iarget per rua lor regular largel exuoaure Lime
For the nbhgte [lechetic day stending run »9 targeta 32, 33, and 34 were ned uned
Targeta 7, 10, 20, and 3| were up only hall ner mal lime, and 1arget 13 lipped Gver
and was ot fired oa, Asauming 8 1% =28 1ime lag. the adjusiment for Yy enposure
time 18 b T i = 3,
CI've average of the adjusicd v afuinm loy 1k singie bullel day “standing rupa
202 CRU-T-370
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Table F40

REDBUCTION OF SINGLE-BULLET RESULTS FOR COMPARISON
WITH FLECHETTE RESULTS, NKGHT RUNB

Correction fsctor for

Adjusted shols reduction in exposure Adjusted Reduced
fired timeb for Nechetts Shota fired target target

Tergets  (single bullet)® targets [singte bullet) hita® hits
1 123 0.472 58 18 N
2 18 1 14 2 2
3 41 { 41 T 7
4 4% 1 45 i 1
[ 25 1 25 2 2
] 84 0.458 33 a 2
11 23 1 23 l 1
12 18 1 1% ¢ L]
13 &7 0458 3l 1 0
14 45 i 5 1 1
15 18 H 16 1 1
16 16 1 a6 1 1
17 -] 1 L] 0 0
18 38 1 kL] [¢] o
19 52 1 52 1 1
20 T8 0477 a7 2 1
21 14 1 14 1] 1]
22 38 1 kL 0 1]
23 0 (1} ] 0 0
25 Al ) Y] 3 u
26 1 1] 0 "] 0
21 3 Q 0 t] 0
Total 855 574 41 28

;FBflt estimate of shota {ired per target per run for reguisr tsrget exposure time.

or the pingle Mechette might-standing run 70, tergets 23, 25, 26, and 27 were
not used. Targets 1, 8, 13, snd 20 were up only half normal time. Assuming s 114-
aec lme lag, the adjustment for '/, expogure tlrse Is ¢ = 3)/120- 3).
©The average of the adjusted veiues for the single-bullet night-sitting runs (there
were no night-standing single-bullet runs).
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Table Fél
SUMMAHY RESULTS BY RUN (ADJUSTED DATA)

Squad
Ammunitlon Firing A B [o4 D E F
or llHng posttion I
frun #irm | 00 iun | Hica | B0V L finita ) 7000  oua ice | F029% | Aua (it l“[‘l"r‘ﬂ Rus|Bie [frunde
Single bullet Day 1 0 540 3 108 483 M 110 S$31 38 7l 45 83 200 812 6T 100 847
nitting MmO 187 827 1T 132 57 B4 W 471 40 13) 109 - - - - - -
Day 5 I 551 — - - 38 108 82y — — - - - - - = -
atending 9 117 1687 - - - 4z 99 114 - - - - - - - - -
Night L - 7 S84 80 - = - 40 28 874 -~ - - - - -
aiting - — - 3 42 950 = = - 64 47 7188 - - - - - -
Duplex Day S 188 492 4 158 487 33 154 445 35 123 438 88 278 189 68 158 5BA
nitting - - = - - - 37 214 312 3 100 101 - - - - = -
Day LY. "Ny - - - 7 193 683 - - -
standing - - - = - - 81 148 a3 - - -
Night - - - L} 4 s - - - 3 4l 491
sitting ~ — - - - - - - 43 113 950
Triplex Day
sitting 2% 309 W0 8 174 389 - - - - - -
Carbine Day
semiautomatic sitting 19 135 758 17 17T 633 44 182 124 42 179 411
Day
atamdiag - - - 31 213 1053 - - - 48 139 7
Night
sittlng 23 435 1140 = - - Ll 13 492 - - -
Carbine Day
sutomatic Bitting 20 108 180] 18 173 200 41 102 1068 44 K9 LLE ]
Day
standing - - - 22 180 1829 - - - 45 a9 24
Night
nitting 24 26 14713 - - - L 32 1249 - - -
T48 Day
aeminutomatic  sitting Ml X 848 9 111 480 $3 130 &4 50 144 48
Day
wtanding - - - 13 1 782 - - - 54 109 308
Night
witting 1] a5 7 - - - 5% 81 (1.1 - - -
T4A Day
automatic nltting 22 104 1058 10 88 758 51 9 1020 49 2 832
Duy
standing — — - 14 9 s - - - 53 59 11718
Night
nitting 16 78 1489 — - - 33 58 1093 - - -
204 OR0.T.278
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Appendix G

SQUAD AND QUALIFICATION EFFECTS

HIT PROBABILITY BY 5QUAD

TOTAL HITS BY SQUAD

HIT PROBABILITY BY QUALIFICATION

SQUAD-AMMUNITION EFFECTS

TABLES

Gl

G2

G6

G?7
GB.
G9.

G10
Gll

Gl2.
Gl13.

Gl4

G15.

AYERACE SQUAD (4T PROBABILITIFS

. COMPARISON OF SQUAD A AND SQUAD C [ET PROBABILITIES
G3
G4.
GS.

CoupABISON OF SqQuaDp B AND Squad D 11 ProBABILITIES
Hrr ProBaBiLTTY OF ALL Six SQuans e

Coup AR1SON OF SQuADs E aAND F ann ACD Hrr PROBABILITIES
RELATIVE HrT PROBABILITIFS OF SQUADS

AVERAGE Squans ToTaL HTs

Couparison oF TOTAL HITS OF SQUAD A AND SQuap C
CouwranisoN oF ToTaL HITs oF SQuap B aAND Squap D
TotaL [8TS OF ALL 51X SQuADS

CoMPARISON OF ToTAL HTs oF SQuans E axp F axp ABC
RELATIVE ToTAL TS OF SQUADS

SQUAD QUALIFIC ATIONS

T PROBABILITIES BY S5QUAD

Her ProsaBiLITY Gains
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SUMMARY

The hit probabliitles for ail six squads [including the so-called expert (E)
and unqualified (F) squads] were compared. As expected, Squad E is superior
to all others and Squad F is inferior. Analysis of the four “average” squads
shows Squad B superior in hit probability and Squads A, C, and D similar to
each other.

Similar comparisons for total hits instead of for hit probabilities show
Squad E superior; Squads A, B, C, and F similar; and Squad D inferior.

The over-ail conclusions about the squads are that Squad E fired more
rapldly and more accurately than the others; that Squad F fired more rapidly
but less accurately than the others; that Squad B fired less rapidly but more
accurately, and Squad D fired as accurately but slower than the other average
squads.

The average hit probabilities for the various squads and the known conm-
position of the squads In terms of number of experts,sharpshooters, marksmen,
and unqualifieds were used to determine relative ratings for each ofthese marks-
manship categoriea. The technique used was a leust-syuares best solutlon of
six simuitaneous equations. It was found that, for hit probabilities, if the ex-

pert rifieman is rated at 100, a sharpstouter is 88, a markaman 75, and un-
qualified 43.

HIT PROBABILITY BY SQUAD

Table Gl shows the hit probabilities for the seven sets of runs, which are
of the same type for the four average squads. These hit probabllities are the
ratios of hits to rounds {ired taken directiy from Tables E8 and F4l. The
prime entrles are adjusted data (from Tabhie F41); the parenthetical entries
are raw data (from Table E6). All entries are from the day-sitting firing con-
dition. The mean hit probabilities of Squads A, C, and D are all the same, 19
percent. Squad B i1s superior with a hit probability of 22 percent. The tech-
nique of analysis of variance reveals a statistic F value of 2.2 (adjusted data)
or 2.3 (rew data). These values from appropriate statistical tables yield s
significance level of about 14 percent. This means tha! the differences among
the mean hit prolbilities of Table Gl could occur by chance about 14 percent
of the time. It might roughly be said that to an 86 percent confidence level
Squad B ts really better than Squads A, C, snd D. In any csse, relative hit
probabtlities of .219/.191 = 1.15 is the best estimats for Squad B.

Tsable G2 shows hit probabiiities for all 14 sets of runs which sre com-
parabie (balanced) for Squads A and C. The dilference between Squads A and

ORO-T-378 r
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TasLE Gl

AVERAGE SQuaD HiT PROBABILITIES (JAY SITTING)

Ammanition Sened®
or
firing A i C )]
Siggle bullet 169(,148) .224(.223) .205(.204) J60{(,168)
.190(,212) .229(.241) .191{,198) 171{.181)
Duplex .337(.337) .338(.362) J18(.315) .281(.277)
Corbine
Antomatic -096(.106) 1200.112) L095(.095) .115{.136)
Semiesntomatic .178(.178) .280(.278) .251(.240) .293(.266)
T48
Antomatic .098(,097) .1130.194) J097(.093) L108(.112)
Semtautomatic .243(.243) .2314.230) .200(.199) .222(,206)
Meen .187(.189) J219(,221) .194(.192) .193(,192)

®Velees in parentheses aro from reaw datae.

TasLr G2
CoMPARISON OF SQUAD A AND SQuaD C HiT PROBABILITIES
A:rnili Firiag Sqnad®* i
firing soifieies A c C-A
Siagle bullet Day sittisg .169(.148) .205(.204) .036( .056)
Day sitting 190(.212) 191{.198) .001{~014)

Duplex Day sitting «3370.337) J318(.315) =019(-.022)
Cearhine

Antomatic Dsy sitting .096(.106) .095(.095) =001{-01D)

Semisntomatic Day sitting .178L.178) .251(.249) .073( .062)
T4a

Astomatir Day sitting .098(.097)  .097(.093) ~001{-.004)

Semissiomatic Day sitting -243(.243) 2000.199) —.043(—044)
Siagle ballet Dey standing 142(.140) 1744, 162) .032( .022)

Dey standing 153(,145) 139,141 -014(-~002)

Duplex Day stasding .253(.285) -296(.295) .043( .010)
Carbine

Astomstic Night eitting {018(,018) 026{.026) .008( .008)

Semisotomatic Night qittiog 039,041 L1e(.021) ~020(-~020)
T48

Agtomatic Night seitting 051(.052) 056(.054) .005( .002)

Semisstomatic Night enttisg 109(.109) 095(.096) ~014(-013)

Meas 148(.151) J5840.°54)
SValuas is parvetheses are from raw data,
208 ORO-T-378
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C is clearly trivial. Mowever, it is instructive to apply the t test to the null
hypothesis (that they are not different). This requires computation of the

standard deviation:
ag__A- 1/als - 1) |E(C - 2 - (Z(C - D}2/al (G1)

From Table G2,n is 14, and o577 = 0.00814 (0.00773).
The statistic ( is given by

RS T (G2)

whence | = 0.75(0.28). As in the tables, the parenthetical value ia from raw data.

TaBLE G3
COMPARISON OF SQuAD B AND SQuAD D HIT PROSABILITIES
Amm::lition Firing Squad®
firing sesditiee B D B-D
Siagle bullet Day sitting .224(.223) .160{.168) .064( .055)
Dsv sitting .229(.241) .171(.181) .058( .060C)

Daplex Dey sitting -338(.362) .281(.277) .057( .085)
Carbine

Antomstic Day sitting J120(.112) J15(.136) .005(--~.0Z4}

Seminntomatic Day sitting .28%(.273) .293(.266) =013( .012)
T4s

Antnmstic Day sitting .113(,104) .108(.112) .005(~.C08)

Semisntamatic Day aitting .231(.230) 222(.206) 009( .024)
Single ba!let Night sittiag .093(.086) .036(.030) .063( .G56)

Night sitting -044(.043) J055(.052) —~011(—009)

Duplex Night sitting  .065(.065)  .084(.078)  —~01%(—013)
Carbins

Antomstic Dey standing L087(,086) 064(,060) .023( .026)

Semisutomstic Day standing .204{.205) J179(..179) .025( .026)
T48

Antomstic Day atanding 099( ~ne) J046(.049) .053( .050)

Semis ntomatic Duy standing -172(.173) .135(.139) «037( .034)

Mean .164(.165) .139(.138)

8Valure in puranthazas ate from rew date.

From tables of ¢ for 13 degrees of {reedom, the significance level of the
difference between Squads C and A is 47 percent (adjusted) or 71 percent {raw).
This means that the small differences between the mean hit probabilities of
these two squads could occur by chance about haif the time or more. It is con-
cluded that the null hypothesis is neither proved =:: disproved, and Squads A
and C are as likely to be the same as not. In any case, the 4 percent relative
difference in mean hit probabilities is trivial for practical purposes. This study
concludes that the mean values are valid to two significant figures, and both
squads score 15 percent mean hit probability for these compaative runs.

Table G3 shows hit probabilities for the 14 sets of runs that are compar-
able for 8quads B and D. The difference in mean hit probabilities is 10.4 per-
cent as compared with 13.9 percent, which seems considerable. Using Eqas.

ORO-T-378 209
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G1 and G2 again for Squads B and D, the standard deviation is computed:

o~ = 0.0080 (0.0086), andt = 3.2 (3.1). This large value of ¢ would satisfy
the null hrpothesis (no difference between Squads B and D) less than 1 percent
of the tlme by chance. This study concludes that Squad B is superior to Squad
D in hlt probability with better than 98 percent confidence. The best estimate
ls further that the hit probability of Squad B is 1.18 times the hit probabillty
of Squad D.

TABLE G4

HiT PROBABILITY OF ALL SiXx SQUADS (DAY SITTING)

Sqnad®
Ammaunition
A B C D E F
Single ballet .169(.148) 244(.223) .205{. 264} .160(,168) .229(,233) .155(.158)
Duplex .337(.337) .338(.362) .318(.315) L2810.277) .359(.375) 266(.257)
Mean .253.242) .281(.292) .262(.259) .221(.222) .254(.304) .211(,205)

“Valees in parentheses are from raw data.

TABLE G5
COMPARISON OF SQUADS E ARD F AND ACD HiT PrOBABILITIES (DAY SITTING)

Sqead®
Ammunition
ACD E F E -ACD ACD -F
Single bullet A78(.173) .229(,233) .155{(.153) .061(, 060) .023(.020)
Duplex .312(.310) .359(.375) .266(,257) .047(,063) .046(.053)
Meoan 243,242 294(,904) 211(.205) LA, 063) .035(.0a7)

“Vaives in parenthcsas ure from rew data.

Table G4 siicws hit probabilitles for the only two sets of runs tnat are
comparable {or all six squads. These are the hit probabilities for the first
single-bullet (AP) day-sitting run by each squad. Squads A, B, C, and D made
a second run of this type, but Squads E and F made only one slngle-bullet run
each. Hence Table G4 shows all the balanced comparisons that can be made
involving all six squads. Based on so few data, the smaller differences in mean
hit probabilitles are not slgnificant. Squad E, composed largely of expert rifle-
men, is superior, and Squad F, composed largely of unqualifled or low qualified
riflemen, is inferior. The data on Squads A, B, C, and D, that appear in Table
G4 are included In Tables Gl, G2, and G3; therefore the more reliable conclu-
sions already reached about those squads are not altered.

Since Squads A, C, and D were found to be essentially th¢ same in hit
probability, they constitute a reasonable hasis of comparison for Squads E
and F. These comparisons are made in Table G35, using the mear of Squads
A, C, and D, designated ACD. The standard deviations are flrst computed:
OF_F7Ch = 0.0020 (0.0025), ojrn-F = 0.0115 (0.0165). The corresponding ! values
are: LE_ICh = 24.5 (25.2), Li7D-F = 3.00 (2.24). Thet tables for a single degree

210 ORO-T-378
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of freedom yield slgnificance levels, respectively, 0.03 (0.03) and 0.20 (0.26).
This means that to a 97 percent confidence ievel Squad E i8 really superior to
ACD in hit probability, but only about 80 percent confident that Squad F is
really inferlor to ACD. The best reiative estimates are still given by the mean
values of Table G5: E/ACD = 1.20 (1.28), and F/ACD = 0.86 (0.85).

Finally, from all the comparisous, the relative hit probabllities (shown
ln Table G6) among all six squads are deduced (ACD taken as unity). Adjusted
rather than raw values are used in this table, but clearly the effect of adjust-
ment is minor. The superijority of Squad E over Squad B is apparently trivial
and not statistically signiflcant.

TABLE G6
RELATIVE HIT PROBABILITIES OF SQUADS

Squad Probability | Squad Probability

A 1.00 D 1.00
B l.18 E 1.20
(¢ 1.00 F 0.86

TOTAL HITS BY SQUAD

Total hits per run are considered In just the same manner as hit proba-.
bilitiee, The same runs already compared in Tables G1 to G8 are now exam-
ined for total hits per run in Tables GT to G12.

Table GT shows Squad A superior (140 hits) and Squad D inferior (113 hits)
to Squads B and C, which are about the same (125 hits). These differences are
tested by computing the statistic F for the array. Computation ylelds an F
value of 1.34, which implies a significance level of about 38 percent. This
means that the observed differences among the meui Lits by squads could
occur by chance about 36 percent of the time. This means that the differencec
so far shiown (Table GT7) are only slightiy more likely to be real than random.

Squads with more comparable data are now compared. Squads A and C
are compared in Table G8. This table shows Squad A to be superior in hits
in the ratio 1.10(1.07). The standard deviation of the mean difference ¢ 7= =
8.90(8.32). This ylelds a statistic t = 1.12(0.84). This corresponds to a sig-
nificance level of about 0.47(0.58). In other words there is about a 50-50
chance that Squads A and C are really different in hits per run.

Table G9% shows a larger difference between Squads B and D, 2 ratio of
1.29(1.21). The standard deviation of this difference oz_p = 9.22(7.07). The
statistic ¢ = 2,73(2.81). The corresponding significance level is 0.22 (0.22)
or to a 78 percent confidence level this difference 1s real.

Table G10 compares all six aquads. Among the four average squads, it
shows A, B, and C about the same, and D inferlor. Squad F appears also quilte
slmllar to A, B, and C, but E seems definitely superior to all others. Consid-
ering all the comparisons of Tables G7 to G10, it 1s concluded that Squads A,
B, and C score the same number of hits per run, and that Squad D is inferior.
It is further obvious that Squad F (128 hits) 1s not significantly different from
the average ABC (131 hits).

ORO-T-378
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TabLke G7
AVERAGE SQuAD TortaL HiTs (DAY SiTTING)

Ammanition Sqnad®
or
firing A B C D
Single ballet 91 90} 108(105) 110{111}) 71( 81)
157(157) 132(144) 90(100) 121(120)
Duplex 166(166) 158(170) 154(159) 123(132)
Carbine
Automatic 173(179) 108(114) 102(106} 59 86)
Semiautomatic 135(135) 177(178) 182(184) 179{171)
Tas
Automaltic 104/102) 86( 86) 9%{(103) 92( 86)
Semiautomatic 157(143) 1110 97 130(140) 144(127)
Mean 140{139) 126(128) 124(129) 113(115)

®Valuca in parentbeaca are from raw data.

TanLr G8

CospPArisON oF TotaL HiTs oF SQuabp A anp 5ouap C

Ammaoniticn Fliring Squade
or firiag condition \ c ALC
Single bullet Day aitting 91( 90} 116(111) ~19{-21)
Day aitting 1570157 90{100) 67¢( 57}

Duplex Day aittiag 166(166) 154(159) 120 7
Carbine

Awtomalic Day aitsing 1730179} 102(106) 710 73)

Semiautomatic Day aitting 135(135) 182(184) 47( 49
T48

Antomatic Day aittiag 104(102) 99(103) -1

Semiawtomatic Day =itting 157(148) 130{140) 27 8)
Siagla Balla Day staeding 78( 81) 109{110) =31{-29)

Day atanding 1170108) 99(103) 18( 5)

Daplex Day standing 182(190) 193(187) -1{ 3
Carbine

A gt omatic Night aitting 26( 26) 32t 23) -6 1

Semiastematic Night aitting 450 42) B 32( 25)
T48

Astomatic Night aittiag 760 T8 B 59) 18( 16)

Semiautomatic Night aitting as( 8s) 82( #2) I n

Mean 114(113) 104(106)

#Valuea in parentheaes are from raw data.
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TasLE G9

CompaRison oF ToTal HiTs oF SQuab B anp Squaz D

a
Ammunition Firing Sxuid .
or firing condition R D J B-D
Single bullet Day aitting 108(105) 71( 81) w24
Duy aitting 132(144) 121(120) 11{ 24)
Duplex Day sitting 158(170) 123(132) 35( 38)
Carbine
Av.omatic Day aitting 108(114) 59 86) 49( 28)
Semimutumatic Day aitting 177(178) 179(1 71) =27
T48
Aytomatic Day sitting a6{ 86) 92( 86) -6 O
Semiautomstic Day mitting 111{ 97) 144(127) -33(-30)
Singic hallet Night aitting 56{ 53) 26( 27 I 26)
Night aitting 42( 41) 42( 45) o= &)
buplex Night aitting 4( 44) 41 43) i
Larbine
Automatic Day atending 160(142) 59 66) 101( 76)
Seriautomat'c Dey standing 213(202) 139(145) 4 57
T48
Luton:stic Day mtending 91( o1 5% 68) 32( 23)
Suemiautomatic Day atauding 1310127) 109(118) 2{ 9)
Me w 115(114) o i)
“Values ir narenthicaca are from raw data,
TasLE G10
ToTaL HiTs OF ALL Six SQuADS (DAY SITTING)
Ammmition | ___ Sualt
v fiong A B C D E F
Singl bmller  91( 90) 108(105) 110{111})  7i( 81) 200(202) 1OK(105)
Dusina 156(16; 158170y 154(159) 123(132) 276(292) 156(163)
Meau 179(1z4) 133(158) 132(135) 970107 23A(246) 128(133)
"Walusa i perntheacs me from raw data.
TasLE GI1
CompARISON nF TOTAL HiTs OF
Sotans £ aNp F ann ABC (Day Sirming,
a
Awmtnition Sqaed
el LN L D ¥ |E.ABC | TBC.F
Siagle bullet 108102} 200(202) 100(105)  97(100) 3-3)
Deplex 159(165) 276(292) 188(160) 117(12D) 35
Mean 131(134) 238(246) 128(133)

3Vaiies » nereathencs are from raw data

OrO-T-37s 213
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Table G11 compares Squads E and F with the average ABC. Squad E is
clearly superior to ABC in the ratio 1.82(1.84); F is essentially the same
(ratio 0.98). The standard deviation o;_5¢ = 12.2 (13.5). The corresponding
i =7.95(8.67). For a single degree of freedom the corresponding significance
level is 0.08; or 92 percent confidence that Squad E ls superior to ABC.

The comparison of Squad F with ABC yields o 757-F =0 {4), t = » (0.25).
The corresponding slgniflcance level is 0(0.84). The adjusted data for the two
comparisons agree perfectly; hence the test concludes that the small measured
difference is absolutely real. The raw-data test, however, reveals that the dif-
ference observed could occur by chance 75 percent of the time. Clearly this

TaBLE G12
ReLATIVE ToraL HiITs oF Souans

Squad Hite Sauad Hite
A 1.00 D 0.78
B 1.00 E 1.82
C 1.00 §i 1.00

test is meaningless in the adjusted data case (two measures), where the two
differences happen to just agree. The raw-data test, however, is acceptable,
showing that it is more llkely than not that there is no dif’erence between
Syuad F and ADC.

Finally, from all the comparisons of total hits per run, the reiative hits
per run shown in Table G12 for all six squads are deduced (ABC taken as unity).
Adjusted values are used in Table G12, but again the raw-data vaiues are not
significantly different.

HIT PROBABILITY BY QUALIFICATION

Table G13 shows the compositlons of the 10-man squads in terms of the
rifiemen quaiification (from App A).

The squad compositions and the average -hit probabilities achieved by the
different squads can be used to form a set of equations from which an estimate
of the effectiveness of the different qualifications can be obtained. The relative
hit probabilities of Table G8 are used to form Egs. G3:

E + 15 + 6¥ = 100
E « 75 + 2M - 118
65 + 4N - 100
E +85+ M = 100 (G3)
4F » § = 60

E+ S+ ¥ +20 = 43

This is a set of six equations in four variables, for which no exact solu-
tion is expected. The best soiutlon (in the sense of a soiution with minimum
variance) is obtained by applying a least-sguares niethod.

a4 ORO-T-378
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The sum of squares of deviations (measured normai to the regression
plane) is given by the function:

(E+ 354+ 6M~10002/36 + (£ + 7S + 2H = 118)2/54 + (65 + 4N ~ 10002/52 + (£ + BS + ¥ — 100)2/66 «

+4E + S-60)2/17 + (E + 5+ M+ 2U - 43)2/7

A necessary condiion for this function to be a minimum Is that its {irst
partial derivatives be zero. Taking the partial deriviitives of this function
with respect to E, §, M and U, and setting them equal to zero, a set of four
equations is obtained, with solution:

E-l22 E = 100
i : lgg or relative to £ « 100% i: :;
U= 53 U 4%

These relative ratings relate the standard qualification ratings according
to experimental hit probabiiities.

TaBLE G13
SQUAD QU ALIFICATIONS
Squed Fxpert (F) Sherpshooter (S) Markamua (M) Unguslified (1)

b B B - ]
L =
M NE D W
[ =B = =
-0 0 DOoOD

SQUAD-AMMUNITION EFFECTS

To examine the interreiation of any two of the five factors (ammunition,
illuminatlon, position, squad, and order), Table F4l is reduced for effects of
the other three. Squad-ammunition effects are of interest. The entries in
Table F4i are divided by the appropriate order reduction factors from Table
K5 and {llumination-position reduction factors from Table X15. This elimina-
tion of the other three effects ylelds Table Gl4.

The bottom row lists the ratios of dupiex to single -hullet hit probabilities
for each squad. The grand average for the four regular squads ( A }is 1.64.
From this it might be concluded that the average gain of 84 percent is increased
to 72 percent for the poorest squad (Squad F), and decreased to 57 percent for
the best squad (Squad E). These gains are clearly seen in Tabie G15 where the
first line of the single-bullet hit probabliities gives a measure of the basic per-
formance or rating of the squads.

ORO-T-2378 218
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Actually the variations among the four regular squads are so large (25 |
percent to 111 percent gain) that confidence in the results in Table G15 is low.
However, the direction and general nagnitude of the squad qualification eifect
on salvo gain is conslstent and reasonable. As extreme Squads E and F did not

fire the other salvo ammunitions, no examination is attempted of the qualifica- .
tion effects on those scores.

Tam . G14
Hit PROBABILITIES BY SQUAD + &
Squad
Ammusilion 4 « 4] F F
Hua ] Rou da Hiim I Rounda [ l Aounds Hiw l Rouads Hita Lﬂnundl Hita Rowndn
Siagle bullst al 837 9 570 9 62 62 515 —_ — — -
109 674 4l i &l 420 82 832 178 1030 89 The
T4 525 126 537 102 SRS ST 166 — — -
R 568 e (& ad} it} Ll i} 336 — - = =
Duplex — —_ — — 137 572 109 n? — — —_ —
145 i 118 540 148 519 146 636 4] 844 13 &7
~ = S — i 621 ¥ 80 . » y |
170 - Lo £ i A 9 1] - -_ — —
Ratio | .85 172 Bull L5 172
TABLE G15 'l
HiT PROBABILITY (iaINS
Squad .
Ammupition A
Fipooreat) | ANCD (average) | E (bent) o
Single bullet 11.7 14.5 17.3
Nuplex 20.1 2.7 27.1
1
Percentage
of gain 72 64 57
1
i
l
i
L
» N
216 ORO-T-3178

-

CONFIDENTIAL

—



CONFIDENTIAL

Appendix H

LEARNING EFFECT

SUMMARY

LEARNING
Errecr on Hir ProsaBiLmEes —ErFecT oX Rousos FIRED

TABLES
H1l. EFFECT OF LEARNING ON HrY PROBABILITIES
H2. ErfECT OF LEARNING ON HIT PrOBABILITIES (DAY SITTING ONLY)
H3 EFrECT OF LEARNING ON ROUNDS FIRED

H4. EFFECT oF LEARNING ON RounDs FIRED (DAY SrrTine Onpy)
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SUMMARY

In 12 pairs of runs the same squad fired each run of a pair under subatan-
tially the same conditions but at different times. This offered a good opportunity
to isolate a learning effect if one was present.

In this experiment there are two ways in which iearning might affect re-
sults: first, the accuracy of fire might change as the experiment progresses,
or, second, the rate of flre might change. An examinatlon of the data cver a
span of 12 runs shows that accuracy did appear to increase some 1 to 11 per-
cent, at least for the day-sitting runs, and that the rate of fire increased some
25 percaent. It 1s concluded that learning occurred in the experiment, refiected
strongly in the number of rounds fired and less strongly in accuracy (hit
probability).

LEARNING

Effect on Hlt Probabilities

Table H1 lists the 12 paired runs in which each squad usrd he same ammu-
nition and firing position. All other controllable conditions were the same, and
the flrst run of each pair was separated from the second by 11 intervening runs
by the sgame squad. The raw hit probabilities in Table H1 are simply tae ratios
cf holes counted to rounds counted, taken directly from Table E4. The adjusted
hit probabillties are ratios of adjusted hits from Tables F1 to F19 to adjusted
shots from Tables F20 to F38.

Table H1 shows the hit probabillties (p, for the first; p,  for the second
run) for each of these 12 pairs of runs, and the differential Rit probabilities:
Ap = py - Py If there was consistcnt learning, 30 that the squads did better on
the second run of the pair than on the {irst, the Ap’s, except for random error,
would all be posltive. It is observed that the computed learning effect (Ap) is
negative on 5 of the 12 pairs of runs from the raw data, and on 4 of the pairs
from adjusted data. On the other pairs of runs the learning effect was positive;
and Table 111 shows a net posltive learning effect. increase of trom 17.7 to 18.6
percent hit probabllity from rsw data, from 18.1 to 18.2 percent {rom adjusted
data. This is 2 1 to 5 percent relative lmprovement.

