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Appendix B

REVIEW OF SMALL ARMS LETHALITY TESTING

INTRODUCTION

Thkis appendix includes the following:

o Review of existing wound ballistics combat results and test

data.

o Analysis of certain combat and test data.

o Comparison of data with currently used lethality models.

o Conclusions concerning testing and lethality differences

among standard bullets.

A basic understanding of the mechanisms of woundiné by bullets has
been pursued by surgeons and medical researchers for over a century. The
"explosive' wound damage effects of bullets were first noted by Huzier in
1848 in Paris. The hyarodynamic nature of the extensive internal damage
or "explosive" cavity caused by high-velocity bullets was first recog-
nized bty a Swiss researcher, Kocher, in 1874, By the turn of the century,
bullet flattening and shock wave transmission had been eliminated as mech-
anisms; in 1898, Stevenson had, from surgical observation, correctly de-
fined the major damage mechanism as the cavity in the wake of the bullet
caused by the outward momentum imparted to tissue fluids.

The 1928 "Pig Board" firings and wound autopsies established what
had alrcady been suspected: that bullet velocity, tumbling, and energy
loss were closely related to wound damage and that bullet caliber was not.
Worid War 11 research by larvey and others at Princeton treated the quan-
titative physics of wounding as a branch of underwater ballistics, having
established by ultra-high-speed photography and X-rays that bullet cavities

in water show behavior analogous to that of bullet temporary or "explosive"

cavities in tissues.¥

*For a more detailed history of wound ballistics, see U.S. Army,
Office of the Surgeon General, Wound Ballistics, edited by James C. Beyer
(Washington, 1962), For the physics of wounding, see Chapter III,
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Despite the advances in understanding the fundamental physics of
wounding that were achieved in World War II, little or no research was
undertaken to directly compare the wounding effectiveness of bullets of
various shapes, velocities, and sizes (though some work was done on frag-
ment sizes). The Pig Board tests remain the last scientifically credible
experimental comparison of bullets of varying caliber.

Little progress has been made since World War II in the basic under-

standing of the mechanisms of wounding. Most attention in the area has

focused on "optimizing' fragmentation, improving body armor, and devising
and applying computer models for predicting incapacitation by various
fragments and bullets. These models have, in fact, considerably less
scientific validity than the World War II work; as a result, they have
introduced much confusion and erroneous quantification into the evalua-

tion of small arms wounding effectiveness--as will be seen.

THE TREND TOWARD SMALLER CALIBERS

Since the Civil War, whenever the question of introducing a smaller
caliber cartridge has arisen, military developers and users have expressed
concern that the smaller caliber may have insufficient "stopping power"
and may be unlikely to '"do the job." These objections were raised when
the large (circa .40 to .60 caliber) and subsonic balls of the Civil War era
were being replaced by 7.9~ to 6.5-mm cartridges (about 2000 to 2800 fps)
toward the end of the 19th century. Similar objections were raised again
in the 1920s, when the ,276 caliber was proposed (and defeated). The in-
sufficient "stopping power" issue was heard again in the 1960s, when the
3200 fps 5.56 mm was proposed as a replacement for the 2800 fps 7.62 mm,
In each case after adoption, surgical observation of combat casualties
indicated that, if anything, the smaller-caliber, higher-velocity bullet
created greater wound damage than its predecessor.

WOUND DAMAGE MECHANISMS

Based on the World War Il wound ballistics research, it appears that
most of the damage caused by a bullet owes to the violent expansion and
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construction of the large temporary cavity formed in the wake of high-
velocity projectiles of any shape. This temporary cavity can fracture
bones and rupture organs at significant distances from the bullet path.
The diameter of the damage zone is apparently directly related to the
diameter of the temporary cavity. The diameter of the temporary cavity
at any point is proportional to the square root of the space rate of
projectile energy loss at that point, or, equivalently, to the energy of
the projectile times the retardation coefficient at that point., Thus,
the diameter of the temporary cavity can vary widely--even for spherical
projectiles--as tissues of varying resistance are encountered.*

Bullets, which are stabilized by the slight excess of gyroscopic
spin forces over drag forces in air, become suddenly unstable upon enter-
ing the medium of tissue, which is 800 times denser than air. How fast
they tumble in homogeneous tissue depends almost entirely on their trans-
verse rotational moment of inertia and their yaw angle at impact. Thus,
small bullets striking at moderate yaw angles of a few degrees will tumble
much faster than highly stable, massive, point-on bullets of the type de-
signed for minimum long-range dispersion. Yaws as fast as 90° in 3 inches
have been observed. However, all high-velocity spitzer bullets will ex-
perience some tumbling due to tipping by external clothing or equipment
and by internal inhomogeneities.

The significance of tumbling is that bullet retardation increases
roughly as the square of yaw. Thus, a bullet at right angles to its path
experiences approximately 50 times the retardation--and therefore produces
a wound cavity diameter 50 times as large--as the same bullet point-on.**
Thus, rapid tumbling before bullet exit is the most significant determinant
of wound cavity size for bullets of comparable velocity, and it dominates
such factors as bullet mass. Rapid tumbling, high-damage bullets are
achieved by obtaining some yaw at impact, low rotatianal moment of inertia

around the transverse axis, and high velocities. In other words, the most

*
For a more detailed discussion, see U,S. Army, Office of the Surgeon
General, Wound Ballistics, Chapter III.

**Ibid., Chapter II.
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lethal bullets will be fast and small* and should have the least possible
stability consistent with acceptable dispersion.*&

It is important to note that the above physical insights, although
sufficient to guide bullet design and comparisons of qualitative wounding
effectiveness, are not in any sense sufficient to provide quantitative
predictions of serious casualty production or incapacitation. That is
because the location of the temporary wound cavity relative to vital organs
exerts an even more powerful (and unquantified) effect than the size of the
cavity,

As a result of the most recent controversy, the 5.56-mm versus the
7.62-mm bullet, a number of research efforts were mounted, but they
produced fragments of data that shed little new light and, in fact, often
contradict each other. Reports and studies citing these data have, over
the last ten or twelve years, created the general impression that signifi-
cant differences in lethality exist between the 5.56-mm and 7.62-mm bullets.
The validity of such a conclusion is an important matter and should there-
fore survive any fair and objective challenge. The remainder of this
appendix examines the evidence for and against the existence of significant

lethality differences in current standard rifle bullets.

TYPES OF EMPIRICAL BULLET LETHALITY DATA

There is little direct combat evidence of important variations in
lethality among the standard rifle bullets in use since World War I, Com-
parable samples of casualties caused by several different “inds of bullets
under similar exposure and range frequency conditions are rarely present
in one country's force. Furthermore, little effort has been devoted to
collecting detailed bullet wound data in any country. The data that are

available are discussed below.

*Bullets that are too fast and too small will not penetrate grass,
brush, outer clothing, and equipment adequately because they will explode
into tiny fragments upon contact. The limits of how small and how fast
bullets can be made and still remain useful are not known.

**In light of this, the AMC decision to increase the twist of the M16
from 1 in 14 inches to 1 in 12 inches to increase the stability of the bullet
under extreme arctic conditions (thereby achieving a just-noticeable decrease
in dispersion at -60°F) has decreased the weapon's overall effectiveness,
Fortunately, the bullet is stili more than adequately lethal.
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Because direct casualty evidence is in short supply, weapon develop-
ers have turned to substitute evidence. This usually involves estimating
or inferring human incapacitation from bullet performance in some substi-
tute material. (Cadavers cannot be used for valid lethality tests because
they present far different mechanical properties to bullets than do live
bodies.) Two types of substitutes have been used: animals and blocks of
firm gelatin (which has penetrability properties similar though not iden-
tical to human muscle tissue). It is obvious that these substitutes are
not the same as human bodies. Thus, lethality predictions made from tests
using them must be applied with caution. It is therefore useful to con-
sider how much direct evidence of bullet lethality in humans is available

before discussing the use of substitutes.

COMBAT EVIDENCE OF BULLET LETHALITY

Usable data on the severity of wounds produced by rifle and machine
gun bullets are not available for all casualties recorded by the U.S. Army,
in part because the wounding agent (bullet, fragment, etc.) identified by
surgeons or recorded in grave registrations is often in question, and in
part because the circumstances of each casualty incident are not recorded.
However, several samples of detailed small arms casualty data were delib-
erately collected during World War II, and they provide insights into
bullet lethality. The most detailed data come from two samples, one of
213 bullet casualties in the New Georgia and Burma campaigns and the other
of 59 bullet casualties in the Bougainville campaign.*

In these two samples the portion of rifle casualties who were killed
or hospitalized (at any level above an aid station) was aboﬁt 82 percent;
for machine gun casualties it was about 92 percent. Even first-echelon
hospitalization for bullet wounds required an average of 15 to 17 days.

Of the total of men hit by rifle bullets, about 26 percent died and 41 per-

cent had wounds so serious that they were evacuated to rear echelons or

+ .
U.S. Army, Office of the Surgeon General, Wound Ballistics, pp. 264~
266 and p. 433, respectively.




B-6

the United States; for machine gun casualties, about 45 percent died and
40 percent required evacuation to rear echelons or the United States. The
vast majority of small arms casualties were hit by the 6.5-mm Japanese
rifle bullet, a moderate-velécity (2400 fps) bullet observed by military
surgeons to cause especially grave wounds.* The relatively large wound
damage effects of the 6.5-mm bullet apparently owed to its thin rear
jacket design, which caused (intentionally or unintentionally) both high
yaw (e.g., low stability) and separation of bullet from jacket on impact.

No detailed casualty surveys of adequate sample size covering both
wounded and killed casualties resulting from specific, known engagements
are available for other small arms and other theaters. Surgical observa-
tions exist on the relative severity of wounds from other types of bullets;
of some interest is the observation that; as expected, wounds from pistol
bullets (800 to 1200 fps) are significantly less severe than high-velocity
rifle bullet wounds, and .30 caliber carbine wounds (1975 fps) are more
like pistol wounds than rifle wounds.

None of the available casualty surveys give any direct data concern-
ing incapacitation, and time to incapacitation, of the casualty cases.
Despite this, current computer lethality models attempt to predict incapac-
itation effectiveness (according to allegedly precise criteriz of time and
function--attack or defense) rather than to predict casualty production,
say, the level of hospitalization required. Thus, these models are pre-

dicting quantities that have never been measured and probably never will
be.

CONTROLLED TESTS USING SUBSTITUTE TARGETS

Of tue two types of substitute targets, live animals are recognized
to better simulate the human body, but gelatin blocks are far easier and

less expensive to use.

