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IiROBLEM

To measure the relative hit probabilities of several multiple- and
single-bullet rifle ammunitions in combat-simulated aimed rifle fire, to use
them to compare ammunitioneffectiveness, and to examine the effects of various
parameters, such as range, target-exposure time, TRAINFIRE qualification

scores, etc., on the accuracy of aimed rifle fire. )

FACTS

The SALVO II field experiment was conducted by ORO at the request of the
SALVO Steering Committee of which representatives of the Office of the Chief
of Ordnance (OCO), Office of the Chiel of Research and Development (OCRD),
and US Continental Army Command {USCONARC) are members.

DISCUSSION

SALVO Il is a further examination of ammunition types previously inves-
tigated in the SALVO I experiment reported on in ORO-T-378." The SALVO Ii
experiment, like SALVO I, examines the ammunitions in a combat-simulated
environment whenfired by experimental subjects having various degrees of rifle
proficiency. The results of the controlled experiment were analyzed to indicate

target-system and other environmental characteristics onthe accuracy of rifle
fire. The following ammunitions were examined in SALVO II:

(a) Testammunition: .30-cal duplex in standard .30-cal cartridge;.30-cal
triplex in standard .30-cal cartridge; .22-cal duplex in necked-down .30-cal
cartridge; and 12-gage-shotgun 32 flechettes fired from Remington autoloading
shotgun (Model 11-48A).

(b) Control ammunition: .30-cal [M2 bali and armor-piercing (AP)] and
.22-cal (high-velocity) simplex ammunition. *

* e control pnounition is desicned throughout ac 0= and L2200l <omplen wmnunition,

ORO-T-397 )
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CONCLUSIONS

General

1. SALVO II confirmed in detail the predictions of the salvo theory. It
alsofirmly supports the major conclusions and rccommendations of the SALVO 1

experiment.
\2> Average aiming error for the SALVO Il system is 3.1 mils. If ricochet
hits are included it is equivaieni to 2.8 miis.

_3. Ricochet characteristics of the various ammunitions were widely differ-
ent and account for deviations from expected ammunition performance. Better
ricochet characteristics account for the 10 percent higher number of recorded
hits achieved with .22-cal duplex ammunition compared with those with .30-cal
duplex ammunition. -

A~ No significant difference can be observed between the precision of the
first rounds of the .30-cal duplex ammunition and that of .30-cal simplex am-
munition. The effect of drop and improper hold-oif of the former, compared
with the latter can be observed at ranges greater than 250 yd when the ammu-
nitions are zeroed at 165 yd.

9=« Multiple correlation results’ indicate that target-exposure time and
presented area (angular target size)are the major factors determining hit prob-
ability in the SALVO II experiment. Other factors influencing hit probability,
but to a very much smaller degree, are target activities such as movement and
simulated firing.

6. No accuracy differences ascribable to caliber (i.e., .22 cal vs .30 cal)
were observed. o

e—

.30- and .22-cal 'up-lex Ammunition

1. Inthe SALVO Il experiment .30-cal duplex ammunitionachievedover-all
casualty gains, relative to .30-cal simplex (M2 ball) ammunition, of 49 percent.
For movingtargets its gain was appreximately 60 percent,and for firershaving
the largest aiming errors (averaging 5 mils) the duplex ammunition achieved
an average of twice as many casualties as simplex ammunition.

8. .22-cal duplex ammunition achieved an over-all casually gain, reiative
to.30-cal simylex ammunition, of 44 percent. For movingtargets and for firers
having average aiming errors of 5mils it achievedan average of twice as many
casualties as simplex.

9. Both the .30- and .22-cal duplex ammunitionfired from a n.odified M1
rifle functioned satisfactorily through the experiment.

.30-cal Triplex Ammunition

10, .30-cal tripiex ammunition achieved an over-all casualty gain, relative
to .30-cal simplex ammunition, of 32 percent. On the moving targets its gain
was T5 percent, and for {irers whose aiming error averages 5 mils it achieved
an average of twice the number of casualties as simplex.

2 ORO-T-397
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.22-cal Simplex Ammunition and 12-Gage-Shotgun Flechettes

11. .22-cal simplex and the 12-gage-shotgun flecheite ammunition-weapen
combinations were of such poor technical quality that no useful data concerning
their combat potential were collected.

RECOMMENDATIONS

1. .30-cal and/or 7.62-mm NATO duplex ammunition should be adopted
as standard for combat use.

2. The value and feasibility of improving the ricochet characteristics of
.30-cal duplex ammunition should be investigated.

3. Current flechette development programs should emphasize the achieve-
ment of satisfactory salvo patterns. In this respect research and development
(R&D) of multiple-launched flechettes should be emphasized.

4. Accuracy requirements for new shoulder-fired weapons to be used in
aimed fire should be based on an aiming error of no less than 3 mils.

ORO-T-397 ?
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INTRODUCTION

In this study the problem was to measure the relative hit probabilities of
various ammunitions in combat-simulated aimed rifle fire, and to use these
hit probabilities to compare ammunition effectiveness. An additional problem
was to examine the effects of various parameters, such as range, target-e¢xposure
time, TRAINFIRE qualification scores, etc.,on the accuracy of aimed rifle fire.

BACKGROUND

The SALVO II field experiment is part of the salvo program initiated by
ORO in 1951. In 1954 a SALVO Steering Committee was set up under the lead-
ership of the Chief of Ordnance. Work in the program has included several
studies by ORO*~*° and the development of prototype salvo ammunitions by
OCO. The potential gain in combat effectiveness of these ammunitions was
examined in a field experiment (SALVO I) conducted at Ft Benning, Ga., in
June and July 1956. SALVO I results are reported in ORO-T-378." The field
experiment (SALVO II) reported in this memorandum is a continuation of the
salvo orogram. It was conducted during December 1957 at Ft Benning by ORO
under the auspices of the SALVO Steering Committee. Troops and facilities
for the experiment were furnished through USCONARC by the Infantry Center.

Previous ORO publications®™*° describe in detail the objectives of the
salvo program. In brief they are to increase the firing effectiveness of infantry-
men by increasing hit probabilities while maintaining sufficient lethality of
individual projectiles. The method by which the salvo program has achieved
this increase is through the design and development of weapons and ammunitions
that more efficiently distribute energy expended in rifle fire and that compen-
sate for the inherent human error in small-arms fire. The ammunition and
weapons developed so far fire more than one projectile per aiming effort (trigger
pull) and in the SALVO I experiment proved to offer significant advances in ef-
fectiveness in aimed rifle fire under simulated combat conditions.

SALVO | examined the effectiveness of .30-cal duplex or tandem-round
ammunition and automatic fire as an approximation of the salvo principle and
furnished limited information on .30-cal triplex and 12-gage-shotgun 32-flechette
amimunition. In SALVO I, firing was conducted under conditions of limited
visibility as well as in daylight, and from two firing positions, standing and sitting.

Since the SALVO II experiment was an extension of SALVO I requested by
the SALVO Steering Committee, its main purposes were to furnish a final check

ORO-T-397
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on duplex ammunition prior to its submission for user tests and possible
adoption, to collect more data on triplex and flechette ammunition effectiveness,
and to examine .22-cal duplex ammmunition. These objectives are detailed below.

(a) The evaluation of .30-cal duplex ammunition in standard cartridge
cases. The SALVO I duplex ammunition utilized a long-necked cartridge case
that required an elongation of the standard rif. chamber. The second bullet
in the SALVO I ammunition rests in the powder charge.

(b) The evaluation of .30-cal triplex ammunition in the standard cartridge
case. The SALVO I triplex ammunition, in addition to being in an elongated
case, blew up on one occasion and the experimentation was stopped at that point.*

(c) The evaluation of .22-cal duplex ammunition in a necked-down standard
case. In the .22-cal duplex it was hoped to combine advantages of a smaller
caliber with those of a duplex round.

(d) The evaluation of 12-gage-shotgun 32-flechette ammunition, which in
SALVO 1 was limited to 700 rounds. The results of SALVO I indicated a full-scale
examination would be justified, and 3000 rounds were procured for SALVO II.

(e) More detailed measurement of weapons effects and their relation to

man and target-system variables was desired than was achieved in the SALVO I
experiment.

WEAPONS AND AMMUNITION

Weapons and ammunitions for the SALVO II experiment were furnished by I
OCO. The weapons were fabricated by Springfield Armory and the ammunitions
(see Fig. 1) were fabricated by the Olin Mathieson Chemical Corp., Frankford

Arsenal, and Aircraft Armaments Inc. The weapon-ammunition combinations
included:

.30-cal -30-cal -22-cal 12-gage
simplex triplex simplex 32 flechette
(M2 Ball)
Fig. 1-SALVO Il Test Ammunition
8 ORO-T-397
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(a) Standard M1 rifle firing :30-cal simplex ammunition (standard issue)
and .30-cal duplex ammunition (controlled dispersion*) made by Olin Mathieson.

(b) Standard M1 rifle with modified rifling firing .30-cal triplex ammuni-
tion (random dispersiont) made by Olin Mathieson.

(c) M1 rifle modified with .22-cal bore firing .22-cal simplex ammunition
made by Frankford Arsenal.