The expected value of the sverage Ap, under the null hypothesis (no learn-
ing) used In making the test, s zero. The( values are calculated in order to
estimate the probabillty that the average Ap of +.009 or +.0008, would occur as

ORO-T-378
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TaBLE H1
FFFECT OF LEARNING ON 1T PROBABILITIES
Run - Raw dala Adjuuted datn
- Firtag
Squsd Ammanition diti
coadition
vy Py Py Ap Px Py Ap
A 1 25 Single ballet Day Sitting 4 212 +.064 169 90 +.021
5 29  Single bullet  Dsy ntnnding 140 145  +.005 .142 153 +.011
B 3 27  Single bullet Doy sittiag .223 241 +.G18 .224 229 4,005
7 2 Siegle buller  Night sitting .NRA 043 - 043 093 4 -.049
C 33 57 Uuplex Day aitting 315 392 +.077 318 374 +.056
37 61 Duplex Day standing 295 .245  -.050 296 235 -.061
34 58  Single bullet Day aitting 204 188 -.006 -205 91 -.014
38 62 Single bullet Day standing 162 143 -.019 174 J39  -.035
N 35 59 Duplex Day aitting 227 261 ~.016 .281 281 +.006
36 60 Sisgle ballet Dsy sitting 168 J81 +.013 160 (71 4011
39 63  Dunlex Night sitting 078 A19 0 +.041 .084 A1 +.034
40 64 Single ballet  Night sitting 030 052 +.022 030 055 +.025
Total 2,12 2,212 .. 106 2.176 2.186 +.010
Mean 77 186 +.009 .181 182 +.0008
5 0118 0104
, 765 077 '
TaBLE H2
EFFECT OF LEARNmG ON HiT ProBapILITIES (DAY SITTING ONLY) a
Raw dats Adjusted datn
Squad Ammunition
Py Py 4p Py Py Ap
]
A Sianle bellnt .148 212 +.064 . 169 190 +.0
3] Single ballet .20 241 +.018 224 .229 +.005
C Muplex 315 392 + 077 318 A74 +.056
Sianle bullet .20 .198 - 006 . 205 191 -.014
n TVaplex 277 L2651 -.016 .281 287 +.006 |
Sirgle builet 168 181 +.0"3 .160 AT +.011 i
Total 1.335 1,485 +.150 1.357 1.442 +.085 '
Vean 223 248 +.025 226 240 +.014 |
OG .0t53 . 0098G |
t 1.63 1.42 |
220 ORO-T-378
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the result of only random variation In the &4p’s. To calculate t, slmply take the
ratio of the average value Ap to its estimated standard errcr:

t=Aplog, (H1)

the standard error of Ap, is given by
aApz =% (N, - :&_p)z"n(n -1 (H2)

where n is the number of 4p’s.

From standard ( tables, the probabilitles that average hit probability in-
creases as large as the computed Ap’s could occur by chance, i there were no
reai learning effect, are deduced. The raw datat for 11 degrees of freedom
could occur by chance 13 percent of the time; the adjusted data t could occur by
chance about 30 percent of the time. It is concluded that this analysls reveals
no slgniflcant learning effect as reflected in hit probabilitles of these 12 pairs.

If only the day-sitting data are considered (the standing and night runs
being deemed oG Ilrregular), the apparent consistency of learning improves
(see Table H2).

The higher( vaiues correspond to iower probabilltles that tae average hit
prooability increase occurs by chance. The raw datat for 5 degrees of free-
dom could occur by chance about 9 percent of the tlme; the adjusted data t could
occur by chance about 11 percent of the tlme.

Examination of the day-sitting hit probabillties reveals a 6 to 11 percent
relative increase, which is real to about a 90 percent confldence level. It is
concluded that a 12-run inltial experience will increase day-sitting accuracy
ahout 10 percent. Standing and night accuracy are not measured reliably enough
in the experlment to establish whether they incur real learning.

Effect on Rounds Flred

Table H3 repeats the arrangement of Table H1 for rounds flred instead of
hit probabilltles. It is noted that the computed iearning effect (AR) 18 negative
for 2 of the 12 palrs of runs from raw data, and 3 of the 12 pairs from adjusted
data. On the majority of runs, however, the learning effect was posltlve; Table
H3 shows a net positive learning effect: increase of from 587 to 720 rounds
from raw data, from 560 to 720 rounds from adjusted data. This is a 52 to 29
percent relative increase.

The ¢ values are caiculated agaln to estimate the probabillty that these net
increases would occur as the result of only random variations in the AR’s. Both
raw and adjusted data t values for 11 degrees of freedom could occur by chance
fess than ‘4 percent of the tlme, or iess than once out of 200 times. It ls con-
ciuded that this anaiysis demonstrates a real learning effect, reflected in some
25 percent increase in number of rounds flred in a run.

The Table H4 increases in rounds flred for day-sitting runs are a relative
23 percent from raw data or 32 percent from adjusted data. These increases
are quite real as ls indicated by the substantial t values computed. Both raw
and adjusted data t values for 5 degrees of freedom could occur by chance less
than 2’3 percent of the time. It ls concluded that, for elther day-sitting runs
alone or ail 12 pairs of runs, a 12-run Inltiai experience increases the rate of
fire about 25 percent.

ORO-T-318 al
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TABLE H3

EFrECT oF LEARNING ON ROUNDS FIRED

Run Fie: Rew data Adjusted deta
- iring
Squad Ammunition diti
= condition R‘ R:’ AR R, Ry AR
A 1 25 Siagle bullet Day sitting 607 742 + 135 S40  B27 + 287 !
S 29 Siagla bullet Day standiag 579 747 + 168 551 767 + 216 )
H 3 27  Siegie-bsllet Dey sitting 471 508 + 127 483 % o+ 93
T 31  Single ballst  Night sivtiag 616 950 + 334 600 950 4+ 350
C 33 57 Duplex Day sittiag 505 534 + 29 485 572 + 87
17 61 Duplex Day standing 635 645 + 10 653 631 - 22
34 58  Siegle beller  Day sitting 545 504 - 41 537 471 -~ 66
38 62 Siogle bullet  Day steading 679 720 + 41 625  T14 + 89
n 35 59 Duplex Day sitting 476 48 + 272 423 701+ 263
36 60 Single bullet Day sitting 482 653 + 181 445 700 . 264
39 63 Daplex Night sitting 333 918 + 365 491 950 + 459
40 64 Siagle baller Night eitting 901 869 -~ 212 B7T4 T68 - 106
Totel 7040 8638 +1589 6722 B636 +1914
Mann 587 720 + 132 560 720 4+ 160
Ly 9.8 50.4
[ 1.32 3.18
TABLE H4
ErFecT OF LEARNING ON Rouxps FIRed (DAY SiTTmve OWLY)
Raw deta Adjustcd Mata
Squad Ammaunition |
R, R, AR R, Ry AR
A Single bullet 607 742 +135 540 827 +287
B Siagle bullet 471 598 +127 483 576 + 9
C Duplex 505 534 + 29 485 572 + 87
Single ballet 545 504 - 41 537 472 - 66
n Single ballet 476 748 +272 438 701 +263
Duplex 482 663 +181 445 709 - lod
Total 3086 1789 +708 2928 3856 +908
Meon Sla 31 +117 488 643 +155
oTRH 45.5 57.2
¢ o 2.57 2.71
2 ORO-T-318
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Appendix 1

LAG TIME TO FIRST SHOT, LATE FIRE, AND RATE OF FIRE

SUMMARY

LAG TIME AND RATE OF FIRE FOR SINGLE-BULLET DAY-SITTING RUNS
RATE OF FIRE FOR SINGLE-BULLET, DUPLEX, AND TRIPLEX BUNS
LATE FIRE

DURATION OF LATE FIRE

TABLES
[1. DAY-SSTTING SINGLE-BULLET RATE-OF-FIRE DATA, BY TARGET
[2. LATE S80TS FOR SINGLE-BULLET, DUPLEX, AND TRirLEX RuNs (Raw DaTa)
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SUMMARY

The .30 singie-bullet day-sitting runs are examined in detail to determine
the lag time from the slgnai for the target to pop up untii achievement of a steady
rate of fire. The sum of the squares of the errors between calculated and ob-
served exposure times ls written as a function of the lag time and the rate of
fire. The values that best fit this function are found to be a iag time of 1.75
sec and a rate of fire is 3.75 shots/ sec for 10 men firing.

The electrical record of shots recorded provlded a count showing that
about 12 percent of shots were fired during an average 1.27-sec period after
targets had gone down.

The rate of fire of 2.57 shots/sec for 10 men firing is computedfor slngie-
builet, dupiex, and triplex runs. This is lower than the rate for singie-bullet
day -sitting runs used to develop the estimate of lag time.

LAG TIME AND RATE OF FIRE FOR
SINGLE-BULLET DAY-SITTING RUNS

It is evident that some tlme was required after the target appeared for the
riflemen to spot the target and direct fire toward It. The average lag time had
been visually estimated as about 3 sec. This sectlon develops a method for esti-
mating the average lag time {from appearance of the target to beginning fire at
this target and the average rate of fire. Such averages are meaningful, though
It 18 recognized that there may be considerable variation from target to target.
The data from which these averages were computed were obtained from the
electrlcal records of shots fired (Table 11). The way in which these data were
obtained is described in detaij in App D. The computations are based on the
shots data (N,) from Table F20. The adjusted shot values are used. The cor-
responding values of exposure time () are noted {from Tabie C22, It is believed
that the assumptions made in the least squares method outiined in the paragraphs
following are reaiistic if calculations are confined to a given type ammunition,
vislbility, and firing position. The method is essentialiy that of fitting a straight
line to observed ¢~ta.

For a given type run, it s assumed:

t; ls the scheduled exposure tiov: for target i.

a sec is the lag time for beginning fire at each targst.

N; is the number of shols fired at target i.

K is the time in seconds for each shot. This assumes the average rate

of fire is constant and 1/K is the average rate of fire.

ORO-T-378 s
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From these four assumptions, it is clear that:

;- = effective exposure time for target i. This may be thought of
as the calculated exposure time. y
0.88 KN; = effective exposure time for target i. This is the observed L

exposure time, since Table 12 shows that 12 percent of the
Iire is delivered after exposure.

Taswe 11

DAY-SITTING SINCLE-BULLET
RATE-OF-RIRE DATA, BY TARGET

t N N2 Ni
4.5 15 225 68
15 52 2,704 780
4.5 21 441 95
15 52 2,704 T80
19.5 44 1,924 858
9 34 1,156 306
4.5 ) 81 41
9 5 1,225 315
6 2% 676 156
18 39 1,521 585
31.5 96 9,216 3024 s
3 9 81 27
4.5 10 100 45
4.5 3 25 2
9 14 196 126 .
6 19 361 114 -
10.5 40 1,600 420
3 6 34 18
25.5 k g 1,369 44
7.5 10 100 5 3
3 4 16 12
21 36 1,296 758
Iz 613 21,065 9568

The error between the caiculated exposure time and the observed exposure
time for target | ls a {function of a and K, and may be written

f(ﬂ.m -l;-u-o.mKN, (ll)

To determine a and K, the necessary condition is for the sum of squares .
of thess errors for all targets to be a minimum. T*-t is, the expression is
written for the sum of the squares of the errors for all M taryets (where M is
the number of targets), which ls:

¥
Ffo,K)=Zfy-a-0mKNA
i=}

22¢ GRO-T-31
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and set the first partia] derivatives with respect to a and K equal to zero. This
leads to the foilowing pair of iinear equations for determining a and K:

o “+0.&KN‘-:¢‘
(12)
0.88 o N+ O.TTK N2 =0.88 INg,

General average values for single-bullet day-sitting runs can be obtained
by considering all 10 single-bullet day-sitting runs from Table F20.

Table 11 lista the average adjuated rounds fired at each single-bullet dav-
sitting target N. Also listed are target exposure times t. The quantities N? and
Nt are computed, and all columns totaled. These sums are substituted into Eqs.
12, which become:

2o+ 539K =21
539 o + 20959 X = 8420

These equations yield:

0 = 1,77 sec
K = 0.356 sec

The average time between rounds after initial lag for 10 men firing is K.
The average interval for one man is just 10 K, or 3.56 sec, or 1"t rounds/min.
Of course this interval includes clip change and maliunctions, where they
occurred.

The 1.77-sec irnitial lag reflects the delay in acquiring a new target. It
must be appreciated that this delay as deduced here represents the time to
achievement of the steady rate of fire, not time until the first round is fired.
The average time until the first round is fired by a single man is in fact 1.77
plus 3.56, or 5.33 sec. It is noted that this average value of 5.3 sec to first
round is somewhat larger than the theoretical optimum time of 3.5 sec.!® It
should be noted however that tiz increment before the first round is generally
less than the average increment, as the rifle will always be loaded.

RATE OF FIRE FOR SINGLE-BULLET, DUPLEX,
AND TRIPLEX RUNS

In the single-bullet, duplex, and triplex runs there was a total of 8011.5
sec of target-up time. (In Table I2 runs 7, 8, 31, 39, 40, €3, and 64 were night
runs with target-up times of 253.5 ~~c/run. All other runs were day runs with
target-up times of 231 sec/run. Al runs used 22 targets.) Deducting 1.77 sec
lag time from each of the 748 targets in all 34 runs, ieaves a fotal of 17,171
shots fired in 6688 sec. Thus 2.57 shots/sec was the average rate of fire for
10 men, 0.257 shots/sec (15 rounds/min) for one man for single-bullet, duplex,
and triplex ammunition.
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TasLE 12

LATE SHOTS FOR SINGLE-BULLET, DEPLEX, AND TRIPLEX Runs (Raw DaTa)

Peccentage of
e shote rnc::ded
Rya
Turger up Terget down Total Target ap Target dows
1 445 57 522 89.1 10.9
2 78 38 436 .7 13.3
3 56 35 391 91.0 9.0
4 205 11 276 9.0 4.0%
5 412 69 481 B5.7 14.3
6 £72 171 643 73.4 26.6
7 462 64 526 f7.8 12.2
] 508 59 567 80.6 10.4
25 582 a3 665 87.5 12.5
26 626 76 702 89.2 10.8
n 582 56 578 90.3 9.7
28 405 42 447 90.6 9.4
29 636 2] 735 B6.5 13.5
11 ) Pt it 39.7 16.3
33 403 59 2 87.2 12.8
34 492 *h 562 87.5 12.5
35 390 61 451 86.5 13.5
a6 asl 26 47 80.3 19.7
7 286 57 343 3.4 16.5
38 340 40 380 89.5 10.5
a9 498 50 548 90.0 2.1
40 467 42 509 91.7 8.3
57 415 60 495 27.9 12.1
58 433 59 492 88.0 12.0
59 833 81 614 86.8 18.2
60 493 104 597 82.6 17.4
61 569 64 633 89.9 10.1
62 570 81 651 87.6 12.4
63 8OO 104 904 88.5 11.5
64 755 i 843 89.6 10.4
65 737 136 873 b 15.6
66 653 87 740 88.2 11.8
67 517 64 581 89.0 110
68 500 60 560 89.3 10.7
Total or
Yean 17,171 2432 19,603 87.6 12.4

*Nata incomplete.
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AMOUNT OF LATE FIRE

Table 12 presents shots-recorded data derived from all the .30-cal single-
bullet, duplex, and triplex runs (34 of the 68 runs). It includes total numbers
and percentages of shcts fired while targets were exposed, and after they had
dropped. It is seen that 12.4 percent of the shots were fired after the targets
were down. This figure may, however, be somewhat higher than might be ex-
pected under less dusty firing conditions. The teat troops complained on num-
erous occasions that the targets were partly or completely obscured by dust
produced from hits in the target area.

DURATION OF LATE FIRE

A total of 2432 shots (Talle 12) was fired after target went down. At the
rate of 2.57 shots/sec this took 850 sec. Divided by the 748 targets in all 34
runs, this yieids an average of 1.27 sec of late fire per target.

- 2%
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Appendix J

STATISTICAL ANALYSIS OF DATA

SUMMARY

HITS AND HIT PROBABILITIES BY AMMUNITION-ILLUMINATION-
POSITION CONCITION

COMPARISON OF SINGLE-BULLET, DUPLEX, AND TRIPLEX AMMUNITIONS
COMPARISON OF AUTOMATIC AND SEMIAUTOMATIC CARBINE AND T48 FIRING
COMPARISON OF SINGLE BULLETS AND FLECHETTES

FIRING POSITION AND ILLUMINATION
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SUMMARY

This appendix examines variations in both hits per run and hits per round
fired for the 21 ammunition-illumination-position (AIP) conditions. Tabie J1
in the next section summarizes the basis for all comparisons. The three sec-
tions following that one extend the interpretation and justify the inferences on
differences that may be attributed to the 21 conditions.

Some of the most outstanding differences in hits and hit probabilities may
be shown by listing approximate ratios. Tabie J2 lists such ratios (all ammu-
nition comparisons except the last as noted are for sitting and standing com-
bined day averages).

HITS AND HIT PROBABILITIES BY AMMUNITION-
ILLUMINATION-POSITION CONDITION

The data on hits are drawa entirely from Tablea E6 and F33 and presented
in a summarized form in Tabie J1. These tables ignore learning and squac dif-
ferences by iumping together all runs for a given ammunition-iilumination-
position (AIP) condition.

The standard deviations in Tabie J1 are computed from run totals, using
the usual expression for variance o2, of the mean of n items (0 - 1 degrees of
freedom):

,g - nE(s2) - GV a¥Hn - D] (J1)

The table entries of error are standard deviations of means and define the 68
percent confidence limits; i.e., if the experiment is repeated many times two-
thirds of the time the result will be between ¥ - o5 and ¥ + Oy .

Having listed in Tabie J1 the mean hits and hit probabilities (raw and ad-
jusicd) for ail 21 AIP conditions, it is instructive to examine pertinent ratios.
Aiso the listing of standard deviations o and op makes convenient the deter-
mination of the confidence that each of these ratios is reaily different from
unity. Table J3 lists each of the seven other tvpes of fire relative to singie-
bullet ammunition for appropriate illumination-position (IP) conditions. The
statistic for the difference between the means of any quantities r and y is given

by

b = w./‘af/..) * {o;/n,) (J2)

This expression approximates Eq. J4 for large sampies. The computed vaiues
of i are then sought in statistical tabies for (v, + n, - 2) degrees of {reedom.
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HITS AND HIT PROBABILITIES BY AP CONDITION
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The C columns in Table J3 give the confidence that the ratio is rea:ily different
from unity.

Of more interest probably than this difference confidence is some meas-
ure of the confidence limits about each mean ratio ¥/§. Cusiomarily the han-
dling of errors in manipulatinglaboratorydata is done by two rules: (a) for addi-
tion or suntraction, add the absolute 2rrors; and (b) for multiplication or divi-
sion, add the percer.tage errors. Since independent random errcors are being
used, addition implies the second power sum of the percentage errors. For the
ratioof 1 to y, the standard deviation is

L. ¢ 787 J(ol/x)z + (.7”/1):l {J3)

Table J2
SUMMARY OF RATIOS OF MAJOR DIFFERENCES

Hit
Conditions compared Hits probability

Standing to sitting 0.9 0.8
Night to duy 0.4 0.2
Automatic to semiautgmastic 0.7 0.5
Duplex to single bullet 1.6 1.7
Triplex to single bullet 2.1 2.2
Carbine/AP 1.6 1.3
T48/AP 1.2 1.1
T4&/AP (night) 2.0 2.0

Table J3 lists the computed percentage errors of the ratios (07/5,)/(!/9’).
The columns headed H are really ratios (H /H ;. The columns headed Cyare
the t test confidences that the difcrences|l, - Huplare real. The columns
headed ofare really oy ,4,, . The hit probability columns are similarly de-
fined. Similarly, in foilowing tables, i and P are often used as abbreviations
for ratios H; /M, and A, /7,.

Table J4 compares sitting to standing and night to day hits and hit proba-
bilities for each of the ammuniiions. The means for all ammunitions reveal
that standing hit probability was about three-fourths that of sitting, and that
night hit probability was one-fourth that of day. As absolute hits per run
dropped off legs, it is clear that the firing rate increases. From the menn
values of Tabie J4 the firing rate decreases 22 percent for sitting over that for
standing and 78 percent for day over that for night. '

The comparison of automatic to semiautomatic fire is best made irom the
balanced data on the two automatic weapons alone. These comparisons are
made in Table J5. It appears that for day fire the automatic weapon scores
only two-thirds the hits per run scored by the semiautomatic weapon. The hit
probability drops even more, saowing 2n increase of 53 percent in the rate of
fire. The nighttime degradation is smaller.
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Table J4

HITS AND HIT PROBABILITIES OF STANDING COMPARED TO
S8ITTING AND NIGHT COMPARED TO DAY

Standing to sitting, % Night to day, %
Ammunition H P H P
or firing
Adjusted | Raw | Adjusted | Ruw | Adjusted | Raw | Adjusted | Raw
data data data data data data datr data
Single bullet B& B3 79 75 38 34 27 25
Duplex 96 96 B1 B6 e 3 a5 29 28
Carbine automatic 99 B8 77 70 26 21 20 19
Csrbine semi-
automatic 104 105 79 B2 17 18 13 13
T48 automatic 79 85 68 69 71 71 5 5
T48 semiautomatic BB 97 65 71 B2 66 44 47
Flechette - - - — B1 91 B3 75
Mean" 92 92 75 76 41 41 28 23

-Except for flechettes.

COMPARISON OF SINGLE-BULLET, DUPLEX, AND
TRIPLEX AMMUNITIONS

Table J6 18 a tabulation of the raw (i.e., manual count of rounds of ammu-
nition used and count of holes in targets for each run) data for each of the 18
runs in which single-bullet ammunition was used, plus additional calculations
to be explained later. Table JT tabulates the corresponding adjusted data.
Tables J8 and J9 are slmilar tabulations for the 14 duplex runs, and Tables J10
and J11 show the resuits for the two tripiex runs. For each cf these runs the
probability of hits p has been calculated from the relation

oumber of holea connted {for all 22 targets)

P rounde of ammunition cowated

The prcbabllity q of missing the target is g = 1 - p
From elementary statistical theory the standard deviation o of the quantity
p in the binomtial distribution (p + q)* is given by

o? - p1/n

Also the binomial can be shown to tend to normality as n increases. For
x = 100 the normal approximation for the binomial is sufficlentiy good for most
practical applications; for n > 400, a condition satisfied by all ruur of this ex-
periment, the normal curve approximation for the binomial will be excellent.

I the eight duplex runs in Table J8 for the day-sitting firing condition are
compared with the corresponding eight siaglo-bullat ~uns in Table J6, the hit
probablilities for the duplex runs are from about 50 percent tc more than 100
percent greater than those for the single-bullet runs. This appears Lo remove
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any doubt as to real effects shown by these data. However, this can be vigor-
ously establlshed ln any one of several ways. The ! test could be applied to
the pairs of corregponding runs. Perhaps the slmplest vay to examine these
hit probabilitles statisticaily is to follow the method of control charts frequently
used in guallty-control work. If control llmits of p + 2 ¢ are calculated, the
probability that another estlmate of the same , will fall outside the + 20 llmlts
is about 4 percent. These llmits were computed; graphs of the results are
shown in Figs. J]1 and J2. The fact that the hit probabilities for the duplex runs
{except for night sltting, Run 8, for which there is no definite cxplanation) far
exceed the upper 2 ¢ iimit for the hit protabilities of the corresponding singlc-
bullet runs is very strong evidence that the duplex hit-probability improvements
are real under all test conditions of this experiment. There is also strong evi-
dence in Flgs. J1 and J2 that some extracrdinary condition was experienced in
Runs 7 ur 8. Possibly =n erroneous ammunition count or target hole count was
made in Run 7. Another possible explanatlon of the unexpected results in com-
paring Runs 7 and 8 is found in a note of an observer written at the time Run 7
was made. This note states that the targets on Run 7 were seen with an exces-
sive glare in the moonlight. Aside from these two comparisons, each of the
duplex runs compared to the corresponding single-bullet run gives hit proba-
billties that are significanily better at least at the 0.1 percent level. This
means that under the assumption that there is no real difference in duplex and
slngle-bullet hit probabilities the results of any pair of these comparisons
would have less than 1 chance in 1000 of occurring from random or sampiing
variation.

Figures J1 and J2 also show the results of the only two tripiex runs com-
pleted. Both Runs 26 and 28 have hit probabliities far beyond the 3 ¢ control
limits for Rurs 25 and 27, which are the corresponding single-buliet runs.

The triplex runs are not directly comparable to duplex runs, but the fact that
the hit probabllities for both these runs are above the 2u control limits for
any dupiex run is substantial evidence that the triplex ammunitlon gives a real
increase over duplex azmmunition In hit probabllities.

Tables J20 to J33 are tabulations for holes couated (totai hits) with addi-
tional calculations similar to those in Tables J6 to J19.

Tablea J34 to J39 contain calculations that compare mean values rather
than individual pairs of values,

Table J34 shows a tabulation and the mean value for all day-sitting runs
for the single-bullet and duplex ammunition. Twr types of t test for signifi-
cance of differences are calculated In this table. The signiflcance of the differ-
ence in the two mean values (121.5 for the single-bullet ammunitlon and 185.4
for the dupiex ammunition) is tested by the calculatlon

[ma/im n)l.‘ g, - ©,)
' - - (J4)

LY _ %2 = 5 =% Y
I[:.lth 'l, !!)21 (m + » p

¢ Dir
4

2
In this expression, m is the slze of the first sample with mean 1, , and n is the
size of the sncond sample with mean T,. The value of 1 calculated in this way

from the data in Table J20 is t = 3.18. Thils value of ( for 16 degrees of free-
dom s significant at beyond the 1 percent level.
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Table J&

SINGLE-BULLET HIT PROBABILITIES AND STANDARD
EHRORS, RAW DATA

Rounds Holas
Run Squad sounied, o counted # = bolea/n o = Ypa/in
Day-8liting Conditien
1 A 807 30 148 014
3 B 471 105 .223 019
25 A 742 157 212 015
k1 B 598 144 241 018
34 [of 545 111 204 017
a6 D 482 61 188 017
P - & 34 100 198 .018
80 D 683 120 181 015
6% E B85 202 .23 014
87 F 685 105 .153 014
Subtotal 8,185 1215 197
Day-Standing Condition
5 A 579 61 140 014
29 A T47 H+ 145 013
kt:) C 819 110 162 014
62 [y 720 163 143 Gid
Subtotal 2,725 402 Jran
Night-Sitting Condition
15 B 816 5 088 011
a1 B 950 41 043 007
40 D 901 21 .030 008
84 D 669 45 052 008
Subtotal 3,326 166 050
Total 12,228 1763 148
No
N
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Table J7

SINGLE-BULLET HIT PROBABILITIES AND STANDARD
EXHORS, AINUSTED DATA

Shots Hits
Hun Squad adjusted, a adjusted pw hita/n o= paln

Day-8itting Conditlon

1 A 540 51 .169 .0le

3 B 433 108 224 019

25 A 827 157 180 RURL

27 B 576 132 .229 018

h1} C 337 110 205 017

36 D 445 71 160 017

58 C 471 90 181 .018

3] D T08 121 171 014

85 E A72 200 .229 014

a7 F 647 100 185 014
Suhtots! 8,119 1180 .193

Day-Standing Cundition

5 A 531 T8 142 018

29 A 787 117 153 013

a8 C €25 109 174 018

a2 c Ti4 98 .13% 013
Suleotal 2,857 403 52

Nlght-Bitting Condition

7 B 800 58 093 .02

k1) B 850 42 U444 007

40 D a4 28 .030 i

84 D 768 42 JO5E 008
Subtotal 3,192 186 082
Total 11,968 1749 148
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Table J&

DUPLEX HIT PROBARBILITIES AND STANDARD

ERRORS, RAW DATA

Rounda Holes
Run Squad counted, n counted g = holea/s o = Vpa/n
Day-Sitting Condition
2 A 492 186 .337 021
+ B 469 170 362 022
kR c 305 15%9 L31h 021
35 D 478 132 271 Q20
57 C 534 209 Je2 .021
59 D T48 195 .261 016
A& E 119 292 AT5 017
83 F 823 160 257 L0186
Subtutal 4626 14A3 a2
Day-Standing Condition
8 A 667 180 (285 Lo17
ar c 835 187 295 .018
8l C 845 158 .245 017
Subtotal 1947 535 215
Night-8itting Condition
8 B w13 44 .has Loy
39 D 353 43 o7e L0114
82 D 918 Lo9 119 .001
Suinotal 2149 196 091
Total 8722 2214 254
URO-T-378
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Table J%

DUPLEX HIT PROBASILITIES AND STANDARD
ERRORS, ADJUSTED DATA

Shots Hits
Hun Squad sdjuated, » adjuated p = hite/» o= Vogin

Day-8itling Condition

2 A 492 166 .337 021

4 B 487 158 .338 022

a1 = 485 154 318 021

35 D 438 123 281 021

57 C. 572 214 374 .020

59 D 701 201 287 .07

o6 E 169 278 358 017

88 F 586 158 2686 .018
Subtotal 4510 1444 .321

Day-Standing Condition

6 A s 182 253 018

37 C 653 193 288 .08

61 C 631 148 258 07
Subtotal 2003 523 261

Night-sitting Cenditlon

8 B 678 44 U85 008

39 D 49 41 084 013

83 D 950 112 L1g .010
Subtotal 2119 197 093
Total 8832 2188 251

ORO-T-378
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Tsble J10

YRIPLEX RIT PROBABILITIES AND STANDARD ERRORS,
DAY -8ITTING CONDITION, RAW DATA

Rounds Holes
Run Squad counted, a counted p = holes/n a= v pa/n
s A T08 3ol 426 U1e
28 B 451 201 145 023
Tutsl 1157 502 434
Table J11

TRIPLEX RIT PROBABILITIES AND STANDARD ERRORS,
DAY-SITTING CONDITIDN, ADJUSTED DATA

Shots Hits
Run Squad sdjusted, sdjusted p= hits/n 7 = Vpa/n
26 A 750 109 412 018
¢ B 369 176 417 026
Total 1119 4R35 .433
Tsble J12

CARRINF AUTOMATIC HIT PROBABILITIES AND STARGARD
ERRORS, RAW DATA

Houada Holes
Run Squad counted, » counted p = holes/» o= Ypyin

Dsy-8itting Condition

20 A 1698 179 NEH 00743
18 B 1016 14 112 .0Lo
41 D 610 as 138 014
43 (] 111 106 095 009
Subtutal 4432 485 Jd09
Dasvy-Standing Conditlon
45 o 1093 68 Dea Kilig)
22 B 1655 142 088 L0059
Subtotal 2T 2us Ril
Night-Sitting Cond'tion
24 A 1483 26 BiR 003
Lk C L 1Y 23 .028 005
Suinolal 49 49 @21
Total 9550 742 ]
246 ORO-T-378
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Tabin J13

CARBINE AUTOMATIC HIT PROBABILITIES AMND
STANDARD ERRORS, ADJUSTED DATA

Shola Hits
Run Bquad sdiugrad, . sdjusto. == hita/n oga {pe/h

Day-~-8itting Condition

20 A 1801 173 086 007
18 B 900 1¢8 120 .0
41 D 512 59 115 014
L] Cc 1089 102 095 .00
Suutotal 4283 442 103
Day-Standing Condition
45 D b28 59 064 008
22 B 1829 180 087 007
Subtotal 2157 219 479
Night-Bitting Conditlon
24 A 1472 28 .018 .003
47 C 1240 32 .026 004
Subtotal 27112 58 021
Total $752 T19 T4
Table J14
CARBINE SEMIAUTOMATIC HIT PROBABILITIES AND
STANDARD ERRORS, RAW DATA
Rounds Holes
Run Squad counied, n counted p « holes/a o = Vng/n
Day-sitting Condition
17 B 840 178 278 .018
19 A 758 135 18 014
42 D 644 171 .268 017
“ C 87 184 240 0I5
Subtotal 2809 868 .218
Jay-Ssnding Condition
2] B 985 202 .208 013
1] o] 808 145 179 01235
Subtots! 1793 47 194
Night-8itting Condition
13 A 1.4 42 041 008
48 [ Ala 17 .021 008
Subtotal 1843 59 .032
Total 8450 19074 187
GRO-T-378 247
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Table J15