*Ibid., pp. 19, 96.
Yok
Ibid., p. 94.
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The object of experiments with substitute materials is to predict
the seriousness (or the incapacitating effects) of wounds produced in
men, so it is important to know how well these experiments help to pre-
dict wound severity. Certainly, if one is to have confidence in such
predictions the tests must produce data that allow calculating the effect
of:

o Expected distributions of hit locations on the body and of
directions of bullet travel within the body (and thus of
the bullet's opportunity to cause damage to internal organs
most likely to incapacitate).

o Bullet penetration of clothing and equipment covering the
body at the hit location, both in terms of the energy loss
outside the body and the induced tumbling.

o Bullet penetration of various internal tissues and bones
that affects the tumbling and energy transfer of the bullet
as it traverses the body.

o Bullet striking velocity and yaw at impact, which depend

on the range from the weapon to the target.

If bullet lethalities are to be compared on the basis of the "typical"
hits on a soldier in combat, then it is essential that "typical" hits rep-
resent the expected distribution of locations and directions. The location
of hits has been extensively studied in combat casualty surveys during the
Civil War, World War I, World War II, in Korea and, to some extent, Vietnam.
Direction of bullet travel through the body is rarely recorded; there
exist essentially no usable distributions of directions of bullet paths
relative to the body. The plausible assumption, used in most computer
lethality models, that hits are random and proportional to the size of the
body component's presented area has been demonstrated to be false. Almost
all casualty surveys show a significantly higher than predicted percent of
hits on the head and significantly lower than expected hits on the abdomen
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and legs.* In the absence of a combat-verified distribution of hit loca-
tions and directions for bullets, it seemsvunlikely that models for pre-
dicting lethality can have much validity.

A soldier engaged in front-line combat is always covered with
layers of clothing and items ~f equipment (cartridge belt, suspenders,
ammunition pouches, canteen, first aid kit, etc.); he is likely to be
wearing a steel helmet and perhaps an armored vest. These items must be
penetrated by a bullet before it penetrates his body. They add protec-.
tion insofar as they decrease the bullet's energy and sometimes deflect
it. However, they can significantly increase bullet damage by increas-
ing its yaw angle and accelerating the tumbling process. (These effects
of clothing and equipment have never been tested or included in current
lethality modeling.) Similarly, after bullets begin to penetrate the
body they may encounter bone and tough membrane, which can either protect
vital organs or can accelerate tumbling.

Comparing animal targets and gelatin targets, it appears that most
of the important internal and external effects on bullet lethality could
be tested using animals, though such tests cannot lead to accurate quan-
titative prediction of human incapacitation. Test animals can be orient-
ed toward the weapon and shielded by armor plate so as to achieve repro-
ducible hit locations and bullet path angles relative to the body. They
can be covered by clothing and equipment to provide data on the effects
of these elements on bullet performance. Their bone structures and inter-
nal organs are not similar enough to man's to provide lethality quantifi-
cation, but they can approximate the principal internal effects on bullet
behavior. Bullet yaw before impact can be measured in order to control
the effect of this critical variable. However, few of these aspects have

been adequately represented in animal tests since World War II, as dis~

cussed below.

*The presented areas used for prediction are almost always those of
the full standing figure. As the casualty data show, this is hardly the
average posture or exposure in combat; men are more likely to be crouch-
ing or prone and half exposed or in foxholes. The uniformly random hit
distribution for bullets is further distorted by the effects of aiming,
which are probably significant at close ranges.
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Gelatin blocks, on the other hand, have little in common with the
human body. They represent homogeneous muscle tissue only approximately
(e.g., with about 22 percent lower drag coefficient and considerably dif-
ferent temporary cavity volumes and pulsations), but they do not represent
any other component of the body. At most, gelatin block tests can be used
to determine relative distance to tumble as an indicator of relative wound
damage.* The blocks can be covered with appropriate clothing and equip-
ment, and their surfaces can be oriented at angles to the bullet's path
to determine the effects of covering materials and obliquity on distance
to tumble. Except for one laboratory test under unrepresentative ballis-

sk
tic conditions, gelatin tests have included only normal impact angles
on "nude" gelatin.

RESULTS OF ANIMAL TESTS

The animal test data that this study has identified include one test
using pigs and several tests using rabbits, cats, and goats. Only one of
the latter involved the use of bullets and collected adequate data. The
outstanding result of these tests was the seriousness of the wounds pro-
duced by all the bullets used, ranging from 5.56 mm to .30 caliber.

The pig tests were conducted by the U.S. Army in 1928 in suppért of
a board appointed to recommend a cartridge for a new semiautomatic rifle.
(The board has since become known as the "Pig Board.') Bullets of similar
shape ranging from .256 to .30 caliber were fired, at muzzle velocities of

2700 fps, at anesthetized pigs located 300, 600, and 1000 yards away. Hit

*Since distance to tumble is extremely sensitive to bullet yaw at
impact, to be valid such tests must use large sample sizes of completely
representative weapons and ammunition fired at many increments of range
(since yaw is somewhat random from round to round and can vary rapidly
with range). Few, if any, gelatin block tests meet these criteria of
validity; a common failing is to simulate long-range impacts by using
down-loaded cartridges at short range, which gives invalid yaw results.

Jok
Ballistic Research Laboratories, Ballistic Limits of Tissue and

Clothing, by J. Sperrazza and W. Kokinakis, BRL TN 1645, AD 813-139
(Aberdeen Proving Ground, MD, January 1967).

U.S. War Department, Pig Board, Report of the Board of Officers

Appointed by Paragraph 31, Special Orders 154, War Department, 2 Jul
1928 (Washington, September 21, 1928).
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locations and directions were controlled; armor plate with a small aper-
ture at the desired impact location was placed in front of each pig. The
residual velocities and yaw of exiting bullets (almost all rounds com-
pletely penetrated the pigs) were measured in many cases. Wounds were

examined and measured through autopsy.

Reanalysis of Pig Board Results

- Examination of the wound-by-wound data in the pig test report reveals
some clear lethality results that do not appear to be generally understood
today; no newer or more valid data exist to refute them. Of a total of
106 wounds, 86 percent were described (based on the autopsy results) as
producing severe damage. The remaining 14 percent were from shots that
penetrated only skin, fat, and muscle; 80 percent of these hit the thighs,
back, and shoulders. Most of these shots hit near the edges of the pig's
silhouette.

The reanalysis confirmed the original report's findings of some dif-
ferences among wounds from the different caliber bullets, with the smallest
bullets producing the greatest damage at ranges of 300 and 600 yards. How-
ever, the larger bullets also produced severe damage at these ranges. The
only detectable reduction in severity of damage at 1000 yards relative to
damage at the shorter ranges was in wounds in the hams (thighs), some of
which were probably not immediately incapacitating.

The amounts of bullet energy transferred to the pigs were measured
in some of the shots, primarily those fired at 600 and 1000 yards. Foot-
pounds of energy transferred ranged from 12 to over 1100, but over 60 per-"
cent of the bullets deposited less than 300 foot-pounds of energy (each)
in the pigs' bodies. Contrary to the assumptions of most predictive

*
models, total energy deposited in the non-serious wounds had about the

*The physics of wound damage (i.e., the diameter of the temporary
cavity) is concerned with the instantaneous space rate of energy loss,
not the total energy loss. As mentioned above, the diameter of the temp-
orary cavity is proportional to the projectile energy times the retarda-
tion coefficient at the point in the body where the cavity diameter is
measured, The diameter of the cavity varies radically along the wound
track, depending mostly on instantaneous bullet yaw angle and tissue re-
sistarice at each point,
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same distribution as in the serious wounds. The only apparent differ-

erence in the amounts of energy deposited by the +256, .276, and .30
caliber rounds was that only the .30 caliber bullet deposited more than
700 foot-pounds. Energy transfer was somewhat a function of the hit
location, with hits in the head, chest, and abdomen accounting for the
great preponderance of energy deposits larger than 200 foot-pounds.
Average total energy transfer was greater at 600 than at 1000 yards,
reflecting the greater kinetic energy remaining in the bullets at the
shorter range. However, as stated above, this did not appear to affect
the percent of serious wounds produced.

It appears that most of the tested combinations of bullet size,
range (and thus bullet velocity), and hit location and direction are
above any minimum threshold for serious wounds. Of these factors only
hit location and direction significantly influenced the seriousness of

the wounds inflicted by these bullets.

Reanalysis of Goat Tests

Wound ballistic tests were conducted on goats in 19643 % they were
less precisely controlled than the pig tests. The weapons used were the
5.56-mm M16 rifle (1 in 12 twist); the 7.62-mm M14 rifle; and the Soviet
7.62-mm AK 47 rifle (representing considerably lower bullet mass ard
velocity than the M14). The locations of hits and directions of bullet
paths relative to the goats were not controlled, but most bullets hit the
goats' torsos rather than their extremities, and apparently from the side.
The wounds were examined by autopsy. Of a total of 182 hits, 45 percent
put the goat on the ground--dead or unable to stand--within five minutes
(usually in a few seconds). In another 43 percent of the hits the goats
were either sacrificed before five minutes elapsed or the time to their
collapse was not recorded; however, the descriptions of the wounds (in-

cluding diagrams of the wound tracks) indicate that they were serious.

*Edgewood Arsenal, Chemical Research and Development Laboratories,
Wound-Ballistics Assessment of M-14, AR-15 and Soviet AK Rifles (U), by
Arthur J. Dziemian and Alfred G. Oliver, CRDLR 3204, AD 366-278 (Edgewood
Arsenal, MD, March 1964), Confidential/NOFORN,
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Many of this latter group of wounds produced large cavities in the goats'
gastrointestinal systems. Thus, 85 percent of all wounds were apparently
serious ones. The remaining 15 percent of the hits caused skin, fat, and
muscle damage that would not necessarily be severe, Given the high vari-
ability induced by uncontrolled hit locations, all of the bullet types

tested produced similar proportions of serious wounds at all ranges; dif-

ferences in their lethalities cannot be inferred from the data.

" GELATIN TESTS AND PREDICTIVE MODELS BASED ON THEM

Gelatin blocks are the most widely used target substitutes for human
bodies in lethality testing because the tests are inexpensive and a detailed
photographic record can be obtained of the projectile's track through
the gelatin, The results of these tests are not, however, reliable indi-
cators of lethality.* In addition to the unrepresentative homogeneity of
the gelatin target, the permanent cavity in gelatin is only a record of
tumbling; it does not represent the size of the~temporary cavity in tissue,
which is the basic damage mechanism in human bodies.

Attempts have been made to compensate for the artificiality of gela-
tin block results. In current computer models for predicting incapacita-
tion, the projectile's total energy loss in 15 cm of gelatin is calculated
from equations fitted to the previously described gelatin block firings
and then translated into estimated wounding effects of such incapacitation
"scores"** as a function of gelatin energy loss in each area of the body
hit, The overall result is averaged, using the assumption of uniformly

random horizontal hits or a standing nude man (with helmet) to arrive at

*
A detailed discussion of the technical aspects of the use of gelatin
data to predict lethality is contained in U.S. Army, Small Arms Weapon
Systems Analysis--a Review and Evaluation (Washington, June 1967).