(d) M1 rifle modified with .22-cal long-chamber barrel firing .22-cal
duplex ammunition made by Olin Mathieson.

(e) 12-gage autoloading shotgun, Remington Model 11-48A, firing a
32-flechette load made by Aircraft Armaments Inc.

EXPERIMENTAL CONTEXT

The derivation of the target system used for evaluating the salvo concept
in the SALVO I and II experiments is described in detail in App D of ORO-T-3178.}
This system consists of 22 E and F silhouette pop-up targets at ranges of from
70 to 340 yd. This layout is shown in Figs. 2 and 3. Also shown in Fig. 2 are
the distributions of disclosing fire, target concealment, and target movement.
Another feature is the simulation of combat stress through the use of electronic
shockinr devices attached to the firers. Although the simulation of stress, range
to the targets, and general layout of the target system remains the same from
SALVO I to SALVO IJ, there are certain differences between the two target
systems:

(a) Light. All firing during SALVO II was conducted in daylight, using
only the daylight target positions of SALVO I. The system in SALVO II is
generally oriented toward the north, as opposed to a general orientation to-
ward the south in SALVO I. The effect of this change was more uniform visi-
bility conditions from run to run than those obtained in SALVO 1.

(b) Exposure times. Exposure times for the pop-up targets were reduced
by roughly one-third from SALVO I. This reduction was not uniform, and the
specific amounts are shown by target in Table 1.

The exposure times were shortened at the suggestion of OCO and OCRD.

It was felt that the target-exposure times collected in interviews, which formed
the basis of the SALVO I system, were overestimated by the interviewees.
Since a good common-sense argument can be made for this point of view and
since a quick trial of time estimates revealed such overestimation, ORO con-
curred in the suggestion to shorten the exposure times by about one-third.

(c) Fatigue of firers. The firers were double-timed for 5 min before
each run. This was an attempt to introduce fatigue, and its subjective effect
is discussed in App A.

(d) Weather conditions. In contrast to SALVO I, which was conducted
at Ft Benning in June and July, SALVO II was conducted on the same post
during December. The weather conditions during the experiment exhibit con-
siderable variation. This variation is shown in Table 2.

*1*or controlled-dispersion duplex ammunition used in SALVO il the sccond bullet deviates at about
2 mils from the path of the first.
i“or the random-dispcrsion triplex ammunition the paths of the second and third hullets are, within
certain limits, random with respect to the lead bullets. A complete description of random and controlled
lispersion is given in App 13 of ORO-T-378.1

ORO-T-397 9
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TABLE 1

TARCET-EXPOSURE TiMES: SALVO 1 vs SALVO I

Exposure time, sec
Range, yd Target type
SALVO | SALVO 1
74 F 4.5 3.0
77 F 15.0 10.0
86 E 4.5 3.0
89 ¥ 15.0 10.0
111 F 19.5 13.0
127 F- 9.0 6.0
139 F 4.5 3.0
152 E (moving tgt) 9.0 8.0
162 E (moving tgt) 6.0 6.0
164 E (moving tgt) 15.0 11.0
165 E 31.5 18.0
169 E 3.0 2.0
176 E 4.5 3.0
216 F 4.5 4.0
218 F 9.0 6.0
245 E 6.0 4.0
259 E 10.5 7.0
267 E 3.0 3.0
269 F 25.5 16.0
334 F 1.5 5.0
336 F 7.5 4.0
339 F 21.0 12.0
Total 235.5 157.0
TARLE 2

WEATHER CONDITIONS DURING SALVO 1l

Mean Mean wind
Runs temperature, velority, Weat her
Day conducted °F mi/hr Direction condition
1 8 50 7 Cross range Clear
6 32 15.5 Crosgs runge Intermittent
light snow
3 11 35 3 Cross range Clear
ORO-T-397
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The most extreme weatheyr conditions were expericnced on the second
day. The wind and snow plus the freezing temperature made firing conditions
very unpleasant. The number of firers who wore gloves while firing was much
higher than on the first and third days (see App A). The .22-cal simplex and
duplex runs (two each) and two shotgun runs were fired on the third day, and
the weather conditions may account for the slightly lower rate of fire on these
runs compared with the rest of the experiment (see subsection cn learning).

(e) Firing line and firing position. Whereas SALVO I firing was conducted
from sitting and standing positions, the SALVO II firing line was constructed
so that firing was done from a modified prone position (see Fig. 4). An earthen
breastwork was constructed, and firing was conducted from this parapet. This
change was made as the result of suggestions by the Army. Its effect was to

provide a very much more stable firing position than those used during SALVO 1
and hence reduced aiming error.

Fig. 4—SALVD li Firing Line Showing Modified Prone Peosition

In addition the firing line for SALVO II was equipped with devices that
detonated electric blasting caps amcng the firers. The devices protected the
firers from the blast but were designed to add noise and confusion to the firing
line. The firers, however, were seldom aware of their detonation (see App A).

(f) Weapon zeroing. Each rifle was zeroed by the'man firing it. (SALVO I
rifles were zeroed by.experts.) The sights were then adjusted to a battle setting
that yielded the least-miss distance for the total range complex of the target
system. This process is described in App B. The shotguns were prezeroed at
the Development and Proof Services (D&PS), Aberdeen Proving Ground (APG),
and were not changed during the experiment.

ORO-T-397 13
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EXPERIMENT SUBJECTS

The SALVO II experiment utilized 20 subjects selected from the trainees
assigned to the Human Research Unit of the Human Resources Research Office
at Ft Benning. They had just completed basic training and their rifle marksman-
ship qualifications on the TRAINFIRE range totaled 3 experts, 7 sharpshooters,
and 10 marksmen. They were organized into two balanced 10-man firing orders.
(A detailed description of the firers is found in App A.)

These firers differed in the following respects from those in the SALVO 1
experiment:

(2) They had received TRAINFIRE rifle-marksmanship training.

(b) Ninety percent of the subjects were enlisted reservists whereas 75
percent of the SALVO I subjects were Regular Army.

(c) They were from a special test unit and had participated in other exper-
iments of various kinds.

From the point of view of realism, there were both advantages and dis-
advantages in using the TRAINFIRE troops. In that the rifle training they re-
ceived is being implemented in the Zone of Interior (ZI) by USCONARC, it adds
to the realism of the experiment. The fact that they were drawn from a special
test unit, however, detracts from realism. The SALVO I troops were more
typical of the over-all Aruy population in motivation and experience.

EXPERIMENTAL DESIGN

The simplification of SALVO II, as compared with SALVO 1, consists. of
the use of only one position for firing and the exclusion of night firing. This
permitted a shorter experiment—24 runs in SALVO II vs 68 runs in SALVO I.
The troop qualificaticns and test-material specifications invoived in the experi-
ment are shown in Tables 3 an. {.

A total of 24 runs were fired as specified in Table 5, each weapon-
ammunition-squad combination being fired twice on the targeti system (2 X 6 x 2).

TYPICAL RUN OR FIRING SEQUENCE

A typical run or firing sequence.followed a set pattern. Appropriate
rifles and ammunition were placed at the firing positions (1 to 10 on Fig. 2).
The firers then took their places at their assigned firing positions. After the
stress simulators (electric shockers) had been placed on each firer’s leg the
firers took up a comfortable position on the earth parapet on the firing line
(see Fig. 4). As soon as the firing line was ready, the programed target-system
sequence was initiated in the coniroi and recording center. At that point the
target-system events began, i.e., target appearances, demolitions, electric
shock for the firers, etc., as described in the programs in App C. The targets
appeared sequentially, all men firing at every target seen. The electronic
chronological recording system made possible the identification of shots fired
and hits by each individual. The program ran for 300 sec.

14 ORO-T-397
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TaBLE 3

TROOP QUALIFICATIONS ani} DIVISION

Squud Experts Sharpshooters Marksmen
1 4 5
B 2 3 5

TABLFE 4
WEAPON- AMMUNITION COMBINATIONS

Ammunition Weapon

.30~ cal simplex (M2 ball) Fired from stundard M1 rifle

.30-cal duplex Fired from standard M1 rifle
.30-cal triplex Fired from modified M1 rifle
.22-cal simplex Fired from modified M| rifle
.22-cal duplex Fired from modified M| rifle
12-gage flechette Fired from Model 11-48A Remington

autoload shotgun

TABLE 5
SALVO 11 FIRING SCHEDULE

Date Weapon-ammunition combination Squad Program®
10 December .30-cal triplex (M1) A 3
.30-cal triplex (M1) 3 3
.30-cal triplex (M1) ’ 3 4
.30-cal triplex (M1) A 1
.30-cal duplex (M1) I3 5
.30-cal duplex (M1) A 5
30-cal simplex (M2) APD B 6
.30-cal simplex (M2) AP A 6
11 December .22-cal simplex (.22-cal MI) A I
.22-cal simplex (.22-cul M1) B ]
.22-cal duple: (,22-cal-long-chamber M1) A 2
.22-cal duplex (,22-cal-long~chamber M1) 13 2
12-gage flechette (shotgun) A 3
12-gage flechette (shotgnn) B 3
12 Decembher .22-cal duplex (.22-cal-lang-chamher M1) B 4
.22-cal duplex (.22-cal-long-chamber M1) A 1
.22-cal simplex (.22-cal M1) B 3
.22-cal simplex (.22-cal M}) A 3
12-gage flechette (shotgun) 3 I
12-gage flechette (shotgun) A 1
.30-cal simplex (M2 ball) (\1) \ 3
.30-cal simplex (M2 hall) (M]) 13 }
30-cal duplex (M1) \ 4
A0-cal duplex (M1) I 2

*The programs {i.e.. the sequence in which gronps of targets appearsd (see Fie ),
demolitions were detonated, and »lectronic shack was admimistered] were prepared by
randomizing the sequence of their ocenrrence to prevent Tearning, Vs s noted in Hable 1
six different programs were nsed. These programs appear in \pp

BAP ammumition was bronght to the field by mictake Rather than nuss o don's firne
it was nsed. Its characteristics differ shightly from V2 Ball anooamition.
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DATA COLLECTION

The following types of data were collected in the experiment:

(a) Hits on targets recorded on paper-target faces.