STANDARD ERRORS, ADJUSTED DATA

Shota Hits
Run Squad sdjuated, a adjusted p = hita/s a = Ypy/n
Day-8itting Cooditlon
17 B 633 177 280 018
19 A 758 135 178 .4
42 D 411 179 .299 018
44 C T24 182 251 018
Subtotal 2726 B73 247
Day-8tanding Condition
21 B 1042 213 204 D12
46 D 777 139 AT9 014
Subtotal 1819 ase 194
Night-Sitting Condilion
23 A 1140 45 039 .006
48 C 692 13 RS 0
Subtotal 18a2 58 .32
Total 5800 944 169
Table J16
T48 AUTOMATIC HIT PRCDABILITIES AND 3TANDAILD
ERRORS, RAW DATA
Rounds Holea
Run Squad counted, » counted r = holes/a o = Vpe/n
Day-Bltting Condition
10 B n24 1) 104 001
12 A 1656 102 097 009
49 D 763 B& 112 (1]
51 [ 1112 103 09) 009
Subtotal 758 377 100
Day-Standing Conditlon
14 B 923 o1 D99 010
53 D 1385 68 049 006
Subtots! 2308 158 V69
Nlght-Sittiag Condition
16 A 1444 5 052 . 006
55 C 1082 59 DB 007
Subtntal 2526 134 .08, .
Total HERY §Tu 0ns
248 ORO-T-378
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Table J17

T48 AUTOMATIC HIT PROBABILITIES AND STANDARD
ERRORS, ADJUSTED DATA

Bhots Hite
Run Squad sdjusted, & adjuntad p=hita/a a=Vpqla

Day-8itting Condition

1¢ B 764 85 113 ,011
12 A 1068 104 088 009
49 D 862 92 108 011
51 C 1030 8 .07 .009
Subtotsl assd sl .103
Dey-Standing Condition
14 B P18 91 099 010
83 D 1273 §9 048 .066
Subtotal 2193 150 088
Night-8itting Condition
18 A 1489 ki ] .L31 008
55 C 1038 58 058 007
Subtotsl 2527 134 083
Total 8408 113 e
Tabie J18
Ta48 SEMIAUTOMATIC HIT PROBABILITIES AND STANDARD
ERRORS, RAW DATA
Rounds Roles
Run Squad counted, » counted p = holea/= o=V pgin
Day-Bitting Conditinn
] B 422 97 .23 .021
11 A S88 143 243 018
50 D 818 127 208 .ms
52 C 708 140 199 028
Subtotsl 2331 507 218
Duy-Standing Condition
13 B 38 127 173 014
54 D 549 118 139 012
Subtotal 1588 245 158
Night-8itting Concitlon
'8 A 782 BS 109 .01l
58 C ASS 62 094 010
Subtotal 1835 187 102
fotai 8364 n? 186
‘RO-T-378 49
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Tabla J19
T45 SEMAUTOMATIC HIT PROBABILITIES AND STANDARD ERRORBS, ADJUSTED DATA

Shot s Hits
Run Squad adjusted, » adjuited p = hite /n a=vpet-
Day-Sitting Condition
9 B 480 111 231 019
11 A 848 167 243 017
50 D 849 144 222 018
52 C gis 130 .2 .18
Subtotal 2424 542 224
Day-3anding Condition
13 B 7682 131 LA72 014
54 D 808 109 133 012
Subtotal 1587 240 153
Nlght-8itting Coxdition
15 A 719 85 109 011
58 C 859 82 098 010
Subtotal 1838 187 102
Total 5629 949 .a89
Takle J20
SINGLE-BULLET HITS AND STANDARD ERRORS, RAW DATA
Sum ol
Holes Jquares
Run Squad counted, 4 A2 s® A+ as h-28
Day-8itting Condltion
1 A 90 188.8 8.8
3 B 108 2014 8.2
-} A 157 2538 80.2
7 B 144 240.8 47.2
34 o 111 ZCT.8 14.2
kL] D %1 1778 ~15.8
38 C 100 194.8 .2
80 D 120 116.8 23.2
88 E 202 298.8 105.2
a7 F 108 201.8 8.2
Subtotal 12135 159,821 48 4 2183.0 247.0
Day-Standing Condition
8 A a1 107 .4 54.4
29 A 108 134.4 81.4
1] C 110 1266 43.4
a2 C 103 129.8 T8.4
Subtotal 402 40,934 13.3 508.4 2908
Night-8itting Condition
7 B 53 T4.8 31.2
31 B 41 az.8 19.2
40 D 27 4488 5.2
(7] n 45 [N ] 23.2
Subtotal 144 7,244 10.9 263.2 8.8
Tots, 17A3 217,249 44.9
Pt - 2 - zn /Al
250 ORO-T-378
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Table J21

SINGLE-BULLET HITS AND BTANDARD ERRORS,
ADJUSTED DATA

Sum of
Hits sjusres .
RAun Lquad adjusted, & XAl 3 A+ 28 A —28§

Day-8itting Condition

1 A 21 188.0 16 4

3 B 108 183.0 33.0

25 A 157 232.0 82,0

a7 B 132 207.0 57.0

M C 110 185.0 35.0

18 ] 71 148.0 —4.0

o8 C 90 165.0 15,0

0 ] 121 198.0 44.0

65 E 200 275.0 125.0

67 F 100 ’ 175.0 25.0

Subtotal 1180 151,800 7.5 1930.0 430.0

Day-Standing Condition

5 A 78 111.8 44.2

29 A 17 150.8 83.2

38 L 109 142.6 5.2

62 C 89 132.8 85.2

Subtotal 403 41,455 16.9 538.2 267.8

Night-Situing Condition

7 B 58 608 31.4

1 B 42 686 17.4

40 D 26 50.6 14

64 D 42 0.6 17.4

Subtotal 188 7,340 12.3 264.4 £7.8
Total 1749 200,695 4235

it s utn = HILEA = [(Em2/e)).

ORO-T-378
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Table J22
DUPLEX RI!TS AND STANDARD ERRORS,
RAW DATA
Sum of
Holea SqQuares A
Run Squad counted, & Ta? S AW 2S A=25
Day-8itting Conditlon
2 A 166 2440 L1
4 B 170 268.¢ 72.0
3 C 159 %7.0 61.0
35 D 132 2300 Mu.0
57 C 209 307.0 111.0
59 D 195 293.0 #1.0
66 E 292 IR0 .G 194.0
68 F 160 %90 62.0
Subtota! 1483 291,731 49.0 2287.0 £99 0
Day-Standing Condition
6 A 180 225.4 154.8
7 C 187 222 .4 151,68
61 C 158 193.4 122.8
Subtotal 535 96,033 17.7 841.2 428.8
Night-3tting Condition
) B 44 119.8 -31.8
39 D 43 118.4 -32.6
63 D 109 184 .6 33.4
Subtotal 196 15,886 31.8 422.4 -30.8
Total 2214 403,420 4.0
1N e 1/ = {8 - (2w /a)
ORO-T-378
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Tabla J23
DUPLEX HITS AND STANDARZ ERRORS, ADJUSTED DATA

Bum of
Hits BqUATAS r
Run Squad adjuated, 4 Ia? 5 A+ 28 425

Day-Biiting Condition

2 A 168 2461.8 T0.4

4 B 188 2538 82.4

3 c 154 240.8 R |

3 D 123 218.8 27.4

87 C 214 309.8 118.4

] D 201 296.8 106.4

e 4 z78 3aTi e 1804

[ F 158 201.8 80.4

Sublotal 1448 273,074 47.8 2212.8 883.2

Day-Stamiing Condition

] A 182 229.0 138.0

37 Cc 193 240.0 148.0

1] c 148 198.0 101.0

Subtotal 523 92,2717 23.5 8840 3s82.0

Night-8itting Condition

L] B 44 124.4 ~36.4

% D 41 121.4 -39.4

[ D 112 192.4 1.8

Subtolal 197 18,181 40.2 438.2 -44.2
Total 2168 388,512 62.5

2 = 1/t = 1)L EAT = ((Z02/a] )

Tabla )24
TRIPLEX RITS AND STANDARD ERRORS, DAY-SITTING CONDITION, RAW DATA

Sum of
Holea squaTes "

Run Squad counted, } Ta2 § h+ 258 h—25
28 A 301 442.4 159.4
28 B 201 342.4 -} X}

Total 302 131,002 T70.7 T784.8 219.2

L5t a1/in = 1 TAZ = ((ZN2/a)

Table J25
TRIPLEX RITS AND STANDARD ERRORS, DAY-SITTING CONDITION, ARJUSTED DATA

Sum of
Hita aquares O
Run Bquad adjuated, 4 Ia? s A+ 28 L-25
26 A am am 121
n B 178 304 =12
Total 485 128,457 4.0 (.13} 109

B a1/n = 1 H LA = (Z0)2/a)).

ORO-T-378 253
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Table J28
CARBINE AUTOMATIC HITS AND BTARDARD ERRORS,
RAW DATA
Bum of
Holee squares S
Jun Squad countea, A Zi? s A +28 A=-25
Day-Bitting Condition
20 A 179 2588 9.4
18 B 114 1%4.6 33.4
4l D 1] 188.¢ 5.4
ot e C 108 1688 25.4
Subtotal 185 64,889 40.3 80T.4 182.¢8
Day-Standing Condition
45 D [ 1] 173.4 —41.4
22 B 142 2454 346
Subtotal 208 24,520 3.7 422.8
Night-8itting Condition
4 A 28 302+ 21.7¢
47 Cc 23 27.24 18.76
Subtotal 49 1 208 2.12 57.48 40.52
Total 142 54.2

262 a1/in - 1) 1282 — ((Z0)2/a] ).

Table J27

CARBINE AUTOMATIC HIT8 ANI} STANDARD ERRORS,
ADJUSTED DATA

Bum of
Hits squares
Run Squad adjusted, A it 5 A+ 38 A - 25

Day-Sitting Condition

20 A 173 267.0 79.0
18 B 108 202.0 14.0
41 D 59 183.0 -35.0
43 C 103 184.0 8.0
ubtotal 442 58,478 47.0 816.0 88.0
Day-Randing Condition
46 D -1} 1018 —$3.8
11 B 180 302.6 17.2
Subtotal 11s 29,401 1.4 504.8 4.4
Night-Bitting Condlition
34 A 30 34 11.8
47 C 2 40.4 3
Bubtotsl 58 1,700 LI | T4 8 4.2
Total e 84,250 ..

e (1/1e - yI{ At - EMI/A)

254 ORO-T-378
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Table J28

CARBINE SEMIAUTOMATIC MITS AND S8TANDARD
ERRORB, RAW DATA

¢ Bum of
¢ Hoiea oquarss
Run Bquad counted, & It 5t A+ 28 L

Day-8itting Coadition

. 17 B 118 222 134
19 A 135 179 1
42 b 1711 215 127
“ [ 184 228 140
Subtolal [.L.1.3 113,008 22.0 844 492
Day-Staniing Condition
21 B 202 282.8 121.4
40 D 145 2258 844
Sutrotal R Y 61,829 403 508.2 166.8
Night-8ltting Condition
23 A 42 7.4 8.8
48 c 17 52.4 =16 4
Subtotal 59 2,053 11.7 129.9 -11.8
Total 1074 176,888 BA.4
. S 1/l - 2R - [Z8 A}
(] Table J28
CARBINE BEMIAUTOMATIC HITS AND BTANDARD
’ ERRORS, ADJUITED CATA
Sum of
Hits squares N
Run Bquad adjusted, 4 LA . Ao 2 A28
r
Day-Sitting Conditioa
17 B 177 221.6 132.4
19 A 135 1798 .4
42 D 179 2238 151 4
44 C 162 226 8 1374
Subtotsl 673 114,719 22.3 A5l 4 49468
Day-Sanding Condition
21 B 213 N7.8 108.4
48 D 139 2438 RN ]
Subtotal B2 64,690 8223 58t 2 142.6
Nighi-Bitting Condition
23 A 4« "2 2
48 C 13 a2 -3 12
Bubtotsl 1] 2,14 22 4 148 4 324
‘ Total 1083 181 803 07

e - ot - ety

NRO-T-378
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Table J30
T4 AUTOMATIC RITS AND STANDAKRD ERRORS
RAW DPATA
sSum of
Holea BYUATEL .
Run Squad counted, 4 I b Ao 24 A=
Day-Sitting Condition
10 3 .1:} 106.04 a8 92
12 A 102 121.04 B82.92
419 D §6 108 08 88.92
31 C 103 122,08 83.92
Subtota! kY x) 35,808 9 34 451 .22 J00.88
Day-Stamling Condition
14 B 91 1231.6 58.4
33 D 68 100.6 35.4
Jubtotal 153 124,908 16.3 224.2 93.8
Night-Sitting Condition
18 A 75 97.8 52 4
33 [ 59 81.8 364
Subtotal 134 9,108 11.3 179.2 8.8
Total B70 57,818 15.6
i {v v = L UER = (2w emgi
Table J31
T48 AUTOMATIC HITS AND STANDARD ERRONS,
ADJUSTED DATA
Sum of
Hita BUUATES .
Hun Squad adjusted, i It 5 A+ 25 A=125
Day-Sittiag Condition
10 B Ba i01.8 702
12 A 104 119.8 B8 2
4 0 82 107.8 78.2
51 C " 114.8 83.2
Subtnial a1 38,477 T.9 444 2 31t.s
Day-SManding Condition
14 B 1 1) 138.2 45.8
53 D 3% 104 2 13.8
Subtotat 150 11,7682 22.¢ 240 4 59 8
Night-Standing Condition
14 A 74 191 4 808
a5 C iz 1.4 3z
Suitotal 134 °,140 121 194 9
Totsl [ 1] 7. 279 173
L e e gz - 2R g
CRO-~T-2378
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i ‘Table Ja2
T4s BEMIAUTOMATIL HITS AND STANDARD ERKOHB,
PAW DATA
Sum of
* Holes sqiares N
“ Run Squad counted, T4l ¥ hs 28 A= 25
Day-8itting Condition
9 B 97 139 55
b il A 143 185 101
30 D 127 189 85
52 C 140 1682 L]
Subtotal 507 85,587 n.o 615 139
Day-Standing Conditicn
13 B 137 139.72 114 38
54 D 118 130,72 105.28
Subivtsl 245 ae.nta .38 270.44 319.56
Right-Sitting Coi.dition
15 A L] R9.34 8U. 76
56 c 82 94 24 77.18
€ total 167 13,949 212 175.4% 15R.52
Total 1% 109,569 M0
/e - IR - yzatag)
.
. Table 430
T48 SEMIAUTOMATIC MITS AND $TANDARL ERROMS,
- ADNUBTED DATA
Sum of
Hits squares o
Run Squad adjusted, » TA? . i v 2 A=y
-
Dujy-8itting Conditior
9 ] 111 150.4 T1 68
3! A 157 196 4 117 e
50 D 144 183.4 104.8
52 (o 130 189.4 gu.8
Subtotal 543 74,806 197 L3 ] 184.4
Day “Standing Condition
13 B 1 1683.2 "e
54 D 109 1402 1.8
Subtotal 340 29,042 18 & J02.4 177.8
Nigh-Satting Condition
1% A (11 #9.3 (TR}
% ( L] 6.3 7.8
Subtotal 182 11,949 b | 1% 1
- Tual e 11T e s

L TR SR R L

ORO-T-378
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The other value of ( = 9.5€ shown in Talble J34 is the test for mean diifer- .
ences ol pairs of correlated data, and is calcuiated as the ratio of the mean
differerce to the estlinated standard error > this mean difference. The value
of t= 9.56 for the 7 degrees of freedom availabie is significant at about the 0 1
percent level. Both these tests constltute strong evidence that the increase of
dupiex over singie-buliet ammunition in total hits for day-sitting runs is a real
effect. It will be observed that the increase of total hits in this sample is over

50 percent.
In Table J36 the totai hits for all the duplex and single-builet runs are '

compared, and the same type | tests calculated as expiained previously for
Table J34.

Table 534
INGLE-BULLET AND DUPLEX HITS, DAY SITTING, RAW DATA

Single bullet Duplex Duplex minus

Squud
: Run | Holes counted Run | Holes counted single buliet
A 1 90 2 166 76
B 3 105 4 170 65
A 25 157 - -— -
B 27 144 -_ - —
C 34 It1 33 159 48
D 36 81 35 132 5l ’
C 58 100 87 209 109
D 60 120 09 195 75
E 65 202 66 292 90
F 67 105 68 160 55 *
No. of runs 1¢ 8 ) .
Sum (holes counted) 1,215 1,483 569
Mean 121.5 185.4 71.1
Sum of squares 159,621 291,731 43,537
e — ]
Item Diff :rence of means  Mean difference
t 3.18 9,56
Degrees of treedom 16 7
Approximate significance level, © 1 0.1

Even with the reversal for cone pair of runs for night-sitting condition,
where more hits were scored with the single-bullet than with duplex ammuni-
tion (shown in Table J36), the two vajues fort of 3.12 (30 degrees of freedom)
and 7.33 (13 degreres of freedom) give strong evidence that the average increase
{over Su percent) for total hits in ali dupiex runs over ail single-builet runs is
a reai effect.
Table J38 shows the resulty of significance tests in comparing triplex .
with duplex and single-buliet ammunitions in total hits. There are oniv two
triplex runs. which. of covrse, is a very sniail sampie. When compared with

258 OonD-T-378
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the two corresponding single-buliet runs, even though there is an average in-
crease of nearly 70 percent in total hits for triplex, the difference is slgnificant
at oniy about the 20 percent ievel. When the average of the 2 triplex runs is
compared with the average of the 10 single-bullet day-sitting runs and 8 dupiex
day-sgitting runs, it is found that the corresponding ¢t values are significant at
about the 0.2 percent level and the 15 percent level. This is strong evidence
that triplex ammunitlon ls superior to the singie-bullet ammunltlon, but not
very strong evidence that triplex ammunitic_. s really superior to duplex ammu-
nition in total hits. The relative increase of triplex over duplex ammunitions
total hits is over 30 percent, and if this heid for a few more triplex runs the
significance of the difference wouid increase rapidiy.

Table J35
SINGLE-BULLET AND DUPLEX HITS, DAY SITTING, ADJUSTED DATA?

oy Single bullet Duplex Duplex minus

Run Hita sujusted Run HAits sdjuated Sipete . Baniet

A i 91 2 166 75
B 3 108 4 158 50
A 25 157 — = —
B 27 i32 — -_ -—
C 34 110 33 154 44
D 36 71 35 123 22
C 58 90 57 214 124
D 60 121 59 201 80
E 65 200 66 276 76
F 67 100 68 156 56
No, of runs 10 8 8
Sum (hits sdjusted) 1,180 1,448 557
Mean 118 181 69.8
Sum of agusres 151,800 278,074 -—

8y (difference of two means assuming equal varisnce) 3.14
Degrees of freedom 18
Approximate significence level 1%

COMPARISON OF AUTOMATIC AND SEMIAUTOMATIC
CARBINE AND T43 FIRING

Table J40 is a summary of the analysis of the hit probabllities from the
16 day-sitting runs, which are balanced with reapect to the four average sguads
and the four types of fire: carbine automatic, carbine semiautomatic, T48 auto-
matic, and T48 semiautomatic. Table J40 shows that the semiautomatic fire for
both the carbine and the T48 is consistently better than the automatic {ire. The
hit probabilities for the two types of semlautomatic fire are not very different,
but on the average they are more than twice the corresponding value for the
automatic fire. It might be concluded without further analysis that automatic
fire is inferior to semiautomatic fire as far as hit probabiiliies are concerned.
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Tabie J36

SINGLE-BULLET AND DUPLEX HITS, ALL RUNS, RAW DATA

Single bullet Duplex Dusilex misus
Squad single bullet
Run Holes couated | Run | Ileles counted
Day Sitting
A 1 90 2 166 76
B K| 105 4 170 65
A 25 157 - - -
B 27 144 - - -
C 34 111 33 159 48
D a6 81 a5 132 51
C 58 100 57 209 109
D 60 126 59 195 75
E 65 202 66 292 90
F 67 105 68 160 55
Day Standing
A 5 31 6 190 109
A 29 108 - - -
C 36 110 a7 187 77
C 62 103 61 158 55
Night Sltting
B 7 23 8 44 -9
B 31 41 - - -
D 40 27 39 47 16
D 64 45 63 109 64
No, of runs 18 14 14
Sum (holes counted) 1,783 2,214 881
Mernn 99.06 158,14 62,9
.«!m of squares 207,799 403,430 48,805
item Difference of means Mean difference

260

]
Degreea oi [reedom

Approximate significance level, %

3.12
30
1
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Table J37
SINGLE-BULLET AND DUPLEX HITS, ALL RUNS, ADJUSTED D;‘LTA'i

3 Single bullet Dupiex Dupléx minua
qued aingie builet
Run Hita adjusted Run Hits adjusted &
Day Sitting
A 1 91 2 166 75
B 3 108 4 158 50
A 25 157 - = -
B 27 132 - - -
C 34 110 33 154 44
D 36 71 35 123 52
C 58 90 57 214 124
D 60 121 du 201 80
E 65 200 66 276 76
F 67 100 68 156 56
Day Standing
A 5 18 8 182 104
A 29 117 _ - -
C 36 109 k¥ 193 B4
C 62 99 6l 148 49
Night Sitting
B 7 56 8 41 12
B 3i 42 —_ - -
D 40 26 39 41 15
D 64 42 63 112 70
No, of runs 18 14 14
Sum (hits adjusted) 1,749 2,168 891
Mean 97.17 154.86 63.64
Sum of squaresa 200,695 386,512 -

Degrees of freedom
Approximate significance fevel 1%

-idifference of means) 3,11
30

CONFIDEHTIAL
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Table J38

TRIPLEX, SINGLE-BULLET, AND DUPLEX HITS, DAY SITTING, RAW DATAR

A Triple.. with Corresponding Single-Bullut Hits

Single bullet

Triplex Triplex minus

$quad ingle bull
Itun [ Holes counted | Run | Holes counted A
A 25 T 187 26 301 144
B 27 144 28 201 87
No. of runs 2 2 2
Sum (holes counted) 301 502 201
Mesn 150.5 251 100.5
Sum of squares 45,485 131,002 23,985
a, {difference of mneans) 2.31
Degrecs of freedom 1
Approximate signiflcance level 20%

B. Triplex with Averages of Duplex and Single-Bullet Hits
Duplex Triplex Single bullet
ltem
Runs | Holes counted | Runs | Holes counted | Rung | Holes counted
Total 8 1,483 2 502 10 1,215
Mean 185.4 251 iz2i.b
Sum of squarcs 291,731 131,002 159,621
Triplex compared
Triplex compared to single-bullet
ltem to duplex means means
1.59 4.05
Degrees of freedom L] 10
Appraximate signiticance level, % 15 0.2
262 ORO-T-378
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Tatle J38

TRIPLEX, SINGLE-BULLET, AND DUPLEX HITS,
DAY SITTING, ADJUSTED DATA?

A. Triplex with Correaponding Single-Bullet Hita

Single bullet Triplex Trigha Arine
Sawiad aingle bullet
Run | Hits adjusted | Run | Hita adjusted

A 25 157 26 309 152
B 27 132 28 i76 44
No. of runs 2 2 2
Sum (hits adjusted) 289 485 196
Mesn i44 5 242.5 28
Sum of squarea 42,073 126,457 25,040

', (difference of means) 1.77
Degrees of freedom 1

Approximate significsnce level .3%

B. Triplex with Averages of Duplex and Single-Bullet Hits

Duplex Triplex Single bullet
ltem
Runa | Hits adjusted ;| Runs | Hits adjusted | Runs | Hits adjuated
Total 8 1,448 2 485 to 1,180
Mean 181 242.5 118
Sum of sguares 278,074 126,457 151,900

Triplex comparad

Triplex compared
to single-bullet

Item to duplex means means
t 140 3.4
Degrees of {reedom 8 19
Approximate significance level, % 20 0é
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Comparison of the four squads shows that the meaa hit probabllities are prac-
tically the same for Squads A and C and also for Squads B and D. It is ques-
tlonable whether Squads A and C are really inferior to Squads B and D. Analyais-
vi-variance calculatlons may shed llght on this question.

The assumptions made in applying analysis of variance to any rectangular
array (which covers the tables of thls section) are briefly as follows:

o= C oo By (J5)

where x,, = the entry for the ith row and jth column

C = a constant

a, = the effect of the ith row

B, = the effect of the jth column

¢;; = a normally distributed random error

Expressed in words, this assumption is simply that the entries in the
rectangular array are, except for random error, additlve functions of the vari-
ables represented by the rows and columns, Any departure from additivity of
the effects infiates the error and decreases the precision of the tests. The
assumptlon that ¢;,, the random error, is normaily distributed i8 necessary
in order to apply the F test and establish a slgnificance level for rejecting an
hypothesis.

The next assumption is that the row and column effects, a; and §, are
zero. This is the null hypothesis —or the straw-man technique. If this hypo-
thesis can be disproved, there is evidence that the rows, or columns, do have
4 real effect.

For an n row, m co'umn rectangular array the total variance is subdivided
according to the foliowing identity:

:.‘.;(z” -7 . mi (g, - n? . n oy - n? +5:(x“-— - %+ (J6)
the entry for the ith row and jth column

the mean of the ith row

the mean of the jth column

the general mean

>
- ]
n uw u

The quantity on the left in Eq. J6 18 the toctal sum of squares of deviations
from the general mean, which is subdivided into sums of squares attributabie
to rows, columns, and error. The degrees of freedom are mn - I, m -1, n - 1
and (n - 1} {mn - 1), respectively, for the total, row, column, and error sum of
squares. The total sum of squares can be shown to be equlvalent to

¥

3’- [1”)1 - ('f t”):/n!ﬂ (J?)
which is more convenient for numerical calculation. The row and column sum
of squares can also be calculated more conveniently from the similar equivalent
expressions. The error sum of squares can be calculated directly from the ex-
pression shown in Eq. J6, or it can be ottained by suttracting the sum of the
row and column sum of squares from the total sum of squares.

264 ORO-T-378

CONFIDENTIAL



| VRS

CONFIDENTIAL

The numerical entries in the analysis-of-variance tables in this section
were calculated as explained previously. The F values are the ratios of row
(or column) mean square to the error mean square. Under the null hypothesls
each of the three mean square values shown in any one of these tables is an
unbiased estimate of the variance in the array from which 1t was calculated.
The F function is the ratlo of two unbiased estimates of the variance of a normal
dist ributicn. Its mathematlcal form is known, and its values for various proba-
bility levels have been tabulated.

In the analysis of variance (Table J40), the F value of 30.7 is well beyond
the 0.5 percent probability levei value of 8.7 found in an F table for 3 degrees
of freedom. it is estimated that the 30.7 is at about the 0.1 percent level. This
means that under the agssumptlons vsed, which except for the null hypothesis
are believed to be reasonable for Table J40, the probability of obtaining differ-
ences as large as was found for type of fire from chance variation alone in an
experiment of this slze is nc more than 1 in 1000. This is strong evidence that
the differences in hit probabilities for types of flre shown in Table .J40 represent
real difierences, and this confirms a previous tentative conclusion that semiau-
tomatic fire was superior to putomatic fire in these runs. In contrast, the F
value of 1.1 found for squad differences is well within reasonable sampling vari-
ation. Hernce, there is no substantial evidence from the runs.in Table J40 that
Squads B and D are really superior to Squads A and C. It should be noted that
these caiculations do not prove there are no differences in the squads.

In Table J42 a similar analysic is seen for hit probabilities from the eight
day-standing runs by Squads B and D. Again there is strong evidence from the
results of these runs that the average hlt probabiiities from the semlautomatic
flre, which are more than twice corresponding values for automatic fire, rep-
regent rezl impiovements. The F value of 112 for type of fire is at approxi-
mately the 0.2 percent significance level, and 1s strong evidence for rejecting
the null hypothesls. The F value of 36.1 for squad differences glves substantlal
evidence that Squad B is superlor to Squad D in these day-st.inding runs.

Table J44 shows the hit probabilltles and analysis for the eight night-
sitting runs by Squads A and C. Again there is evidence here that the semi-
automatic fire is superior to the automatic flre. This is consistent for the
three iliumination-position (IP) conditlons. A more pronounced effect seen in
Table J44 is the superiority of the T48 over the carbine flrings. This ls a re-
versal from the resuits of the daytime flrings, where the carbine is slightly
better than the T48. There is no substantial evidence in Table J44 of real squad
differences. In fact the variance estimated from squad differences is less than
the variance estimated from the error,

The total number of holes counted in the same 186 runs that were examined
for hit pirobabilities 18 shown in Tables J40 to J45.