* These "scores" are intended to be percent reductions in soldier
"capability" for each area of the body, arrived at by a panel of medical
doctors using subjective judgments. Separate 'scores' versus energy loss,
by area of the body, were established for the various incapacitation cri-
teria such as the "5-minute defense" criterion and the "30-second attack"’
criterion. Defenders and attackers are both assumed to be full standing
figures.
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an average incapacitation "score' (often incorrectly used as an incapaci-
tation probability). Tt is claimed that the basic incapacitation 'score"
judgments were based on the kinds of wounds that were observed in goats

hit with spheres or cubes at various total energy loss levels. Even if
goat wounds could be validly translated into human wounds, the shape of

the wound track and temporary cavity made by spheres and cubes is quite dif-
ferent from that made by bullets, since bullet tumbling carries great vari-
ations in cavity diameter., Further, the goat tests provided too small a
sample size to determine the chances that hits on given areas of the

goat's body would fracture bones, rupture intestines, or damage vital
organs and veins,

The results of these incapacitation models have been calculated a
number of times over the past fourteen years for the current standard
small arms projectiles--the M80, 7.62 mm NATO; the Sovie; AK&7, 7.62 mm
(39-mm cartridge); and the M193, 5.56 mm, The numbers always decreszse
substantially as range increases from 100 to 500 meters. The more recent
calculations* show the 5.56-mm and 7.62-mm bullets as achieving essentially
equal average incapacitation "scores" at 100 meters (i.e., about .85 to .90
incapacitation), but as range increases to 500 meters the 7.62 mm decreases
slowly to .77 incapacitation, while the 5.56 mm bullet drops to a .50-.55
"score,"

These prediction differences are the direct results of calculated, not
tested, differences in bullet energy loss to gelatin blocks during the
first 15 cm of penetration. These calculated energy losses decrease smooth-
ly** from 1400 foot-pounds at 10 meters' range to 150 foot-pounds at 500
meters' range for the M80, 7.62-mm bullet, and from 700 to 57 foot-pounds
over the same ranges for the M193, 5.56-mm bullet., If there were a valid
basis for relating the energy loss in 15 centimeters of gelatin to wound

severity and incapacitation, the above energy losses should approximate

*Edgewood Arsenal, Chemical Research and Development Laboratories,
Wound-Ballistics Assessment of M-14, AR-15 and Soviet AK Rifles (U), by
Arthur J. Dziemian and Alfred G. Oliver, CRDLR 3204, AD 366-278 (Edgewood
Arsenal, MD, March 1964), Confidential/NOFORN.

Jede

Valid test values of energy loss would shew some increases with
range at certain range intervals, due to increasing bullet yaw over these
intervals.

)
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those of the Pig Board tests. In fact, at 600 yards the measured losses
in .30 caliber bullet energy due to travel through the pigs' bodies were
more than four times larger than the calculated gelatin energy loss for
the 7.62 mm (which has about the same size bullet and 100 fps more muzzle
velocity than the Pig Board .30 caliber). The mean energy transfer in
pigs at 600 yards for the .256 caliber bullet (2700’fps muzzle velocitf)
was 413 foot-pounds, and for the .276 and .30 caliber bullets (same vel-
ocity) it was 611 foot-pounds; median energy transfer values were 452 and
534 foot-pounds, respectively.

Clearly, gelatin block data and computer translations thereof can-
not provide valid estimates of relative or absolute bullet lethality.
The pig tests may imply lower wound severity than might be expected in
actual combat. No clothing or equipment covered the pigs, so there were
none of the added tipping effects on the bullets--increasing the wounding

*
effect--that such materials could impart.
CONCLUSIONS

There is evidence from both combat data for the 6.5-mm Japanese
bullet and animal tests for high-velocity (i.e., above 2400 fps) bullets
ranging from 5.56 mm to 7.62 mm that approximately 85 percent of the
wounds resulting from hits by such bullets will be serious, that is, will
require hospitalization rather than care at battalion aid stations. What
percent of these serious casualties will be effectively incapacitated
under any time criterion is unknown and unprovable. The performances of
these bullets are more than adequately lethal and appear to be.well above

some as yet unidentified threshold of lethality. Differences in the size

*Tests conducted with thin metal tipping plates showed that causing
7.62-mm bullets to tip before striking a body produced what were described
as "gross wounds." Ballistic Research Laboratories, Comparative Effec-
tiveness Evaluation of the M14 and Other Rifle Concepts (U), by Robert E.
Carn, Joseph Sperrazza, and Ronaid L. Simmons, Technical Note 1482,

AD 359-241 (Aberdeen Proving Ground, MD, December 1962), Confidential.
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of the temporary cavity and the wound track caused by thesekbullets may
exist, though the variability of the available data and the dbminant im-
portance of wound track location make it impossible to prodﬂéé reliable
evidence of significant differences.

On the basis of the surgical observations abové, it appéars that
lower-velocity bullets (300 to 1200 fps), such as are used in pistols
and submachine guns, produce considerably less severe wound démage.

Gelatin block tests, if sufficiently carefully‘conductgd,kcan pro-
vide reliable measurements of relative distance to tumble, .a useful qual-
itative indicator of relative lethality. Currently available gelatin
block tests do not generally meet tihe criteria for reliable ﬁéasurements.

It is apparent that predictions of bullet energy loss iﬂAgelatin,
and current computer models that predict average incapacitation "scores"
from these energy losses, are based upon tenuous assumptions and do not
agree,_in absolute or relative magnitude, with animal test results or
combat experience data. Few animal tests of bullet lethality exist; none
since the 1928'Pig Board have reached the same level of scientific valid-
ity. '

These conclusions imply that if small arms projectiles are to be
used that differ markedly in velocity or shape from current standard rifle
and machine gun bullets, new animal testing will probably be necessary.
Such tests should use the Pig Board procedures as a pattern, together

with the other considerations mentioned in this appendix.



Appendix C

ENGINEERING TEST FORMAT

This appendix provides a typical example of the content of a small
arms engineering test., The test cited is a standard engineering test for
lightweight automatic rifles, and its procedures have remained approxi-
mately the same for the last twenty years.* Because of their stability
of content, such tests provide a source of data for engineering compari-
sons of weapons developed at different times.

The instrumentation needcd to conduct engineering tests is not ex-
tensive. If diagnostic tests are done to investigate or amplify basic
engineering tests results, és sometimes occurs, instrumentation is needed
~for making detailed measurements of component pressures, loads, and motions
(e.g., chamber pressures, buffer forces, and bolt accelegations). This
instrumentation is the same as that used in small arms eilgineering design
testing; it is not as extensive as the test equipment needed for other
types of weapons in development.

The sample engineering test format presented in the annex to this
appendix is taken directly frem a 1960 Development and Proof Services test
of the AR-15 rifle.** SI;ce then, the engineering and testing of the light-
weight automatic rifle have changed very little if at all.

" It should be noted that absolute thresholds of acceptable performance
are rarely specified for each of the 11 test procedures. In particular, no

thresholds are usually set for assembly/disassembly, accuracy, flash, or

*The test cited is not significantly different from tests that the
Springfield Armory and Development and Proof Services, Aberdeen Proving
Ground, were administering in the early 1950s. Springfield Armory, Synop-
sis of the Results of Tests of the U.S. Rifle, Caliber .30 Lightweight,
T47, for the Period Covering 1 Jul 51 - 30 Jan 52, by S. D, Calocc1a,
SA-MR11-2500 (Springfield, MA, April 7, 1952).

Dcielopment and Proof Services, A Test of Rifle, Caliber .223,
AR-15, by L. F. Moore, DPS-96, AD 245-705L (Aberdeen Proving Ground,
November 1960),
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cook-off. At most, performance in these tests is subjéctivély (but rarely
N explicitly) compared with that of previous rifles. Furthermore, few if
.any rifles--including those later standardized--pass all the extreme con-
. dition endurance tests.
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ANNEX TO APPENDIX C

ENGINEERING TEST FORMAT FOR A
STANDAKD LIGHT AUTOMATIC RIFLE TEST

TEST 1: EXAMINATION

W e g Al

a., The rifle will be disassembled and an examination made of all

parts.
b.
be recorded.
c. The weight of the complete rifle, component parts and accessor-
ies will be rtecorded.

d. The length of the rifle and other pertinent dimensions will be
recorded. Dimensions recorded will include barrel length, sight radius,

line of zight above bore, and stock dimensions,

The number and names of all parts and the types of springs will

e. The average trigger pull will b: determined.
f. The rifle will be photographed in various conditions of dis~

assembly.

TEST 11: DISASSEMBLY AND ASSEMBLY

The time, and the number and type of tools required for each of the
f..)lowing operucions will be recorded:

To disassembie the vifle completely.
b. To assemble the rifle after complete disassembly.
To dismount the operating parts and magazine mechanism (field strip).

d. To assemble the operating parts and magazine mechanism.

TEST 111: ACCURACY

a. Four ten-round targets will be fired at a range of 100 yards
from a machine rest or from a bench rest by an expert rifleman.
b. A test will be conducted to investigate the accuracy that can

be obtained when the rifle is fired under various conditions similar to
those encountered in combat, Three riflemen will each fire the follow-

ing course at 100 yards with the test rifle:
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*
(1) With sights properly adjusted and with a fouled bore,
one 10-round target will bhe fired from a bench rest.

(2) The rifle will te disassembled (field stripped), cleaned,
oiled, and reassembled.

(3) Starting with : cold and oiled bore, one 10-round target
will be fired from a bench rest,

(4) One 10-round target will be fired from the prone posi-
tion using a sling.

(5) One hundred rounds will be fired as rapidly as possible.

(6) Immediately after firing the 100 rounds, one 10-round
target will be fired from a bench rest.

(7)  Arother 10-rcund target will be fired immediately from
the prone position using a sling.

¢. Three riflemen will each fire 10 three-round bursts at a range
of 25 yards from the standing position. The course will be repeated from
the prone position. A suitable control rifle may be used.

d. Three individuals will fire as many aimed shots as possible in a
one-minute period with each semiautomatic and automatic fire, The course

will be fired three times per individual and the hits recorded on the E¥**
target at 100 yards.

e. Six individuals will fire a standard qualification course with
the rifle,

TEST 1Iv: ENDURANCE

The rifle will be fired 6000 rouuds for endurance, firing alter-
nately 100 rounds semiautomatically and 100 rounds automatically. The
rifle will be cooled after each 100 rounds. The entire mechanism may be
disassembled, cleaned, and oiled after each 600 rounds. All malfunctions,
breakages, and replacement of parts will be recorded. The instrumental
velocity will be measured on 20 rounds, befoure and after the endurance
test, Accuracy will be checked before and after the test., In the endur-
ance test, 100 rounds will be fired semiautomatically and 100 rounds will
be fired automatically under each of the following conditions:

¥
How the bore is fouled is not specified.