(b) Hits on targets recorded electronically in time.

(c) Trigger pulls recorded electronically in time.

(d) Target movement and up times recorded by an elapsed-time camera
(also electronically recorded).

(e) Weapon malfunctions and the time during which the weapon was out
of action recorded electronically by an observer.

(f) Hits on targets by flechettes recorded by AN-N/ 6 gun cameras at
the targets.

(g) Ammunition expended recorded by ammunition count before and after
each run.

(h) Meteorclogical data (previously described).

(i) Subjective information concerning the firers collected in debriefing
interviews after each run.

INSTRUMENTATION

The objectives of the instrumentation of the SALVO II experiment were
twofold: First to ensure reproducibility from run sequence to run sequence,
and second to collect the data mentioned in items b to f above. The central
aspect ci the reproducibility function of the instrumentation is the sequence
controller or programer, which is described and illustrated in App E. This
unit, by means of a paper punch tape, permitted the precise reproducibility
in time of all scheduled events on the target system.

The main problem in the data-recording functions of the instrumentation
was to record target hits and trigger pulls with a resolution time of 50 msec.
Resolution time of this magnitude permitted the identification of first-, second-,
and third-bullet hits and single, double, and triple hits. It also made possible
relating trigger pulls to hits on the target, thus permitting the analysis of the
data by man, although all men were able to fire at each target when it appeared.

The only serious problem encountered in reducing the data was the result
of varying ammunition velocities. Although the average time of flight from each
firing position to each target was known accurately, the identification ¢f hits
from the second and third projectiles frowm a single trigger pull depended on
the fact that these projectiles traveled more slowly than the first projectile.
Hence they could be identified by the amount of time it took them to reach the
target. In actual practice it was found that bullet velocities varied from round
to round and the time of flight of a second bullet from one duplex round might
be shorter than the time of flight oi a first bullet from another duplex round.
The problem was even more severe in triplex ammunition and is illustrated
in Tables C30 and C31 in App C. This was not a problem that the ORO instru-
mentation could solve, but it did not affect the identification of double hits from
a single trigger pull. These could be determined by the characteristic time
separation between bullet strikes. It did affect the accuracy, however, of the
identification of first- vs second- vs third-bullet hits.
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The complete description of the salvo programing and data-recording
system is found in Apps D and E of ORO-T-378" and App E of this paper.

Taken together these appendixes furnish sufficient information for the repro-
duction of the system. The SALVO II system performed its functions of control
and data collection with almost perfect reliability.

From the point of view of comprehensiveness, SALVO II accurately meas-
ured two factors that could only be estimated in SALVO I: (a) the number and
duration of weapon malfunctions, and (b) the effect of malfunctioning targets.

In SALVO I one of the major difficulties in the analysis was the fact that it
could only be roughly estimated how long a weapon malfunction kept a given
weapon out of action. To remedy this situation in SALVO II a monitor system
was instituted. It consisted of observers at each firing position who could
signal the duration of weapou malfunctions. The system is described in App E
and the monitors are shown in Fig. 4.

An allied problem concerned the malfunctions of targets. Occasionally,

a target did not appear, did not stay up for the entire duration of its programed
appearance, or stayed up too long. This type of malfunction occurred more
frequently in SALVO I, but only observational records were taken. Two methods
were used in SALVO II to measure the actual duration of target exposure: (a)
an electronic record was kept of the up and down times for the targets, and

(b) the lapsed-time cameras (one frame per second) synchronized with the
system program afforded a visual indication of target exposure. This was

used as a detailed check on all aspects of the operation of the field layout of

the target system.

The photographic hit recording of the flechette runs did not prove very
successful because identification of flechette hits from the film data was in
most cases impossible and camera film speeds could not be adequately con-
trolled. This type of recording was required because of the lack of time sep-
aration of flechettes from one trigger pull and the tendency of the flechettes
to short-circuit the aluminum sandwich targets. Both faulty data recording
and poor ammunition performance render the flechette results almost unusable.
The resuits that are available are included in Table 5 and are detailed in App B.

Data Reduction

The principal problems of data reduction concern the relating of hits on
targets to individual trigger pulls and, in the case of multiple-bullet ammuni-
tion, the identification of each hit as a first-, second- (in the case of duplex
and triplex), or third- (in the case of triplex) bullet hit. The hit-trigger-pull
relation and the identifications depend on accurate knowledge of the time of
each bullet strike on the target, the time of the trigger pull, and the time of
flight from the firing line for each type of projectile. The first two pieces of
data were measured as described previously and times of flight were deter-
mined by examining a large number of individual hits with simplex ammunition,
double hits with duplex ammunition, and triple hits with triplex ammnunition
fired from each firing position. Time data were recorded on Esterline-Angus
tapes in the field and later transferred to International Business Machines
(IBM) cards through the use of a Telereader analog-to-digital computer. This
information was then printed out, and the numnerical time relations were in-
dividually examined.
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In relating hits to trigger pulls, the accuracy with which the data were
collected permitted the almost complete allocation of hits. Orly 1 percent of
the hits could not be ascribed with certainty to a given trigger pull. In the case
of the identification of first-, second-, and tkird-bullet hits, however, less ac-
curacy was achieved. This is due not so much to the recording as to the
variation in time of flight or bullet velocity from round to round. This is il-
lustrated in Fig. C1, where it can be seer that triplex first- and second-bullet
times of flight overlap, i.e., in some cases a lead triplex bullet’s velocity was
such that its time of flight to the target was the same or slower than the second
bullet of another round. Thus there are cases where it is impossikle to deter-
mine for a given single buliei sirike whether it was a first or second bullet.
The same is true to a lesser extent for the duplex ammunition. The magnitude
of the error for the four analyzed ammunitions is shown in Table C31.

In actual practice in the data reduction every effort was made to identify
bullet hits from the logical context as well as by using time-of-flight data.
Cutoff points were used at the points where time-ci-flight distributions inter-
sect. Since the overlapping times of flight presumably occurred randomly and
affected a very small percentage of the data, they can be assumed to have little
effect on the analysis described bLelow.

DATA ANALYSIS

The first problem in the analysis of the data after they were reduced was
dealing with cases where data were missing. In SALVO I there was a consid-
erable amount of missing data, and compensating for it was one of the most
difficult problems in the analysis. In SALVO II, however, owing to the improved
and more comprehensive instrumentation and to better weapon and target per-
formances, it was not a serious problem.

Missing data in the SALVO experiments occurred for one of three reasons.
Tirst a target failed to appear, second a weapon malfunctioned and the firer did
not fire his usual number of shots, or third the target appeared but the electronic
recording did not function properly.

There was only one target that did not appear in the course of the 16 runs
that were used in the major comparisons {.22-cal simplex and flechette runs
excluded), and for it an average value determined on the basis of the other runs
was filled in. The second case, that of weapon malfunction, was extremely
important in the SALVO I analysis. In SALVO II, however, only 20 minor weapon
malfunctions occurred during the 16 runs. These malfunctions were of such
short duration (they are shown in detail in Table B7) that they are ignored in the
SALVO II analysis. In the third case, where the data were not recorded electri-
cally because of a target shorting out or a ricochet failing to register properly,
alternative data {rom the paper target faces were used.* Serious malfunctions
of this type occurred 16 times during these 16 runs (or 352 target appearances)
and affected 329 out of the 4252 hits (see Table C22). These 8 percent of the hits

*Hicochets alwavs perforated the targets but occasionally, because of their broad aspect of presenta-
tion to the target, would not properly broach the insulating rubler layer in time to record (see App F).
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on the paper target faces were prorated as to first-, second-, and third-bullet
hits on the basic of average values of other runs and as to the firers on the
basis of the individual firer’s aiming error determined in the other runs. This
process is described in detail in App C.

The only other discrepancy between electronic-record and target-face
count encountered in the data analysis was the result of a target failing to drop
because of mechanical failure. Bccause the electronic recording ceased at the
programed drop time, it was accepted as correct and the target-face count was
ignored. However, because of this malfunction the following target that appeared
did rot receive as many hits as it normally would have, and again average num-
bers were used in adjusting its hits.