Tabie J46 shows that in the 16 day-sitting runs for bcth the carbine and
the T48 rifle, the semiautomatic fire achieved about 30 percent more total hits
than the corresponding automatic firs. Aiso there is evidence here that the
carbine achieves more total hita than the T48 for both automatlc and semiauto-
matic fire. The evidencs is not vsry strong that any of ths values in Table J48
represent real sffects. The type-of-fire differences show slgnificance at only
about the 3 percent level.
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The means for squads in Tabies J40 and J41 and J46 and J47 are of inter-
est even though the differences are not statistically significant in these tabies.
Squads A anci C apparently achieved an increase in total hits compared to
Squads B and D at the expense of less accurate fire. This appears to be a
reasonable conjecture, but it cannot be given as a substantially suppcrted
conclusion.
Table J48 shows the total hit results for the eight day-standing runs by
Squads B and D. Here again there is evidence in the row means that semiauto-
matic {ire achieves more hits than automatic fire and that the carbine achieves |
more hits than the T48. The row means are significantly different at only about
the 8 percent ievei, which is not considered strong statistical evidence that the
differences are real. However, the relative consistency in the row means in
Tabies J48 to J51 gives nmiuch stronger evidence, when considered together,
that these differences represent real effects than is available from one tabie
aione. It is clear that the consistency in the tables strengthens the evidence
that the effects indicated by the row means are reai. Methods are availabie
for comparing individual pairs of means or each mean with the general mean.
Tables J48 and J48 also show that in total hits Squad B was superior to
Squad D in almost the samne ratio as shown for the hit probabilities in Tables
J42 and J43. This difference in total hits for the two squads is significant at
approximateiy the 8 percent levei. Tables J48 and J49 show that the superior
hit probabilities of Squad B on these four pairs of runs {shown in Tabies J42
and J43) were not achieved as the result of a slower firing rate. This strengthens
the evidence in Tables J42 and J43 that Squad B was superior to Squacd D on these '
runs. However, the fact that there is essentially no difference in the perform-
ance of squads B and D on the day-sitting runs {(shown in Tabies J40, J41, J4€,
and J47) does not permit any general conciusion concerning these two squads. i
Tabies J50 and J51 show the total hits for Squads A and C in the four pairs
of night-sitting runs. Again the semiautomatic fire for both rifies is superior
to the corresponding automatic {ire. The superiority of the T48 over the carbine
is more pronounced {or night firings. This same superiority of the T48 over the
carbine in hit probabilities was seen for these runs in Tabies J44 and J45. The 1
explanation for this is apparently in the type of sights for the two rifies. For
night {irings the largets cannot be seen as well through the carbine as through
the T48 sight.
Squad A achieved about 25 percent more hits than Squad C on these four
pairs of night runs. Significance at approximately the 12 percent level is evid-
ence, bu! not very strong evidence, that Squad A is really superior to Squad C
in these runs. In Tables J44 and J45 Squad B is seen to score an average hit
probability of .055, which is about 12 percent better than the .049 scored by
Squad D on these runs. This difference is not statistically significant even at
the 50 percent level.
From the foregoing analysis of the 32 runs made using the carbine or T48§
rifle, the following conclusions are drawn:
1. The semiautomatic fire for both the carbine ana T48 riile is clearly
superior to the corresponding automatic fire in both total hits and hit probabiiities.
2. In general the carbine scores siightly better for daytime runs than the
T48 in both tctal hits and hit protabiiities. The evidence is not strong that the s
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Tabie J40

CARBINE AND T48 HIT PROBABILITIES, DAY-SITTING CONDITION, RAW DATA

T
Type of fire
; Carbine T43
S:yuads Gl semi- i | semf- Total | Mean
automatic automatic
automatic automatic
Run r Run r Run » Rtun p .
A 20 106 19 Jdi8 12,097 11 243 624 156
B 18 112 17 278 19 104 9 .230 24,131
C 43 L005 14 240 51 091 52 199 627 (187
13 41 136 42 266 49 142 50 .206 720 L1890
Total Y 962 A 06 MR 2,695
Mean 11226 2405 1015 2195 1884
Analveis of Variance
Approximute
Suurce of Degrees ol algnilicance
variation Sutn of syuarcs  Ireedom Mean square F+ value level, @
Type of tire 061752 3 020584 3.7 +0,1
SGuads .00230% 8 000769 1.1 457
“No substantial evidenve ol a real eltect,
Table J41
CARBINE AND T48 HIT PROBABILITIES, DAY-SITTING -
CONDITION, ADJUSTED DATA
Type of llre
Carbine T4s
Squads IE:)::I;:TC semik - lut::;nc seml- Total | Mean
automatic automatic
ilun P Run r Run p Run P
A 20 096 19 TR 12 094 11 243 L1565 (154
B 18 120 17 289 10 13 ] L3 JT44 188
@ 43 085 44 .251 S 097 52 200 B43 161
D 41 J15 42 .293 19 108 50 222 L7138 (185
Total 426 1.002 418 696 2,740
Mean 1085 205 4040 L2240 Niwo
Analysis of Varjance
g Approximate
Simrce of Degrees of sigalficsr v
varistion Sum of squsrea Ireedom Mcean aquare  # value tevel §
Type of lire OT1113 3 28704 33.5 0.1
Squade 003237 3 09t079 1.5 378

= s ee— —

Sne substontial evidence of a real effect.

-
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Table J42
CARBINE AND T48 HIT PROBABILITIES, NDAY-STANDING CONDITION, RAW DATA

Type of fire
Carblne T48
Carbine T48§
Squads aeml~ aeml- Taotal Mean
sutomatic dic automatle S
Run r Run P Run » Run [
B 22 088 21 206 14 099 13 173 563 141
D 45 060 48 79 53 049 54 138 A27 07
Total Jad LAB4 148 k2 996
Mean 073 is2 074 158 L1124

Analysla of Varlance

i E

268

Approximate
Source of Degreea of aigniflcnace
variation Sum of squarea freedo.n Mean square F value level, %
Type of fire 021498 J 007166 112 0.2
Squada 02312 H 002312 3.1 1
Table J43
CARBINE AND T48 RIT PROBABILITIES, DAY-STAND.NG
COCNDITION, ADJUSTED DATA
Type of fire
Carblne T48
Carbine T48
Squads 1eml- aemi- Total | Mean
d e automatic Hitamalie automastic
Run p Run P Run P Run P
B 22 087 2 204 id 089 13 JA72 D82 L1405
D 45 L0084 448 179 53 048 4 138 A24 108
Total 151 5% 145 07 988
Mean 0755 AR5 07128 L1838 40
Analyala of Variance
Approxic.ate
Source of Degreaa of algaificance
varistloa Sun of aquarea fresdom Mesan aquare § value level, 3
Trpe of fire 020858 3 . 004953 73.2 0.4
S ade 002381 1 002301 %.1 1.8
ORO-T-.3178
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Table J44
CARBINE AND T48 HIT PROBABILITIES, NIGHT-SITTING CONDITION, RAW DATA
Type of fire
. Carbine T48
Squads lﬁi.“-r:::c Somi- mtT:af.ic aemij- Total Mean
F eutomatic o e automatic
Hun P Run P Run [ Hua p
A 24 018 23 041 is 052 15 .109 .220 .85
Cc 47 .028 48 021 5% 054 58 .09 197 049
Total 044 082 108 . 205 ALT
Mean 022 001 063 L1028 052
Analyaie of Varlance
Approximete
Source of Degrees of aigatficance
variation Sum of aqusres  freedom Mesn square F value lavel, %
Type of fire 007785 3 002598 31,6846 1
Squeds .000072 1 000072 878 48"
“No substantie! evidence of » real effect.
Table J45

CARBINE AND T48 HIT PROBABILITIES, NIGHT-EITTING
CONDITION, ADJUSTED DATA

Type of fire
Cerbine T48
Carblre T48
Squsds asemi - aemj- Total Mean
autlomatic Saiin aulomatic =t
Run P Run [ P Hun 3 Rua [
A 24 Q18 23 038 15 051 15 09 217 06425
c 47 024 48 L0l . .088 54 095 198 049
Tots ! 044 088 197 304 A1)
Mean 022 029 Q535 102 051528
Analysls of Variaoce
Approximate
Bource o Degreea of signif{icance
variastioa Sum of aquarea freedom Meaa squars ¢ vaiua level %
Type of fira 007881 3 002620 7.292 1.3
Scgusde LD00055 1 00053 .57 -~

‘.‘h evidence of a resl sffect
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Table J46
CARBINE AND T48 TOTAL HITS, DAY -S8ITTING CONDITION, HAW DATA

Type of (ire i
Curblne T48
Carbine T48
8quads sem]- sem|- Total Mean
= automatic Esaets automatic
Run Hita Hun | Hits | Hun Hite Run Hita
A 20 174 19 135 12 102 11 142 858 139,75
B 18 114 17 178 10 1.1 9 87 475 118,75
@ 43 106 14 184 51 103 52 140 533 133.%0
D 41 88 42 171 49 as 50 127 470 1115
Total 485 868 n 597 2037
Mean 121.25 167 94.25 128,75 127.312%
Analysis of Varlaace
Approximate
Source of Degrees of aignificance
variation Sum of aguares freedom Mean square F value level, %
Type of {ire 10,821 3 3807 5.03 3
Squads 1,438 3 479 0.87 ~a

YNo evidence uf a real effect.

Table J47
CARBINE AND T48 TOTAL HITS, DAY-BITTING CONDITION, ADJUSTED DATA

Type of flre
Carbine T438
Squada .El.:;l:;c seml- uut:r‘::‘ltlo semi- Tolal Mean
sutomatlc wtomstle

Run Hiis Run Hita Run Hits Rua Hits

A 20 173 19 136 12 104 11 157 589 142,25
B 18 108 17 177 19 8 8 111 482 120.50
C 43 102 44 182 51 % 82 130 513 128,25
D 41 59 42 179 49 92 50 144 474 113,50
Total 442 873 381 542 2038
Mesa 110,50 188,256 98.25 135.50 127.%.%
Anslysls of Varlance
Approximate
Bource of Degrees of vignificance

variation Sum of squarea freedom Mean aquare f valus leval, %

Type of fire 12.214 a 1071 4,52 4
Squads 1,392 3 484 0.52 -2

“No evidence of s res! elfect.
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Toble J48
CARBINE AND T48 TOTAL HITS, DAY-STANDING CONUITION, RAW DATA

Tyvo of lire
Carbioe T48
Carbine T48
Squads semi- semi- Total Mean
sutomatle | o omatic | Somatic | o omatic
Run | Hita | Run | Hita | Run l Hite } Rue | Hits
B 22 142 21 202 i4 9?1 [ K]} 127 582 140.5
D 45 68 48 145 53 1.} 54 1§8 397 94.25
Total 208 347 159 245 959
Mean 04 73,5 8.5 122,85 1§9.875
Analyaia of Varlapos
Approximate
Source of Degreea of signiflcance
variation Sum of equarea freedom Meoun ajuare + value level, %
Type of [ire 9.529 3 178 6.72 A
Squads 3,403 1 3403 7.23 8
Table J49
CARBINE AND T48 TOTAL HITS, DAY -STANDING
CONDITION, ADJUSTED DATA
Type of fire
Carblne T48
Carbine T448
Squads aemli- aemi- Tolsl Mean
Siprais automstic Aukolp phic automstic
s I Hite | Run I Hits | Run I Hits | Run l Hits
B 22 [1.1] 2§ 263 14 91 13 i3 585 148,75
b 45 59 46 139 53 59 54 09 56 9i.50
Total 259 a2 150 240 841
Mean i09.5 176 15 120 120,128
Analyala of Varlance
Approximate
Source of Degreea of algnificance
variation Bum of squerea fredom Maan aquare F value lavel,
Type of fire i6,542 3 I5le 5.18 11.9
S8quads 8,556 I 8358 9.65 5.5
ORO-T-378 271
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Tahle J50¢
CARBINE AND 748 TOTAL HITS, NIGHT-SITTING CONDITION, RAW DATA
Type of fire
Carblne T48
sonsn | Comme | o™ |1 e | o | e
i stomatic automatic
Run Hits l Run Hita I Run ! Hita Run Hita
A 24 26 23 42 18 5 15 a5 228 57
(G 47 .23 48 17 55 59 56 82 141 45
Total 49 3] 134 187 409
Mean 4.5 28.5 67 83.5 51
Analyala of Variance
Approximate
Soarce of Degrees of sigulficance
variation Sum of aquares Ireedom Mesan aquare F value level, %
Type of lire 4954 3 1851 30.6 1
Squads 288 1 244 5.33 12
Table J51
CARBINE. AND Td48 TOTAL HITS, NIGHT-SITTING CONDITION, ADJUSTEL DATA
Type of fire
Carbloe T48
Squade GaGhipe aemi- T48 seml- Total Mean
sutomatic sutomatic
automatic automatic
Run Hita | Run | Hits | Run | Hita | Run Hits
A 24 26 23 45 16 16 15 65 232 56
C 47 2 4R 13 55 56 56 62 1856 46,25
Total 58 58 134 187 417
Mean 29 29 67 83.5 52.125
Analysla of Varlance
Approximate
Souree of Degreea of aigullicance
varistion Sum of squares freedom Mean aquare ¢ value level, §
Type of [ire 41550 3 1517 10,8 L}
Squadse 2768 1 276 1.97 k1 L
2No aubstastial evidence of & real effect,
279 ORO-T-318

CONFIDENTIAL




(ONFIDEMTIAL

results represent a real dlifereuce in the two rifies—particuiarly with respect
to the hit probabilities,

3. The T48 is superior to the carbine for night flrings. This superlority,
at least for the target systemn used in this test, can probably be attributed to
the difference in sights on the carbine and T486.

4. The evidence on the relative skill of the four squads (A, B, C, and D)
is not conclusive. On the day-standing runs, Squad B’s average hit probability
of .141 is significantiy better at the 1 percent level than Squad D’s average of
.107, However, on the day-sitting runs Squads B and D had almost the same
average hit probabilities, and both Squads B and D appeared glightly better than
Squads A and C, but none of these squad differences on the d.y-sitting runs were
statistically slgnificant even at the 25 percent level. Neither was the difference
in hit probability for Squads A ard C on the night-sitting runs statistically sig-
nificant. Thus there appears to be no certain basis from the results of these
32 runs for a difference in rating of the four squads participating.

COMPARISON OF SINGLE BULLETS AND FLECHETTES

In comparilng the two {iechette runs (one day standing and one night stand-
Ing) with corresponding single-bullet AP runs, it is necessary to balance the
single-bullet information with that of the flechette. The single-bullet runs used
22 targets with a standard program. Run 69, the flechette day-standing run,
used only 19 targets, and 4 of these appeared for only half the normal program
time. Table F39 shows the shots-fired information equated to the total adjusted
ammunition count of 2824. Table F40 follows a slmllar pattern in balancing the
four single-bullet night-sitting runs against Run 70, the one flechette ulght-
standing run.

Tahle J52

HIT PROBABILITIES AND STANDARD ERRORS OF FLECHETTES
COMPARED TG SINGLE BULLETS

Firizmg Ammunitlon Target
Ammunltlen [llumlination position count, n holes p =holes/n o = Vpg/n

Single bullet Day Standing 418 65 .158 0177
Flechette Day Standing 264 109 413 .0303
Single hullet Night Sitting 574 28 .049 L0090
Flechette Night Standing 289 89 L343 .0279

Table J52 shows the relatlve hit probabillties and standard errors of single-
bullets and flechettes, with day and nlght comparisons. The flechetie hit proba-
billty is about three times that of the singie bullet for day comparison and about
seven tlmies that of the single bullet for the nlght comparison. Thls table brings
out the effectlveness of the flechette ammunitlcn despite the fact that only two
such runs were carricd out.
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Table J53 shows the caiculation of the t test ag a method of comparing
the single-bullet and flechetie runs. it is seen that this valueof t {t = 14 8) for
1 degree of freedom ls significant at approximately the 4 percent level. Thls
is substantial evidence even from this small sampie that the flechette aramuni-

tion gives hit probabllitles that are superlor to those obtalned with the single-
builet ammunition.

Table J53
HIT PROBABILITIES OF FLECHETTES COMPARED TO SINGLE BULLETS

Hit probuablilities
Item Difference
Flechette | Siugle bullet

Day runs 413 158 .257
Night runs «343 049 294
Total 551
Mean 275
Sum of aquares 152485
Variance {Zx2- Xx12 0l 1 =13} 000685
Variance (of mean) 000342
¢ mean (0185

¢t =.275/.0185 = 14,9, Thie value of ¢ for 1 deg of freedom {8 significant at
approximately the 4 percent level,

FIRING POSITION AND ILLUMINATION

The three combinatlons of firing position and illumination in the SALVO 1
experlment were day sitting, day standing, and night sitting. Tabies J54 and J55
show a summary of the results of 34 day-sitting runs, 15 day-standing runs, and
15 nlgh* -sitting runs, with each of these sets of runs further subdivided accord-
ine o six types of fire. The 64 r ns in Tables J54 and J55 are all the SALVO |
experlment runs except for the two triplex and the two flechette runs.

It can be seen from Tabies J54 an1 J55 that the number of runs for each
type of fire is the same for day-standing and night-sitting flring conditions.
Except for two additional day-sitting runs for both the single-bullet and duplex
ammunitions, the number of day-sitting runs for each type of firz Is twlce the
number of corresponding runs for day standing or night sitting, which means
neariy balanced comparisons with 1espect to the different types fire among
the day-sittinz, day-standing, and night-sitting runs, even though the mean
vaiues for the day-sitting runs are from samples about twice the size of the
curresponding samples of day -standing and night-sitting runs. It ls true that
the effects of different squads are not completely balanced out in Tables J54
and J55, and thls fact should be kept in mind In drawing concluslons from the
computations shown in these tables and in Tables J58 and J57. It was shown
earlier that the only su'ssiantial evidence of squad differences supported the
conclusion of the superiority of Souad B over the othei three average squads.
This superlority of Squid B ls entangled (G a limited extent in the effects indi-
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cated in Tables J54 and J55. in any case the squad effect ls smail, andit is be -
lieved that squad differences cannot possibly account for the major diiferences
shown in Tab'es J54 to J57 for the three combinations of [iring pusitions and
lumaavion.

Tables J54 ard J55 show that the average rounds of ammunition counted
per run increase from day-sltting tc day-standing to night-sitting positions.
There is only one exception to this increased rate of fire: the carbine auto-
matic firing rate is less for night sitting than for day standing. The fact that
the ! test for differences in rounds of ammunition counted for day sitting and
day standing is significant at approximately the 1 percent ievel is strong evid-
ence that the indicated increase in rate of fire is real. ‘ihe increase in rate of
fire when comparing the day-standing to night-gitting firings is, on the average,
much smaller. This comparison inciudes the reversal for automatic fire with
the carbine mentioned eariler. No statistical test has been appiied to the indi-
cated increase in the rate of fire for the night-siitlng over the day-standing posi-
tlon. Tabie J54 shows that the average rounds counted per run for day-standing
fire is 924 and for night-sitting fire is 955. It is evident that the increase in
rate of fire for night-sitting over day-standing fire is smaii, and the evidence
that thls is a reai effect is not strong.

The average number of target hoies per run decreases progressiveiy from
day-sitting to day-standlng to night-sitting positions except for one coniparison.
The average number of target holes for carbine semiautomatic fire is 6.5 holes
greater for day standing than for day sitting. In Tabie I56 the ! test siiows that
the average increase of 9.3 target hoies for the day-sltting over the day-standing
position is statistlcally significant at about the 7 percent ievel. The increases
in hits for day sitting were achieved along with a 15 to 20 percent reduction in
average ammunitlon expenditures.

The hit probabilities, of course, show a more pronounced progressive
average reduction than the target holes with the change in firing-position-
Hiumination condition. This relation is expected since tiie rate of fire is pro-
gressively increasing. It is seen from Table J56 that the average hit probabiii-
tles for ali six types of fire show an increase for day-sltting over day-standing
positions, and the t test shows that the average increase of about 4'4 percent
{which is a reiative increase of more than 25 percent) in hit probabilities is
slgnificant at approximately the 0.1 percent level. This is strong evidence of
a real increase in hit probabilities when changing from the day-standing to-the
day-sitting position. The decrease in hit probabiiities, and also the average
number of hits, associated with the night {irings is so marked that no statiatical
test appears needed to establiish the night effect as reai.

In summary, it can be concluded from Tables J54, J55, J56, aad J57 that
in comparing the day-sitting with day-standing with night-sitting firing positions
there is a progressive increase in rate of fire and a progressive decrease in
both average number of hits and hit probabilities. There is evidence that the
IP effects are real.

The eviderce of a real effect is strong in all comparisons except for the
foliowing two: The decrease in average number of hits for the day-standing as
compared to the day-sitting conditlons is iess than 10 percent, and the increase
in firing rate for the night-sitting over the day-standing conditions is iess than
5 percent. The statisticai evidence that these indicated effects a:12 reai is not
strong. The adjusted data are correspondingly examined in Tabie J57.
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Table J54
POSITION AND ILLUMINATION HIT PROBABILITIES AND TOTAL HITS,
RAW DATA
Average Average
Total Total rounds holes
No, of rounds holes Hit prob- counted ~ounted
Ammuunition or firing rung counted counted abilities per run  per run

Day -Sittlng Condition

Single bullet 10 6165 1215 .198 616 121.5
Duplcx 8 4626 1483 e | 578 185.4
Carbime automatic 4 4453 485 .109 1113 121.2
Carbine semisutomatic 4 2809 668 .238 T02 167.G
T48 automatic 4 3755 377 100 239 04.2
T48 semisutomatic 4 2331 307 218 583 126.7
Totai 34 1.183 4531 818.0
Mean 197 755 136.0

Day-Standing Condition

Single bullot 4 2725 402 148 681 100.5
Dupiex 3 1947 535 2715 649 178.3
Carbine automatic 2 2748 208 el ) 104.0
Carblne semiautomatic 2 1793 347 ,193 826 173.5
T45 automatic 2 2308 159 089 1154 T79.5
T48 semiautomatic 2 1585 245 .155 792 122.5
Total 15 916 So1b 758.3
Mean 153 924 126.4

Night-Sitting Condition

Single bullet 4 3336 168 .050 834 41.5
Dupiex 3 2149 196 .091 718 65.3
Carbine automatic 2 2349 49 021 1174 24.5
Carbine semiautomatic 2 1848 59 032 924 29.5
T48 automatic 2 2526 134 053 1283 67.0
T48 seminutomatic 2 1638 167 102 819 3.5
Total 15 .349 5730 311.3
Mean 058 955 51.9
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Tabie J65

POSITION AND ILLUMINATION HIT PROBABILITIES AND TOTAL HITS,
ADJUSTED DATA

Ammunition Totai Total Averagc shota Average hita
or No, of ahcta hita  Hit prob- adjuated adjusted
flring runa adjusted adjusted abilltiea per run per run
Day-Sitting Condition
Singie bullet 10 6,119 1180 .193 611.9 118,90
Duplex 8 4,510 1448 321 563.8 181.0
Carbine automatic 4 4,283 442 .103 1070.8 110.5
Carbine aemlautomatic 4 2,726 673 247 681.5 168,3
T4% automatic 4 3,688 381 .103 922.0 95,3
T48 aemlautomatic 4 2,424 542 .224 606.0 135.5
Total 34 23,750 4666 1.191 4456.0 808,6
Mean .199 742.7 134.8
Day-Standing Corndition
Single bullet 4 2,657 403 .152 844.3 109.8
Duplex 3 2,003 523 .261 667,7 174,3
Carblne automatic 2 2,787 219 079 1378.5 109.5
Carbine aemlautomatic 2 1,819 352 194 909.5 176.0
T48 automatic 2 2,193 150 068 1096.5 75.0
T48 aemiautomatic 2 1,567 240 L1583 783.5 120.0
Total 15 12,998 1887 .907 5500.0 7565.6
Mean 151 916.7 125.9
Night-Sitting Condition
Single bullet 4 3,192 166 052 798.0 41.5
Duplex 3 2,119 197 .093 T706.3 65.7
Carbine automatic 2 2,712 58 .021 1356.0 29.0
Carbine semiautomatic 2 1,832 5o 032 918.0 29.0
T48 automatlc 2 2,527 134 083 1283.5 87.0
T48 semiautomatic 2 1,638 187 102 818.0 83.5
Total 15 14,020 780 353 5858.8 315.7
Mean 059 978.5 52.8
ORO-T-378 an
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COMNFIBDENCE LIMITS

Table J1 includes directly computed standard deviations of the measured
hits and hit probabilities for 19 of the 21 AIP combinations. Tabie J3 includes
standard deviatlons of 16 ratlos of hits and hit probabiltiies. These standard v
deviations are confidence measures, defining the 68 percent confidence limits
about the mean. Elsewhere in this appendix two standard devlatlon increments
aie used to define 95 percent confidence limits. These measures are usuful
only on the assumption of homogeneous popuiations. Actualiy the computed ‘
values are grossiy swollen by inclusion of known systematically differing seg-
ments of the populations. Squad and learning differences, for exampie, are
ignored in Tables J1 and J3.

Of more interest are the further combined values for comparison of ammu-
nitions without separation by IP condition. The problem posed then is the deter-
mination of the standard devlatlon of an inhomogeneous population. The same
conslderation hoids true for the observed effect of learning (demonsirated in
App H). A suggested method for determining over-all standard deviation is
based on the reduction of each of the subpopulations to a unlform conditlon be-
fore computing individual deviations. The method of reductlon of population to
achieve the desired homogeneity is demonstrated in App K. The method is most
usefui for computation of average effects of each difference on the entire popu-
lation. However, if the reduced data (for a homogeneous population) were used
in determining individual deviations, the resuitant standard deviation would be
too smali. This is true because the reduction factors themselves are deduced
from data that include the very random deviations that are being searched for.

Hence the use of the reduction factors deduced from these data ieads to an un-
realisticaily homogeneous population. 5

It is conciuded that the best measure of standard deviation for the combined
conditions that are of interest lles somewhere between vaiues of the type listed
in Tables J! and J3 and the lower values that wouid obtain from the method
just outlined. It is possible, however, tc make a very crude estimate of maxi-
mum standard deviations, based on the uncombined values of Table J1. Since
learning and squad differences are already ignored, results are still of a grossly
maximum nature. The most interesting figures of the computed standard devia-
tions are given in the last column of Table 3. If, for example, it is desirable
to combine the three figures relating duplex to single bullet, an average: may be
deduced in the following fashion,

The average hit probability is ccmputed (weighting day sliting twlce as
much as each of the other two conditions) yielding an average dupiex-to-single-
bullet hit-probability ratio of 1.71. A crude scheme for deducing corresponding
average standard deviation has been tried. In general, however, popuiation
combination at this level affords only a minor reduction in the computed stand-
ard deviations. It is perbaps adequate and certainly simpler to examine the
general magnitude of the indivldual deviations as listed in Table J3 and to re-
gard them as representative of maximum values.

The application of tals method to the hlt ratios of Table J3 gives standard
deviationa for the pertirent ratios shown in Table J58 (expressed as percentages
of the hit probability).

The average range of these hlt probability ratio standard deviations is 8 to
20 percent of the ratio. in considering the method by which these hit probabiii-
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ties are transferred to the casuaity probabilities discussed in the major report
interpretztion, it is apparent that the reiative deviations are not grossly altered,
Thus it 18 conciuded that the casuaity ratio standard deviations for aimed fire
are somewhat iess than 9 to 20 percent of the ratios

For the final comparisons the unaimed fire resuits are aiso utilized. These
results are based on theoretical considerations and do not inciude an_’ experi-
mental data to contribute deviations. Since the over-all average vaijues are
weighted equally of aimed and unaimed fire, it is concluded that the maximum

Tsble J58

PERCENTAGE STANDARD DEVIATIONS FOR HITS PER ROUND
FOR VARIOUS IP CONDITIONS

Ammunition or Day-sitting Day-standing Nigbt-sitting

firing compared conditicn condition conditlon Average o
Duplex to single bullet 6.6 8.7 31.9 13
Triplex to single bullet 8.5 - - 9)
Automatic to semiactomatic 17.7 22.4 23.5 20
Carbine to M!1 12,5 7.8 29.0 15
T48 to Ml 5.0 wie 27.1 14

estimate of standard deviations for these final results is reduced by a factor

of V2. This flnally ylelds maximum standard deviations on the over-ail am -
munition ratlos in the range of 6 to 14 percent, or about 10 percent., Further
instructive observations on the statistical valldity of the differences are noted
in Figs. J1 and J2. In these figures the individually paired runs are examined
by squad. It is ciear that, with a single exception, the dupiex and singie-buiiet
values are separated by more than two standard deviations of each. This means
that the possibility of any pair not being different is less than .05, or that the
confidence in the difference is greater than 99%, percent for every one of the
individual pairs of runs (with the single exception noted).

In order to determine the confidence iimits of aggregated subpopuiations
with more precision than can be inferred from the grossly maximum values
given, it is possibie to deduce the theoreticaily pureiy random error associated
with the measurements. The results of such a computation will give a minimum
vajue since it does not inciude any systematic errors whatsoever. It should be
recognized that, in general, experimental standard deviations do inciude at ieast
those systematic errors that have not been causally identified. The method is
based on the simpie theoretical notion from the binomlaf{ distribution that the
standard deviation is given by the quantity vpe/n.

This simplie computation has been made, based entirely on the data pre-
sented in Tabies F41 and F43. As the aggregates of interest are concerned
with differencea among the eight types of fire, the data from the 68 runs are
reduced by simpie addition of appropriate values of hits and rounds fired. Since
the quantity of interest is the saivo rather than the individuai round fired, the
conversion is made for the two classes of automatic fire by dividing the number
of rounds fired by 2.13, the average number of rounds per automatic burst. Tae
regulting ratios of hits per salvo are shcwn in the second column of Table J59.

These hit probability vaiues shouid not be seriousiy compared wvince they
are deduced from unbalanced conditions. They are computed here soieiy for
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the purpose of arriving it the standard deviations. The thlrd column tists the
standard devlations computed by the expresslon above. In the fourth column
the standard deviatlons are expressed as percentages of the hit probabilities.
In the last two rows of the table the carbine and T48 values are combin2d for
semlautomatlc and automatic fire.

From the values shown in Table J39 it Is now possible to deduce the
standard deviations associated with the ratios of hit probabllities. The second
column of Table J60 lists the six ratios of primary interest. The standard de-
viations of these ratios are then computed from Eq. J3.

Table J59
HIT PROBABILITY FER SALVO

. Relative
Ammunition Hit Standard atandard
or firing probabiiity deviation, % deviation, ¢
Single builet 14.6 0.32 2,2
Duplex 25,1 0.47 1.9
Triplex 43.3 1.48 3.4
Fiechettes 31.6 2.00 5.5
Carbine semlautomatic 17.0 0.47 2.8
Carbine automatic 17.2 0.58 3.4
T48 semiautomatic 16.9 0.50 3.0
T48 automatic 18.4 0.64 3.5
Semiautomatic 16.9 0.34 2.0
Automatic 17.8 0.43 2.4
Table J60
RATIO OF HIT PROBABILITIES PER SALVO
Reiative
Ammunition or Hit-probability Standard standard
firing compared ratlo deviation, % devlation, %

Duplex to alngle bullet t.72 0.05 2,9

Tripiex to aingle hullet 2.97 9.12 4.0

Flechette to alugle bullet 2.58 0.15 5.9

Carbine to M1 1.16 0.04 J.6

T48 to Ml 1.16 0.04 3.7

Automatic to semi-
automatic 1.09 0.06 a1

The last column lists these standard deviations as percentages of the ratios.
These relative standard deviations are seen to be In the range of 3 to 6 percent,
corresponding to the earlier maximum estimates of 9 to 20 percent for aimed
fire. The difference is attributable to recognized plus unrecognized systemalic
errors and appears to be a quite reasonable difference. Since the range is not
very great It is useful to identify an average value, which is 3.9 percent. In
considering the over-all results, including unaimed as well as aimed fire, this
figure is again reduced by 2 factor of V2. Thus the random standard deviation
on the over-all ammunitlon ratios averages 2.7 vercent, compared with the
maximum value deduced earlier of about {0 percent
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SEEARATION OF EFFECTS
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AMMUNITION-ILLUMINATION-POSITION EFFECTS

FIGURES
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SUMMARY

This appendix is based exciusively on the adjusted data of Table F41.
The anaiysis begins by recognitior. of three ciasses of systematic differences:
{a) the 21 ammunition-1llumination-{iring position (AIP) conditions, {b) the
six squads, and (c) the sequence or order of run for each squad. The data con-
sidered are (a) hits per run and (b) rounds fired per run.

The method is to reduce the data sequentiaily by eliminating mean differ-
ences among the data for each of the three classes. The process is started
with the largest differences {AIP combinations). When the data have been ren-
dered homogeneous relative to AIP combinations, they are reduced for squad
differences. Finaiiy, the data are reduced for order differences. These com-
pietely reduced data then reflect oniy random or unrecognized systematic
differences.