Tk
The "E" target is a silhouette target corresponding to a kneeling

man. J.S. Army, U,S., Rifle Caliber .30, M1, FM 23-5, (Washington, May
1965).
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a, With the rifle held loosely in the hands.
b, With the rifle held right side up.
c. With the rifle held left side up.

d. With the rifle held loosely in the hands at an elevation of
80 degrees,

e, With the rifle held in a normal manner at an elevation of
80 degrees,

f. With the rifle held loosely in the hands at a depression of
80 degrees.

g. With the rifle held in a normal manner at a depression of
80 degrees,

TEST V: FLASH

The cumulative flash from 20 rounds fired semiautomatically in a
completely dark range will be recorded photographically by means of a
4- by 5-inch camera using a lens opening of £/2.5 arnd a film having a
Weston rating of 100. The camera will be placed at a right angle to
the muzzle at a distance of 4.5 feet.

%
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TEST VI: UNLUBRICATED

The rifle will be cleaned in solvent and ieft in an unlubricated
condition. One hundred rounds will then be fived alternating between ]
semiautomatic and automatic fire. -

TEST VII: EXTREME COLD

The rifle will be cleaned, lightly oiled, and placed with a loaded
magazine in a cold room maintained at -65°F, for a 12-hour period prior
to firing. After this period an attempt will be made to fire 20 rounds
(or the capacity of the magazine) semiautomatically. 1If satisfactory
functioning is obtalned, a similar number of rounds will be fired auto-
matically after an additional two hours.

TEST VIII: Dusv

The rifle will be cleaned, lightly oiie'i, Tt will be fully loaded
and the safety will be placed in the "ON" jo-.ition. The rifle will then




be placed in the dust box and exposed to the dust for one minute top side
up and for one minute upside down, The dust mixture, which is made by
mixing nine pounds of Grace O Albany sand with one pound of clean silica
core sand which passed 100 percent through a 30-mesh sieve, 80 percent
through a 50-mesh, and 3.4 percent through a 100-mesh, will be poured at
a rate of five pounds per minute through the pourhole while the blower is
turned at a handle speed of 60 revolutions per minute. The shooter will
attempt to ciean the rifle by wiping with his bare hands and by blowing
sharply on the congested areas of the action. An attempt will be made to
fire 20 rounds (or the capacity of the magazine).

TEST IX: MUD

The rifle will be cleaned, lightly oiled, and the muzzle taped to
exclude the mud from the brre. The rifle will be immersed completely in
the mud for a period of 15 seconds. The mud mixture is made in the pro-
portion of ten pounds of red clay and two pounds of clean river sand to
eight quarts of water, The sand is approximately the same grading as
that used in the dust test. The shooter will remove the tape from the
muzzle and attempt to clean the rifle by wiping with his bare hands and
by blowing on the congested areas of the action. An attempt will be made
to fire 20 rounds (or the capacity of the magazine).

TEST X: RAIN

The rifle will be cleaned, lubricated, and subjected to spray direc-
ted over the entire rifle by means of a 1/2-inch pipe having 0.059-inch
holes spaced 1/2 inch apart. The pipe will be positioned three feet
above the rifle. The following procedure will be used:

a. The rifle, in a horizontal position, will be exposed to the
spray for five minutes with the bolt retracted and for five minutes with
the bolt closed. The rifle will be loaded when the bolt is closed. After
this time the gun will be fired 100 rounds semiautomatically.

b. The procedure in "a" will be repeated, except that the gun will
be fired automatically,

c¢. The procedure in "a" will be repeated, except that the rifle
will be exposed to the spray with muzzle up. The rifle will be fired
100 rounds semizutomatically in a horizontal position. Before firing,
the muzzle of the rifle will be depressed to permit water accumulating
ir the bore to run out.

d. The procedure in "c¢'" will be repeated except that the gun will
be fired automatically.

e. The procedure in "c¢" will be repeated except that the rifle will
be exposed to the spray with muzzle down.

f. The procedure in "e" will be repeated.

b il i 2l et ki i
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TEST X1: COOK-OFF

The rifle wil) be subjected o a test to determine the minimum
number of rounds which may be fired before sufficient heating of the
chamber occurs to result in a premature explosion of the cartridge. The
firing will be conducted as rapldly as possible employing preloaded mag-
azines, An attempt will be made to bracket the cook-off point in number
of rounds fired.




Appendix D

RANGES AT WHICH SMALL ARMS TARGETS ARE ENGAGED

INTRODUCTION

This appendix briefly reviews the available information on the
ranges at which small arms are used in combat. Target range frequency--
the frequency of use versus range--is important for both the design and
testing of small arms.

For testing purposes, the effectiveness of weapons cannot be use-
fully compared or evaluated without a realistic estimate of the ranges at
which they are likely to be fired. For design purposes, requirements
emphasize ranges that are too long. The design will be forced toward a
heavier weapon and heavier ammunition of higher recoil, which can result
in lower lethality, lower sustainability, and lower target effects against
personnel targets at the ranges actually encountered in combat.

The question addressed here is what ranges are '"normal" in small arms
combat and what ranges occur too infrequently to be of interest.

The available quantitative data on small arms targets consist of
fragmentary estimates of ranges and exposure times. These data do not
define the frequency of target existence, detection, engagement, and
exposure time as a function of range, tactical situatiom, terrain, and
light; they merely reduce the degree of uncertainty about these matters.
Some data on combat target range frequency are available for the follow-

ing four types of targets:

o Targets in line of sight to a firer, though concealed or partially

concealed.
o Targets in line of sight that are detected and recognized as tar-

gets (whether accurately located or not).
o Recognized cr acquired targets that are fired upon, i.e., engaged.

o Engaged targets that are hit,
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The available data for each of these types are discussed below.

MAXIMUM RANGES AT WHICH TARGETS ARE IN LINE OF SIGHT

Two sets of data are available that provide estimates of line of
sight ranges to small arms targets. Both indicate upper-bound or max-
imum ranges at which lines of sight to targets may exist, but neither
indicates how often targets will actually be in line of sight at any
range within these maximum ranges (or how often the targets will be
detected).

The first set is drawn from a study of World War II combat actions
in the Ardennes campaign, December 1944. It gives the maximum ranges
that could be seen along approaches to 153 company-level U.S. and German
defensive positions (determined by personal reconnaissance of each de-
fensive position).* Thus, these data present the approximate ranges
beyond which line of sight could not have existed--the actual lines of
sight from firers to targets in these battles would necessarily have
been shorter. Figure D-1 shows a frequency distribution of these
ranges. When a position was attacked at night, the line-of-sightd
range was assumed to be reduced to less than 100 meters. That assump-
tion partially accounts for the high incidence of short ranges in a
terrain with much open area (the sample covered all terrain in the

Ardennes campaign, only a small portion of which was heavily forested).

The other data set is the results of an analysis of combat and

Fk
terrain data by combat-experienced analysts. The analysis was

*

RMC Rescarch Corporation, Rescarch Study on Predictive War Game
Factors; Final Report, by James K. Cockrell and Donn Carter, prepared for
SHAPE Technical Centre, Contract C,72-03 (Bethesda, MD, March 1974).

**Stanford Research Institute, Considerations Affecting the Doctrine
of Small Arms Employment Rifle and Automatic Rifle Usage as a Function of
Range (U), by George M. Gividen, prepared for U.S. Army Combat Develop-
ments Command Experimentation Center (Ft. Ord, CA, February 1965),
Confidential.
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conducted by the experimentation team at the U.S, Army Combat Developments
Cummand Experimentation Center, which planned and conducted the Small Arms
Weapon Systems experiment in 1965-1966.* The team reviewed and compared
available sources on small infantry un’t combat experience and doctrine,
and then translated their findings into sets of target arrays, on actual
tervain, that were thought to represent typical firer-target dispositions
in caclh of four typical kinds of infantry engagements (assault, advance
and encounter, firc support of assault, and prcpared defense). The fre-
quency distribution of line-of-sight ranges to these targets for each

type of engagement are illustrative, though they do not constitute
definitive combat target range frequencies. They can be considered high
or upper-bound c¢stimates because the terrain was selected to bias the
supportiig fire positions toward ranges somewhat longer than typical
combat ranges. That was done to test fully the range-accuracy capabil-
ities of each of the candidate small arms tested in the experiment.

The frequency cistributions of range to targets are shown in Figures

D-z (rifle squad targets) and D-3 (machine gun squad targets).

RANGES AT WHICH PERSONNEL TARG:TS ARE DETECTED AND RECOGNIZED

Absence of Measurement

Very little even quasi-quantit.’ive data are available on the ranges
at which personnel targets are detec. ¢ and recognized, probably because
the interacting factors affecting detection vary so widely; they include
level and angle of light, vegetation, camouflage, and target exposure
time and movement, It is obvious that a man walking erect in an open,
grassy meadow in the daytime will bte seen by almost all observers at con-
siderable range and that a stationary man who is partially concealed in
fcliage at night may not be seen at even a few meters. Regrettably, the

effects of the variations between such extr-mes have rarely been measured.

*U.S. Army Combat Devel opments Command, Expevimentation Command,
Small Arms Weapon Systems (SAWS), Part 1: Main Text, CDCEC €5-4 (Ft.
Ord, CA, 10 May 1966); U.S, Army Combat Developmer.tr Command, Experi-
mentation Command, Small Arms Weapon Systems (SAWS), Part 2: Annexes,
CDCEC 65-4 (Ft. Ord, CA, 10 May 1966).
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Figurc D<2. Freguency di.tribution of ranues to rifle squad targets

in the CDEC~SAWS experiment.
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One of the few ¢xpcriments on this subject only confirmed the obvious
conclusion that moving, standing personnel are treadily detectable up to
300 meters {the longest range tested) unless concealed by vegetation; the

. . N . *
experiment found no consistent effects of motion,

CDEC-SAWS Target Detection Evidence

Detection of stationary personnel in defensive positions is certainly
rnuch more difficult, and the CDEC~SAWS experimeut provided some useful
insighrs into this question. Targecs that were silhouettes of soldiers'
heeds and shoulders were quickly raised at various ranges {to represeat
a man rising up in a foxhole), and colocated devices simulated .he flash,
smoke, and sound of small arms and the dust kicked up by muzzle gases.

Most of the CDEC-SAWS targets were partially concealed in a realistic
manner. It was found that neither the targets nor the general locations
of arrays contalning them could be detected at ranges of about 50U meters
ar more, even when the weapon simulations were made more perceptible than
was considered representative of combat couditions. The areas in which
these target arrays were located had tc be pointed cut to test subjects
to e¢nable them to place fire on the arrays., Even when the targets were
placed at 250-350 meters, the low percentages that were hit by the
nearly 1000 test subjects provided evidence that their exact locations

were difficult to detect,

Night Target Detections

The ranges at which targets can be detected for small arms fire in
night combat vary greatly, excceding daytime ranges &t one extreme (e.g.,
machine gun muzzle flash on a clear night) and approaching point-blank
range at the other (e.g., stealthy approach in woods on an overcast night],
Observations and interviews with soldiers recently exposed to combat in

the Korean Watr produced estimates of approximace infantry target-detection

Human Resources Research Ovganization, Target Detection and Range
Estimation, by James A. Caviness, Jeffery L. Maxey, and James H. McPherson,
Technical Repor: 72-34, AD 753-600 (Alexandria, VA, November 1972).




ranges comparing day and night conditions.®* The combat infantrymen's

e judgments of the range intervals within which most targets were detected
.. are listed in Table D-1.