In summary it may be said that adjustments to actual hits on the targets,
i.e., holes in the paper faces, were made for less than 1 percent of the total
hits. Adjustments to the electronically recorded data to bring them into line
with the holes in the paper faces were made for 6 percent of the total hits and
always on the basis of average values determined on other runs or on aiming
errors computed for the man and ammunition involved.

RESULTS
This section considers two types of experiment results: (a) those per-
taining to ammunition differences and (b) those pertaining to the general nature

of rifle fire on the salvo target system.

Ammunition Differences

The effectiveness criterion used in this analysis is casualty gain per
trigger pull, i.e., test-ammunition score minus control-ammunition score, di-
vided by control-ammunition score. Ammunition and weapon weights for those
ammunitions on which usable data were obtained were essentially the same.

In addition production costs of the ammunitions are comparable. Hence com-
parisons by weight and cost are not of primary pertinence. Another criterion,
gain in number of targets hit per trigger pull, is included in the major tables.

The effects of overkills for double and triple hits from one trigger pull
are computed in App O of ORO-T-378,' and this same method is used here.
The specific casualty probability used for single hits is .7; for double hits,
91, i.e.,.7+[0.7(1 -0.7]; and for triple hits, .97 (similarly deduced). The
detailed analysis of overkills is presented by man, by target, and by run in
Tables C1 to C16. The casualty probability for triplex hits is degraded by a
factor of 18 percent at ranges of 200 yd and beyond. This is based on the fact
that at those ranges the triplex ammunition used will not penetrate helmets,
and the equivalent approximation of the decrease in lethality based on App B
of ORO-T-378" is 18 percent. In contrast to SALVO |1 ammunitions, the .30-
and .22-cal duplex ammunitions penetrate helmets at a 400-yd range (see App B).

Major ammunition differences are shown in Tables 6 to 8. The .22-cal
simplex ammunition-weapon combination was of such low technical quality that
comparisons are of extremely limited value and results are included only in
Table 6. Its failure is described in App B. A coinbination of poor ammunition
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functioning and data-recording failure also make the flechette results of little
value. Partial results are included in Table 6 and a detailed discussion is
presented in App B. As a result the major comparisons are between .30-cal
simplex, .22-cal and .30-cal duplex, and .30-cal triplex ammunition. Table 6
shows total shots, hits, casualties, and hits and casualties per shot for these
ammunitions.

TABLE 6

TOTAL SHOTS, HiTS, CASUALTIES, AND HIT AND CASUALTY PROBABILITIES
PER TRIGGER PULL wiTH SALVO 11 AMMUNITION

Frobabilities
Ammunition Shots llits Casualties
11it Casualty

Excluding Ricochets
.30-cal simplex 2636 612 428 .232 .162
.30-cal duplex 2659 1054 643 .396 .242
.30-cal triplex 2739 1133 586 414 214
.22-cal duplex 2539 1005 593 .396 .234
.22-cal simplex 2438 346 242 142 .0993

Including Ricochets
.30-cal simplex 2636 733 513 .278 .195
.30-cal duplex 2659 1118 686 420 .258
.30-cal triplex 2739 1214 643 443 .234
.22-cal duplex 2539 1187 718 .467 .283
.22-cal simplex® 2438 434 304 .178 125
12-gage flechettes — — —_ (.34)b (.1b

80wing to its poor showing, which was later demonstrated to be due to large
ballistic error, .22-cal simplex ammunition is not used as a control ammunition.

bThese are partial results based on all flechette data that could be evaluated for
the effects of multiple hits and hence are not comparsble with the other ammunition
results. Comparable .30-cal simplex ammunition results are 0.43 hits/round and
0.31 casualties/round. In addition the individual flechette casualty criterion used
was 0.35. Further Ballistic Research Laboratories (BRL) study indicates that these
flechette lethalities may be lower than this, further depressing the flechette results.

It is noted that major test results are given both with ricochets counted
as ordinary hits and with ricochets excluded. Since little is known concerning
the lethality of ricochets or their occurrence in conditions other than those of
this particular experiment, emphasis is placed on results that do not include
ricochet hits. This does not imply that the study team believes ricochet hits
are not effective but only that information concerning them'is lacking.
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TaBLE 7

PERCENTAGE OF CASUALTY, AND HIT GAINS? WITH .30-CAL UPLEX
AND TRIPLEX AND .22-CAL DUPLEX AMMUNITION OVER
.30-CAL SMPLEX AMMUNITION
(95% confidence limits included)

Gain, %
Ammunition F—
Hits Casualties

Excluding Ricochets
.30-cal duplex 71110 49 +11
.30-cal triplex 788 32 6
.22-cal duplex 71 +9 44 + 10

Including Ricochets
.30-cal duplex 5118 321¢
.30-cal triplex 596 205
.22-cal duplex 68 +8 45 +7

8{(Duplex or triplex ammunition) —simplex ammunition]/simplex
ammunition,

TABLE 8
TARGETS HiT PER TRIGGER PULL FOR SALVO I AMMUNITION

Ammunition Shots Targ.is hit Target hit/shot Gain, %2

Excluding Ricochets

.30-cal simplex 2636 612 0.232 —
.30-cal duplex 2659 866 0.326 41
.30-cal triplex 2739 772 0.282 22
.22-cal duplex 2539 813 0.320 8
Including Ricochets
.30-cal simplex 2636 733 0.278 —
.30-cal duplex 2659 921 0.346 24
.30-cal triplex 2739 830 0.303 9
.22-cal duplex 2539 956 0.376 35

8[(Duplex or triplex ammunition) ~simplex ammunition]/simplex ammunition.
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Aiming Error

The total rifle firing error includes ballistic dispersion, wind-correction
error, drop-correction error, etc., as well as the human error in pointing the
rifle at the target. In normal circumstances, however, this human aiming error
is much larger than any or all the other errors. As is shown in App D, these
other errors comprise such a small percentage of the total error that their
contribution is negligible. Hence, for simplicity, the term aiming error is used
in this report synonomously with total error. Since hits and shots by each man
could be differentiated, errors for .30-cal simplex ammunition were computcd
by man for the target system and are included in Table D1. Average total error
for the 20 firers in SALVO Il is 2.8 mils if ricochet hits are scored and 3.1 mils
excluding ricochet hits. The 20 individual firer errors for .30-cal simplex
ammunition range from 2 to 3.7 mils.*

The major assumptions used in computing these errors were that (a) an
F target is adequately represented by an equivalent-area circle 20 in. in diameter
and an E target by a 28-in. circle, (b) the center of aim is the center of the target,
and (c) projectiles are normally distributed around the center of aim.

The over-all average figures above are simple averages, i.e., aiming errors
on 10 target groupings (the targets within each group having roughly the same
presented area, see Table D7) are summed and the linear mean computed. The
individual errors for the 20 firers are also simple averages on these same 10
target groupings. Errors on the individual 22 targets are also computed and
presented in App D along with a discussion of the aiming-error computations.

Examination of Major Ammunition Differences

The main problem in the initial examination of SALVO II results was ex-
plaining why two ammunitions, i.e., .30- and .22-cal duplex, having almost identical
ballistic and other fundamental characteristics achieved differing hit-probability
gains as compared with the control ammunition (.30~ and .22-cal simplex). The
difference of a 51 percent gain for the .30-cal duplex ammunition as compared
with a 68 percent gain for the .22-cal duplex, including ricochet hits, as illus-
trated in _Table 6, is not only surprising but requires an explanation. In this F
regard the experimental conditions were examined carefully both during and
subsequent to the experiment. The only data that appear to apply to the problem
are the relative number of ricochet hits by the various ammunitions. These
data are obtained from the paper target faces, and are recognizable as hits that
went through the targets sidewise or. nearly sidewise. The percentage of ricochets
for each ammunition is shown in Table 9. In Tables 6 and 7 the ricochets that 1
occurred on each target face are subtracted from the hits on that target. It was
assumed that first and second bullets were equally as likely to ricochet. As is
shown in these tables, subtracting ricochets in this manner affords surprisingly
close agreement between .30- and .22-cal duplex results.

*These figures include ricochet hits since it was not possible to subtract these hits by individual men.
They therefore underestimate the true aiming error.
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Salvo theory, as developed in several ORO studies,'»®*~® ! predicts the
increase in direct hits for duplex salvo ammunition under various conditions.
It also predicts the kind of hits that will. occur, i.e., the percentages of first-
bullet hits, hits from duplex pairs, and second-bullet hits. What it aves not do,
however, is predict the number of ricochets. Thus one method of checking the
veracity of the experimental results is to subtract the ricochets made by each

ammunition and compare the resultant experimental results with theoretical
predictions.