These reduced data then are made to yieid separateiy the three ciasses
of differences. Each is computed from data that are thus balanced with re-
spect to the other two classes. 1t is recognized that interreiations among the
classes make this procedure imperfect. The Isolated efiects of the several
parametel's are then separately listed in a single tabie.

The process of sequential reduction of the data is then continued to effect
separation of the six ammunition conditions from the three illumination-position
{(IP) conditions (excluding unbalanced triplex and fiechette data). The resultant
isoiated effects are agaln separateiy tabulated,

AMMUNITION-ILLUMINATION-FOSITION, SQUAD, AND ORDER REDUCTION

The data of Tabie F41 are {irst reduced by averaging for each of the 21
AIP conditions. The resu.tant mean hits per run and rounds fired per run are
given in Table KIl.

Having determined these means, the next step ls to reduce the data in-
divldually for each run by dividing by the corresponding AIP class inean (and
multlplylng by 100 to avold decimals). Thls reduction of Tabie F41 data yields
Table K2, In Tabie K2 advantage is taken of the reduction to array the reduced
data according to order as well as squad. An example clarifies the process:
Consider the hits per run [or the first Squad D single-buliet day-sitting run,
From Tabie F41l this is 71 hits for Run 38. As the mean hits per run for the
gingle -bullet day-sitting runs are 118, the reduced datum is 71/118 x 100, or
60. A glance down the coiumn of Table F4l reveals that Run 36 was the sec-
ond run for Squad D. Hence in Table K2, 60 is entered in the Squad D column
and order row 2. Appendix L in the discussion of Table L2 reveain a few de-
viations in numbered sequence for the actual run order., These deviations are
included in the preparation ol Table K2.
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Table K2 yields the means for each of the squads. Reduction for squad
differences is agaln accomplished by dividing each datum by its squad mean.
For example, the 60 hits for the second run of Squad D is divlded by the Squad
D mean of 88 (and multiplied by 100) to yleld a squad recuced value of 68.
Table K3 tabulates these squad reduced values.

Tanie K1

Mean Hits PER BUN aND Housns FiIrReDd
PEl Bus BY ALP CoMBiNaTIONS

Ammunition

or licing® b Pc its Rounds
SH D S 118 611
Si D St 101 664
SH N S 42 798
n D S 181 564
D 1)) St 174 668
] N h 66 706
T n S 243 560
cs D ) 168 682
¢S D St 176 915
S N S 29 916
CA )} S 111 1071
CA n St 110 1379
CA N S 29 1357
T48, S N S 136 606
T4n, S n St 170 764
T8, S N S A4 819
T4R, A D S 95 922
T48, A B St 75 1097
Tan, A N S 67 1264
Fl n St 205 403
Fi N St 166 435

aS13 in mingle bullet; D ia duplex; T is triplex; €S in
carbine seminutomstic: CA is carbine sutomatic; T48, S, i
T48 semisvtomatic:; T48, A, in T48 sutomatic; Fl is flechette.

bN is dey, N is night.

€S is sitting, St is stending.

The mean values (combining squads) for each order are listed in Table
K3. These mean values can now be compared with order number to yield in-
formation on the effect of order (learning), independent of squad and AIP dilf-
ferences. Because of the adequacy of data In the 4 x 15 block of data in Table
K3 (for the first 15 runs of the four average squads), the unbalanced data for
the other 8 runs are ignored In obtaining the means. These mean data are
plotted In Flgs. K1 and K2. In addition the regression lines are computed and
drawn on these figures. These are ordinary linear regression lines (least-
square deviation of y on 1). The slopes are measures of the learning rate.

The {lnal reduction for order is accomplished by taking reductlon factors
from these regression lines for each onder. These reduction factors arec listed
on the right side of Tatle K3. The reductlon ls again done by dividing each
datum by its order reductlon fuctor (x 100). The resultant completely reduced
data (for AIF conditions, squad, and order) are reproduced in Table K4. Here
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TanLF. K2
AP REpuckp Dava, HiTs PEr Ruy axn Hounps FIRED rri fros
Squad
Order A 2] C )] F F
flita | Rounds | llita { Rounds | Nits | Rounds | Hits | Rounds | llits | Rounds | llits | Rounds
1 AR G2 79 85 86 68 7 169 143 85 106
2 92 87 a7 13 93 88 60 e 152 136 86 164
3 77 83 135 75 111 o8 62 70 — = = ]
4 105 108 67 96 108 94 62 109 - — — —
5 115 107 82 B 92 100 53 48 = = == =
6 110 115 91 82 pLikf 106 107 %0 p— . = =
7 101 95 109 7 110 91 97 93 — i L -
8 113 118 121 84 45 6 106 107 —] == - =
9 80 111 105 L] 104 111 79 116 = — — =
10 9 158 156 a4 9% 107 91 103 = —_— - ==
11 113 135 121 115 7 82 54 a7 - —_— _ _—
12 12% 134 145 133 .M 105 ri 85 - — — —
13 116 116 112 o4 118 N i1 124 —_— — - —
14 155 1925 72 66 7 77 103 116 = = == —
15 90 109 100 119 83 95 170 134 = o= - _—
16 — = — — 99 108 100 95 — — = -
17 — =5 — — 100 100 - - — - - L
18 - = — -— 100 100 — — - — — —
Mean 106 113 106 92 95 296 88 94 161 140 86 105
TaBLF K3
AP AND SQuap HEDUCED DaTa, 1BTS PER RuN AND HotuNps FLeep PER RUN
S
ksl s Heduction
lean P
el B C D K F "
Mits | itds | Nits |'ids { lits |Nda | Hits | Nda | Hits | Hde | Hits | Ilds | lits |flds | Hits | Rds
1 73 78 B 86 90 9 77 83 105 102 99 101 82 R4% B6 A3
2 87 77 B2 S0 o9& 92 68 7 94 97 100 99 B4 A48  8R A7
8 =7 72 13 @ N7 w2 775 97 8”3 %0 8o
4 99 Oh 6% 104 114 98 Tl 116 17 104 92 91
5 10B 95 T 8 o7 104 &0 51 W B4 Q4 03
6 104 102 385 89 113 111 122 9% 1% 100 % 95
7 Y5 B4 103 105 116 95 110 29 10 96 98 28
8 107 104 114 09l 47 79 121 114 97 97 100 100
*] 75 O8 99 101 110 116 o0 134 94 110 102 102
10 91 139 147 91 160 112 103 110 111 11s 104 104
11 125 120 114 125 92 85 61 e 98 1064 106 106
12 120 119 137 145 103 109 20 90 113 116 178 108
13 129 103 106 102 124 105 126 132 116 111 110 111
14 14 i1 68 T 20 80 117 1214 103 i 1z 18
15 a5 97 94 130 90 99 193 113 114 117 114 115
16 103 113 114 12 116 117
17 105 104 11 119
18 105 104 120 121
Nean of Squsdn A, H, T, sad I} anlv
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it is convenient to revert to the original array (by squad as a function of AlP
conditions).

Tabie K4 contains the data for each of the 68 runs sequentialiy reduced
for AIP condition, squad, and order. The order reductlon factors in Tabie K3
are now an adequate measure of learning, as they were deduced from datafrom
which AIP and squad cifferences were already removed. The AIP and squad
{row and column) means are listed in Table K4.

AMMUNITION-ILLUMINATION - FOSITION, SQUAD,
AND ORCER EFFECTS

The {inal reduction factors are ther computed from the products of these
means with the corresponding means from Tables K1 and K2 (+100). Table K5
lists ail these factors for hits per runlil and for rounds fired R. These factors
themselves are measures of the reiative numbers of hits and rounds fired, as
independently affected by order, squad, and AIP conditlons. For convenience
the relatlve hit probabilities F; are aiso listed.

Tane k5

HeLanve Data sy ALP CoNDiTiGy, SQuan, asn Orper*

Ammanition
or firing 1 P | R Py Squad 11 B Iy Order 1l n Py
SB () I 118 617 191 A 106 113 94 1 86 RS 101
sB D 5% 99 o611 152 1 106 92 115 2 88 RB7 101
SB N 8 42 a8 50 C 93 91 99 3 90 8% 101
) L 188 598 314 1h] Bn 93 93 4 92 91 101
1] S 184 692 266 E 185 162 114 5 94 93 101
D N 5 70 756 93 F 99 123 80 4 L 95 1M
T n s 20 187 429 7 98 98 100
Cs JoS 173 702 249 8 100 100 100
s »o» 167 924 181 9 102 102 100
s N 8 %  Rl5 A2 10 104 104 100
CA DS 110 1060 104 11 106 106 100
A D S 100 1392 E 12 163 108 100
CA NS 28 1731 23 13 110 11t 99
148, 5 D s 14 630 224 14 112 113 99
T8, S I St 12 A9 145 15 114 115 99
T8, 8 N S 8l 770 105 14 e 117 09
T8, A 7S 100 939 104 17 18 119 99
T, A (L. % 1184 64 18 120 121 99
T4, N & 65 1163 56
Fl b S 182 351 51y
Fl NS 1M 374 285

811 in hits, fl is roands, Py in hit probabilities. See footactea ta Tabie k1 for other abbrevistions.

From the data of Table K5, a2 number of comparisons are readily made,
These comparisons are sell -explanatory in Tables Kd to K8, Table K9 is com-
nuted by ¢imply adding together the appropriate carbine and T48 data. This is
justified as the separate ratios are nearly identical., Tabies K10 and K11 com-
pare the indicated weapons in semiautoma‘ic fire oniy

%0 ORO-T-378

CONFIDENTIAL



CONFIDENTIAL

TABLE, Ko

CoMPARISON OF DUPLEX WITH
SINGLE-BULLFT AMMUNITION®

TauLe K7

CoMPARISUN OF TRIPLEX WITH
SINGLE-DBULLET AMMUNITION®

1 p i R Py | p H n Py
)] S 1.59 0.97 1.64 D S 1.77 0.79 2.25
D St 1.86 1.13 1.64

N S 1.67 0.90 1.86 2Sec footacte to Table K5,

3See footaote te Table R3.

TABLE K8

COMPARISON OF FLECRETTES WITH
SINGLE-BULLET AMMUNITION®

TaBLr K9

COMPARISON OF AUTOMATIC
WITH SEMAUTOMATK; FIRES

1 p a R Py 1 P H R PH
n St 1.84 0.58 3.20 D S 0.66 1.51 0.44
N —e 3.43 0.45 7.70 ] S 0,62 1.46 G2

N S 0.87 1.51 0.58

85H aitting, flachettea atandieg, Also
see footnote to Table K5,

85¢¢ fnotnote to Table KS.

TasLE h1O Taurr k11
CompantsoN oF T48 wiTy COMPARISON OF CARHINE ®ITH
Ml furLE® M FLE®
| r i iR Py { p I# R My
D b 1.19 1.02 1.17 0 S 1.48 1.14 1.30
th) St 1.23 1.37 0.89 D St 1.69 1.51 1.12
N ) 1.93 0.92 2.10 N b 0.62 0.97 0.64

85¢e footnote to Table Ko,

8%ee [ootnote to Table K5.

91
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TabLe K12

SouAD AND ORDER HEDUCED [JATA, HTS 'kt Run aAND Rounns FIRED PER HUN

Ml 1 Day sitting Dav standing Night sittiog
or i Runs Hite Rounde Runa Hita Rouads Rens 1lira Hoanda
s3 10 118 617 4 93 611 4 42 R38
n a 188 598 3 184 692 k| 70 756
s 4 175 702 £ 167 924 é 26 815
CA 4 110 1060 2 102 1392 2 b 1233
T48, § 4 141 630 2 122 839 2 81 770
T48, A 4 100 959 2 76 1144 & 65 1163
Meon 140 716 125 880 52 o905
%5ee {ootnote o to Tabie K1 for abbravistions.
Tapre K13
i REDUCED DaTA, HiTs PR RUN AND RotNos FirEn PER Run
fa—— ey sitting Day standieg Night aittiog Mesn
s Hite | Rounde | Hite | Ronnde | ilita | Rounds | Hite | Rounde
S 84 86 79 69 Al 23 a2z 84
D 134 H3 147 719 134 A3 137 82
Cs 125 o8 133 105 50 90 107 98
CA 79 149 82 158 54 136 74 148
Ti8. S 101 88 o8 95 156 85 114 89
T8, A 1 134 61 135 125 128 82 133
85¢e footnote o to Table K1 for abbrevistions.
Tamr K14
CompLETELY HEDUCED DATA, HITS PER RUN
AND RouNps Fimep Pri HuN
Armmuaition | 1197 sittiog Day atending Night situng
—
o Beion" | iee | Mo | ove | Roumie | e | Moamii
SR 102 102 o6 82 99 111
D 98 101 107 96 %8 101
s 115 100 123 107 4 92
CA 107 100 11 107 73 92
T4a, S 89 o9 L] 107 137 o
TeR, A L 101 T4 101 153 26
Mess 100 101 100 97 101 100
"Ses footnote a to Tebla K1 for abbrevistinaa
e ORO-T-378
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AMMUNITION-ILLUMINATION-T'OSITION REDUCTION

1t 1s persistently requested that over-all rough comparlsons be deduced
from vnbalanced data such asthese salvo data. Therefore, though it is recoyg-
nized that such comparisons lump uniike figures, an attempt is made to deduce
from Table K5 the separate effecis of ammunition and the IP combination. The
procedure is parallel to the reduction procedure already used in this appendix.
However, the computation is complicated by the weighting of each datum from
Table K5 by the number of runs on which it is based. Table K12 shows the data
and the weighted means by IP combination. The numbers of runs of each type
are used as welghting factors to compute the mean values. Unbalanced triplex
and flcchette runs are omitted in this reduction.

The reduction by the IP combination is done as beiore, by dlviding data
of each column by the miean. Thls process yields Table K13.

The welghted means for each ammunition are computed and listed. These
are then the ammunition reduction factors. Division of each row of Table K13
data by these factois yiclds the completely reduced data of Tavie K14.

AMMUNI{TION-ILLUMINATION -POSITION EFFECTS i

The means for each IP combination are computed in Table K14, which,
together with the means of Tabie K12, form the ammunition reduction factors.
These final reduction factors are listed in Table K135.

TasLE Ki5
RELATIVE DATA BY AMMUNITION AND |7 COMBINATION®

Ammunition
or liring 1 R Py 1 [ H R Py
SB 95 671 14.2 N S 140 i» 19
)] 159 655 243 n St 125 854 15
CS 124 781 15.8 N S 53 905 6
CA a5 1183 7.3
T4R, S 132 711 18.6
T48, & 95 1063 A9

25¢¢ foctnotea to Tables K1 and X5 for abbreviations.

Tables K16 to K18 list the significant comparisons from Table K15.

The weapons comparison of Table K18 for the Indiscriminate totai data
(all three IP conditions) is Incomplete. More proper comparisons are made
in Tables K10 and K11, where the three IP conditions are separated. The over-
all superiority of the T48 is seen to stem from its superiority in night fire; the
day resuits show the carbine to be cleariy superior. This night superiority is
directly attributed to the larger peepsight, which (as noted in App A) permitted
proper use of the sights with the T48, in contrast with the rough “pointing” to
which the troops resorted with the M1 and carbine. This effect was noted in
ORO-SP-2." and a recommendation was made for more complete testing of
this ocbaerved effect.

ORO-T-378 ans
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TABLE K16

COMPARISON OF STANDING WITH SITTING
AND NicutT WiTH DAY CoONDITIONS®

TanLE K17

COMIPARISON OF AUTOMATIC WITH
SEMIAUTOMATIC Fiie?

Conditions

compared H R Py
Se/S (M 0.89 1.18 0.79
ND () 0.38 1:25 0.32

B5ee fooinotes 1o Tshles K1 and K5 for
abbreviations.

TasLe K18

ComPARISON OF CARBINE AND
r48 wera M1 RrLe®

Firing
compared 31 R Py
CA/CS 0.69 1.51 0.46
T8, S/

T48, A 0.72 1.49 0.48
Mean 0.71 1.50 0.47

*Sea footnotes to Tablos k1 snd K5 for
abbrevistions.

TaBLE K19

COMPARISON OF DUPLEX WITH
SINGLE-BULLET AMMUNITION®

Weapons
compared i R Py
M 1.30 .17 1.11

T48 M1 1.39 1.06 1.31

Ammunition
compared 1 R Py
D/sh 1.67 0.98 1.70

85¢e Jootnotes to Tables K1 sod K5 for
abbrevistiona,

294

85ee {ootnotes to Tables K1 and K5 for
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SUMMARY

This appendix outlines the authority and coordination of the experiment
design, The schedule that was settled on is described in detail; it is also com-
pared with proposed alternative designs. The detailed test plan (Dec 1955 ver-
sion) is appended in Annex L1. It includes background, test materiel, conditions,
structure, and a list of requirements for the experiment.

CHROKOLOGY OF ACTIONS

On 12 October 1954 ORO received a request from the SALVO Steering
Committee to “prepare a draft plan of test to affirm or deny the usefulness ol
the SALVO principle and the utility of the development equipment.” An outlire
was submitted to the committee on 10 December and was discussed at the com-
mittee meeting of 25 January 1955. The committee approved the general out-
line of the test and advised which weapons might best be included in the exper-
iment. ORO agreed to incorporate into the plan of experiment certain sugges-
tions from the meeting, and to collaborate with the Ballistic Research Lahora-
tories (BRL) in making further detailed revisions before submitting the plan to
the Continental Army Command (CONARC) lor their approval.

A [irst revised plan was submitted to the Committee Chairman and tc BRL
on 25 March. A second revision to accommodate BRL cominents was submitted
on 30 June. A third revision to accommodate [urther BRL comments was com-
pleted in August. On 8 August BRL submitted a disapproving criticism of the
ORO plan, offering two alternative plans. On instructions from the Committee
Chairman the ORO plan was submitted to CONARC [or approval on 16 August.
On 22 September ORO responded in disapproval of BRL plans:

The BRL planw are statiaticaily more eiegani ln potentlally reducing the ease of
nnalysia and the actual variance in some of the resuita. The departure {from symmetry
in the ORO schedule is H>ccasioned by recognition of differencea in value of the several
itema of data, in particular, the primary vaiue sssigned by our test objective to the
muitiplex firlngs.

On 7 October The Infantry School responded: °It is felt that such a test as
proposed in ORO Salvo Hit Probability Experiment is somewhat premature.”

On 21 November BRL resubmitted their fnrma)] rriticiam of the ORO teat
plan with the [ollowing recommendation:

It ia very strongiy recommended that the {ollowing stazements be given carefui
conaideration:

(1} The BRI plan B be the plan used duriag the conduct of i’roject Salvo.

{2} The ORO pian be elimiaated as s posaible pian for conducting the test becauae
the weekiy {iring schedulc, ss designed, is statistically weak,

ORO-T-378 29"
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Cn 4 January 1958 the SALVO Steering Committee approved QRO’'s fourth
revised plan of December 1955 (reproduced as Annex L1) and requested approval
of the Chlef of R&D. On 30 January the Chiei of R&D requested CONARC to
suppert the: ORO test. On 3 Aprit CONARC advised ORO:

Thir . Army has selected the Third Divislon, Fort Benning, Georgia, as the unil to
e nduet t'.e SALVO Uit Probability Experiment. The Third Division has recommenlded
that the test start 18 June 1956, and will make avaliable personnel and equipment as
specified in Inclosure |1,

TEST SCHEDULE

Table L1 compares the requirements of the ORO schedule, first as planned
and second as run, and the BRL alternative schedules A and B,

It is clear from examlnation of Table L1 that the recommended Plan B
(and probably the compromise Plan A aa well) of BRL would have been 1mpos-
sibie to execute. The number of runs 1s more than sixtimes those accompliched
In the 2-week experimentas run. The 8-run/day schedule took about 12 hr; the

TanrLre [

SCHEOULF. HEQUIREMENTS

Parametar ORO plaa ORD tua BRL. A RRL 1
Total runs 120 68 356 124
Nuna 'day B 8 18 28
Feapon type day 1 ! 4 n
Yeapoaa day 9 10 16 45
Total weapons 36 30 48 60
Men 135 60 oY 222
Daym 15 9 19 15
Man days 675 510 1,354 1,860
Maltiplex ammur ition 22.000 12,000 45,000 74,000
Siagla ammuaition 51,000 29,000 164,000 244.000
Total ammanition 73,000 41.000 210.009 318,000
Nound ‘man lay 400 400 1,000 2,000

28-run/day schedule would presumably require 42 hr/day. In addition, flive
times during each day reissue of weapons would have been required. The num-
ber of test weapons required would have been double, the total ammunition ex-
pended would have been almost eight times greater, and the number of test
troops requlred wouid have been «limost four tlmes greater. The daily firing
requirement on each man would have been five times greater and probably be-
yond reasonable endurance.

The statistical significance of the differences found justifies the amount
of repetltion required in the ORO plan, which was ultimately adopted. The
differences among the chief salvo ammunlitlons have been determined with sta-
tistical slgnificance that is adequate for practical purposes. Secondary dif-
ferences have been estlmated with sufficient reliability so that those dlfferences
whlch are of practical consequences have been rellably determined. The lack

298 on
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of reiiabiiity on triplex and flechette results reflects the emergency failure to
achieve more than two incomplete runs with each of these aminunitions.

When the experiment was flnaily conducted 6 months after the iast formaily
prepared experiniental design, further changes were made. The execution of
the experiment differed from this design chiefly in two respects: ({a) higher-
priority activities denled us the terrain for 1 week, reducing the 96 scheduled
regular runs to 64; (b) the accident with one run of triplex ammunition caused

TanLe 1.2

MASTER SCHEDULE

g — S - = e

Ammusaition Ammeal ioa Ammanitiea

= phlg,, quad  or hrag® Peogam | Aas  Squad  or (e Peograw | Bas  Sqead o liag® Program
— . - of| =g I

Ilay I, M1 Da~ 2. T4A Day 1, Larbiua
D & [ A N 1A ° R 54 ALY 17 B SA [’
D s~ 2 L} I 1A : 10 11 A IH 18 B A n
D s 3 1] L] LY | 11 A b A 19 A bLY SA
D %, 4 R 1] I8 12 A A 1) 0 A A 58
L 5 LY ~ TA ML B 54 4A 21 L] SA L1}
D M) 6 L} b 2H 14 B A 4B n B A [t}
N s |7 H 3 oA l 5 A SA 164 23 A 5A 124
NS L] H L1} 98 ] A A 108 1] A A 12R

Dav 4. M1 Day 5, M1 Dey 6, Carbisa
D 5 |25 A 5 TA 13 [ D 2 4l ] A oA
LI . A T R 3 C S B8R ? D 54 1]
D % R 5 A 15 D Hl 8A (L} C A 64
D S (= R T H 36 L1} s BH “ C 54 &8
D S M A S BA 7 C D SH L) ] A 54
o owm - - - - b1 c 8 5A “ D SA 5H
N s |m B 5 124 ¥ b ] 11A 4 C A 124
N oY — - - - (U] D S 1e “ C SA 128

Dav 7. TéA Dav 8, M4 Doy ¢ Flachetts and M1
n § |« D A 4A 57 [ D A [ 11 E 5 1A
D 5 |50 y] SA 4R 58 C s n o6 ¥ n mn
D 5 |51 [¢ A 44 59 0 D A a7 ¥ 5 1A
D 5 |52 [ SA 48 60 D S 28 1] F D 1B
D 5 |53 D A A L3} C L] 1A &9 L5 k1 1LY
D 5|54 1] Sh b1} 62 15 S 18 - - - -
NS lsg C A 94 (3 H D 104 - - - -
NS [%4 C SA R o4 [ L] 1on - -— - -
N oS T0 C Kl 94

" e illumrantios, D in dav, ond N in aight
P o hirrag position, 518 anttiag, asd B 10 atandiag
¢S 1n miagle bulleta, D ia dupiss ammuaiiion, T is triplar ammusition, Flis flachetsse. SA 10 aamastomsiic fire, and A 10 aiomatic fire

deletlon of a scheduled six runs of triplex, and replacement of four of these
runs with extra duplex runs. Also the limitation on available flechette loads
permitted only two Incomplete runs with this appended ammunltion.

The schedule for the 88 runs accomplishedis shown in Tabie L2. The ma-
jor change from the originally planned schedule of 86 runs is the deletion of
the last 4 days. The other changes include deietion of triplex Runa 30 and 32,
and substitution of duplex for triplex in Runs 33, 35, 37, and 39. In addition
(not shown In Table L2), emergency shifts caused Runa 21 and 22 to be run at
the beginning of Day 4, Runs 23 and 24 to be run at the end of Day 4, and Runs
45 and 46 to be run or Day 7, between Runs 54 and 55. Of the 9§ criginally
scheduled regular runs, 62 were accomplished. In addition two pariial runs
were appended with fleclette ammunltion, and two additional runs each were
added with Squads E and F, flring single-bullet and duplex ammunltion, making
a total of 68 runs accomplished.
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Annex L1

ORQ's FOURTH REVISED PLAN FOR THE SALVO i
HiT PROBABILITY EXPERIMENT, DECEMBER 1955

PURPOSE

To messure the eombat hit probabillty obtsined with currently svsiiabie sslvo rifle
smmunition «8 compared with singie-buiiet rifle ammunition.

AUTHORITY

Minutes of the SALVO Steering Committee Meetings of 28 Sep 54, 25 Jan 55, and
& Dee 5597

BACKGROUND

The proposal was maJde in ORO-T-167% that the large errors typicsl of combat rifle
fire might be psrtly compensated for by 8 wesnon firing severai bullets simuitsneouaiy.
or nesrly so. ORO-T-245% suggested s ready mesns of achieving one variety of such
sslvo fire with two or three tandem bullets fired with 8 singie propellsnt. Further re-
ports by Olin Mathieson Chermical Corp.® describe the development of salvo ammunition.
The Germsn report “Die Infanterie Doppelgeschosz,” Deccmber 1944,! deseribes 8 slm-
fisr two-bullet tandem round., Approximation to ssivo fire is slsc reguiariy secompiished
by burst fire with sutomatie wespons.

MATERIEL

Three types of rifle fire sre plsnned for this experiment:
{1) Control (singie builet)
(2) Dupiex {two tandem bullets)
{3) Burst (sutomstie bursts of 2 or 3 rounds)
Two wespons hsve been sefected for this test:®
(1) M1 rifle (firing single-bullet and dupiex rounds) sad
(2) The CGustsfson .22-es8l earbine (firing singie rounds snd automstie bursts).

CONDIT{ONS

The humsn siming error {8 & function primarily of eight torget and troop eonditions:
(1) Tsrget size
(2) Tsrget range
(3) Target visiblilty
(4} Target exncsure e
(5} Tsrget movement
{6( Trocop guslificstion
(T} Troop firing position
(8) Trooup stress
Oniy one of the eight, tsrget rsnge, is sssociated with inherent weapon error; the
othc. f-etors are exelusively reisted to the humsn error. For comprehensivenea. it is
necessary to apeelfy for the experiment several conditions for each of the psrameters.
The values for tsrget size, range, visibliity, exposure time, and movement are deter-
mined by the deaign of the target system; irnop yualification and firing poaition are de-
termined by troop selection and test instruetions. Stress oa the troopse wili be made as

®The neceasity for n mecond burat-fire wespos had been questioned, and was deleted in this version,
though the .27%-cal TA8 had earlier been nuggested, and was actanlly saad.

9 MADMN_ T 4710
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unlform as possible. Combat-simulating festures will be determined with the advice of
CONARC, by interrogations of comhat experienced personnei, and review of pertinent
fiteratura,

Target Size and Shape

Approximate measurements reveal that a prone target is about 20 by 20 in., a
kneeling target about 20by 45 in., and a standing target about 20 by 64 in. It has been
estirnted that US troops fire approximately 30 percent promne, 30 percent knceling, snd
40 percent standing. These dimensions and proportions wiil be ascertained by further
research, Further account for cover leads to a modified distribution of exposed target
area—perhaps 60 percent prone, 20 percent kneeling, 20 percent standing. If Itis ps-
sumed that the enemy man-targets are presented in the same proportions, the test would
accordingly use 12 20- hy 20-in,, 4 20- hy 45-in,, and 4 20~ hy 54 In. targets, rectasgu-
lar or oval, with the bottom edge about at ground icvel, Actual dimensions remain to be
plotted,

Targe: Range

The targets will be dlstrihuted over the entire effective combat range for rifles.
The boundaries lor the area for the target range will be determined by a consensus of
comhat experience., The distribution of targets within this area wlil llkewise be deter-
mined from cnmbat experlence. The frequency distribution for range may approximate
the form shown in Fig. L1,

DF BIFLE TARGETS

FREQUEMCY OF OCCURREMNCE

RANGE, YO

Fig. L1~Torget Ronge Distribution

The actuai placement of the targets that must be concealed depends on the exlatence
of suitahie cover or suitable locations for coustruction of appropriate cover. The visihie
targeta may be diatributed to approximate the oomhat range {requeacy without this re-
striction. la no case wili the actual placement be at obvioua rargea {such as even huo-
dred of yards).

Target Vialbility

In addition to the loherent visibility differencea between the two typea of targets
(conceaied and viailie) it wiil be desirable to have some of the targots partly obwcured
by camouflage or terrain. Agiin combat experience wiil be uaed to determine the occur-
ence of auch vislblllty cbscuratinns. Experimenta wiil be run both in clear daylight and
at night, the iatter with coutrolied {lluminstion equivaient to modarately bright maoalight,
HumRPO wili be consuited for further advice na night fighting aad {ilumination. Soms
targeta will be indicated by rifle tire from the target.

ORO-T-378 301
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Target Exposure Time

The exposure times {or the vislble targets will be deduced from combat experience
in « form as shown in Flg. L2.

Theconcealed targets are slso to remain erect for a finiteperiod, euchaa 15 sec. All
targets are capable of appearance or disappearance within '4 sec, and cun be made to re-
main exposed for any uumber of seconds deaired. Bothconcealed andunconcealed targets
can be automatically programed fcr exact reproducibility of target appearance or indica-
tion, The entire program {or appearance of all targeta will be fixed in advance of the
field runs, and the system sctivated by a single electrical switch. Times of visibie target
appearances and disappearances and concealed -target rifle fire indications are all re-
corded automatically on a moving tape, So far as possible, target size and range will he
made to correapond with exposure tlme according .o combat experience.
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Target Movement

An attempt will be made to include at ieast one laterally moving target in the target
system. The apeed of movement, range, size, and exposure time will be determined in
consulitation with CONARC experts, Techaical difficulties (conceslment of tracks, expease,
etc.) prohibit the employment of many moving targets,

'_l'_roop Quail{ication

Troop yualification wili be determined in actual proportiona of combat riflemen in
each of the calegories: expert, ahsrpehooter, marksman, and nonqualified. The propor-
tions for the "typical” squads of 10 men might be: 1 excert, 3 aharpahooters, 5 marks-
men, 1 bolo. Preliminary special qualification {irings may be used to conf{irm puper qual-
ifications. To determine analytically the salvc hit probability difference aa a function of
troop qualification, runs wili also be made with two special squads (experts and boios).