Table D-1

i, RANGE INTERVALS FOR DETECTING INFANTRY
TARGETS REPORTED FROM THE KOREAN WAR

Range (meters) Condition

15200 ...vi.ceevesecesssenseassss All cases

15-150 tiieseessnsnsscesenasssss Attacking targets
50=200 .eciereccscccnons cecasne . Day only

15-50 A . Night only

15-30 S0 v eee s e e0cs 0 s 0 s c0cns e Night or Cut'up ter!’ain

RANGES AT WHICH PERSONNEL TARGETS ARE FIRED UPON

The ranges at which small arms fire is directed at personnel may be
somewhat shorter than those at which targets are detected and recognized.
Fire will sometimes be withheld to permit targets to close to shorter
ranges, to increase the chance that they will be hit before they take
L cover, or for other reasons. Two kinds of quantitative data are avail-
able about the distributions of firing ranges in combat: questionnaires

and combat films.

Range Estimates from Questionnaires

One type of firing range data is the result of surveys of combat-
experienced personnel made some time after the experiences occurred. Two

such surveys made by the Johns Hopkins University Obetations Research

*Johns Hopkins University, Operations Research Office, Commentary on
Infantry Operations and Weapons Usage in Korea; Winter of 1950-51, by
S. L. A, Marshall, ORO-R-13, AD 000-342 (Chevy Chase, MD, October 1952).
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Office contain responses about percentages of rifle fire expended at vari-
ous ranges. (The basis cf ammunition expendlture iy likely to skew the
underlying distribution of range, though the direction of bias is unknown.)

Ore survey dealt orly with daycime firing in the Korean War; the other
dealt wiith firing under all visibility conditions in World War II (Europe

an¢ the Pacific) and the Korean war. ¥

Figure D-4 shows the results of the surveys. As might be expected,

firing during davtime in the Korean W2r showed a rother high incidence of

targets ar 150-300 rieters.

Range Estimates from Combat Films

The second type of cumbat data consists of estimatee of firing ranges

derived {rom films of rifle, carbine, automatic rifle, and light machine

gun firings in World War 11 and thc Korean and Vieinam wars. Estimates

coulc be made of fircr-to-target range in 780 of a total of 1429 samples
of comtat mevie film sequenzes of small arms firings (see Appendix E for

detailed descripticn: ), It appears from the overall film content that

many short-range conditicns typical of intense combat-~such as final

assaults or defenses agalnst them--are rare. Figure D=5 shows the fre-

quency Sistribution of tiring ranges in the total sample, which conteins
138 filin seauences of firings in World War II in Europe, 211 sequences in

World War 11 in the Pacif:cz, 65 sequences In the Korean War, and 364

sequences in the Vietnam War., Figure D-6 shows the frequency distribution

of (ilmed firings of rifles and M60 machine guns in Vietnam comvat, and
Figure D-7 shows the frequency distribution of firings of rifles, BARs,
g 'd carbines in World War II in Europe.

From observations and postbattle interviews of Korean War infantrymen

Y“ave coms ~eneral statements about firing ranges that support the data

*Respectively, Johns Hopkins University, Operations Re<earch Office,
Use of Infantry Weapons end Equipment in Korea, by G. N, Donovan, Teche
nical Memorandum ORO-T-18(FEC), ATI 169-243 (Chevy Chase, MD, 13 May
1952), and Johns Hoplkins University, Operations Research Office, Tactics
Division, SALVO J: Rifle Field Experiment, by Leon Feldman et al., Tech-
nical Memorandum ORO-1-378, AD 104-321 (Bethesda, MD, June 1959).

e
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Figure D-4, Percent of rifle ammunition expended versus range

i World War 11 and the Korean War.
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described above.™

D-14

They indicate the ranges shown in Table D-2,

Table D-2

ESTIMATED MAXIMUM USEFUL SMALL ARMS RANGES
IN THE KOREAN WAR

Range (meters)

Up to 400 ..... teveetearessseassss All rifle squad fire

About 300 L....ieiiiesereincccasens  'Normal" maximum for BAR fire
About 200 L...ii.iiiiieiirieenaann “"Effective' range for small

arms fire

Maximum for decisive small
arms fire repulsion of
attack

Usual range for engaging
Chinese Communist attaclk-
ing forces

About 150 L ..iiicietreenvanvrnocons

Up to 50 T U .o

A British Army study has concluded that the ranges at which British
units fired in the Korean War and the ranges at which targets become

available to small arms firers in tactical training exercises are con-

sistent with each other.** The former .s represented by the curve in

Figure D-8. Although the trench warfare of World War I was certainly
different from combat in World War Il and later wars, a study of infantry

actions in World War I determined that riflemen rarely fire at ranges

greater than 400 yards,

RANGES AT WHICH SOLDIERS ARE WOUNDED
OR KILLED BY BULLETS

Another type of combat data helpful in estimating ranges at which

rifles and machine guns are used in combat is the frequency distribution

*Johns Hopkins University, Operations Research Office, Commentary on

Infantry Operations and Weapons Usage.
ot
Creat Britain, Jungle Warfare School, Trial and Development Wing,
Trial of Secticn 5.56mm Light Machine Guns, by M., W. Ward, JWS/TD/ST0/2

(N.p., 8 July 1970).
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of ranges at which bullet wounds are received, These ranges are neces-
sarily shorter--probably significantly shorter~-than a distribution of
firing ranges. Data on this subject are not normally collected during
combat, but a few samples exist.

Firing ranges at which casualties were hit were estimated on 208 of
219 casualties of small arms fire who were handled by one battalion med-
ical aid station during campaigns in New Georgia Island and Burma in World
War I1. Of the 208 casualties (WIA and XKIA), 93 were reportedly hit by
rifle bullets and 115 by machine gun bullets; 68 percent of the rifle
bullets and 65 percent of the machine gun bullets were estimated to have
been fired from ranges of less than 75 yards (the range distribution of
longer-range firings was not given). Figure D-9 shows the distribution
of casualty ranges for these data, as calculated directly from the com-
piled incident descriptions.*

A similar sample was collected in the Bougainville campaign, in which
there were 549 bullet casualties; range estimates could be made on 460
of these (339 from rifle fire and 121 from machine gun fire).*™ The
range~limiting effect of jurngle terrain appears to be more pronounced in
this campaign, because 80 percent of the rifle bullet casualties and 86
percent of the machine gun casualties occurred at ranges of less than 75
yards.,

Firing range data on one sample of surviving casualties from the
Turkish Brigade in the Korean War suggest a type of terrain very differ-

***  of the 257 bullet wounds sus-

ent from that of the preceding samples,
tained, 149 were reportedly from rifles, 59 from machine guns, 28 from
pistols or submachire guns, and 21 from unidentified weapons. No dis-
tribution of ranges is available, but the soldlers themselves estimated
an averape wounding 1ange of 112 meters fcr rifle bullet wounds and 71

meters for machine gun tullets., As In the data from the Pacific theater

*
U.S. Army, Office of the Surgeon General, Wound Ballistics, edited
by James C. Beyer (Washingtsr, 1962), p. 272.

sk
Ibid., p. 421.
M Ibid., p. 716,
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in World War II, machine guns had casualty-producing ranges consistently
shorter than those of rvifles.,

A much larger sample of bullet casualty ranges {s available from the
Vietnam War, from surveys made by the U.S. Army Wound Data and Munitions
Effectiveness Team in 1967,% Of 4980 casualty cases considered, range
data are available on 991 rifle fire wounds. The distribution of these
ranges is shown in Figure D-10; note that the average range is 73 meters,
compared with the Turkish Brigsade average of 71 meters for machine guns
and 112 meters for rifle bullets,

The apparently longer average casualty ranges in Korea may owe par-
tially to the longer lines of sight on the Korean terra.n, but they may
also reflect a bias in the Turkish soldiers' estimations., Their range

figures were apparently not checked by other estinates, as were most of

the data in the other samples.
ASSESSMENT

The data presented abové do not permit precise identification of the
target range frequencies tor small arms, Considering the varlety of
sources, however, the data are quite consistent in showing that the bulk
of small arms combat fakes place at under 100 meters, and a negligible
percent of firings or casualties takes place beyond 300 meters.

There is little evidence that machine guns fire at significantly
greater ranges than do rifles; machine gun-inflicted casualties consis-
tently occur at ranges shorter than rifle-inflicted casualties. This
probably reflects (1) a high percentage of machine-gun use in defensive
or unplanned attacks, and (2) the frequent difficulty of finding positions
from which long-range fire support can be delivered, coupled with uacer-
tainty about the defender's location and the difficulty of coordirating

such fire with the attacker's movement,

*
U.S. Army, Materiel Systems Analysis Agency, Comparison of Predicted
and Observed Wound Ballistics Cstimates for Rifle Bullets (U), by Robert

E. Carn et al., Technical Report 28 (Aberdeen Proving Grounu, MD, November
1970), Confidential.
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Appendix E

HOW SOLDTERS FIRE SMALL ARMS IN COMBAT--
ANALYSIS OF COMBAT FILMS

This appendix presents the results of an examination of combat films
of small arms firing in Werld War 1T, Korea, and Vietnam. The exzmin- "ion
was undertaken to derive insights regarding combat firings that mijht be
of use in testing small arms, The appendix has eight sections: the rea-
sons for using combat photography, the usefulness of the data cclicrted
from it, body positions, body cxposure, alming techniques, firing speed,
target range, and a comparison of the body positions actually taken by
the firers with those they had been taught in training., The data col-

lected are presentcd in an annex to this appendix.

WHY COMBAT PHOTOGRAPHY WAS USED

Chapter III noted the importance of simulating the combat context in
small arms operational tests, Actual combat is two-sided, so the firers
on each side are also targets for the other side. The danger from return
fire cannot be simulated in testing, although other aspects of two-sided
firing situations can be simulated., Realistic testing will attempt 1o
ensure that firer conduct in small arms tests will be like that in combat,
but little data for comparing the two has been available.

A type of data that may be potentially useful in judging the impact
of actual combat on firers--und the extent to which combal firing differs
from tes. firing~--is combat photography. An extensive amount of infantry
combat film is available in Army and Marine Corps archives. On the other

hand, film data have severe limitations that must be recognized.