TABLE 9

PERCENTAGE OF IICOCHET LTS FOR
SALVO Il AMMUNITION

Ammunition Ricochets, %

.30-cal simplex 16
.30-cal duplex 6
.30-cal triplex 7
.22-cal duplex 15
.22-cal simplex 20
TaBLE 10

EXPERIMENTAL AND ’REDICTED lIT PROBABILITIES
FOR DUPLEX AMMUNITION
(95% confidence limits included; Ref 11, p 698)

Experimental hit probabilities Predicted®

hit probability

Ammunition

Including ricochets

Excluding ricochets

.30-cal duplex
.22-cal duplex

.420 1 .024
.467 t.024

.396 t.023
.396 t.023

416
.416

BThe predicted over-all hit probability is based on the experimental number of shots
fired at each targct grouping.

The predictions are made by computing the .30-cal simplex aiming error
minus ricochets and on this basis computing expected duplex hit probabilities
for the 10 target groupings having approximately the same angular size. These ~
hit probabilities are then compared with duplex experimental hit probabilities
minus ricochets. The comparisons by target grouping are shown in Table D6.
The experimental hit preobabilities are derived from Table C17 and the master
data tables. Table 10 summarizes the results of this analysis for .30-cal and
.22-cal duplex ammunition.
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In Table 10 it is seen that if ricochets are excluded the theoretical values
fall within the 95 percent confidence limits of the experimental values. More
important, however, is ilic fact that the predicted values alsofall withinthe 95 per-
cent confidence limits of the .30-cal duplex score, ricochets included, but fall
outside this limit for .22-cal duplex ammunition, which would be expected. There
are many more extra or ricochet hits in the .22-cal duplex data than in the .30-
cal duplex data, i.e., 6 vs 15 percent.

Firer Accuracy and Gain from Salvo Ammunitions

There is still another method of checking the agreement of SALVO II
experimental results with salvo theory, which states that duplex and triplex
ammunitions tend to compensate for the firer’s inaccuracy and that the greater
this inaccuracy, the greater the gain from the use of saivo ammunition. There
were wide differences in firing accuracy among the firers in the SALVO II
experiment. These differences are best expresscd as a standard deviation in
mils or, roughly speaking, the aiming error. Firer errors for various aminu-
nitions ranged from 2 to over 5 mils. One would expect that there would be a
strong relation between the size of the aiming error and the casualty gain from
the use of duplex or triplex ammunitions; this is confirmed by the experimental
results.

The results can be examined in two ways. First, aiming errors can be
computed for each man on the .30-cal simplex ammunition. These errors can
then be correlated with the casualty gain achieved by each man when firing
duplex and triplex ammunitions. When this is done a strong positive correla-
tion is fcund between the size of error and amount of casualty gain. The cor-
relation coefficients are 0.747 for .30-cal duplex ammunition, 0.628 for .22-cal
duplex ammunition, and 0.549 for .30-cal triplex ammunition.

These results, however, are partly obscured by the fact that the ammuni-
tions have different ricochet factors. A more precise method of looking at
casualty gain as a function of aiming error is to compute the aiming error from
the lead projectiles of the salvo ammunitions. Then casualties can be assessed
for the lead rounds, the casualty gain that acerues from the following rounds
can be computed, and this gain can be correlated with lead-round aiming error.
In this way the effects of differing ricochet factors are excluded. Table i1
summarizes the results of this analysis.

There is a very strong relation between the casualty gain and the aiming
error in all three cases. The lowest correlation of the three occurs with .22-cal
duplex ammunition—the ammunition having the highest percentage of ricochets.
The theoretical relation between the aiming error in mils and the percentage
gain in casualties appears as an increasing curve; a ®logistic curve” (see App D)
was fitted to the experimental results. These are shown in Figs. 5to 7. To
further illustrate the agreement between salvo theory and the experimental
results, Figs. 5 and 6 aiso show the predicted casualty gain as a function of aiming
error. The fact that the predicted values fall below the average experimental
values presumably is due to the extra ricochet hits included in the experimental
data. The 95 percent confidence limits are computed as explained in App D,
the section “Experimental Curve and Confidence Bounds.”
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Aunther graphic illustration of salve theory in action appears in the
moving-target results. Here, owing to lateral movement, hit probabili' v was
decreased from an average of .28 to .21 for simplex ammunition, for example,
and large gains would be expected from the use of salvo ammunitions. Table
12 shows these gains.

TaBLE 11

CORRELATION BETWEEN AIMING ERROR AND CASUALTY GAIN
FROM SALVO AMMUNITIONS

Range of Range of gain Residual variation,
aiming errora, from aalvo Correlation % of original
Ammunition mils ammunitions, % coefficients?® variation
.30-cal duplex 2.18-4.88 29-207 0.866 25
.30-cal triplex 2.34-6.76 51-282 0.915 16
.22-cal duplex 2.16-4.4 28115 0.640 59

8The correlatiou coefficient ia a meaaure of the relation between the aiming errors of the {irers and the
gain from using aalvo ammunition.
he reaidual variation ia the atandard deviation of the test results after aiming error is taken into
account. Inthia table the reaidual variation ia shown as a percentage of the original variation.

TABLE 12

CASUALTY GAIN ON MOVING TARGETS VS ALL TARGETS FOR

.30- aND .22-cAL DUPLEX AND .30-cAL TRIPLEX
AMMUNITION OVER .30-CAL SIMPLEX AMMUNITION

Casualty gain, %

Anm unition

Moving targets All targeta
.30-ca! duplex 77 378 49 £ 117
.30-cal triplex 76 43 3216
.22-cal duplex 127 £ 56 44 110

BNinety-five percent confidence limits.

Ammunition Precision

As illustrated in Table 13, the first bullets of salvo ammunition have
comparable ballistic precision with the .30-cal simplex ammunition. Error
for triplex first bullets is slightly larger than for the other ammunitions but
not so much larger that a discernible difference on the target system would
be expected given an aiming error of about 3 mils. When the raw data are
examined, however, a large difference is found in simplex vs first-round
.30-cal duplex and triplex hit probabilities, as is also shown in Table 13. This
effect was also observed in tests of duplex ammunition at the Infantry Board.'*'"*
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In that case differences in the relative hit probabilities between simplex
ammunition and the first bullet of the duplex ammunition were attributed to
lack of precision on the part of the latter. It was noted in the Board tests
that at the range at which the rifles were zeroed (300 yd) and where one would

expect hits to be equal the simplex ammunition got about 20 percent more hits
than did duplex first bullets.*

TABLE 13
PRECISION CHARACTERISTICS OF SALVO 11 AMMUNITIONS

Mean radius of first-hullet First-hullet hit
Ammunition hallistic error at 100 yd, in. probability?
.30-cal simplex (M2 hall) 1.5 .278
.30-cal duplex 1.6 .226
.30-cal triplex 2.2 .182
.22-cal duplex 1.8 277

8The accuracy of these hit probabilities is subject to the previously mentioned
ptoblem of identiiying first and second bullets but is considered to be a very good
estimate. They also include ricochets.

When the SALVO II data were examined in detail it was found that at the
zeroing range the same effect as that found in the Infantry Board test appeared.
Duplex first-bullet hits at the zeroing range (165 yd) were about 20 percent less
than simplex hits. In fact they were generally lower at all ranges. The ballistic
data obtained by D&PS, APG were carefully examined." In addition extensive
ballistic tests under as close to SALVO II conditions as possible were conducted
by Springfield Armory. Neither of these tests found large operational differ-
ences in ballistic precision among .30- or .22-cal duplex ammunition and
.30-cal simplex (M2 ball) ammunitien. The same slightly larger ballistic error
for .30-cal triplex ammunition was observed in these tests.

Asaresult of theseteststhe SALVO II data were examined more closely.
Again the problem of ricochets was encountered, and it was hypothesized that
they explained the difference in hits at the zeroing range, i.e., 165 yd. Table 14
and Fig. 8 show the result of this analysis. Here it is evident that with ricochets
removed, first-bullet hits for duplex and simplex ammunition are roughly com-
parable on the over-all target system. The .30-cal triplex hits are somewhat
lower. Figure 8 is a more detailed examination, where the ratio of first-bullet
hits with the salvo ammunitions, as compared with .30-cal simplex ammunition,
is plotted as a function of range. Also shown are the 95 percent confidence limits
of the .30-cal simplex data.

Two effects appear in Fig. 8. First it is evident that once ricochets are
removed, .30-cal duplex first-bullet hit probabilities are clcsely comparable
out to about 250 yd. The .22-cal duplex and .30-cal triplex ammunitions do not

*his detailed resultdid net appear in the Infantry Board report and was obtained informally from the Board.
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TABLE 14
RicoCHET HITS AND FIRST-BULLET HIT PRCBABILITY

First-bullet
hit probability

Ammunition Ricochets, % (excl ricochets)
.30-cal simpiex 16 232
.30-cal duplex 6 212
.30-cal triplex 7 .168
.22-cal duplex i5 .224

250

] ] 1

95 percent confidence

200 |- fimlt (simplex) \ n
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Fig. 8—Duplex and Triplex First-Bullet Hits, Excluding
Ricochets, Relative to .30-cal Simplex Ammunition
——.30-cal duplex; — —.22-cal duplex; <-----.30-csol triplex.
28 ORO-T-397

CONFIDENTIAL




CONFIDENTIAL

look so good. Between a range of approximately 100 and 160 yd the number of
.22-cal duplex and .30-cal triplex first-bullet hits are low, and in this range

they do not fall within the 95 percent confidence limits of .30-cal simplex (M2
ball) ammunition. Second the first-bullet hit probabilities of all the salvo ammu-
nitions are cignificantly different from .30-cal simplex ammunition at the extreme
range of the target system. Here the greater drop of the lighter and slower salvo
bullets plus the limited instruction on hold-off given the firers becomes apparent.
With respect to this effect, however, it must be remembered that hits at this
range constitute a very small percentage of the total and that this percentage is
compensated for by the second bullet. These data also indicate that what the
Infantry Board observed at the range at which the rifles using .30-cal duplex
ammunition were zeroed in their test was not primarily a difference in ballistic
precision but a difference in ricochet characteristics. Hence the Board’s rec-
ommendation that more work be done on “the combat accuracy” of the salvo
ammuunition is inappropriate if taken to mean improvement in ballistic precision.