F‘lrig Position

A preliminary consideration euggeats thnt accuracy extramea In {iring may be ap-
proximated by two poaitions: prone with rifle support and standing without rlfle support.
Results {rom other {iring positions mzy Se estlmated by interpolstion between these ex-

tremes, Typical squads will fire [rom both positions, All {iring will be from the shoui-
der (no hip fricg).

Streus on Troops

Various combet simulstions will be used, such as racorded battle noles and such
amoke sud sxplosions 18 will ot directly affect physical conditions for target identifica-
tion. Efforts will be made to assure ihat savironmental conditions throughout ths exper-
iment ars egquivslent. Extremes of raia, {for exsmple, will be svoided,
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STRUCTURE

Machine-Rest Firlngs

Fundamental informétion on the accuracy and disperslon of the weapons independent
of ainiing error has already been gat'.iered. Further informaticn 28 needed may be ob-
tained from machine -rest firings. r'or thia purpose it is desirsble to vary only the range;
firings may be conducied under conditiors of negligible wind agalnst fixed targets st known
ranges, capable of recordlng all shota, For each of the wespons and ammunition loada thia
experiment should record a distribution oferrors about the center of imnpsact that is inher-
ent in the weapon and ammunition exclusive of the human siming error. The detalled de-
sign and conduct of these machine-rest firings are to be supervised by Ballistic Reaearch
Laboratories,

Incidental to this teat, calibration of the target-hit-time spparstua has been accom-
plished, For anslysis of the experimentsl data it is nceessary to make accurate measure-
ment of the time between bullet atrikes {rom dupiex rounds as well as autcmatic fire on
targets at several ranges. Time-interval-ve-range curves will be deduced for the muiti-
plex loads. This measurement will be accompilsked by attaching a sensing device to each
tsrget. When the target is struck by a bullet, the sensing device senda an eiwctriealpulse
to the recorder. The pulae {a manifested ss a spark hoic in a moving tape. The com-
bised resoiution of tho sensing device and recorder ia better than 1 maec,

Zeroing and Familiarization

Ail rifles will be combat zeroed a* a predetermined range (auch as 200 yd) every
firing session (half-day seasiona). Each mana wili zero his own weapon firing about tea
times, snd have his hits identiffed progresaively. Each man wili be lasued his weapons
and ammunition some time before the experiment to assure his complete familiarization
with the functioning of those weapona and the ammunition. Famliiarization will include
observation of the buiiei Jron vs range characteristica of each weapon-ammunition com-
bination; it wiiil also then include instructicn and practice in allowing for such a drop by
& “Kentucky windage” procedure.

Target System

The system will consiat of about 20 targets: probably 10 viaible and 10 concealed,
with 1 moving. All the targets are clectrically controlled, spring powereo, automsatic
appearing-dissppearing. The concealed targets are indicated by electricaliy controlled
rifle fire.

The visible targets can be placed anywhere on s typical range, requiring a minimum
of concealment preparation. The concealed targets require placement behind natural or
other cover, The target sppearance and disappearance 18 accomplished by electricsl con-
trol from behind the firing line. The targeta operste by electricaily controlled spring re-
leasea, auch devices being readily installed with a minimum of ficld preparation, requir-
ing no pits to protect eperatora or to hide the target mechaniams, [hey can easily be
piaced on the field at new positions each day to prevent disclosing the positiona to the
riflemen.

All targets lle supine vn the ground ano out of sight untii activsted, at which time
they pop up to a vertical position, The spring mechanism is sdequately powerful to com-
plete movement of the target in about !| aec even in a strong wind. A second electrical
aignal releases the spring again to continue the target motion to a prone poaition, sgain
out of sight.

Electrically fired M rifies are placed direetly in froat of each concemied target to
simulste enemy rifle fire. The rifle is fired by an electric aviencid attached to the trig-
ger. it is flrmiy supported on the terraln, and firea blanks or live rcunds joto pits some
20 yd ahead. ! llve the fire is directed 30 deg or so from the end of the firlng line. The
rifle is sandbagged, with only the t'p of the muzzle showing. Probably eae iateraliy mov-
ing target will be lacorporated In the experiment. ORO has a moving-target prototype
that wiil be modified tc a suitabie form, This terget is electricaliy driven and can be
controlied from the automatic programmer,

Control wires for sli 20 targets lead to the control station juat behiad the firing
line. The vulnerable lsagths (withia 20 yd of a target) sre buried; the remaining iongths
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sre laid on the open ground., The control station includes a programlng board for individ-
ually controlling each of the Z0 targets, The clrcuits are arranged so that any number of
seconds may be tapped nff the programing board by plugging in sppropriute jscks. It 1s
possiblo to cause any one of the targets to remain erect for asy number of seconds and

to cause the mnext target tc sppear any n.mber of aaconds later,

Thus the entlre opersticn 1s automatlc, It 1s neccssary only to preselect the durs-
tions of vialble appearance, the intervals between target appearances, and the target-
apgearance crder. One run takes I mila, utllizlng the full range of the 300-posltlion gpro-
grammer with i-sec intervals,
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Fig. L3—~Representative Torget Ronge

v, visiblo;__C_'.l_cmcoq!od; M, moving.

A group of 10 rifiemen 18 spaced with 5 yd between men on u flring llne, covering
afront of 300 yd (see Fig. L3). Since thls complete system hss not yet been fleld-tested
it 1s necessary to schedule a prellminsry range test. When the complete system 18 ready,
it will be necesssry to provide a suitable firing range and a few troops with rifles for a
preliminary test.

Rnnge Flrin!a
The varlstlons in ths four firing condltlons already dlscusaed are:

{a) Squads (3): 1. Typlcal milxed
2. Experts
3. Bolos
(b) Wespons (4): 1. Ml single bullet
2, M1 dupiex
3. .22 Carbiae - single round
4. .22 Carbine - sutomatlc
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{c) Positlion (2): 1. Prone
2, Standing

(d) {llumination (2): 1. Day
2. Night

A four-dimensional array would yleld 3 x 4 x 2 x 2 = 48 comblned conditions, An
unsophisticated experimental design to test each of these conditions wouid eiluer be im-
practicelly lengthy or vield only a singie measurement for each condition. To obtain the
measures required for statistical reliabllity it 18 neceassry either to increase the total
scheduio (by an rstimated minimum factor of 3) or to c¢iiminate certein conditions In or-
der to duplicate others of more basic significnnce. For practicsl reasons the second al-
ternative is chosen. A systematic deslgn permita approximation of the missing measures
by ansalyticai means, at the same time assuring rellable measurement of salve hit capa-
bilizles {n the most basic conditions in a reasonable schedule,

Tables L3 and 14 show the schedule.

TasLe L3
UDAILY SCHEDULE OF FUING BY SQUADS®
Day Night
Prone Standing Prone Standing
A.B,C,DE A B C

ualification: A, typical 1: B, typical 2; C, tynical 3;
D, boln; and E, expert.

TaBLE L4
SCHEDULE OF FIRING BY WEAPONS?
Day Week 1 Week 2 Week 3

Wou 1 3 2
Tuea 2 4 1
Wed l 1 4
Thura 4 2 3
Fri Bad-weather allowance

Weapon: 1, Ml aingle bullet; 2, M1 duplax: 3,
.22 carbine aingle romad; and 4, .22 carbine antomatic.

The schecule cslls for 32 runs per week—~24 day and 8 night runs. In the 3 weeks
it 18 seen that nine measurcs will obtain for cach prone-typical-squad dsy firing. Three
measures will obtalo for each of the following: prone-typical-squsd night firing, standing-
typlesl-squad day firing, standing-typical-squad night firing, prone-expert-aquad day fir-
ing, prone-bolo-squad day firing.

The total {# 968 measurea from 96 runs—48 singie-bullet, 24 duplex, and Z4 burst
mensures, The arrangement of the acheduis ia such &s to ¢orrect for the effecta of ex-
tranecus psrameters such &s weather, learning, fatigue, etc. Several®esquivalent” but
nonidentierl programs of target appearance will be employed (both order and exposure
timea varied) to minimira target-learning efl«cts.

If esch man gets off an average of 2 trigger pulls per target with an average of 2
builets per trigget pull, then for 10 men firiag at 20 targets, there should be (2 x 2 x 20 x 10)
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about 800 builets fired for each run, If the hit ratlo is only 1 per 8 buiiets fired, s tctal
of about (800/8) 100 hits can be expected, or 5 hits per target average, or 15 hits por tar-
get with 3 repetitions. Sucb numbers of hits are adequate for discriminating between
Bcores msade in the different types of fire,

Ammunition issue for each run will be vilimited., The useful ammunition expendi-
ture wiil be limited enly by the exposure time snd visibility of the targete, The number
of rounds fired by each man wiil be recorded for each run.

Malfunctions of sny weapons wlll be rccorded lmmediately without interrupting the
test., The nature of the maifunction wlil be recorded, together with the number of rounds
fired before stoppage and the qualification and position of th= firer.

Ammunition Loade

Ammunition loade wiii be 3-round clips for the M1. For direct comparability, it is
eescntial that the aingle-builet and the duplex caliber .30-06 smmunitior be packaged in
nearly ldentical 8~round clips.

The Gustafson carbire will load from |ts 15-round magszine., For conirol purposes
it will not employ ita bipod, and will be modified to firc semiautomatically only for the
single-round controi rune,

Data Recordinﬁ

Data will be recorded from several sources. The program of target appearances
for each run wiil be recorded beforehand., Each target face wlll be fdentified, and the
paper target faces recovered after each run for subsequent aralysis of hite, In addition
each target is equipped with an electrical sensing device, whicb sends a pulse to an zvto-
matic continuous recorder when the target is struck by a bullet, The sensing device and
recorder are capable of resolving approximately 1 k¢—or separately recording hits as
close as | msec,

Tha automatic firc hits wiil be discernibie by the cyclic rate (approximately 100
maec). Dupiex hita will be discernibie by pulses separated by the exact time determined
by the target distance and muzzic-velocity difference between bullete from the ssme
round, The tlme betweer bullet strikes for duplex bullets is first determined as a func-
tion of range, as described previously. it is thus possible to recognize mu'tiple hits from
a singlo trigger pull, With a muzzle-velocity difference of 230 ft/sec the time bet'ween
dupicx etrikes on the nearest iikely target at 100 ft is about 3 maec. At 500 yd this time
intervel is about 50 msec.

REQUIREMENTS

Weapons

10 M1 csliber .30 rifies (modified to accept slngle-buiiet and duplex rounds from
8-round clips).

10 Gustafson caliber ,22 carbines (modlfied Lo flre semlautomatic as well as
automatic),

For avoldance of delay in the event of aerious malfunction, it is desriable thst the
supply of teet weapons be 12 of each type (two spares for each), a total of 24 weapons,
Ali weapone should be of equivaient newnesa. In addition, some {0 or 15 unmodified M1
rifles will be required as psrt of the tsrget system.

Ammunition

The zero firings previcusiy deacribed are called for each of the 24 hsl{ -dsy ses-
slons, Using the apecifled weapons, for i0 trigger pulls per zeroing, the requirementa
(assuming an average of 2'; rounds per automatic burat) are ss shown in Table L5.

Ammunition expenditure for the rsnge filrings msy be deduced by esitimsting 2 trig-
ger pulls par man per terget, For 28 ruas with 20 targeta and 10 men, thls is 2 ~ 96 x
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23 x 10 = 38,400 trigger pulis, or some 80,000 rounde, The requirements are listad in
Table L6, The concealed tsrget Indicators will fire another 10 x 86 = 560, or about 1000
rounds of ,30-06 single bulleta, not fncluded in the test or zern firing.

Comblnlng the ltoade from Tables L5 and L6 glves & grand totul of estimated am-
munltlon requirement of roughiy 70,000 rounds, including ntuut 12,000 rounds of duplex
{see Table L7).

TaBLE L5
ZERO-FIRING AMMUNITION REQUIREMENTS

Ammugition

Weapou or firiug Roonds Loads
.30-06 M1 Siagle ballet 10 x 240 = 2,400 300 8+oond clipe
Daplex 10 x 240 = 2,400 300 8-round clips
.22 Gustafaon Semisutomatic 10 » 240 = 2,400 560 15-ronnd magszines
Automntic 10 < 600 = 6,000
Totel 13,200
TABLE, L6

TEST-FIRING AMMUNITION REQUIREMENTS

Ammunition Rouuda (100 trigger
Weapon or ficiug Runs polls por rus) Losads
.30-06 M1 Siugle ballet 24 9,600 1200 8-rosnd clips
Duplax p1] 9,600 1200 8-sround clips
.22 Gustafuon Semisutomatic 24 9,600 2240 15-+ound megazines
Antomatic 1 24,000
Total 96 52,800
TaBLE 1.7

TOTAL ANMUNITION REQUIREMENTS

Ammunition Rounds Loads
.30-06 13,000 1625 B-round clips
.22 Guatafnon 42,000 2800 15-round magazives
.30-06 Daplex 12,000 1500 8xosed clips

Totsl 66,000

Target Range

The target range needed for this test is sketched in Fig. 14; it la a range area of
about 300 hy 56G yd, with aafety provisions for a wide angle of fire. It la deairable to
permit firing at targeta as close as about 30 yd, with & lateral displacement of the firers
by as much as C0 yd, The ground should be typical battieground —more than enough veg-
etation to conceal targets so that just any bush doea not become too iikely a target location,
The safet) zone ls deduced by limiting the ares for ¢arget positions to beyoad the line
TT'Tin Fig. L4. The firers are restricted tv within the segment S5. The minimum angle
of fire from the firing line |a just arctangert 100/200= 27 deg.

These dimenaions are auggested as a llkely compromise between reacarch needs
and safetv requirementa, The over-sll ulmensicna 1n particular sre approximate rather
than stringent.
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The power requirement for the target system is modest: 115 volts AC, drawing
less than 1 kw maximum. The power requirements for the artificial lights and tape
players for battle noise are also modest: 115 volts AC, drawing probably iess than 5 kw
steady, Illuminstion-measuring equipment a8 well ns the lights themselves will be re-
quired for the night tests.

Afthough ORO wili supply the target mechanigsms, about 2000 pasteboard targets
(96 x 20 = 1920) wili be required, mounted on suitabie stakes.
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Time

There wili be 72 day runs and 24 night runs, The actval runa wiii take about 5 mia
each. The prepsration hetween runs (smmunition lsaue, zerving, target preparation, pro-
graming, liluminatloa) will doubtless take much longer, If an average of 25 min prepar-
ation per run and 1 hr preparation per session is cstimated, about 48 hr wili be spent on
12 day sessions, and 24 hr on 12 night seaslons, it should then be posalble, with proper
prelimlnary preparation, to perform the entire teat in 3 weeks.

Personneli

In Table L2 it ia acen that the firings may be reasonably accompilahed with the use
of 15 aelected aquada, 5 each week.

The typical mixed aquacs wili be composed of predetermined qualifiera, auch as
cre expert, flve abarpahooters, three marksmen, snd one nonquaiified. These squads
will be relieved of other duties for thelr respective weeka and wiil be availabie full time
for thta experiment, inciudiag nights., The expert and boio squads wiii be composed of
quslified experts and unqualified shootera respectively, These squads wiil be reiieved
of most other dutles for cheir reepective weeks and wili be svailabie part time for this
axperiment,
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Lummary of Requiremenis

Weapons:

12 M1 rifles (chambera reamed to accept duplex rounds)
12 M1 rifies (unmodified)
12 Gustafson caliber .22 carbines

Ammunition (50 percent overallowzance):

20,000 rounds caliber .30-06 in 3-round cllps
63,000 rounds raliber .22 Gustafson In 15-round maguzines
18,000 ru.unas caliber .30-06 duplex in 8-round clips

Range:

About 300 by 500 vd wlth provislon for wide angle of flre; terrain with small rises
and adequate vegetatlon Lo provide some potential individual concealment,

Personnel: %

60C man-days: 3 sets of 50 men for 4 days each. These men must be preselected
with cegard to markmanshlp qualificatlons, It is anticipated that satisfactory sets
of 50 can be selected from random groups of 60 or 710, including standby replace-

menta (almost 48), The men must be free for night {iring, as well as day. Project
offlcers will of eourse also be required.

Time:
12 days and 12 nights—barring extraordinary weather, it wiil take 3 weeks.

Target system:

Aiiit T nit-recording onn-up targets and sutomatic programmer and hit recorder

(all designed and probably auppiied by ORQ); a 115-volt AC 5-kw power line on the

range:; illnminatian equinmant (to he determined with CONARC and HumRRO); about
2000 pasteboard tsrgeta (to be specified).

Ei
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SUMMARY

In order to determine sensibly the requiremeants for an expertmental de-
stgn it is necessary to predict the results of the experiment. Withoutsome fore-
knowledge of the magnitude of differences to be expected, tt ts not possible to
specify some minimum number of measurements required to achieve accept-
able reliabtlity. Clearty only rough estimates are possibie, or else the exper-
iment tiself is qutte unneceassarv.

In this appendix single-builet predicttons are made for rounds ftred and
hits scored on both day and ntght target aystems. These vajues compare reas-
onably welt with expertmental results.

An optimum zero setting is deduced, which mtntmtzes total bullet dropfor
all targets of the day system. The setting is a 1€5- yd zero for all ammunitions.

The controlied duplex pattern s analyzed thearettcally to yleld hit predtc-
tions as a function of both aiming error and target stze. These general results
are applted to the expertmental target system.

The random-dispersion triplex and flechette icads are also examined the-
orettcally to yield casualttes as a function of disperston. These results are ex-
trapolated to hits for the given ammunition disperstons.

The resultant predictions of hits and rounds fired for all test ammunttions
are tabularly compared with the experimental results. Ftnalty the predicted
standard deviations are computed to justify the statistical reltability of the ex-
pertmental design.

SINGLE-BULLET HIT PREDICTION

In order to predict the outcome of the experiment the results of an earlier
aceiracy expertment were applied to the detailed expertmental target system
plan for the SALVO I experiment.'*

In this experiment aiming error was determtned for rifles under test con-
dittons for varying times of target exposure. The average errors varied from
3 mils with 8 sec to aim to 20 mils with only 1-sec aiming time. These are
radial errors expressed in angular measure. The averages used are the root-
mean-square values. This root-mean-square radial error is identtca! with the
radial stanaard deviation. It is larger by a factor of V2 than the coinpionly used
linear standard deviation; it is sltghtly larger (by 13 percent) than the mean
radius.

This accuracy experiment revealed that the shortest time in which an aver-
age man can get a sight picture ts about 2 sec. The test further revealed that
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for the initial round at a newiy signted target, 3'/; sec ts optimum {mcre rapid
fire reduces accuracy, and slower fire reduces rate, so that the hits per unit
time are decreased). Therefore the basic rate ot fire was taken to be about 3
rounds per 10 sec, and the correspondtng aiming error was taken to be 4 miis.
Actually the preliminary expertment predicted 5 mils with standing fire for this
exposure time, but it was feit that the sitting position of the SALVO I experiment
would enhance accuracy.

The rate of flre and measure of aiming error next had tc be reflned for
critical target characteristics. This was done by slmple judgment according
to the following ratlonale: the number of rounds flred at a target during the
day was thought tc be reduced by about 2 rounds for llghtly camouflaged tar-
gets and 5 round:s for heavily camouflaged targets, as compared with uncon-
cealed targets. This ieads to the following expresslonfor the number of rounds
fired at a given duay target:

N e (10 D - 1) - 2.C) - 5HIC) (M1)

where 1 =the number of seccnds of target exposure
-1 = the Initiai firing delay, in seconds

(LC) = ’ight conceaiment

(HC) = heavy concealment
If the target Is In (LC) or (HC) classification, that term in Eq. M1 becomes unity;
otherwise the term is zero. The aiming error must also be modified tv account
for concealment and movement (M), The expression used for the radial stand-
ard devtation ais

FI | |

o = 4.0 + (T/2(L.C) + 2T(HC) + 2T(W) (M2)

where T = target radius, in mils.

The rationale here is that a 'tghtly concealed targetis iikely to be missed
by an additional quarter target wtdth, and a heavily conceaied target by a full
target width. Similarly a laterally moving target M is likely tc incur an addi.
tlonal error of a full target width, Using these two equations It became pos-
sible to predict the number of rounds fired N and number of hits scored H on
the 22 targets of the day target system. The resuits of these calculations are
presented in Table M1. The hit probability is simply computed from the
expression:

pel—cexp {-(T. J]zi (M3)

The target size | was deduced from the known slze of the E or F silhou-
ette target and the range. The F target has an area of 328 sq In., or an equivalent-
clrcle radius of 10.2 in. The E target has an area of 853 8q in., or an equivalent-
clircle radius of 14.5 in. The hit prooabillty on elements of area on the extreme
comers of these Irregular targets is somewhat less than would be the case for
a clrcular target By actual measurement on the zllhouetts targets, for an as-
sumed average error of 5.4 mils, the equivalent circuiar targets were found to
have radii of 9.9 and 14.0 in. These were the values used as radli of circular
tirgeta equivalent to the silhouettes in computing I.

The predicttons for ti,e ntght target system were made in s similar fashion.
in this case the initia! firtng delay was increased by an additlonal 3u/3 sec to
account for increased ¢!/ficulty in acquiring the target. On the other hand, this
30/3-3ec increase was erased with those targets indicated by blank rifle fire.
It is judged that the {lash wouid approximately compensate for the darkness.
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Certainly the basle aiming error at night Is larger than the day value of 4 mils;
an arbitrary judgment provided an estimate of a 5-mill baslc error. It was as-
sumed that the additional error lncurred by light concealment was a half target
wldth rather than the qu-rrter target width assumed {or the day system. It was
further assumed that the existence of blank rifle fire at a target reduces the
alming error by a quarter target width. Finally, it was assumed that under

TaBLE MI

PreEpicTED DAY TARGET HITS

Target Hadis! Hit
Target Fange, Farget I'arget size, Faposwre Rounda error, prabability,
no. vd characteristics silhcuette mils  time, gac  fired mila  Hits L4
5 74 fe rb 1.3 1.5 12 10 5.0 19.3
7 T f, iCrc K 3.2 15 42 11.3 3.2 .7
9 86 — pd 1.9 4.5 17 10 T4 613
10 8% f, UC F 2.7 15 42 9.4 3.3 i.9
13 111 f, 1.Ce ¥ n.2 19.5 60 8.4 1.0 6.6
14 127 f, 1. F 1.9 9 25 5.0 1.4 11.5
15 139 - I 1.7 4.5 12 1.0 2.0 16.6
15 152 wuf F 2.8 9 27 84 18 "
18 162 M ¥ 2.1 6 17 R1 1.0 6.1
19 164 M K 2.0 15 7 H.1 2.8 5.9
20 165 1.CC E 2.0 11.5 100 5.0 14.8 14.8
21 169 — k 2.0 3 7 1.0 1.5 2.1
22 176 f.1.C ] 1.9 4.5 10 5.0 1.4 14.5
24 216 LC k 1.1 4.5 10 1.6 0.6 5.6
25 218 1.CC [ 1.1 9 25 1.6 1.4 5.6
28 245 H B 1.4 6 17 1.0 2.0 11.5
29 259 H E 1.3 10.5 12 3.0 8.2 10,0
a0 267 — E 1.1 k! 7 1.0 R 10.0
31 269 f, NC F 0.9 25.5 ) 5.8 18 24
32 3134 F 0.7 185 22 4.0 07 11
33 136 — k g 3 o 4.0 02 .1
K]} 1319 1, 1.C ¥ ¥ 21 65 4.4 16 2.5
Totel 4174 14 12+ it 1| 673 617
MG 10%
HC
kY|
VMesn 190 1R 10.5 iy 5.6 29
tHiank fire 4 arge
bSmall gt concealmeat
leavy coacealmeat Movement

coaditions of low {llumination the outiine s vague, even when located, to the
extent of an additionz] half target width. These considerat.ons lead to modi-
fled expressions for the number of rounds {ired and the aiming error, as in-
dicated in cgs. M4 and M5.

N e (b3 -3 s X)) = WC) - S(HD) {M4)

=80+ T « TRLC) « TIHC) » 27TM) = {7 '2)U) (m5)

The parenthetical designations are defined in the fo-'tnotes tc Table M1
ORO-T-378 315
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Arpiication of these expressions to the information on the 22 targets of
the night system yielded the rounds fired and hits scored at night, which are
presented in Table M2.

it is of interest to note from the totals of Tables M1 and M2 what some of
the average values are., The most meaningful measure of hit probabliity ia
probably the integrated value, taken from the total numbers of hits and rounds
fired. These numbers yiela a predicted hit probab.lity of 9.6 percent during

TasLE M2

PREDICTED MIGHT TARGFT HiTs

Target Radial it
Target Range, Target Target size, Fxposwre Rounds error, probabihity,
no. vd characteristica silhouette mila  time, sec  fired mils  Hite «
1 52 f. ¢ ¥ 1.7 28.5 a7 16.7 6.6 1.6
2 63 F 5.3 k] 0 10.3 0.0 23.3
k| 65 k. 5.1 7.5 15 10.1 3.4 22.5
4 67 f, HC ¥ 1.6 12 32 14.0 2.0 6.4
[ 76 f, HC F 4.4 4.5 12 1.2 3.7 31.2
R 78 (M ¥ 3.1 19.4 55 12.7 3.2 5.8
11 90 f F o7 1.5 12 16.3 0.3 2.7
12 91 F 2.7 9 18 10.4 1.2 6.5
13 1M1 f.10C F 2.2 19.5 60 .3 5.1 6.8
11 127 f F 1.9 9 3 1.9 1.4 5.6
15 139 o 1.7 4.5 5 6.7 c.3 6.2
16 152 L [ ) 2.2 10.5 25 11.6 0.9 3.5
17 161 ! [N 2.1 3 7 6.0 0.8 11.5
18 162 “ b 2.1 6 10 11.3 0.3 1.4
19 164 A k. 2.0 18 50 11.0 1.7 3.3
pai] ios iC Y 20 ne 102 90 4.9 4.8
21 169 F. 2.0 4.5 5 7.0 0.4 7.9
22 176 f.1L.C + 1.9 "] 25 @ 1.4 5.6
P 200 F 1.2 3 0 6.2 0.0 3.6
26 221 f F 1.1 7.5 2 5.5 0.9 3.9
27 224 f.1.C F 1.1 21 65 6.6 1.8 2.8
25 218 1.C o 1.1 15 IR 7. 0.9 23
Total 2979 11 12F 251.5 671 40.2
41.C 10F
sNC
M
Mean 135 2.6 11 = il 9.5 18

the day and 8.0 percent at night. ii is also interesting to note that the predic-
tion of total rounds fired is essentialiy the rame day and night (€75 and 871).
The prediction was 65 hits cut of 875 roundas fired in day.sitting control (single-
bullet) fire. 1t was gratifying, and quite surprising, when the first preliminary
single-bullet run resulted in 74 hits out of 869 rounds fired. The later test data
proved sz somewhat higher hit probability, averaged from the 8 regular single-
buliet day-sitting runs. The night prediction f[rom Tabie M2 was 40 hits out of
671 rounds fired. The average result from 4 test runs turned out to be 42 hits
out of 834 rounds fired. These comparisons sre listed in Table M3,

It should be noted that the night target system is generally composed of
longer-appearing and closer targets than the day svstem, in sccord with nor-

J18 ORO-T-J e
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mal combat practice. A linear mean target distance of 190 yd is reduced w
135 yd au night. It is of further interest to noie what the predicted effective
range might be. An effective range may be defined by describing he following
calculation: the figures in the “Range” and “Rounds Fired” columns of Tables
M1 and M2 are multiplied together for each of the {argets. The products are
totaled, and this total is divided by the total number of “Rounds Firea® alone.
The resulting figurea represent average ranges, which were weighted by pre-
Gicted fire. This can then be interpreted as the average hitting . ange. This
caiculation was performed, and yielded 191 yd for the day system and 135 yd
for the night system.

TAaBLE M3

COMPARISON OF PREDICTIONS WiTR
RESULTS FOR SITTING SINCLE-BULLET Runs

Prediction Result
Run
s Rounds itite Rounds
Day 65 875 14 577
Night 40 a7l 42 R34
TABLE M4

PREDICTED AVERAGE FIRING (CONDITIONS

Hange, Faposure, Rounds it prob- o, error,
Run vd sec fired Hits sbility, % mils
Day 191 10.5 3.1 0.29 9.6 4.0
Night 13% 11.5 1.1 0.18 6.0 7.4

The average error i3 also of Interest. Simple linear means of the radial
errors are shown at the bottom of Tables M! and M2. The values are 5.6 miis
for the day and 8.5 mils for night systems. This linear mean is a rather un-
sophisticated way of averaging the error; a possibly better method would be
based on the integrated hit probability. This calls for the use of some sort ot
average target size. The linear mean target sizes from Tablea M1 and M2
were used. These values are 1.8 mils for the day system and 2.8 mils for the
night system. The simple relation for a uymmetrically normal error on a
clircular target is described by Eq. M86:

a=T//-lail - P (M8)

where P is hit probability. Equation M@ yields radial standard deviations aof
5 7 mils for the day system and 10.4 mils {or the night system. It is noted that
these two values are in reasonable agreement with the linear means.

The errors in Table M4 were converted from radial to linear standard
deviations, simply by dividing by V2. The erroras are presented this way for
convenience, since the linear standard deviation o 1s in more common usage.
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COMBAT ZERU

Having predicted hits on the target system, it becomes possible to com-
pute a zero setting for test weapons that will produce a high net mt probability.
Of the several pessible schemes for defining and computing the combat zero,
the following procedure was adoptea: Flrst, the ballistic path of all test am-
munitions was determlned (with the exception of the flechette ammunition). The

BULLET DROP, 'm

AR

| T | 9

20 11 ] ] ll 1 i 1

0 100 200 300 400
RANGE, YD

Fig. M1—Bullet Drop os a Function of Range for the .39-cAl
Single-Bullet M2 Ammunitian
The number to the left of the hyphen on the vertical lines indicztes
ronge, the number 1o the right indicotes hits (see Toble M5).

arsenals and manufacturers were kind enough to provide Information on the
bullet drop as a function of range for the {ive rifle ammunitions, which is plotted
in Flga. M1 to M5. The lowest curve on each of these [igures shows the exag-
gerated path of the test ammunitions fired horlzontally (e.g., zeroed at zero
range). In addition the paths were computed and plotted for each ammunition
zeroed at 100, 150, 165, 200, and 250 yd. These curves cross tihe iwrlzontal
axia at those ranges respectlvely.

18 ORO-T-378
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Next, to reduce the compiexity of calculation, the target hits shown in
Tables M1 and M2 were aggregated, which was arbitrarily accomplished bty
iumping three or four targets that occur at nearly the same range and merely
attributing the total number of hits on those targets to a representative target
at an average of the several tanges. The results of this aggregation yleld the
simple target system shown in Table M5.