USEFULNESS OF DATA FROM COMBAT FILMS

The utility of combat photography as a data source for improving the

realism of small arms effectiveness testing hinges on three negative aspects
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¢f the combat photography mission. First, the combat photographer .s muct
permitted to impede or compromise the combat action being filmed, so his
plctures are real, not staged.™ Cecond, combat phoicgraphers are not
expected to take unreasonable risks in becoming casualties. It is likely,
thesefore, that they get a considerablv smaller than representative sample
of film footage in combat situations that place them in great danger, such
as final assaults on well-defended enemy positions or defenses against very
strong attacks. However, from examiration of the films thcy took and the
fact that many of them became casualties, it i{s clear that combat photog-
raphers operated in many sharply contested infantry actions, Third, the
inherent limitations cf the film medium (limited field of view, light
dependence, lack of depth perception) and the frequent failure of camera-
men to photograph target arcas restrict the type and amount of irnformation
that combat films contain,

Another set of limitations is not specific to combat photograrhy; it
is the inherent weakness of any sanple cf descriptions of individual actions
in combat, They lack extensive details about the individual and the engage-
ment--details such as his skills, the lavel and content of his training,
the combat circumstances of enemy and friendly tactics, anu so forth, It
becomes almost impossible to assess whether a certain individual action
reflects gnod or poor training, eifectiv: or ineffective technique, fatigue
or alertness.,

However, even though combat film is a limited source of information
on combat behavior, it may contain souwe useful information on firing posi-
tions, firing time factors, aiming techniques, and possibly target ranges,
As regards the combat films examined for this study, littic information
was available on the clrcumstances of each photographed firing; and the
representativeness of the sample of firings recorded on the film cannot
be established in any gquantitative way. With the foregoing limitations
in mind, the following sections discuss observations dorived from combat

films that bear on small arms effectiveness testing,

"Careful scrutiny of each "combat' film identified a few reenactments
or staged events. No data were collected from these films,

o Tl
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CONTENT OF THE FILM DATA

To collect irnformation about small arms firings from combat film for
this study, all the film footage contained in the U,S., Army Motion Picture
Depository at Tobyhanna, Pennsylvania, and in the U,S, Marine Corps Motion
Picture Archives at Quantico, Virginia, was viewed. Over 800 reels of
film were found to contzin potentially useful small arms firing sequences,
and the 61,000 feet of film in these reels were searched, 1In them, 1429
usable firing sequences were discovered, Each was screened by trained

and combat-experienced observers, who reduced the desired data from each

.sequence into a format suitable for computer processing.

The readily derived information from combat films that is of potential
relevance to small arms testing is firer posture, body exposure during
firing, sighting techniques (aiming or pointing), rate of fire and burst
size, and target ranges. The films were searched for a number of other
data items of potential interest, but it was discovered that they could
not be collected from the films or were insignificant,

Detailed descriptions of each element of information that was col-
lected appear in the annex to this appendix. It also describes the pro-
cedures used to classify or measure each element and gives a complete

listing of the data collected for each firing sequence,

OBSERVATIONS ON BODY POSITIONS

The body positions from which soldiers fire small arms may be influ-
enced by a nuuwber of factors. They include the combat mission, whether
or not the soldiers are moving or stationary, what cover and concealment
are available, how the terrain and vegetation affect their opportunity to
see and poirt at the target area, the apparent danger presented by enemy
fire of all types, what weapon they are using, and their fir.ng doctrine.

It was not pnssible to collect information on all these factors from
the films, so the proportions of times that soldlers fired frcm standing,
kneeling, prone, foxhole, or other positions cannot be related to all the

factors that presumably iafluenced the selection of those positions.
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Table E-1 shows the freque»cy of occurrence of each poaition. In the pos-
sibly blased film sample, a strong preference is shown for standing (weapon
at shoulder or underarm) and kneeling positions, The standing or kneeling
position was used about 65 teo 80 percent of the time with every weapon,
including the heavy BAR und M60 automatic weapons. The M60, however, was
fired almost twice as often frum the prone position as the other weapons--
about 30 percent of the M60 firings were prone. The prone, sitting, and
squatting positions combined comprised 26 to 28 percent of the positions
taken with the heavier ri‘les and the BAR, but only 18 to 20 percent of

those taken with the lighter and shorter carbimne and M16 rifle.

Table E-1

INCIDENCE OF BODY POSITIONS IN FILMED SMALL ARMS
FIRING SEQUENCES (7)

Incidence of Position
M60
All Machine
Position Weapons | Ml Mi4 | M16 | Carbine | BAR Gun
Weapon at snoulcer:
Prone 16 17 12 10 8 16 29
Sit" Tuy 10 11 14 8 9 9 6
Squatiing 1 1 2 2 1 1 0
Kn-: ling 28 28 40 31 24 25 24
Scanoing?® 32 36 19 32 46 37 14
w«.bon not at shoulder:
Standing or 13 7 113 | 17 12 12 27
crouching
Total (%) 100 100 100 | 100 100 100 100
Total number of cases 1429 531 133 319 89 180 177

#ncludes less than 1 percent crouching.

Although the low incidence of prone firing (about 15 percent or less
for rifles) may be due partly to a possible bias of the sample against the

most {ntense combat situations, the films themselves show why the prone
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position is so little used. 1In many film sequences, the firers would drop
to the prone position upon receiving fire, and then would have to rise to
a kneeling or sitting position to return fire, simply in order to see over
the vegetation or cover directly in front of them, The films show clearly
that there are few places where a firer can see much from a prone position,

Examinaticn of the incidence of body positions in each of the various
wars and theaters in which the weapons were used showed that they differed
little from the overall incidence. However, when the body positions used
by Army soldiers and Marines were compared, it is apparent that Marines
fired the Ml and Ml4 rifles more often from the kneeling than from the
standing posicion. The M14 sample shown in Table E-1 is primarily from
Marine firings, which explains the higher percentage of the kneeling posi-
tion in the M14 firings.,

Sighting Methods versus Body Position
Sighting methods™ were affected by the type of body positions used.
When the weapon was placed at the shoulder in a standing position, the
sights were clearly not used over twice as much (7 percent of all standing
position firings) as when the other shoulder-fired positions were used

(3 percent of all prone, kneeling, etc., firings).

Type of Support Used

Another aspect of body position is the use of support for the weapon.
Prone-position firing is always supported by the elbows resting on the
ground, sc it is not discussed further. The kneeling, sitting, and squat=
ting positions usually involve resting one or both elbows on legs or knees,
That was not considered in the data teduction as firm support; cnly when
films showed firers resting their elbows or the weapon itself on a solid
surface was it termed "support.'” Table E-2 shows that the incidence of
use of support by firers of rifles, carbines, and the BAR in the shoulder-
fired positions was about 20 to 28 percent, with 2/3 of the supported

*Sighting methods were not clearly distinguishable as aiming or point-
ing. The film allowed only a small proportion of the firing to be defin-
itely identified as not using the sights; the aiming category probably
includes a sizable proportion of pointing fire.

el o 9 sl S el S el MWM.. ..Mm.l‘.n "':‘ bl e iy "‘ kb8 il
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firings resting the weapon directly on the supporting surface. Only six
of these firings were clearly pointed rather than aimed. There were only
four cases of firing from a weapon's bipod for support (although they

were available for many of the M16's and BARs), so they did not constitute

1 percent of any position and do not show up in the table.

Table E-2

INCIDENCE OF THE USE OF SUPPORT FOR RIFLES,
CARBINES, ANHD BARs FIRED FROM THE SHOULDER

Type of Support on Soiid Surface (%)

Body Size of Weapon No Firm
Position Sample Elbow Itself Support Total
Standing 428 9 19 72 100
Kneeling 365 5 15 80 100
Sitting or

Squatting 144 13 13 14 100
All vositions 937 8 17 75 l 100

'~ OBSERVATIONS ON FIRER BODY EXPOSURE

Data were collected {rom each filmed firing sequeuce on the amount
of each firer's body that was exposed in the direction toward which he
was firing., These exposures were categorized as "full," "half,"” or "mini-
mum." These terms mean that for each firing position (standing, prone,
etc.), the full amount of a firer's body that could be exposed in that
firing position was exposed, or that about half that amount was exposed,
or that only a small fraction was exposed (generally little more than the
head). Thus, a man in the prone position would be called "fully exposed"
if no part of h . body was obscured from enemy vision, even though his

silhouette would be quite small, If he were lying ir grass his exposure

could be reduced to "half'" or even "minimum"” if he were partly behind a

wall or foliage, etc.
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The data show how often the firers attempted to remain partially or
almost entirely concealed from the direction of the target areas. Table
E-3 and Figure E-1 show the incidence of each exposure level (all firing
positions combined) and the proportion of each that were clearly pointed
or not, Clearly pointed fire was very strongly related to the degree of
exposure: 1its use increased by half as exposure changed from minimum to
full.

Table E-3

INCIDENCE OF FIRERS' BODY EXPOSURE LEVEL WITH
SIGHTING METHOD AND SELECTFD BODY POSITIONS

Body Exposure Level

Full Half Minimum Total

Item No. (%) No. (7.) No. (%) No. (%)

Sighting method:
Clearly pointed fire 146 (25) 56  (21) 38 (7)1 242 (17)
Aimed or pointed fire 439  (75) 214 (79) 536 (93) 11187 (83)

Total 585 (41) 270 (20) 574 (39) | 1429 (100)

o e —————

Body position:

| : Prone 66  (29) 22 (10) 1136 (61) | 224
i Starding 221 (50) 63 (14) 158 (36) | 442
: Not to shoulder 126 (66) 42 (22) 23 (12) | 191

( The incidence of cach exposure level does not vary greatly across the
] different types of terrain or among the different weapon types, except that
the firers of M60 machine guns (all in Vietnam) were fully exposed about
1/3 less often (27 percent of the time) and winimally exposed about 1/3
more often (51 percent) than were the firers of other weapons. The pos-
sible underrepresentation of intense combat in the film sample may cause
these estimates of fully exposed firing freguency to be somewhat high,

- Data were also ccllected on the proportion of partially exposed firers
who were behind physical cover and who were behind nonprotective conceal-

2 ment only (grass, brush, etc.). Overall, about 40 percent of the firings

2

Ly




E-8

*TIDAD] 2INSOANY JUAIIJTID W Il powlk pue pajutod jo Yau.npou]

RIS IF] _.!.d
Q31INIOd ATYVY3IND - -

PLIEE]
Q31NIOd HO Q3nIv m
aN3930

WNWINIW

NOILIONOD

3VH

3UNSOdX3

1-3 ran¥iyg

— Ol

- 0¥

ONIN¥I4 40 %



[P PRT

were fully exposed, and 40 percent were behind cover. Table E-4 shows
the relative use of cover and concealment in different combat areas.