Rate of Fire

The over-all rates of fire in SALVO II were about one-third greater than
those in SALVO I. Although target-exposure times were reduced by one-third
in SALVO II, about the same number of rounds (620 in SALVO I vs 660 in
SALVO II) were fired per run. In SALVO iI the median time to fire the first
shot for all firers using all ammunition (excluding .22-cal simplex and flechette)
was 2.8 sec; the median rather than the average is used since it avoids the
extreme durations represented by clip-loading time, which cannot be distin-
guished from aiming and firing time. The median gives a good estimate of the
time actually required to reaim and fire. A more detailed look at the time
between shots showed that firers tend to fire more quickly at targets having a
larger presented area (see Fig. C2). The median time between shots for targets
31 to 34, i.e., those having the smallest presented area, was 1.8 sec. For targets
5 and 7, those having the largest presented area, it was 1.2 sec. There was no
observable effect of this type from the time of target appearance until the first
shot was fired.

In the case of average time until the first shot was fired, SALVO II times
were about one-half those computed for SALVO I—2.8 vs 5.3 sec. To compare
time between shots in SALVQ I and II averages were computed, and, as expected,
SALVO II times were more than one-third lower than SALVO I, averaging about
1.9 instead of 3.5 sec. In addition late fire, i.e., fire that occurs after the target
has gone dowia and has no chance of hitting, was less in SALVO II, constituting
about 4 percent of the total fire vs 12 percent in SALVO 1.

The reasons for these differences ir rate of fire cannot be precisely de-
fined, but several factors appear to contribute—two primary causes especially.
First was the different background and training of the experimental troops. In
addition to being test wise, as is mentioned in App A, their TRAINFIRE train-
ing was nearly ideal for the salvo target system. In TRAINFIRE eniphasis is
placed on identifying targets very similar tc salvo targets, and, in addition, a
certain amount of time pressure is placed on the firer. Hence a higher rate of
fire would be expected than that for SALVO I firers who were trained on known-
distance and transition ranges. The second miajor factor affecting the rate of
fire was the number of weapon malfunctions. These are to some extent elim-
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inated in the average figures for SALVO I given above, but they were so prev-
alent that it was impossible to eliminate them altogether. In SALVO II, on the
other hand, there were essentially no malfunctions. Another minor contributing
factor was the increased tempo of the target system on SALVO II. Since there
was a larger number of 2-, 3-, and 4-sec targets, time pressure was more
severe than in SALVO I.

The decrease in late fire can for the most part be attributed to an improved
method for isolating this fire used in SALVO II. In SALVO I all fire that occurred
aiter the target accepted a down signal was considered late fire. Using this same
criterion 12.5 percent of the fire in SALVO II was late fire. Through an exam-
ination of the hit recording in SALVO II it was determined that the assumptiorn
that a target could no longer be hit at the moment it accepted a down signal was
incorrect. Hits could actually be achieved and electronically recorded up to
0.4 sec after the down pulse was accepted by the target. Hence late fire in
SALVOQ II was computed from the time the target accepted the down pulse plus
0.4 sec. On this basis it was found that late fire then accounted for about 3.5
percent of total shots fired and took place during a 0.6-sec interval. This latter
period is less than half that reported in SALVO I, where late fire occurred, on
the average, 1.27 sec after the target was supposed to have gone down.

There was visual indication that late fire may have been a somewhat
greater factor in SALVO I thar in SALVO II. There was very much less dust
on the target system in SALVO II, and consequently it was easier to teil when
a target had gone down. It must be concluded, however, that truly late fire in
SALVO I was less than the 12.5 percent reported.

In addition to differing rates of fire as a function of target size, it was
also observed that the rates of fire (both time to fire first shot and time between
subsequent shots) of individual firers varied considerably. Both of these were
compared with the computed aiming errors for each man. There was a very
low correlation, a fact that indicates that for a given rate of fire no prediction
as to accuracy can be made, i.e., because an individual fires rapidly it does not
necessarily mean that he will get more or less hits per shot. The implication
is that individuals tend to achieve some sort of natural rate of fire. Whether
this is the best that an individual can do was not determined in this experiment.

TRAINFIRE, Army General Classification Test (AGCT)
Scores, and Accuracy on Salvo Target System

The aiming error for each man was computed for the .30-cal simplex
runs. These necessarily include ricochets. The aiming errors were then
compared with the firers’ TRAINFIRE scores. A relatively high correlation
results, indicating that in general those firers who did well on TRAINFIRE
also did well on the salvo system, (i.e., the higher their TRAINFIRE score the
lower their aiming error). Results are shown in Table 15. Average values
were experts, 2.5 mils; sharpshooters, 2.7 mils; and marksmen, 3.1 mils.
(Theover-all average noted earlier was 2.8 mils.) Since these values of aiming
error are based on all hits including ricochets, the true absolute values are

higher. If no significant bias exists among qualifications these values should
be corrected by the over-all ratio 3.1 to 2.8.
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The process above was also done for AGCT scores, and a lower but still
significant correlation was observed. This indicaces that intelligence as meas-
ured by the Army AGCT tests is-also a factor in the individual’s ability to do
well on the salvo target system (the higher the AGCT score the lower the aim-
ing error). These results are also shown in Table 15. Average values in the
range of scores were from 117 to 131, 2.7 mils; 97 to 116, 3.0 mils; and 76 to
96, 3.0 mils.

TABLF. 15
CorreLamon oF TRAINFIRE vs AGCT AmiNG FRROR
Range Residual variation,
Aiming-error of Correlation % of vriginal
Exercise range, mils scores coefficient variation
TRAINFIRE 1.97-3.70 41-83 -0.408 83
AGCT 1.97-3.70 76—131 -0.347 88

Learning

In SALVO I there was no discernible learning if hit probabilities alone
were examined. When rates of fire and total hits were considered, however,
it became obvious that learning, in the form of getting more fire on the target
system, had occurred. The SALVO II experiment is extremely difficult to
analyze from the point of view of learning. Where in SALVO I there were 3
weeks of firing under relatively stable weather conditions, in SALVO II there
were 3 days of firing under widely differing weather conditions. As noted in
Table 2, the weather on the second day of the experiment was very cold, and
hence instead of the rate of fire increasing as the experiment continued, it
actually decreased.

There is a negative correlation between run sequence and rate of fire and
a positive correlation between temperature and rate of fire. The correlation
coefficient between temperature and run sequence appears to be an entirely
chance occurrence. Since weather was a chance occurrence, and yet has the
highest value of any in the correlation, it obscures any learning that might
have occurred. Learning is also obscured by other factors in the SALVO II
experiment. As was mentioned before, the experimental subjects were used
to this type of testing and were quick to exploit factors that might improve
their score. There was a competition between the two squads for prizes dis-
tributed at the end of the experiment, and the squad scores, i.e., total shots,
total hits, and hit percentages, were posted at the end of each day. The basis
on which these prizes were to be awarded was kept secret fron: the 2xperimental
subjects, mainiy because the experimenters could not decide whether total hits
or hit probability was the better criterion. The troops, however, assumed, and
assumed correctly, that hit probability would be the ultimate measure. Thus
the emphasis, particularly on the last day of the experiment, was on making
every shot count—another factor possibly tending to decrease the rate of fire.
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The next alternative is to examine hit probabilities for effects of learning.
This analysis is based on a sample of ten runs* spaced fairly evenly over the
3 days of firing. In two of the runs .30-cal simplex ammunition was used; in
four .30-cal duplex ammunition was used; in two .22-cal duplex ammunition
was used; and in two .30-cal triplex ammunition was used. In order to place
all these runs on a common basis, only the hit probabilities of the first bullets
from the salvo ammunitions were considered. Ricochets were removed from
the analysis, as was done previously, in an additional attempt to make the runs
more comparable. Using these data the hit probabililty was correlated with run
sequence, shots, hits, and temperature. Only the run sequence and the number
of shots fired had a significant correlation with the hit probability (see App D).
The results of this multiple correlation indicate that hit probabilities do
increase at the rate of about 0.3 percent per run. In addition it was found that
the hit probability is negatively correlated with rate of fire. Hence learning
in SALVO I, obscured to a very great extent by weather effects, takes the form
of a decreasing rate of fire with an attendant increase in hit probability. This
is opposed to SALVO I where learning took the form of an increasing rate of
fire and a stable hit probability.