The information c.; the simplified target system is indicated in Figs. M1
to M5 by the vertical {ines drawn at each of the six ranges. Using this hit in-
formation as a weighting factor, it becomes possible to compute the total inches

TasLE M3

SIMPLIFIED [JAY TARGET SYSTEM

Range,
vd Hita

80 20
125
165
220
260
335

it
- W KM O

TaBLE M6

Totar. Drop Miss MSTANCE FOR VaRIOUS
ZERO RANGES FOR FIVE AMMUNITIONS

feto range. vd

Ammynilion 100 150 1u5 200 250

Ballet drop, 1.
Siamle buller 149 246 218 258 322
Duplex 457 331 305 15 451
Triplea 516 367 33 195 512
Carbiae 290 212 193 224 292
T48 186 131 115 119 174

of builet drop for the entire targnt system for each value of zero. Consider,
as an example, the .J0-cal single-bullet ammunition shown In Fig. M1. lLook
first oniy at the curve for the 100-yd zero. The first composite target occurs
at 80 yd, where the curve shows an error of 0.7 in. Since 20 rounds are ex-
pected to hit this composite target, a total error of 20 x 0.7 or 14 In. is indl-
cated. Similarly, the next target at 125 yd axperiences a dropof 1.1 in for §
anticipated hits, making a total drop of 9.9 in., The same procedure is followed
for the other four composite target ranges Finally, the six drop totals are
added to yieid a grand total of, in this case, 349 in.

Only this groas total is retained. The same procedure s followed for the
150-yd zero range. In this case the grand lital comes 10 242 in. Thia proce-
dure is thet. followed for each of the other three Zero ranges to yield finally

ORO-T-378 mn
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flve grand totals, correaponding to the five arbitrarily selected zero ranges.
This same pattern is then rvuowed for each of the other ammunitions presented
in Figs. M2 to MS. The resultant total drop distances are listed in Table M8§.
It is clear irom thls table that a minimum drop value exists for each of
the ammunitions. These total buliet-drop values are plotted in Tig. M6. 1t 1s
observed that the slowest ammunlitiorns and those having the worst ballistic co-
efflcient have the higheat values of total drop. More striking is the resuit that

600 ,

\ T 1 ¥
500 - 30-col wiples .
.0-cal duplen
400 - -
; .30-cal
N single-butler M2

22-cal carbine

200 -

BULLET DROP, IN
[ ]
8
T
)

dd-cal T48

0 1 1 | 1 1
0 100 200 300
ZERO RANGE, YD

Fig. M6—Totol Drop Miss Distonce for Various Zero Ronges
for Five Ammunitions

same—165 yd—whlch indicates that this zero range is quite sensitlve to the
target system but Insensitlve to variations in ammunition. Thus it was declded
that all rifles for this test would Le set for a combat zero of 165 yd. The com-
putations were not carried through for the night target syatem; it was assumed
that the small difference that such computations might recommend would oce in-
significant in view of the very large aiming errors in night firing.

DUFLEX AMMUNITION HIT FPREDICTIONS3

This discussion is summarized from ORO-SP-4.'" To deal analytically
with the controlled-dispersion duplex ammunition tested, a simplified model

122 ORO-T-378
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of the dispersion pattern was assumed. The simuplifications basic to tle model
were (1) the dispersion of front bullets was normal and symmetrical about the
line of fire; (b) the ring of second-bullet impacts was narrowed to a circle of
negligitle width and a2 3-mil radiue; (c) the circle of second-bullet impact was
concentric about the corresponding front-bullet impact; (d) the angular loca-
tion of second-bullet impacts on the circle was random; and (e) the target was
circular.

=g

Fig. M7—Geometry of Duplex Hits

T indicotes torget radius,

R indicates vor-bulletcircleradius;

- indicotes radius vector fram tor-
get center ta front-bullet impoct.

From the geometry of Fig. M7 the {raction of the rear-bullet circle that
lies on the target is given by

F = (1/190) grccoe [(RT - T o r2y/ 2R (M7)

for the angle in degrees.

For a radially normal distribution of front-bullet impacts, the probability
of a front-bullet impact at a distance r to i + & from the target center is given
by

4G « (+ dr/e?) enp (- r2/ahy (M8)

where a is the radial standard deviation of alming error.

Using the fraction F and the probability eleme:t dG with the geometry of
Fig. M7, duplex hit prohabilities are readily deduced

The aingle-bali hit probability is

Ny [T 96 =1« ey (- T2aD) (M9)
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The primary duplex hit probabilities of interest are

Pt-Nl"NZ*I;'R"!f:._Rl (Mlo)

Pa=Nos 3 o (M11)

where [ = [FdGL
P, = probability of a singie hit
P; = probability of a double hit

Ny (1146 1 g 11T - 0 ou12)

and the provisc that for T <R, N, vanishes, and for T<R/2, _ﬁ_ Ry Teverses
sign in Eq. M10 and vanishes in Eq. M11.

The hit probabilities are functions of three variables. the duplex spread
R, anguiar target size T, and the angular aiming error 2. It is quite possible
then to compute the hits of each type that may be expected with a dupiex round
of known spread cn a target of a glven angular size under conditions of known

aiming error. Numerical integration is substituted for expressions not ame-
nable fo integration:

[FAG + TF8G = (5r/9002) X r exp (r2/T2) arceon [(R2 - T2 + r2)/2R7 (M13)

=CEreyf (M14)

The test ammunition has a dispersion characterized by R = 3 mils; hence
[= Cl@)F rela) 6(T) (M15)

To evaluate this integral {sum) it is necessary only to substitute values for aim-
ing error o and angular target size T. This was done for a series of values:
T=%,1,2,4, and 8 mils; and a= 1, 2, 4, 8, 16, and 32 mils. Hit probabilities
were computed {or the 30 pairs of these values and are tabulated in Tables M7
to M1i. The products re, @ are indicated as »,.

in addition to the singie (P, ) and doubie (P2} hit probabiiities, several de-
rived quantities are of interest:

(a) Probability of one or more hits: PaspP,+Py

(b) Totai hit probability: P,m P, + 2P,

(c) Relative duplex gain in tota! hits: I, s (P, - N|)/N,

(d) Relative duplex gain in casualties: I, » (I - LP,;)/N,;
where L is the individual duolex bullet lethality (0.70). These probabilities are
piotted on Figs. 8 to 11. Figures M8 and M9 show the single (N;) and cuplex
total {P,} hit probabtiities. Figures M10 and M11 show the relative casnalty
gain (I¢ ) of duplex vs single-buliet ammunition.

Using the day target sysiem and predicted single-bullei hit probabilities
of Table M1, the casualty increasesa can be read from Figs. M10 and M11 for
a spread R = 3 mils and a lethality L = 0.70. Casualty-gain values can similarly
be computed for other values of dupiex spread R and bullet lethaltty L., per-

mitting preparation of the curves of Fig. M12 (for the set of salvo targets of
0.8- to 4.6-mil radius).

324 ORO-T-378
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Fig. M12—~Duplex Ammunition Gain in Casuaities as o
Functian of Spreod for Vorious Lethalities

TRIPLEX AND FLECHETTE AMMUNITION HIT PREDICTIONS

The dispersion patterns of the test triplex and flechette ammunition are
of the so-called “random?” type, i.e., the pattern of hits can be approximately
described by a symmetrical two-dimensional normal or Gaussian distribution.
Each projectiie independently followa an initial path, which deviates from the
harrei axis by some amount for which thls two-dimecusional normal curve is
the frequency distribution. The tightness of the dispersion is characterized
by the shape of this normai curve, usually expressed as the linear standard
deviation 0. For the fiechette ammunition used in the experiment, a value of
9.4 mils was given for 0.%

The tripiex ammunition used in the experiment performed in somewhat
erratic fashion, but it was indicated by the manufacturer to be at ieast roughly
approximated by considering «ach of the three bullets to fit into this random
rormail frequency pattern. The manufacturer also indicated that except for
occasiora. wild rounds the mean spread between any pair of the three buliets
was 3 mils.

It is desirable first to convert the 3-mil average separation 3r of triplex
rounds to a deviation o, which is more commonly used to characterize the dis-
persion. This conversion is readily made when it is realized that the mean

a3
1ap
1y
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difference beiween two samples from a iwo-dimens onal normal disiribution
is ideatical with the mean radius of a single sampie drawn from a disiribution
having a deviation larger by a factor of v2. Recailing furiher ihai the mean
radius oi a rwo-dimensional normal distribution is larger than the !inear stand-
ard ceaviation by a factor of V1/2, the mean spread can be reiated io the original
dispersion o by

0=1/,yw (5) = 0.565 (o) (M18)

For the rough value of mean spread 57 = 3 miis, ihe deviation is 1.7 muis.

The foliowing discussion ouilines the consideraiions leading to the solu-
iion of the problem of kill probabiiily with a normal aiming error imposed on
a normal dispersion. This soluiion is iaken from ORO-SP-24.?

@ iy l‘ HIEY

Fig. M13—Geometry of Random-Dispersion Hits Fig. M14—Diffuse Goussion Torget

Considered firsi is the probabiliiy thai a projeciile aimed aia distance R
from the center of a circle with radius p will hii the circle. The aciual impaci
point 18 assumed to follow a Gaussian distribution with linear standard devia-
tion ¢ about the aiming poini. Lei the aiming poini be ai R,O; then the prob-
ability that the fragmeni impacts within a rectangle of dimensions dx by dy,
lying ai », y (see Fig, M13) is

P=l/(2we?) exp |- {(X - B)2 4 y2] /22| dady (ML1T)

and ihe probabilily P thai ii strikes the circle is ihe iniegral of this over the
circle:

P - P
A£I°y’ <os (HIS)

This is sometimes calied the “offsei-circle” probabiiiiy. An approximation ls
to replace ihe sharp regular iargei by a diffuse Gaussian targei (see Fig. M14)
by fiiiing by momenis. Thus, for the sharp target, any fragmeni {alling within
the circle scores 1; a fragmeni falling outside scores 0. This may be repre-
sented by a right cylinder of radius 1 and neight 1, centered ai the origin. The
diffuse iarget wiih the same gfero-—and second-order radial moments—has height
2 and linear standard deviaiions p/2. It gives a score of

Qewp 1 -0V Yy (ll',
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to a fragmant lmpacting at distancc ' frown the center. With this approxima.
tlon in Eq. M18, integrating over the entire x,y piane, this 18 evaluated to be

Palp?2 2e2 : p2 4} exp - K2 {202 + p2 4} (M20)

Let I be the conditional probabllity that a hit wiil be a casuvalty. Then
the probability that the target becomes a casualty K if there are N projectiles
is

Kel-(1—LPWN .)_pe-NLP {M21)

In Eq. M20 " is shown to be a functlon of the radial distance 2 of the aiming
point from ithe center of the circle. But the aiming point is itself a random
variable, and the probabillty that the radlal distance is between Rand R + 4R
is given by

(11D exp (= R2/2:2RAR (M22)

where t ls the llnear standard deviation at the aiming error. The final com-

plete answer for the casualty probabllity 18 therefore obtained by substituting
Eq. M20 into Eq. M21 and intcgrating against Eq. M22:

R RRRAT 2 R N L AR R B (M23)

where y = (1/NL) (0%p2 + %)
Z = (1/NL) (r2/p2)
ne(Yay)exp [1 ~ ZRZ/272y]

The lasi integral is readily recognlzed as the incomplete gamma functlon; hence
K is expressed in terms of tabulated functions. A rellef map showing level llnes
of X against log Z and iog y is given in Flg. M15.

In order to perform computations on any random, normally dispersed
salvo ammunition, it is necegsary to know the number of projectiles N, the
lethality per projectlle L, and the standard deviation of the dispersion. With
the ammunition thus cnaracterlzed, it is further necessary only to characterize
the target or target system sufficiently so that one knows the aiming errcr and
the target size for each element of the target system. From this aiming error
and target size, together with the product NL, the vaiue I is computed; y 1s
likewise deduced from a knowledge of dispersion, target size, and NL. Clearly
from Fig. M15 casuaity probability may readily be decter mined by interpolation.
This procedure was actually followed In detail for each of the salvo experiment
targets for a number of ammunltions.'’ In that case the computations were
performed using actual aiming ¢rrors deduced {rom the results of the SALVO 1
experiment. It is felt that the results of these computations would not be grossiy
altered if they were done with the predicted errors of Tables M1 and M2, or
even the - implified predicted values of Table M5. However, the comparative
calculations were not performed.

The calculations that were performed are graphically reproduced in rigs.
M16 to M19. It 1s noted that this entire treatment of the random dispersion is
based on the number of casualties produced rather than the number of hits,

- * =k =1 LY
The casualiy wvasuie v Louiaw Larvs accumin ! Um jeliamiily W Sach piojdciac

and the attendant overkill. For a first comparsion between the prediction and
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test results, it is perhaps desirable to present the predictions in terms of the
data that are the primary measure—mainly total hits rather than casualties. It
is further noted that the results presented in Figs. M16 to M19 aro based on
salvo hits per single-bullet hit. This method of presentation is convenient and
is herein retained,

10.0 E T T T TIrin T 1 T T IrTrIrg
_-\\ﬂm :
0,06 ]
ﬂ‘ll.'.'
& =
2 ]
§ 0.40 i
z u
v
N
0.01 Lo il 111111\ i 'R I i idi b iy
0.01 10 10.0

¥

Fig. M15~Relief Map of Salva Casualty Probobilities
y=(1 ML) (o2 p2+ 4)

Examination of Fig. M18 shows that the 1.7-mii dispersioa, which was ul-
ready identified as characterizing the experimental triplex ammunition, results
in a casualty increase of 66 percent over the single-bullet ammunition. As
the rate of fire and the lethality per bullet are, for practical purposes, ldentical
for triplex and single-bullet ammunition, this [igure must be corrected only
for possitle overkill by multiple-bullet hits. The theory reveals the extent ol
overkill as a functiou of salvo dispersion, aiming error, and target size. How-
ever, it is not deemed worth while to perform this tedious computation for the
present purpose; instead the available experimental results are used.

It is shown in App O that the proportions of single, double, and triple hits
snat were so ldentified are 82, i5, and 4, respectively. These [igures corre-
spond to a towai cf 124 hits [82 + (2% 18) + (3 % 4)]. Using the same 70 percent

ORO-T-378 335
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fethality value used in ORO-SP-24,' overkiils can be accounted for in the foi-
fowing manner: Of the 124 hits, 101 are fuily credited. The next 19 are sec-
ond builets on a target that is oniy 30 percent vulnerabe; hence these hits are
credited as 5.7 effective hits. The {3st 4 hits are third hits on a target that is
now on!y zbou! ¢ percent vuinerabie, and hence are credited with 0.36 effective
hits. Thus the total number of effective or equivalent casualty-producing hits
ts 107, as compared with 124 actual buliet hits with tripiex ammunition. 1 his
ratio of 124 to 107 is used to convert the casuaities of Fig. M16 to total hits,
When this is applied, the 1.66 becomes 1.92. The predicted number of triplex
hits is then characterized as 92 percent greater than the single-bullet hits.
This prediction may be compared with the results of the experiment,which are
an average of 114 singie-buliet hits compared with 251 triplex hits per run, or
an experimental increase of 120 percent. This agreement is not too bad, con-
sidering the very rough assumptions made with regard to the actuai tripiex
pattern.

The night tripiex prediction is based on Fig. M17, from which the 1.7-mii
dispersion yieids a casuaity Increase of 80 percent overthe single-buliet ammu-
nition. If the same 1.16 ratio as for day fire 1S used to account for overkili, the
predicted number of tripiex hits for the night target system is 2.09 times the
predicted number of single-bullet hits. However, no experimental comparison
is avaliabie, since night tripiex runs were deieted from the experiment.

The {iechette predictions are made in the same way from Figs. M18 and
M19. It is anticipated that the fiechette casuaities for the day and night target
systems are 1.28 and 3.74 times those for single-bulietammunition, respectively.
In this case the iethaiity per projectiie used in the computations leadingto these
curves is just haif the singie-buifet value. Converting from casualties to total
hits requires that these factors then be doubied (2.56 and 7.48 times singie-
buifet casualties). It is further noted that Figs. M18 and M19 are based on an
assumption that the fiechette rate of fire is 80 percent of the singie-buliet rate
of fire, which was made as a coarse guess based on the reiative cumbersome-
ness of the shotgun ard the troops’ unfamiliiarity with the weapon. Resuits of
the experiment proved the actual degradation to be somewhat greater, resulting
iri a rate of fire only 55 to 80 percent that of rifle fire.

PREDICTIONS COMPARED WITH ACTUAL RESULTS

It is imstructive now to gather the predictions on sjounds fired and hits
scored for the several ammunitions and to compare them in tabular form with
the corresponding experimenta! results. This is done in Tabies M12 and M13.

TasLE M12
PREMCTER RouNDs FIRED AND HgTS SCORED

Day Night

Ammunition

Rounde | Hits | Parcent hite | Increase ﬂo.nm'-l'rin- Pecceat nite | increame

Sigale bullet 675 6% 9.6 . 671 0 5.9 -
Duplex 675 115 17.0 177 en - - -
Trlgtes 675 125 18.5 192 &N 8 125 2.02
i e 540 5166 >%0.7 2320 338 >299 >$5.6 »9.42
338 ORO-T-378
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The experimental {lechette data in Table M13 Is taken from the incomplete runs
and proportiona:ly converted to equivalent complete runs for direct comparison
with the other ammunitions. It should further be noted that the values inserted
in Table M13 for {lechette hits are based only on the predicted {lechette casu-
alties. The conversion to total hits regardless of overkill was not made.

TapLE M13

EXPERIMENTAL Houxnps FIRED AND HiTS SCORED

Duy Night
Ammunition
Rauads | Hite § Percent hits | lncrease { Rownds | Hits | Percent hits | locrease
Single bullet 517 il4 19.8 - 834 42 3.0 —_
Daplex 505 154 32.5 1.64 716 65 9.1 1.82
Triplex 579 251 43.4 2.19 - —3 = =
Flecleites 364 151 41.5 2.10 420 144 343 6.87
TaBLE M14

PREOICTED JUT PROBABRILITIES AND THEIR STANOARD DEVIATIONS

Day Night
Ammuaition
P, L4 op R o P, % oF R op
Single balle1 96 1.1 - — 59 09 — -
Deplex 170 1.4 177 025 — -— _— -
Triplex 185 1.5 1.9% 0.27 125 1.2 212 0432
Fleche:ies >30,7 1B 3.20 0.41 5546 2.1 9.42 1.50

STATISTICAL RELIABILITY

It is of interest to use these predicted results to estimate the rellability
with which conclusions may be drawn {rom the experiment. Such estimation
is a key featur: in experimental Jesign, since the predicted reliabilities of
computed differences and ratios establish criteria for deciding on the number
of repetitions. The predictions of Table M12 are examined to determine the
confidence anticipated for tte ratios of hit probabilities among the several am-
munitions. The procedure starts with the predicted hit probabilities, which
are rcpeated as percentages in Table Mi4. The standard deviations of each
of these percentages are then computed from a knowledge of the percentage of
rits P and total rounds fired per run N:

GP -\/P(]—-P) N

The computed standard deviations op are also listed in Table M14. 1t is noted
that these deviations are much smaller than the differences among the -proba-
bilities. The next column (R) of Table M14 lists the most important quantities
sought in the experiraent, namely, the ratios of each of the three types of salvo

ORO-T-378 339
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hit probability to the control or single-bullet hit probability. Finally the meas-
ure of re!' .bility of this ratio is arrived at by using Eq. J3 of App J.

The.é¢ values are finaily listed in Table Mi4. 1t is clear froin the table
that each of the important ratios differs from unity by more than three st _id-
ard deviations, which means, from the data supplied by a siugle run, thnt the
expected ratios are more than $39.7 percent certain of being truly grealer than
unity. The least certainly determined ratio is the ratio of duplex to single-
bullet hit probabilities in day firing (1.77). From a single pair of runs it is
determined that the probable error of this ratio is 0.17; or, in simplest terms,
that there is a 50-50 chance that the actual ratio will be determined to be be-
tween 1.60 and 1.94. Six runs (as scheduled for duplex) of each type determine
the 50 percent confidence limits on this ratio from 1.70 to 1.84. Clearly this
sort of reliability in the significant computed parameters is adequate for in-
terpretation. H it can be concluded that duplex ammunition will score from
70 to 84 percent more hits than single bullets, there is little practical use in
refining this advantage any further. There are additional correlations from
other firings of the same ammunitions under somewhat different conditions.
Although not amenable to simple statistical reiiability measures, they afford
additional evidence of rellability from observation of consistency.

340 ORO-T-378
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SUMMARY

The SALVO I experlment not only lnvolved many new expesrlmental con-
ditlons but also employed measurlng and control equlpment that had not been
completely tested In the fleld. It ls not surprilsing that a large number of mal-
functlons of all kilnds occurred. These ranged from trlvlal difflculties such as
the mlsplacement of camouflage to the actual blowing-up of a weapon-the
latter ls perhaps less a malfunction than a catastrophe. The malfunction data
are lisled fuliy in Tables E4 and E5 of this nmemorandum.

The occurrence of malfun~tions necessitated changes in the conduct of the
test and in the analysls of the rasults. Other iections of thls memorandum
deal with these matters; this appendix merely describes the malfunctlons that
occurred. They can be grouped Into three different classes: (a) weapon mal-
functions (2 percent), e.g., failure to feed; (b) malfunctlons In data collectlon
(21 percent), e.g., no electronlc Indication of a hit on a target; and (c¢) unplanned
lrregularlties In functioning of the target system (11 percent), e.g., a target not
appearlng at the rlght time.

WEAPON MALFUNCTIONS

The weapon-ammunltion malfunctlon was particularly serlous in that, If
the Incldence of malfunctlon was not fairly unlform for all weapons and aminu-
nltlons, the effect of malfunction could posslbly obscure differences ln scores
among the various weapon-ammunltlon combinations. As a result of this pos-
8lbllity, every effort was made durlng the runs to correct each malfunction
quickly, and a record was kept of each malfunctlon and lts type. However,
slnce the malfunctions were not recorded automatically, and slnce the Infor-
matlon concerning the malfunctlons was recorded after the run was completed,
the record 18 not highly accurate. There also 18 no record of how long each
test subject was unable to flre because of malfunctions. Weapon malfunctions
are detailed In Table E5 of this memorandum.

Fortunately the Incldence of malfunction turned out to be falrly unlform
for all runs with the exception of the Gustafson carbine ln automatic flre. Each
weapon had a characierlstic major source or sources of malfunctlon, and some
ammunitlons tended to malfunctlon In characterlstic ways.

One change In the orlginal test design can be attrlbuted In part to the at-
tempt to minimlze malfunctlions. Orlginally it was planned to flre the .30-cal

ORO-T-378 342
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Table N1
TOL...L WEAPON MALFUNCTIONS
Weapon and ammunition Failure to Rounds
or firing Misc~llaneous | Total W=l
Feed | Extract | Eject gt

M1, unmodified

.30-cal slngle bullet 95 11 8 10 124 5,363
M1, modified

.30-cai single builet 19 15 3 0 37 6,863

.30-cai duplex 19 114 5 9 147 8,722

.30-cal triplex 4 14 0 3 21 1,157
Carbine

.22-cal automatic 184 115 17 44 360 9,550

.22-cal semiautomatic 56 113 13 17 199 6,450
T48

22-cal automatic 17 29 8 35 89 8,589

22-cal semiautomatic 17 16 1 26 60 5,564
Shotgun

32-flechette foad - - - 9 9 553

Total 411 427 55 153 16486 52,237
Table N2

WEAPON MALFUNCTIONS PER 100 ROUNDS

Failure to
Weaponoarm:i::nmunltion Misceilaneous Total
ne Feed | Extract | Eject

M1, unmodified

.30-cal single bullet 1.7 8.2 0.2 0.2 2.3
M1, modified

.30-cal aingie bullet 0.2 0.2 0.2 0.0 [

.J0-cal duplex 0.2 1.3 0.1 0.1 1.7

.30-cal triplex 0.3 1.2 0.0 0.3 1.8
Carbine

.22-cal automatic 1.9 1.2 0.2 0.5 3.8

.22-cal aemiautomatic 0.9 1.8 0.2 0.3 3.1
T48

22-cal automatic 0.2 0.3 0.1 0.4 1.0

22-cal aemiautomatic 0.3 0.3 0.0 0.5 1.1
Shotgun

32-flechette load - - - 1.6 1.8

Total 0.8 Q.8 0.1 0.3 2.0
J44 ORO-T-378
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singie-builet (AP), dupiex, and tripiex ammunitions from the same weapon.
During tha first week of firing, however, it appeared that there was a high rate
of maifunction both on the single-bullet and dupiex runs (the triplex runs being
discontinued because of an accident that wiii be described iater). It was con-
jectured at the time that these malfunctions (mainly faiiures to extract) might
be due to fouiing of the chamber, which resulted from flring singie-buliet am-
munition in the specially chambered M1 rifies. It wa- Lisu conjectured that
the paint on the nose of ammunition (used to ldentify hlts from the leading bul-
let tur ihe first two dupiex runs) might also be a factor. On the advice of the
Ordnance Corps representatives present, it was decided to discontinue color-
ing the noses of duplex ammunition and also to fire single-bullet ammunition
from unmodified M1 rifles, during the second week. Accordingiy, Board III at
Fort Benning was requested to furnish 12 usable unmodified M1 rifles for the
second week of firlng.

The subatitution of the unmodified M1 rifles provided by Board III did not
havo the effect of reducing the over-all maifunction rate. In fact, during the
second week of flring there was a greater number of weapon-ammunltion mal-
functions during the single-bullet runs with the unmodified rlfles than during
the dupiex runs. The Ordnance experts at tle test felt that the Board i1l rifies
were to some extent mechanicaliy substandard.

A summary of the total weapon malfunctions experlenced during the test
ls given In Table Ni, and the number of maifunctions per 100 rounds fired is
glven in Table N2.

It shouid be remembered that the carbine and T48 used were weapons
quite changed in development from the originai weapons, and that the “bugs”
could therefore not be expected to have been eiiminated. Similar statements
couid be made about the extraction problem associated with the long-necked
duplex and tripiex cartridges. The iow maifsinction rate of tha modifisd M}
rifles firing the singie-builet ammunition points up the much higher rate of
maifunction fuund in the unmodified rifles obtained from Board III.

Each weapon and ammunition had its characteristic malfunctions. Those
associated with the long-necked cartridges in the modified M1 rifles were
primarily failures to extract; often the rim would be stripped from the cart-
ridge and the firer would require heip in clearing his weapon. It was not de-
termined whether a faulty cartridge or fouling of the chamber caused the faii-
ure to exiract. The carbine’s characteristic malfunction was nssociated with
the magazine. In splte of the precautions taken to keep the niagazines from
heing bent or getting dirt in thew., failures to feed because of bent or dirty
magazines were common. The T48 magazine, which nominally held 20 rounds,
would only feed If loaded with 19 rounds or less. Many maifunctions aiso oc-
curred because of broken extractors, which usualiy resulted in the loss of
several targets for the firers.

A serious complication arose when a modified M1 rifle biew up during
the second triplex run, causing the abandoament of further tripiex testing.
Figure N1 shows the weapon and indicates that the flrer’s cscape frominjury
was remarkable. A description and possihie explanation of this malfunction
based on a Springfleld Armory observer’s reconstruction of events is quoted
from a letter of 29 Jun 50 irv . Springfield Armory to Ordnance Weapons
Command:
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8. The seventh round of the previous clip sppeared to he fired satisfactorily.

b. Tke eight round wee chsmbered, whether with o1 without hand assistance
wag not known. The trigger was squeezed hut the round did not fire. (Springfieid
Armory observer .ndicated thst poesibly the mechanism In the trigger grip to record
shotes fired moved the hammer-apring piunger out of position resulting in the hammer
not failing. Thia had previoualy occurred in the teais). The cighth round was then
manually extrsacted and the clip ejected. Upon exsmination of the eighth round by the
Springfield Armory observes it was noted that the projectiles were set hack into the
cartridge case. The cese was cut open and the rearmost projectile was in a poeition
where it may or may not have hecen just heid in alignment hy the cartridge case.

-__—— 2

8234307 8%mn.
Springfield Armory, US Army Ordnence Corps

Fig. N1<=Rifle Domaged hy Triplex Round

¢. Anew clip was inserted in the rifle snd the first round chambered {whether
sssisted home is not known). The trigger was squeezed and the weapon fired and the
aforementioned damage occurred. The boit waa still in the locked posltion possibiy
slightly rotated.

A discussici was held with the Springfield Arniory observer and other Armory
personnel including metallurgiats and design engineers, srd the foilowing poarihle causes
of the accident were offered:

a. The saventh round of thepreviousa clip fired but ths rearmost projectile (having
become loose snd moved rearward Into ths poywdsr charge) remainedin the barrel hullet
seat. The eighth round was chambered forcing its projectiis rssrward. Ths first round
of the new clip was fired with a projectils airesdy in the bore.

b. Ths hlown-up round could havs contained four projectiles instead of three,
causing conside rabls presaurs build-up and ths resulling damage

¢. Tha damage may have resulted from a stubbing of the fina! round, puahing the
rearm:*t projectile back into the cartridgs case. Upon firing, if the rear projectile
wers dslayed in the neck of the cass, the pressure could poasibly be built up sufficisntly
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to cauec the case to be biown nut to the rear. Examination of the blown case indicates
that pressures were in tie vicinity of 90,000 to 100,000 psi.

d. The seventh round of the previcus ciip couid have had a reduced nowder charge,
which upon firing might bave left the three projectiies in the bore. Thercfore, upon
firing the first round of the next clip atx prejectiles wouid be in the bore, causing in-
creased chamber pressure, ¥

DATA-COLLECTION MALFUNCTIONS

The original plan had been to coliate each firer’s trigger pulls with hits
on the targets by measuring the time interval. Unfortunately the target and
the trigger-puii recerding system were very sensitive to llne surges, vibra-
tion, weather tactors, and other conditions. As a resul:, the records are fuii

Tavle N3
DATA-COLLECTION MALFUNCTIONS

Week 1 | Week 2 | Totail

Percent of total

Ty f malfunct
ype of malfunction events or uscs

No. of malfunctions

Trigger-switch failure 12 30 42 0.1
Hit-recording faiiures
Target compietely shorted

(dampness) 54 15: 205 7.8
5.9

Target intermittentiy shorted
(noise) 44 33 7 B.1
Target with open circuit 5 ] 5 ¢.3

Target face. came off to

sonc degree 4 3 7 0.5
Faiiure of recording spparatus 22 gt 2tgt 24 tgt 1.6
Total 129 189 318 21.3

of "noise,” making the distinction of correct from spurious indications most
difficult. Firm data were obtained from ammunition counts of rounds fired
and holes in target faces. Occasionally, pebbles thrown up by ricochets would
make holes, or an e’ge hit might not show on the target face.