The somewhat decreased frequency of fully exposed firings in Korea and
Vietnam i{s noticeable; it may be due to changes in training rather than
terrain since it happens in two theaters of rather different terrain.
The only clear differences in the proportions among the different weapon
types are those deriving from these theater differences (Ml4's, Mlé's,
and M60's appeared only In Vietnam and the other weapons only in the
other theaters),

Table E-4

INCIDENCE OF THE USE OF COVER AND CONCEALMENT
BY SMALL ARMS FIRERS

Use of Cover and Concealment in
Various Theaters (%)
South
Europe Pacific Size of
Item (WWII) (WW1I) Kortea Vietnam All Sample
Cover 45 42 42 38 41 580
Concealment 8 13 20 24 18 264
Neither 47 45 38 38 41 585
Total 100 100 i00 100 100 ' 1429

ODSERVATIONS ON_AIMING TECHNIQUES

All the weapons included in this data sample had conventional peep
sights, In aimed fire, soldiers are taught to align the top of the front
sight post or blade both on the target and in the center of the ring formed
by the rear ring or 'peep" sight, That takes time, so soldiers use pointed
fire when they need to fire very quickly; it involves looking over, not
through, the sights and "pointing' along the barrel. Examination of t'e

film did not show the degree to which a soldier whose position apparently

allowed him to look through his sights actually aligned them. It did,
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however, permit identification of cases in which the firer could not have
used his sights, There were 242 such cases; in 191 of them the weapon
was fired from a hip or underarm position, and in 51 of them the weapon

was at the shoulder but the firer's head was clearly above the axis of

. [ )
SR mUMu“\ Wl \\:M\SAIMMWMWW i ‘”‘ |

the sights. These cases were called "clearly pointed" fire; all others

-

were called "aimed or pointed" fire,

If different weapon types are not 'clearly pointed” and "aimed or

ot i i

pointed’ with the same frequencies, it is possible that the difference

il L

is due to a difference in weapon characteristics. Characteristics that
might produce such differences are the size or weight of the weapon, which
affects its "feel” or handiness, and whether muzzle impulse is low enough
to produce usable bursts of automatic fire that could offset the decreased
accuracy of pcinted fire.

wWhen data on the incidence of aiming and pointing were exanfined, it
was clear (from the M1, carbine, and BAR results in Europe and the Pacitic)
that the type of terrain in which the weapon was being used strongly influ-
enced the soldier’'s selection of sighting method. Table E-5 illustrates
the effect of terrain and of weapon types. It shows that shorter weapons
and automatic-firing weapons were more often clearly pointed than were
longer and semiautomatic weapons. This.was especially true in terrain
providing shorter firing ranges, The M60 machine gun's very high incidence
of clearly pointed fire may be explained by the fact that in films of
Vietnam fighting it appeared most often in advancing offensive operations
and was often carried slung from the shoulder in a waist-high firing posi-
tion. It should not be concluded from the table that the M16 is actually
pointed less often than the M60--it is clearly pointed less often only
because most M60 pointed firings are likely to be clearly pointed firings
from the waist,

To the extent that the film sample is biased away from intense combat,

the actual frequencies of pointed fire are probably higher than those

shown here,
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Table E-5

INCIDENCE OF CLEARLY POINTED FIRE BY WEAPON TYPE
IN VARIOUS TERRAINS

Clearly Pointed Firings (%)
Shorter-Range Longer-Range
Terrain Terrain
Size of
Sample South
(Total Number | Pacific Europe (WWII)
we pon Type of Firings) (WWII) Vietnam + Korea
Long, semiauto-
matic rifle:
M1 531 12 - 7
M14 133 -- 14 -
Short, semiauto-
matic (carbine) 89 22 -- 10
Long, automatic:
BAR 180 22 -- 4
M60 machine
gun 177 -- 36 -~
Short, automatics
Mi6 rifle 319 -- 22 --
All weapons 1429 15 24 7

OBSERVATIONS ON FIRING SPEED

The amcunt of time firers take to aim or point their weapons at the
target and to fire the first round (or burst) is of interest because it
reflects the resolution of the conflicting pressures of uneed for accuracy
(which motivates deliberate aiming) and need for speed (to beat the enemy's
fire or reduce one's exposure). These times were measured from the moment

that the weapon was placed in firing position (usually at the shoulder)

to the moment of first trigger pull. The raw data are accurate to less

™



L L

:
.
1
4
t

thai. 0.1 seconds but have bccn aggregated in 0.5-second intervals in
Figure E-2. A smoothed curve has been added to show more clearly the
approximate shape of the distribution of first-round firing times.

Figure E-3 shows thec actual firing time distribution for clearly
pointed fire and an estimated distribution for aimed {ire that attempts
to statistically remove the effect of the peinting fire cases that were
indistinguishable photographically from aimed fire.* The very short
firing times for pointed fire (52 percent at less thar .2 seconds) pre-
sumably reflects firer-inferred demands for extreme speed and go hand
in hand with the firer's decision to point rather than aim. The median
Jifference between clcarly pointcd and cstimated aimed fire is about
1.2 seconds. The estimated distribution of aimed fire shows at least
half the firings to be less than 1.4 seconds, considerably shorter than
the generally accepted minimums of 1.5 to 2 seconds for aiming. This
may reflect either a violation of the statistical assumptions underlying
the estimating methods or a large proportion of firings somewhere between
pointing and aiming.

It is interesting to compare the means of the distributions of
firing times shown in Figure E-3 with the means of similar times measured

in previous small arms tests. Mean times to first trigger pull (timed

*The estimated frequency distribution for aimed fire was calculated
by (1) assuming that the aimed or pointed fire distribution was a weigh-
ted mixture of two distributions: the "pure" aimed fire distribution
(unknown) and the ''pure” pointed fire distribution (assumed equal to the
actual clearty pointed fire distribution), (2) estimating the rroportion,
k, of "pure" pointed fire in the aimed or pointed sample, assuming that
all the aimed or pointed firings at .2 seconds or less were, in fact,
"pure'" pointed firings, (3) applying the defiring equation for mixtures
of frequency distributions,

. L= kEf .4 (1-k) £ .
aim or point point aim,
to "subtract out" the frequency distribution of "pure'' pointed fire,
Using that equation and the previous assumptions, the proportion, k, was
calculated as the percent of all aimed or pointed firings that had firing
times less than .2 seconds, divided by the percent of all clearly pointed
firings that had firing times less than .2 seconds. Thus, the estimated
proportion of "pure' pointed fire in the aimed or pointed sample was .17,
or 17 percent.
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"
from initial target appearance ) are reported from the SALVO Il experi-

Ik
ment and two experiments conducted at Fort Benning, the Quick-Fire

Ve

Experiment and the Defense FExperiment. ** The SALVO znd Quick-Fire times
are almost identical, with average times to first trigger pull of 2.74
and 2.72 seconds, respectively. In the Defense Experiment, however, the
average time to first trigger pull was 4 seconds at about 100 meters.

in contrast, clearly pointed average times from the combat films are
about 0.6 seconds, while aimed or pointed average firing times are about
1.6 seconds,

The reasons for the lawge differences between the mean values from
the combat firings and those from the various tests appear to rest in
firer motivation, Although the subjects ir the SALVO and Quick-Fire
experiments were instructed to fire quickly so as to get maximum hits,
it appears th. tne experiments far from reproduced the time pressures
of combat. The firers in the Cefense Fvperiment were told to aim accur-

ately so as to

“In the SALVO II and Defense experiments, the firers knew about
where almost all the targets would appear; thus, time from target appear-
ance to trigger pull would be slower than time from weapon positioning

to trigger pull by only about .2 to .3 seconds.
e
" Johns Hopkins University, Operations Research Office, Tactics

Division, SALVO Ii: Rifle Field Experiment, by Leon Feldman et al.,
Technical demorandum ORO-T-397, AD 325-385 (Bethesda, MD, May 1961},
Yeveve

Respectively, Litton Systems, Inc., Mellonics Systems Develop-
ment Division, Infaatry Weapons Test Methodology Study Quick-Fire
Experiment I; Final Report, by Romald D. Klein, Contract DAEA 18-63-C-0004,
prepared for United States Army Infantry Board, USAIB Project 3091,

AD 914-686L (Ft., Benning, GA, 27 June 1969), and U.S. Army Infantry Board,
Defense Experiment I, TECOM Project 8-5-0070-01 (Ft. Benning, GA,

25 November 1971).
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maximize firvst-round hit probability and to expose themselves as little

as opossible while firing; as a consequence they took twice as long to fire
as did firers in the other experiments and seven times as long as did those
using vlearly pointed fire in combat.

In all three experiments the firers were in position to fire before the
targets were raised (and before time measurement began), and they roughly
knew whevre to expect the targets to appear. In fact, in the Defense Experi-
ment the firers nad seen each group of four or five target: just before
the same targets were exposed individually for them to engage. Thus, there
is little reason to believe that the test firers were put at a time disad-
vantage to the combat firers (even though the experiment times are measured
from targeL exposure, not from weapon in position)., The combat firers had
presumably already inferred or acquired a target before Hringing the weapon
to their shoulder. The shorter combat firing times probably reflect two
factors: a strouger incentive to fire quickly, together with a greater
willingness to alm less accurately, and the presence of few clearly defined
targets to aim at,

It appears that the people who plan and conduct small arms tests can
use measurements of test subjects' firing time (compared with the above
combat firing times) to help assess whether the test subjects’ training is
achieving combat-like rapidity of fire, 1If the film sample had included
& higher proportion cf intense combat, the firing time distribution would
likely have been even shorter than that shown,

Another aspect of firing speed is the number of rounds that are fired
in each burst of automatic fire. Sinte the introduction of the M16 rifle,
it hes been alleged that its automatic fire capability produced excessively
long bursts of fire in Vietnam and thus z great waste of ammunition (because
during long bursts the muzzle may climb so high that most rounds pass high
over the target).