Target-Systemn Effects

One important aspect of an experiment is how completely the variability
in the results can be accounted for by the identifiable variables. The SALVO I
targets were characterized by five variables: (a) exposure time, (b) angular
or presented area, i.e., target radius divided by target range, (¢) movement
i.e., stationary or moving, (d) target size, i.e., E or F targets, and (e) target
concealment or percentage of target visible. Targets firing back were so
confused with the other five variables that they were not considered. The
method used to measure the relative contribution of each variable was a mul-
tiple correlation analysis conducted on the ORO high-speed-computer facilities.

In Table 16 partial and multiple correlation coefficients show the sources
of the observed variation for shots fired and simplex and first-bullet salvo hits
for 16 analyzed runs. Table 16 shows the strong effect, as would be expected,
of exposure time on shots fired. The second part of Table 16 shows that the
five variables account for 76 percent cof the variation observed in shots fired
and that target-exposure time and angular or presented area both exerted a
strong influence on hits. Here, as would be expected, the residual or experi-
mental error is larger, the five variables accounting for 55 percent of the
observed variation.

The analysis showed consistently that the most important variables in
predicting shots fired were the target-exposure time and the presented angular
area of the target. Moving targets attracted significantly more shots than did
the stationary targets. In terms of either hits or casualties, the most important
variables were shots fired at the target and the presented angular area of the
targets (see Tables D14 and D15). Moving targets significantly decreased
the number of hits or casualties obtained with simplex ammunition or with the
first bullet of duplex or triplex ammunition (see App D). The latter tend to
compensate for the effect of movement as is illustrated in Table 12.

*I'en runs were selected since all the runs were not usable in this analysis, i.e., flechette and
.22 cal simplex. Four runs were selected on the first day, two on the second, and four on the third.
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TABLE 16

SOURCES OF VARIATION IN SHOTS FIRED AND IN SIMPLEX AND

FIRST-BULLET HIT PROBAB'LITIES PER TARGET

Partial Percentage
Observed independent Variance comrelation of variance
variable a2 coefficients remaining
Shots Fired
None 415.28 None 100.0
Exposure time
Angular area
Movement 102.89 0.871 24.2
Target size
Percentage of target visible
Angular area 369.16 0.334 88.9
Exposure time 140.72 0.813 33.9
Movement 5 381.79 0.284 91.9
Target size (E or F) 399.05 -0.198 9.1
Percentage of visibility 415.31 -0.013 100.0
Simplex and First-Bullet Hit Probabilities
None 73.30 None 100.0
Exposure time
Angular area
Movement 33.84 0.741 45.1
Target size
Percentage of target visible
Angular area 46.62 0.604 63.6
Exposure time 44.71 0.625 61.0
Movement 73.30 0.017 100.0
Target size (K. or I) 71.24 -0.169 97.2
Perceniage of visibility 70.95 0.180 96.8

The regression coefficients, which appear in the prediction equations,
estimate the effect of a particular variable without any correction for the

effects of the other variables. The use of three variables (target movement,
target-exposure time, and the presented angular area of the target) to a very

major extent predicts the number of shots that will be fired cn any target
appearance. If two additional variables—target size and degree of conceal-

ment—are added, the accuracy of the predicted value increases and the effects
of the original three variables become more clear. With the use of five var-
iables, the equation predicting the number of shots fired at a target appearance

becomes
Y = 0.25 + 6.24X | + 316X, + 10.32X - £.52X, - 0.01X*
*Not statistically significant at 95 percent confidence level (see Table D15).
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where Y is the predicted number of shots for 10 men

X, is the presented angle of the target, in mils

X, is the target-exposure time, in seconds

Xy is movement, 0 indicating a stationary target and 1 indicating a
moving target

X, is a target size, 0 indicating an F-type target and 1 indicating an
E-type target

X5 is the percentage of the target face that is visible

The prediction equation for simplex and first-bullet hits is

X = -8.94 + 0.30X ) + 119X, + 0.33X ¥~ 2.19X, + 0.06X (2)

A practical application of Egs. 1 and 2 for .30-cal simplex ammunition is
as follows:

Assume that a 2-mil, 6-sec, stationary E-type target (at about a 200-yd
range) is 100 percent visible. From Eq. 1, the expected number of shots by
10 men at this target is 14.17. From Eq. 2 the expected number of hits is
2.16, a hit probability of about 18 percent. Now make some arbitrary changes
in the target. If the target size is increased to 4 mils, keeping all its other
characteristics constant, the expected number of shots goes to 8.33 and expected
hits to 0.83, or a hit probability of 10 perceni. If the original target is used
with an 8-sec exposure time and all other factors remain ag stated, expected
shots go to 20.49 and hits to 4.99, or a hit probability of 24 percent. On the
other hand if the same target is moving, expected shots are 24.49, hits are
2.94. Thus hit probability for the stationary target is about 18 percent and for
the moving target about 12 percent.

These illustrations of the use of the prediction equations indicate the
applicability of SALVO II data tc other possible target systems. The main
restrictions on their use is that they tend to break down at, and will not extend
beyond, the extreme conditions examined in the SALVC I experiment. It is
noted that in the case of targets having very short exposure times and very
small mil sizes a negative number of hits is predicted. This illogical result
is simply the effect of simulating the distribution with a straight line.

DISCUSSION OF RESULTS

The major contributions of the SALVO II experiment are (a) to further
confirm the predicted utility of duplex ammunition in combat rifle fire; (b) to
indicate that duplex ammunition is ready for user test and adoption; and (c) to
further validate the general salvo theory for duplex, triplex, and multiple
flechette ammunition. It is interesting to examine the spectrum of results
that were obtained in the ORO SALVO 1 and II experiments and the Infantry
Board test of NATO duplex ammunition. Table 17 shows these results.

ot statistically significant at 95 percent confidence level (see Table D15).
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Table 17 illustrates the relation between hit probability or accuracy and
gain through the use of duplex ammunition. The lower the accuracy the greater
the gain. The major question concerns the nature of comkat rifle fire, i.e., its
accuracy cr hit probability. The SALVO I report' attempied to relate effec-
tiveness gain measured under experimental conditions to combat fire. Its
conclusion was that a conservative estimate of over-all gain from the use of
duplex ammunition in combat would be 60 percent. A further ORO study15
indicates that combat accuracies approximate those observed in SALVO I
night firing, i.e., hit probabilities of about 5 percent. Hence a 60 percent
gain is indeed a conservative estimate. The SALVO II experiment furnishes
further basic and confirmatory data on which the SALVO I reasoning rests.

TARLE 17

SUMMARY OF DUPLEX AMMUNITION RESULTS: SALVOT anp I1 AnD
INFANTRY BOARD [ XPERIMENTS

Accuracy Relative duplex ammunition
Fxperiment and firing (simplex hit casualty gain
condition probability), % («luplex-simplex/simplex), %
Infantry Board
Transition semiautomatic 64 9%
TRAINFIRE 54 109
SALVO |
Day siiting 19 48
Day standing, 15 49
Night sitting 6 69
SALVO 11, day prone 28 32
“n Refs 12 and 13 target hits only are reported. llowever, the Infuntry Board
kindly furnished detailed data from which casualty gain was computel.

One factor not recognized in SALVO I and not previously recognized as
being significant in combat rifle effectiveness was isolated in the SALVOQ II
cxperiment—the importance of the ricochet characteristics of ammunitions.
The best example of this is the ditfference in hits of .22-cal duplex ammunition
compared with .30-cal duplex ammunition. Here a difference in total hits
recorded of almost 10 percent is due directly to the superior ricochet char-
acteristics of .22-cal duplex ammunition. This particular effect is worthy of
further study. SALVO II ricochet data are limited in their application since
they were derived from the soil conditions of Ft Benning and do not include
lethality considerations. If it is found to be an effect that occurs under most
conditions of combat rifle fire, it may be well worth while modifying .30-cal
duplex cr 7.62-mm NATO duplex ammunition for improved ricochet charac-
teristics.

With respect to ricochets, a question was answered concerning the

recision of the salvo ammunitions. The smaller number of first-bullet hits,
as compared with simplex hits, noted both in the SALVO II raw data and in
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Infantry Board tests had led to the tentative conclusion that somehow the salvo
aramunitions were to a major extent ballistically less precise. This conclusion
was shown to be false, and what actually was observed was a smaller number
of ricochet hits on the part of the .30-cal duplex ammunition. For triplex am-
munition this effect was also found. Although a statistical difference cannot be
substantiated, .30-cal triplex first bullets do appear to reflect less ballistic
precision.

In respect to the suitability of duplex ammunition the Infantry Board
tests''’*? indicate that there is little difference between .30-cal duplex and
7.62-mm NATO duplex ammunition. On the basis of the SALVO II experiment
and these tests it is concluded that either ammunition is suitable for adoption
for combat use.