A log was kept of malfunctions on each run; a summary of the data-
collection malfunctions is given in Table N3. It is not clear from the record
how much overlap exists between somc of these malfunctions; e.g. a target
might have been recorded as intermittently shorted when it was also noted as
completely shorted during the run. The malfunctions increased during the
second week as the equipment was more used; this was especially true of the
target system, which accumulated dirt in the relays.

TARGET-SYSTEM MALFUNCTIONS

As some of the components were used, they tended to fatigue or function
less well. Table N4 shows the malfunctions experienced by week, taken from
Table E4 of this memorandum.
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Tabie N4
TARGET-SYSTEM MALFUNCTIONS

Week: 1 Week 2 Total

Percent of total
eventa or uses

Type of malfunction
No. of malfunctions

Difficulties asaociated with target
functioning
Failure to rise 21 21 42 2.8
Failure to move, moving

targeta only 0 13 1] 0.9
Up at the wrong time 2 5 7 0.5
Down too soon 3 40 41 2.9
Down too late 8 36 44 2.9
Two targets up aimultaneoualy ] 8 17 1.1

Total 43 123 166 LN |

Difficulties aaaociated with secing
targeta
Target facc came off 1o aome

degree 4 3 7 0.5
Target face too dark 157 0 157 10.5
Camouflage too heavy 71 34 105 7.0
Camouflage too light 6 47 53 3.5

Total 238 84 322 21.5

Difficultles a=sociated with
combat aimulation
Demolitions failed to fire 8 10 18 2.4
Blanks failed to flre 10 45 55 7.4
Total 18 55 78 9.8
Table NS
SUMMARY OF MALFUNCTIONS
Malfunctions,
Major categuriea %
Weapon firing 2.0%
Target operatlon 11.1b
Hit recording 3.5
a
Of totai firlngs.
ch totai operations.
Of totai hits.
348 ORO-T-378
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Some of the malfunctions listed in Table N4 are clearly not malfunctions
in equipment but rather incidents that represent changes in the experimental
design. For example, the target faces used in the flrst runs often blended so
well into the background that the target was not even shot at, and accordingly
the faces were lightened. Another feature about the data in Table N4 ls the
overlap between some of the items; e.g., if a dark and camouflaged target was
scheduled to appear but was not seen by the experimenter who kept the log,
the target might be listed as possibly not appearing and as possibly being overly
camouflaged. No attempt is made in this table to resolve such overlap.

The major categorles of malfunction are summarized by percentage in
Table N5.
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SUMMARY

The electrically recorded hit data, though incomplete, yield proportions
of single, double, and triple hits per trigger pull for duplex and triplex am-
munltlon and carbine and T48 automatic flre, From these proportions, for
given bullet lethallties, net lethallties are computed, discounting overkill.
Penetratlon-fallure degradations are also computed for dupiex, triplex, and
flechette ammunitions. Tabie 06 summarlzes the results.

PERCENTAGE OF MULTIPLE HITS

Tables Ol to 04 show the breakdown of the multiple and totai saivo hits.
These data are obtained exclusiveiy from the electricai hit record. It ls noted
that the total hits electrically recorded for each run do not agree with the
target-hoie counts of Table E6 of thls memorandum., This is due to imperfect
operation of the eiectric hit-recording system. I it is assumed that the mal-
function of the electrical recording svstem were not ltself blaseu with respect
to multiple hits, then the proportions of multiple hits are vaild. These pro-
portions may then be used with the more accurate total hit counts from the
target faces. |

The muitlple-hit data plus the bullet lethalities of App B suppiy the req-
uisite data for discounting overkills by salve ammunition. Hits and hit prob-
abiiities are ti.us reduced to casualties and casualty probabllities, a superior
criterlon for con.parative effectiveness.

The small sample slze makes the illumlnation-posltion (1P) differences
for each ammunltion unreliable. Further considerations wiii utiiize only the
totai percentages for each ammunition. 1t 18 quite possible to compare the
percentage of duplex second-bullet hits with theory from ORO-SP-4;'® the per-
centage of tripiex second- and third-bullet hits can aiso be compared with theory
{rom ORO-§P-24.'* These comparisons are laborious and have not been made.
However, casual examinations reveai agreement of data and theory In general
magnitude.

The excess of carbine over T48 multiple hits is tiought to be real and is
explalned by the dellberately built-in jump compensation on the carblne. The
stock shape, muzzle brake, balance, and recoil control were deslgned to
minimlze jump in automatic fire. The difference of 3 percent second-bullet
hits is rather trivial, however, especizlly considering that the 3 percent ls de-
graded by a factor 1 - I, where L is the chance that the first hit incapacitated
the target. For [ = 0.7, the net effectlveness increase due to jump compen-
sation of the carbine over the T48 in automatic fire ls just | percent,
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Table O1

a b Double Double

Run 1 P hits Total hits hits, &
2 D S 14 118 11.9
4 D ] nd nd nd
33 D S 11 108 10.1
35 D S 10 76 13.2
57 D S 13 71 16.9
59 D s 9 81 11.1
66 D ] 14 160 16.0
68 D S 10 70 14.3
Subtotsl D S 83 831 13.1
6 D &t 21 159 13.2
37 D St 22 187 11.8
61 D St 23 122 18.8
Subtotal D St 66 468 14.1
8 N S b i8 18.7
39 N S 3 17 17.6
63 N ] 8 45 17.8
Subtotal N 8 14 80 .5
Totsl 1R3 1179 13.8

%1 is 11lumination, D 18 day, N is night.
P is firing positicn, S is sitting, St 1s standing,

Tabie 02

PERCENTAGE OF TRIPLEX DOUBLE AND TRIPLE HITS

Double Triple Double Triple
Run hits hits Total hita hits, % hite, %
18 21 5 171 16.2 2.9
28 9 3 87 13.8 3.4
Total 30 8 258 14.7 3.
204 ORO-T-378
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Tabie O3

PERCENTAGE OF CARBINE AUTOMATIC DOUBLE HITS

i = Douk Double

Run 1 P hits Total hits hits, %
18 D s 7 97 7.2
20 D ) nd nd nd
41 D & 1 28 3.6
43 D S 1 60 1.7
Subtotal D s 3 185 4.9
22 D 5 nd nd nd
45 D St 1 41 2.4
24 r 5 2 17 11.8
47 N s 1 9 11,1
Subtotal N S 3 26 11.5
Total 13 252 5.2

ﬂFor abbreviations see footnotes to Table Ol,

Table O4

PERCENTAGE OF T48 AUTOMATIC DOUBLYE HITS

i B Double Double

Run I p hite Total hits hite, ©
10 D 8 2 52 3.8
12 D ] 3 66 4.5
49 D s 0 31 0.0
51 D s 1 89 1.5
Subtotal D S 6 218 2.8
14 D St 0 22 0.0
53 D 8t 0 32 0.0
Subtotal D St (1} 54 0.0
18 N 5 1 16 8.3
§5 N 5 ] 33 0.0
Subtotal N 5 1 49 2.0
Total 7 321 2,2

'For abbrevistions see {ootnotes to Table O1.
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OVERKILL CORRECTION

The lethal proportion of total hits for salvos up to three is given by

By =X 00 —dR-LLP, (o1)

where P; is the lethal proportion of all hits, L is the single projectile lethality,

and P, 1s the proportion of hits by n projectiles from the same t.lgger pull.
Table O5 summarizes the net lethalities Py of the sevcial salvo ammu-

nitions, discounting overkill. All single-bullet lethalitles L aretakenas 70percent.
No effort was made to employ electrical recording of flechette hits;

hence there are no data on flechette multiple hitting.

Table O5
NET LETHALITIES OF SAIVO AMMUNITIONS

Double Triple
Ammunition or firing hits, % hita, % P, %
Duplex 14 0 63.1
Triplex 15 3 60.7
Carbine automaiic 5 0 67.6
T48 automatic 2 0 68.6
All singie hits 9 0 70.0

PENETRATION FAILURE

The net effectiveness comparlsons require measures of hits, rounds
fired, bullet lethalities, multiple hits, and penetrations. Appendixes J and K
of this memorandum give the basic data on hits and rounds fired. This appendix
gives data on multiple hits (overkills). Appendix B gives data on bulict lethal-
ities. : “.m Apps B and P, penetration indexes are deduced.

Appendix B indicates that the duplex ammunition begins to fall to penetrate
helmets at 300 yd. Tables P1 and P2 of this memorandum reveal that for day
and night target aysteins the proportlons of hi‘s beyond 300 yd are 1.4 and 0 per-
cent, respectively. As App B indicates thar ihe helmet affords 18 percent effec-
tive coverage, thls corresponds to a 0.3 percent net day degration for dupiex,
0.2 percent average, weighting day three times night.

The triplex {ails to penetrate at 130 yd. Tables Pl and P2 of this memo-
randum give 47.8 percent and 15.2 percent hits beyond 150 yd for day and night,
respecltively. This ‘orresponds to 8.8 percent day and 2.7 percent night net
degradation for trip ex, 7.1 percent average, weighting day three times night.

From App B o. this memorandum it is estimated that two-thirds of the
flechettes penelrate helmets from 010 150 yd, and that half of the flecheites
penetrate from 150 to 350 yd. Using the percentages above for hits within and
beyond 150 yd, it is deduced that there wlll be 6 pe:cent degradation for the
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hits to 150 vd, 9 percent degradation beyond 150 yd. The resuitant net degrad-
ations for fiechettes are summed for the two proportions of targets. The net
day degradaticn is 9% x 47.6% plus 6% x 52.4'%, or 7.4 percent. The night de-
gradation is 9% % 15.2% plus 6% x 84.8%, or 6.5 percent, 7.2 percent average,
weighting day three tlmes night.

If these penetratlon degradations are now combined with the net iethaiities
of Tabie 05, indexes may be deduced that can be used to degrade hits for bullet
lethallty, salvo overkill, and penetration failure. These indexes are presented
in Tabie O6. When multiplied by hits, they vieid casualties.

It Is perhaps Instructive to cstlmate what overkili degradation factor
seems reasonable for flechettes. The next most multipie saivo, triplex, has

Table O6
OVERKILL AND PENETRATION INDEXES

Ammunition or firing Day Night
Single-bullet 0.700 0.700
Duplex 0.629 0.631
Triplex 0,556 0.591
Flechette® 0.324 X 0.327 A
Carbine

Semiautomatic 0.700 0.700

Automatic 0.676 0.0706
T48

Semiautomatic 0.700 0.700

Automatic 0.686 0.686

The flechette overkill degradation X is
unmeasured.

a ratio of 82:15:3 for first to second to third builets. Probably flechettes get
no worse multipiicity of hits than a ratio of 64:30:6, double the triplex multiple
hits, This ratio for P,: P,: P4, together with a lethaiity L of 0.35, yieids a net
jethaiity P; of 30.9 fromEq. Ol. This corresponds to a degradation factor X
of 0.86 (309/350). For iack of better information, this estlmated X in Tabie
06 yields flechette indexes of 0.279 day and 0.281 night. The iower basic
lethaiity L clearly moderates the overkiii degradation.
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SUMMARY

The essential identified target characteristics are range, exposure tlme,
si1ze, movement, concealment, and blank fire. Range is assumed to affect hits
as the inverse square; exposure time in direct proportion (less initial lag
ailowance).

With these two assumptions, the hit data are reduced to eliminate range
and time differences and are examined for effects of the other characteristics.
Coneaalment ond mavamant are found to have little effect on the number of hits;
smaii vs large size reduces hits some 70 percent; blank fire lncreases hits some
50 to 100 percent. Conceaiment decreases rounds {ired by 25 or 30 percent.

These correction factors are applied to standard targets to predict the
number of hits on each of the targets of the experiment. The predictions are
in reasonabie agreement with actual scores.

RANGE AND TIME REDUCTION

The target characteristics considered are those that may substantiaily
affect the number of hits and rounds fired. These include:

a. Rang:
52-339 yd

b. Exposure time of target
3.0-34.5 sec

c. Arca of target
E target (4.59 sq f1)
F target /2.38 sq 1)

d. Lateral niovement of target
Stationary
Approximateiy 4.2 mph

¢. Concealment of target
None
Partial

f. Blank fire at target

The day and night targets are listed separately in Tables P1 and P2 with
their characlertstics, and the data [rom Tables F1 to F19 on hits for all runs
with all weapons except the {lechette. These include §1 day rurs and 18 night
runs. Characteristics such as repregentatics nf defense vs assauit and ttme
and space relations to other targe's are omitied, as they sre not experted to
measurably affect the number of hits achleved
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Tables Pl and P2 show simipie iinear mean target ranges o: 1luJ yd 10r
day and 135 yd for night. The average ranges of hitting are deduced by weight-
ing each range by the hits scored at that range. This procedure yieids aver-
age ranges of hitting of 133 yd for day and 85 yd for night.

The change In number of hits with changes in range is first assumed to
be inversely proportional to the square of the range. This assumption is jus-
tifled for hit probabilities of 20 percent or iess. The expansion of the expo-
nential expression for hit probabiiity gives a 1/12 term foliowed by terms

Table Pl
DAY-TARGET CHARACTERISTICS AND HITS

Hot

Target Hange, Moving rarly smasil Nriog Eiposure e
no. yd {(~4.2 mph) concealed size blanks time, sec hits
5 74 - - X - 4.5 229
7 77 - X X -— 15.0 1181
9 86 - — = X 4.5 505
10 89 - X X - 15.0 936
13 111 - X X -— 19.5 517
14 127 - X X - 9.0 258
15 139 - = X X 4.5 20
16 152 X - — X 9.0 291
18 162 X - - X 6.0 332
19 164 X - - X 15.0 454
20 165 - X -— p ! 31.5 1387
21 169 - - - X 3.0 61
22 176 - X = - 1.5 58
24 216 - X X X 1.5 15
25 218 - X X X 9.0 58
28 245 - - — - 6.0 127
29 259 - _ - - 10.5 258
30 267 - = = X 3.0 4
31 269 - X X -— 25.5 178
3z 334 - — X -— 7.5 20
33 336 - - X X 3.0 2
34 339 - X X -— 21.0 70
Total 4174 3 10 12 11 231.0 7132

Mean 190 10.5

successively smaller by factcrs of at least 2 times probabiiity squared. Fo:
P = 20 percent, the second term I8 only 10 percent. The error in using oniy
the first term of this alternating-sign series is then less than 10 percent. The
change in hits with changes in exposure time i8 assumed to be proportional to
tlie ratio of the time, each less 1.75 sec. This 1.75 sec is deduced in App 1
as the mean lag time from target erection to steady hit rate. For example to
derive reduced hits from zctual (or unreduced) hits »; from a target of given
range R; and duration 1) (in sc2onds) to an expected hits 4, for a new target of
range R, and duratica ts the procedure is

hy o AR IR ey = 1380 0y = LTSN (P
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Tabies P3 and P4 show the targets organized into groups (A, B, etc.) hav-
ing like characteristics. The totai hits from all 66 runs on Tables Fl to F19
are adjusted, using Eq. P1, to what would be expected at each target if it were
located at the mean range (190 yd) and exposure time (10.5 sec) for ail daytar-
gets. The night targets are adjusted to the same range and exposure time for
direct comparlson with day targets.

Table P2
NICHT-TARGET CHARACTERISTICS AND HITS

Not
Target Range, Moving Partly Small flring E xpoaure Total
nn, vd {~4.2 ruph)  concealed size blanks time, sec hita
1 52 - X X 28.5 220
2 63 - - X 3.0 33
3 65 - - — X 'S 116
4 67 X X X 12,0 60
8 176 — - - X 4.5 44
8 T8 - — X - 19.5 73
11 90 - X X - 4.5 40
12 91 - - X X 9.0 11
13 111 - X X - 19.5 39
14 127 - X X - 9.0 21
15 139 - - X X 4.5 4
16 152 X - - X 10.5 18
17 161 - - - X 3.0 0
18 162 X - - X 6.0 9
19 164 X - - X 18.0 15
20 165 - X - X 34,5 68
21 169 - - - X 4.5 2
22 176 - X - - 9.0 3
23 209 - -_ X X 3.0 0
25 218 _ X X X 15.0 2
26 221 - - X - 7.5 1
27 223 - X X - 21 0 0
Total 2979 3 9 12 1£ 253.5 771
Mean 135 11.5

SIZE, MOVEMENT, CONCEALMENT, AND
BLANK-FIRING EFFECTS

The targets in any one group in Tables P3 arnd P4 are assumed jow to be
allke in important respects. The hits data are combined within each groun 30
the groups may be compared. The run and target product is the total numeer
of items of data or which values aie vasea. The mean number of hits per run
is listed for each target group.

The relative variance in hits is (:;uI/F)2 from the bi.uominal distribution
with standard deviation (YNmq). For h actual nits, o = Vhe. For relatlveiy low
hit probability, ¢ may be approximated by unity. Hence ¢® = h, For mean hits
h/N, the variance is h/N?. The relative variance of the mean Is by definition
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Table P3

DAY -TARGET GROUPS
{Adjusted to 190 yd and 10.5 sec)

Run and
Not target Total Mean Relstive
Target Moving Partly Small firing product hits hits variance
Tsrget group  no (~4.2 mph) concealed size blanks ¥ A A i /h)?
A 28 — - — - - @ = =
29 = B - - - 479 - -
Group values - - - - 102 913 8.94 0.00110
B 8 - - X - - 110 - -
32 - - X = - M - -
Group values - — X i 102 204 2.00 0.00490
C 9 - - - X - 329 - =
21 - - = X — 31316 — -
30 - - - X = 54 - -
Group values — - - X 153 719 4,70 0.00139
D 15 — — X X - 34 - -
33 — - X X - 46 - -
Group vslues — - X X 102 80 0.78 0.0125
E 7 - X X - - 128 - -
10 - b X - - s - -
13 - X X = - 97 = =
14 - X X - 139 - =
3l = X X - = 131 - =
34 - X X - - 102 = -
Group vslues - X X = J06 733 2.40 0.00136
F 20 = X = X = 307 - -
22 — X = X = 157 = =
Group values — X = X 102 464  4.35 0.00216
G 16 X = = X - 225 - =
18 X - - X - 49¢ - -
18 X = = X = 2238 = —
Group values X - — X 153 944 6.17 000106
H 24 = b 4 X X - 46 = -—
25 - X X X = 92 = =
Group values = X X X 102 138 1.35 0.00725
364 ORO-T-378
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Table P4

NIGHT-TARGET GROUPS
(Adjuated to 190 yd and 10.5 sec)

Run and
Not target Total Mean Relative
Target Moving Partly Small firing product hits hits wvariuace
Target group no. (~4.2 mph) concealed size blanks ¥ h A (o; RV
I 22 = X - . 15 3 6.20 0.333
J 8 = = X - — 6 - =
26 = = e - = 2 - -
Group valuea — — X - 30 ] 0.27 0.125
K 2 - — o X = 25 - -
3 - - = X = 21 = =0
6 - - - X = 23 - -
17 - - - X = 0 - -
21 - - - X = 5 - -
Group values - - - X 75 74 0.99 0.014
L 12 - - X X - 3 = -
15 - - X X - 7 - -
23 — — X X — 0 = —
Group values = — X X 45 10 0.22 0.100
M 11 - X X = = 28 - -
13 = X X . = T — -—
14 — X X = = 11 - _
27 = X X - = 0 - -
Group valuea - X X - 60 46  0.77 0.022
N 20 — X - X 15 14 .93 0.071
O 16 X = - X = 11 — =
18 X - = X - 13 = -
19 X — — X - B - =
Group values X = - X 45 30 0.67 0,033
P 1 = A X X - 5 - N
4 = X X X = 6 - -
25 = X X X - 2 - -
Group values — X X X 45 13 0.29 2.077
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just (h/%2)/(h/N)2 or 1/h. This is the relative variance (g;/h)*, shown in
Tabies P3 and P4 for each group. ‘The hit values are simply the actuai hits
(i-) from Tabies Pl and P2, added together for the appropriate groups.

Tabie P5 compares approprlate groups of targets by the ratice of thelr ad-
justed mean hits (k,/h;) to provide an estimate of the effect of each target char-
acteristic on the nu.aber of holes counted.

Table P35
EFFECTS OF TARCET CHARACTERISTICS ON HITS

Target Ratto of
Target groupa mean hits Weight Weighted
characteristic compared per run 1/0? ratio

Smail target size B:A 0.224 3310 742

D:C 0.166 2610 433

H:F 0.297 1200 357

L:K 0.222 178 40

M:1 u.395 18 7

P:N 0.312 69 22

Totai - - 7385 1601
Weighted mean ratio - g — 0.22

Movement G:C 1.313 236 110

O:K 0,677 46 31

Total - — 282 341
Weighted mean ratio - - — 1.21

Conceaiment E:B 1.200 111 133

F:C 0.968 301 291

H:D 1.731 17 29

M:J 2.851 1 2

N:K 0.940 13 12

P:L 1.318 3 4

Total - - 446 471
Weighted mean ratio - - - 1.06

No biank fire C:A 0.526 1445 7160

D:B 0.790 376 147

H:E 0,503 365 116

L:J v.815 7 5

N:I 4,650 0 1

P:M 0.377 71 27

Total - - 2263 1056
Weighted mean ratio - - - 0.47

The reiative variance of a ratio is approximated by sum of the relative
varlances of the two numbers ot the ratio. This relative variance may then be
converted to the ordinary absolute riance, simply by multiplying by the ratio
iteelf. The reciprocal ¢l the variance nf the ratio is a gocd measure of the
reliability of that ratio. -

Lok Ry ha)?

ha'hy T lox, rﬂ! + lag, hy)?

(P2)
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For ~x2mpie, the first ratio of Tabie P5 is 0.224 for .s:A. The absolute
ratioc variance is just this value squared, times the sum of the A and 0 reiative
variances from Tabie P3, which are 0.00110 and 0.00480. The reciprocal of
this quantity (1/0°) is the weighting factor 3310, iisted in Table PS.

it is concluded raat where size is reduced by 48 percent f{rom the E target
(4.59 8q ft) to the F 1arget (2.38 sq ft), the number of hits wili reduce by 77
percent.

When a target moves (at about 4.2 mph {ateraily) instead of remaining stiii,
the hits will increase by i5 percent.

When a target is partly concealed instead ot being whoily visibie, the hits
will ipcrease 5 percent.

When there is no blank fire from the target at the time it appears, the hits
wiii decrease by 52 percent.

The data, after account is taken of these four effects, show no further de-
pendence on range or 2xposure time.

TARGET-CHARACTERISTIC PREDICTIONS

Having determined the effects of each of six apparent tirget character-
istics on hita, it i8 now possible to extrapoiate from the experiments. ~:ta to
hypothetical targets having any combination of vaives of these characteristics.
The purpose of such extrapoiation is to permit the criticai reader to recom-
pute the experimentai resuits on the basic of alternative target systems, should
the seiected target systems prove to be incorrect or unacceptable. For exampie,
subsequent analysis may reveal that true combat has a higher percentage of
targets at a longer range, but shorter exposure times, or more lateral move-
ment than the proportions used in the experimentai target systems. This dis-
cussion outiines how the separated effects of these characteristics may beused
to modily the resuits in order to produce an estimate of the results of aay modi-
fied system of targets.

The effects of range and time have been straightforwardly deduced from
simpie theory; the effects of target sie, movemen:, concealn:ent, and blank
f‘re have been deduced in the preced/ng section. To ~erform illustrative cai-
cujation, it is desiraoie to begin with « standard set of target characteristice.
Arbitrarily select the mean range and exposure time that were selected eariier
in preparation of Tabies P3 and P4 (180-yd range, 10.5-sec exposure time). In
addition arbitrarily seiect for the standard target a large silhouette (E) that is
rnot concealed and not moving.

In order to perform the 1equisite calculations, a basic starting point is
required—i.e., the number of hits scored on a standard target with the above
characteristics must be known. In order to arrive at the best figure, all the
data are utilized as iisted in Tables P3 and P4. Because of the gross differ-
ence between the number of hits scored in day and night firing, these two con-
ditions are computed separateiy. To compute the average number of hits on a
standard day target, the number of hits on each of the target groups of Tabie
P3 are taken, and corrected for reduced target size, movement, conceaiment,
or no blank fire as appropriate. This calcu!2tion is performec by appropriateiy
dividing the number of target hits by 0.23, 1.15, 1.05, or 0.48, respectively.

The sum is then divided by the total number of targets fired on for the

. A & A e mesimmbnon il hlda o~ AL . e 2 -
entira sxoeriment, (o yield the desired mean numiber of hils on ine slandard
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day target. This mean is 9.68 Lits. A simiiar calculation with the data in
Table P4 yieids a night standard target mean of 1.81 hits.

It is ins ructive now to use these mean standard target hit vaiues together
with the derived correction factors for the six significant target characteristics
to predict the number of hits on all the targets as described in Tabies Pl and
P2. This has been done, and the results are listed in Table P8, The “Predicted”

Tabie P6
PREDICTED TARGET HITS

Day hits (9.68) Night hits (1.81)

! :::)get Predicted | Counted T;x;)get Predicted | Counted
5 5 5 1 9 14
i 22 23 2 1 2
9 7 10 3 5 8

10 16 18 4 2 4
13 14 12 6 2 3
14 4 5 8 5 5
15 1 ) 11 1 3
16 i 7f 12 1 1
13 4 7 13 1 2
19 11 9 14 1 1
20 28 27 15 0 ]
21 1 1 16 2 1
22 4 2 17 0 )
24 0 0 Lr 1 1
25 i K i 2 1
28 = ) 20 % 4
29 1 3 zi Y 0
KTV 0 o 22 2 0
31 3 ks gt ) 0
32 0 GO 25 )] 0
33 (1] 0 2 )] 0
KL 2 1 27 1 0
Totai 132 140 Total 41 50

coiumns list the con.puted number of hits bused on these deduced factors. The
“Counted” columns iist the actual number of hits scored on each target, The
agreement is reasonably satisfactory. Of course the method of deriving the
factors necessarily leads to predictions as good as these.

It should be quite clear now that one can start with either the day or night
standard target, and convert to reasonable values of any of the six criticaichar-
acteristics and predict the number of hits. This capability, together with the
squad differences discussed in Apps G and K, permits fairly flexible extrapoia-
tion beyond the iimited conditions of the SALVO 1 experiment.

J68 ORO-T-378
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TARGET-CHARACTERISTIC REDUCTION

Rather than use the conservative method discussed in the section “Size,
Movement, Concealment, and Blank-Firing Eifects,” where the hit data are
grouped, it is possible to use all the data as in App K. The interrelated effects
of the six target characteristics are deduced from all data. To do this analysis,
as in App K, reduction is first accomplished for the major effects. The range
and tlme reductlons arz made flrst identlcally 28 in the section “Range and
Time Reductions.” Then a target area reductlon Is made by multiplying F tar-
get hits by the known target area ratio (1.92). The list of hits is now ready for
successive reduction for blank fire, concealment, movement, additional -exposure-
time effect, 2nd additional-target-size effect.

Similariy, for the data on rounds fired, the exposure-time reduction is
identical; no range or target-size reductions are made. The rounds data are
aiso then ready for reduction for the same four effects in the same succession.

These sequential reductions have been performed with day data. Table P17
lists the original hit (k) and rounds (r) data, taken frum Tables F1 to F38. The
next columns are reduced according to these relatlons:

H o= AR /19002 ({1, ~ 1.75)/8.75] (4.59. 2.38) {P3)

R = rllzy - 1.75)78.75) (P4)

The factors for the sequential reduction for the other efiects are:

' = 1 (0.831)5 (1.291)¢ (0.732), (1,606}, ((1.574) (P5)

R' = 2 (1.320) (1.455)c (1.048) (0,92, . ,(1,107); (P6)

Expreseions P5 and P6 indicate the factors requirnd to successlvely equate
means for B, blank flre vs no blank fire; C, concealment vs no con-ealment;
M, movement v8 no movement; t < 6, exposure less than 6 sec vs exposure of
6 sec or more; F, smaller vs larger target silhouette. Successive application
of these factors reduces [l and R to the values llsted in the colunins hoaded I
and R' in Table P7. As in App K, the reduction factors are isolated.
The completely reduceddata [!I' and ' are now examined for remaining

‘fferences of mean for all but the last effect examined (F vs E target size).

This examinati~n reveals the following remaining factors:

H* —(0.801)y (0.829), (1.525),, (1.260), (P7)
R' —(0.808); (0.938) (1.031)y (1.015), (PR)

These factors must be multipiied by the factors of Expressions PS5 and P® to
yleld total corrections for each effect. The reciprocals of these products are
then indicative of u.c effecisa of the six characteristics invo!ved.

The net slze effect also inciudes the area factor in Eq. P3. The range
and time effects of Eqs. PJ3 and P4 shouid alsc be noted. The ust eflects are
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Table P7
DAY-TARGET-CHARACTERISTIC REDUCTION
Time, range, Combpletely
Target D apuent slze red:ifed reduced
no.
h r 1 R = =
5 229 929 212 2957 445 4005
K 1181 3581 24F 2363 414 5024
9 505 1228 329 3906 528 3621
10 936 3113 262 2055 442 4369
13 877 2884 187 1422 315 3023
14 258 1598 267 1926 452 4100
15 20 500 65 1590 164 1632
16 291 1962 225 2369 165 2483
18 352 1943 496 4000 363 4192
19 454 2548 223 1681 163 1762
20 1387 5933 307 1744 396 2538
21 61 543 336 3802 540 3524
22 58 548 157 1743 270 3104
24 15 486 8% 1548 288 2311
25 58 B44 177 1019 360 1642
28 127 1181 434 2432 361 3210
29 258 2241 479 2241 398 2958
30 4 230 54 1607 87 1490
31 178 27356 252 1007 425 2141
ag 20 702 181 1068 236 1561
a3 2 445 88 3114 222 3196
34 70 1690 196 769 331 1635
Table P8
DAY-TARGET EFFECTS
Hit Round
Effect change, % change, %
Blank fire +50 —6
Concarl mant =7 =27
Movement -10 =7
Smaller slze -67 -10
6-s2c exposure =51 +68
Range R al/R? -
Exposure x (=1.76) o (¢t-1,75)
370 ORO-T-378
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listed in Table P8. The additional-target-size effect reduces the F target hits
to 33 percent of E target hits, rounds fired is reduced to 90 percent. The iar-
gets that were exposed for oniy 3 or 4% sec got 48 percent of the hits received
by targets exposed longer, even after reduction by Eq. Pl, and rounds fired
increased by 6 percent. This suggests the inappiicabiiity of the rate-of-fire
concept for such a short exposure. Movement reduces target aits to 90 percent
of stationary target hits and reduces rounds fired to 93 percent. Concealment
reduces hits to 93 percent of unconcealed target hits, ar.d reduces rounds fired
to 73 percent. Blank fire at a target increases hits to 50 perceut but reduces
rounds fired to 94 percent.

Similar calculations are possible for the night target system. It satisfies
the present purpose to demonstrate the method of analysis, and deduce a few
major effects.
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