In relation to the confirmation of the salvo theory, the triplex results and
moving-target data are of great importance. In the case of moving targets,
where aiming error is greater, the gains from the salvo ammunitions are
correspondingly larger. This is also very well demonstrated in the multiple-
correlation analysis. The over-all predicted gain of triplex ammunition in
SALVO Il is less than that for duplex ammunition. However, in situations
where the aiming error is larger than that in SALVO II, and these situations r
constitute the very large majority of combat situations, predicted triplex
ammunition casualty gain would be much higher than that using duplex ammu-

nition. The SALVO II experiment confirms both these predictions. Triplex
ammunition actually did achieve a lower over-all casualty gain. However,

casuaily gain.

for the SALVC II firers having poorer accuracy, it was found that gain from i

triplex ammunition was on the average higher than that for duplex ammunition.
This finding has implications for the future ammunition-development program.
The triplex ammunition used in the experime:it has inherent disadvantages.
The major one is that in a conventional design the triplex bullet becomes toc
small and has too low a velocity—hence its failure to penetrate heimets beyond
200 yd. If there were no further competetive alternatives, further development
of triplex ammunition would be justified. However, there are new developments
that promise the same type of increase in effectiveness but with few of the
inherent disadvantages. These are the various flechette configurations. H
The implication of the triplex results for current flechette developments
is that to achieve any rzal increase in effectiviness in the fire fight, i.e., in
the period of intense fire with many targets, flechettes must be fired in a
salvc pattern. The development of flechettes for small arms, which are fired
singly (not in bursts) in the same way that .30-cal simplex ammunition is now
fired, will achieve a substantial saving in weight. Radical increases in hit
probability are not, however, to be expected from single flechettes. It is
obvious that if a real increase in effectiveness is to be achieved development
of flechettes must have as its primary goal the achievement of a salvo pattern
either by an effective controlled burst or by simultaneous discharge of a bundie
of flechettes.
The disappointing aspects of the SALVO II experiments were the failure
of .22-cal simplex and the shotgun flechette ammunitions. The former was of
minor importance but did represent a supplementary control on the experiment
results. The ilechette failure, however, has assumed the proportions of a2 minor
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tragedy. Considering the problems of design in an ammunition of this type and
the development funds that had been allotted to the fabricato of this ammunition,
a failure of the type encountered in SALVO II is not surprising. The ostensible
risk involved in including the ammunition in the SALVO II experiment was
merely that of the cost of procurement—a relatively small sum. The actual
risk, as it turned out, was deemphasis of the development of multiple-launched
flechettes. This was considered to be an unwarranted and unwise decision,
particularly in the light of the triplex results above, since multiple launch was
one of the most promising methods of achieving a flechette salvo pattern.

The differences in rate of fire in SALVO II vs SALVO I indicate that
TRAINFIRE training apparently increased the rate of fire without decreasing
firer accuracy. The SALVO II firers fired about one-third faster and got one-
third more total hits. The increase came both from faster target identification
and from less time taken to reaim and refire.

The over-all aiming error on SALVO II for .30-cal simplex ammunition
was 2.8 mils, rising to 3.3 mils when ricochet hits were excluded. This was
considered to be an upper bound on accuracy in combat rifle fire. It differs
markedly with the accuracy that is standard on both the known-distance and
TRAINFIRE courses (1 to 2 mils). The indication here is that although these
courses may be excellent training devices the accuracies achieved on them
are not appropriate for use as parameters in weapon design.

As for the target system and learning effects, certain differences
between SALVO I and SALVO II were observed and other areas of uncertainty
clarified. Learning in SALVO II, as far as it was observable, tock the form
of a decrease in rate of fire and an increase in hit probability. Multiple corre-
lation also shows the overwhelming effect of angular target size, exposure
time, and to a lesser extent movement.
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DISCUSSION

The test subjects on the SALVO 11 experiment were all recent graduates
of basic training. They arrived at Ft Benning, Ga., on 13 Sep 57 after less than
a week in the Army and were assigned to Human Research Unit 3 of the Human
Resources Research Office (HumRRO) for their basic training. In the course
of this training they were given the standard TRAINFIRE 1 exercise, and in
addition most of them were given experimental training called Patrol II and
Moonlight XIl. These experimental training procedures were designed to give
the soldier squad training and also experience in seeing targets and rapidly
taking them under fire. The troops had fired over 750 rounds apiece with the
M1 rifle—=536 rounds in TRAINFIRE 1, approximately 200 rounds in Patrol 11,
depending on rapidity of fire, and 24 rounds in Moonlight XII. A summary of
their training and marksmanship and Army General Classification Test (AGCT)
scores is given in Table Al. In addition this table shows the previous experi-
ence of the men in target shooting or hunting as determined from interviews. -

The men were apparently well motivated; they were used to being subjects
in experiments and were very cooperative. They had been test troops and con-
sequently were presumably somewhat better motivated and mcre familiar with
experiments than their degree of training and marksmanship qualifications alone
would imply. There was nc evidence throughout the experiment, either as shown
on the firing line or in the debriefings that were given after each run, that any
were not trying or were uncooperative. All the men were in excellent physical
condition.

Two 10-man squads were picked to be as comparable as possible: squad A
consisted of 1 expert rifleman, 4 sharpshooters, and 5 marksmen; squad B con-
sisted of 2 experts, 3 sharpshooters, and 5 marksmen. This distribution
approximated that found in the basic training unit. As a precaution four other
men were kept as reserves; however, it was not necessary to use any of them.
On the TRAINFIRE 1 record firing, the median score for squad A was 55 and
for squad B, 53; the median AGCT scores were 100 and 99.5, respectively.

Based on more than 800 TRAINFIRE cases the percentage of men in each
marksmanship category was unqualified, 0.5; marksman, 21.0; sharpshooter,
51.0; and expert, 27.5. For 20 men this resulted in percentages of 0, 4, 10,
and 6 respectively. The troops used in the SALVO 1l test were not as good in
their TRAINFIRE 1 record firing (0, 10, 7 and 5 percent) as the troops pre-
viously assigned to the Human Research Unit on which these percentages were
based.

After the first run each man was interviewed individually; subsequently
the men were interviewed together in their squad. They were asked specific
questions and also invited to make any comments on any features that seemed
relevant to the experiment. As the men became used to the experiment, their
subjective reactions altered and consequently the initial report may be mis-
leading. For example, the men were required to run for 5 min preceding the
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firing and they tended to be puffing and blowing; their first report stressed the
undesirability of this stage for careful firing, but subsequently, as they fired
in colder weather, they felt that the running warmed them and, if anything, im-
proved their performance.

TaBLE Al
TRAINING AND FXPERIENCE FOR SALVO ] TEST SUBJECTS

TRAINFIRE 1 Previous
qualification AGCT Patrol {{ Moonlight Xil shooting
Firer score® score trainingb training® experience’
Squad A®
1 83 7 C DOD H
2 67 a6 K DOA il
3 61 124 C DOD None
4 62 96 E DOA il
5 57 120 E DOA None
6 53 131 C DOA s
7 53 97 E bOD None
8 51 110 None DOA 8
9 51 103 None None i
10 41 93 None BOA L
Squad B®
1 Y 87 C DOD S
2 72 81 C NOD i
3 60 101 None None i1, S
4 61 76 C DOD L
S 54 117 C DOA il
6 52 110 E DOD None
7 51 95 C DOD None
8 51 117 E DOD None
9 46 98 None bOD L
10 41 117 C pon s

#{inqualified, 35 and below; marksman, 36 to 53; sharpshooter, 54 to 57; expert, 58 or more.
C, standard training;_F,, experimental training.
DOD, double orientation on defense; DOA, double orientation on assauit.

‘IH, much hunting prior to service; L, some hunting prior to service; S, much target shooting prior
to service; s, some target shooting prior to service.

€Firers A3, B6, 38, 39, and 310 wore glasses. The others had normal uncorrected vision.

The most important conclusion that can be drawn from the report of the
men is how little they felt their accuracy was affected by the experimental
stresses. Questions on fatigue effect of electric shock, battle noise, and ex-
plosions in the area all tended to elicit the same reaction: the men were not
even aware of these stresses most of the time. The low temperature, snow,
and rain did, in their opinion, adversely affect their scores, and they also com-
plained about the heavy recoil of the shotgun. As the experiment went on, the
weight of the weapons was a 'source of comment.

The following are the reported reactions:

(a) Did the running affect your performance?

Initial reaction (temperature and wind less cooling than later): tired—
no effect, 25 percent; not tired, 50 percent; tired—some effect, 25 percent.

42 ORO-T-397

CONFIDENTIAL



CONFIDENTIAL

Subsequent reactions were almost 100 percent in favor of running to keep
warm.

(b) Did the shock on the leg or fear of it affect your performance?

Initial reaction: shock affected performance, 5 percent; fear of shock
affected performance, 5 percent; no effect from shock or anticipation, 30 percent.

Subsequent reactions even further degraded the effect of shock on the leg.
An initial problem of shock from the triggers of three rifles had no effect.

(c) Did the battle noise or demolitions in the field affect your performance?

Initial reaction: some small distraction, 50 percent; no eifect, 50 percent.

Subsequent reactions did not report degradation.

(d) Did the small explosions right next to the firing line have any effect?

Initial and subsequent reactions: not aware of them, 100 percent.

(e) Did the recoil have any effect?
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