Of the 319 Mi¢ fivings contained in the film data sample, 22 percent
were automatic fire. The incidence of automatic fire was higher among
Army soldiers (32 percent) than among Marines (11 percent). The number
nf rounds fired in each burst were counted and aviraged for each firing
sequence, (The sizes of the bursts used by a single man in a single fir-

ing sequence were checked and found not to very muchk.) The frequency of

occurrence of bursts of various sizes is shcwn in Figure E-4,
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The data show that firers used bursts longer than five rounds in oniy
o small percentage of the 69 M1€¢ automatic firings secn on film; about 60
percent of the firings are between two and four rounds. This is true even
though many of these firers had not received any formzl training im auto-
matic fire techniques and there was nc standard Army or Marine techriqu=
for such fire. The sizes of bursts shown in the figure cannot be con-
sidered optimum just because they were used in combat; as is discussed in
Chapter IV, the CDEC-SAWS experiment discovered that two-round bursts are
mere effective than longer ones, when target effects and sustainability
are weighed. Figure E-4 also shows the burst sizes used by BAR firers in
World War II and Kerea. These firers nad been trained ir 2- to 3-round
burst and single-shot techniques, and it is apparent that they used slightly
shorter bursts than the M16 firers; the BAR firers also had & much slower

rate of fire,

OBSERVATIONS ON TARGET RANGE

The distribution of vanges from small arms firers to targeis is gen-
erally known from various data sources, as described in Appendix D, In
collecting information from combat film firing sequences, estimates were
made of approximate ranges, and these are useful for comparison with range
data frem other sources to indicate how well the ranges in the filmed
firing sequences agree with the known combat ringe distributions,

In 777 of the 1429 sequences, some estimate of range to target could
be made. In many of *hese the estfmate had to be rough, out in others it
could be more precise.® An estimating procedurc was devised that allowed
the data collectors to produce consistent estimates of ranges, based on the
varlety i views of target areas that were found in the filmed sample, This
procedure presented the collectors with 1 choice of range intervals of vary-
ing sizes (e.g., 100-300 meters and 75-450 meters) so that they could appro-

priately express the degree of uncertainty with which they could make any

*
Intormatior on camera {ocal length was not available, so the method
ef calcutatinag distances te visible objects of known size from their
dimensions in the pictute could not be used.
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particular estimate. The raw range data &re shown in Figure E-5; each bar
is the width of one of the range intervals that were available for choice,
The bar's height indicates the percent of times that the collectors chose
that bracket. A more useful form of presentation is in Figure E-6; the
overlaps of bars have been accounted for by assuming that the actual
ranges to all the targets within each estimated interval were distributed
uniformly and then totaling the inferred frequencies in the overlapping
areas, (The distribution of actual ranges within an interval is probably
avt uniform, and there are likely to be fewer actual ranges falling near

i the extremes of the intervals than near their centers.,) The smoothed curve
(showr. as a solid line in Figure E-6) presents a usable approximation of
the range frequency for the sample of filmed firing sequences. This curve
agrees quitec well with the target range frequencies from very different
sources shown in Appendix D. To the extent that the film sample does not
include a representative sample of assaults, the target range frequencies
here i1epresent a high estimate of ranges used in small arms combat,

Since the 777 cases in whick -ange estimates could be made constitute

o N i e b, A st

little more than half the total set of filmed small arms firiang sequences,
it is of interest to see whether this subset represents an unbiased sample

of the full set. Examination revealed that weapon types were represented

e i et

.

{1 about the same proporticns in the rubset as in the complete set, that

e

combat theaters were represented in the proper proportions, and that the
! incidence of clearly pointed versus aimed or pointed weapon sighting was

similar to the full set, On the other hand, Marine firings were under-

T B T o

represented in the subset, apparently because Army photographers were more

likely than Marine photographers to include views in the direction the firer

Lol

—— .

was aiming.

The difference between target range frequencies for clearly pointed

SR I = o

fire and aimed or pointed fire is of interest, Both distributions are

shown in Figure E-7 as smoothed curves derived in the same way as the dis-
tribution in Figure E-6. The distributions differ only slightly, with
clearly pointed firing ranges averaging only abcut 10 meters shorter than

the aimed or pointed ranges,
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COMPARISON OF FIRING POSITIONS TAUGHT IN TRAINING
WITH THOSE TAKEN IN COMBAT

The films were also used to investigate the possibility that combat
firers use firing positicns that deviate significantly from the standard
positions taught in U.S. infantry training. This was done by compiling
the film sequences for each class of firing position (prone, standing,
etc.), selecting representative samples, obtaining artists' drawings of
the samples, and comparing these with the drawings of the standard firing
positions contained in official training manuals. The BAR and M60 machine

gun were excluded to simplify the comparison,

Selection of Firing Sequence Samples
The first step was to eliminate from further consideration the firing

sequences that were not representative enough for the intended comparison,

The criteria for elimination were as follows:

o The firer's position had to be clearly visible (preferably from
his right side).

o The majority of the firer's body had to be within the camera's
field of view,

o The weapon being fired could not be supported (e.g., rested on
a wall, etc.). It was believed that there were too few pic-
tures of any one type of supported position to indicate a

trend,
o Films of firers located on steep slopes or pointing their

nl

weapons up or down at sharp angles would not be used.

When these criteria were applied, the sample of 1072 rifle and car-

bine firing sequences was reduced to a maximum of about 250 firings. From

o b il o el s L g .MMMMWMWMWWWMM o

this group, 115 sequences were selected and prints were obtained, They

were used for the following comparisons:

o Comparison of filmed standing, kneeling, and prone positions

(using the M1, Ml4, and Mi6 rifles and the carbine) with doc-

trinal positions,




o
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o Comparison of standing and kneeling positions when the firer
was wearing an armored vest (Ml4 and M16 rifles) with posi-
tions cf firers not wearing vests,

¢ Comparison of firing positions when the butt of the weapon

~ stock was not placed at the firer's shoulder (including both
automatic and semiautomatic fire modes) with firing when the
butt was at the shoulder.

o Comparison of positions in which the firer clearly pointed
his weapon with positicns in which he appeared to aim

(including both semiautomatic and automatic M16 fire).

After review of these films about half were selected as being par-

ticularly useful for more detailed examination and comparison, The specific

frame of each film showing the firer just before his weapon fired was then
enlarged; a tracing of the firer's main outlines was made; and the details
of his body position werec drawn in by a medical illustrator. These draw-

ings were used for final comparisons and analyses of position variations,

Results of Drawing Comparisons

The standing, kneeling, and prone positions that were used by combat
firers fell well within the allowed variation of standard positions pre-
scribed in the applicable Army fielg manuals.® None of the positions seen
were awkward ones; on the contrary, most would have passed the rather
exacting criteria of marksmanship trainers. Figure E-8 shows film-based
drawings of standing positions with Ml and M16 rifles that are typical of
the '"preferred” hkigh elbow position, and one of an Mi4 rifle typical of
the "zlternate'” low elbow position. Figure E-9 shows drawings of typical
kneeling positions with Ml and M16 rifles, and one of the prone position
with an Ml16,

’

*
U.S. Army and U,S, Air Force, Carbine Caliber .30 M1, M1Al, M2, and
M3, Field Manual 23-7 (Washington, January 1952); U.S. Army, M14 and M14Al

Rifles and Rifle Marksmanship, Field Manual 23-8 (Washington, April 1974);
U.S, Army, M16A1 Rifle and Rifle Marksmanship, Field Manual 23-9 (Washing-
ton, June 1974); U.S. Army, Rifle Marksmanship, Field Manual 23-71 (Wash-
ington, December 1966).
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Figure E-8, Standing positions showing typical high elbow position
(M1 and M16) and low elbow position (Mi4),
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Figure E-9, Typical kneeling positions (Ml and M16)
and typical prone position (M16),
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When firings by men wearing armored vests were compared with similar
non-vest firings using the same weapons and body positions, no difference
was detectable. As far as could be seen, the vests did rot affect the
way the butt of the stock was placed against the firer's shoulder, change
the position of his torso, or alter his normal elbow position. In all
such pictures the right elbow was little if any lower than the shoulder
(no prone positions were scen), Fxamination of the drawings of men firing
weapons from her than the shoulder pcsition revealed little variation.
The rifle was mostly held above the waist but well below the armpit, with
the right forearm approximately level and the wrist nearly straight, as
shown in Figure E-10.

When the drawings of firers "pointing" their weapons (from shoulder
positions) were compared with those in which they appeared to be looking
through the sights, no difference in body position was seen, though of
course the head position was different because "pointing" firings were
detected by the head-up attitude of the firer (which causes him to look
over the sights). Several M16 firers held the rifle butt a little lower
on the shoulder during "pointing' firing. As shown in the example in
Figure E-11, this increased the already substantial height above the sights

of the firer's line of vision.

1k
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Men firing weapons from other than shoulder position.
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Figure E-11,
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Man firing
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M16 from other than shoulder position,
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Annex to Appendir E

COMBAT FIL ! DATA OF SMALL ARMJ FIR (NGS

INTRODUCTION

Thi., annex dcscribes the proucedures used to collec- information
about small arms firings from the combat tilms and fully lists the data
that were collected.

The sources of film were the U.S. Arny Motion Picture Depository
and Records Center, Tobyhanna Depot, Tobyhanna, Pennsylvania, and the
U.S. Marine Corps Motion Pi_ture Archives, Quantico, Virginia. Boih film
repositories had similar facitities, and the coliection techniques used
vere identical.

The specific objective was to record data that duscribed the firer's
actions (from the time he was first observed until he siopped firing or
paused to reload), incluvding his position, type of weapoa, method and speed
of aiming and firing, and available information about the target and the
tange to the target.

A tentative data collection format was developed, tested, and used

to cecllect the following categories of information:

o Where and when the firing sequence took place {i.e,, World wWar II
in Europe, or in the South Pacific, the Korean War, or Vietnam).

o Activities of the firer, such as his firing position, weapon,
method of aiming, and rate cf fire.

o An estiaate of the range to the target area and target movement
and size.

o Assessment of the utility of the sequence for comparing firing
positions with each other and with doctrinal positions (judging
from film quality, camera angle, and the amount of the firer's
body that could be seen),

o Information identifying the Sirer's unit,

PESAT Wi = e
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THE COLLECTION PROCESS

The research team conducted a search of all films at both film cen-
ters by examining the identification cards that Briefly déscribe each film -
(e.g., "Marine infantry and tank attack in Korea;"v"M-l's ahd tank firing").
These cards are categorized by subject (e.g., M-1, tank) and are ex-
tensively cross-referenced. Initially, 84,000 film idenﬁification cards
were examined to identify the film reels which contained'émall arms firing
sequences, Over 800 reels of film, constituting-615,000 feet of combat
footage, appeared to contain such fivings. All 615,000 féét of film were
examined, énd a total of 1429 weapon firing sequences wési¢ollected.

Selection of firing sequences was made only:from féotage of actual
combat; training films, staged shots, and reenaétments were excluded.

Items of information collected during the cbmbat film examination
were recorded on data collection sheets, checked for completeness and
validity, and then entered inrto a computer so that they could be sorted

and listed in ways convenient for analysis.

DATA DESCRIPTORS

Below are described each of the data elements that were collected
from the films., They are described in the order in which they appear in
the computer printouts of the complete data (Figﬁre 1, bééinning p. E-57).
The left-~hand column presents the headings as they appear across the tep of

Figure 1 from left to right., The right-hand column describes these headings
and explains the data codes.
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FIGURE 1 HEADING
ABBREVIATIONS DATA EZLEMENT DESCRIPTION

LSN This heading contains four columns which
cepresent the 'Line Sequence Number." Those

lines in the data listing that ace blank

represent data items which were deleted because
they were not usable. Thus there are 1464

line numbers but only 1429 data items.

0 Column "0" describes the "'~ of Operation"
(Attack, Defense, Undetermined) during the
firing sequence. The code numbers helow
descripe the items they represent:

Type of Operation

1 - Actack
2 - Defense
3 - Undeterr . 1ed

When code numvar 1 - MAttack' appears in
colump 0" the t-rm attack means thac the
firer seemed to be movisg forward before and
after the firing sequeice ~r that the enemy was
seen in prepared positions (foxholes, bunkers,
etc,). Codr number 2 - "Defense" appears when
the firer was seen i~ a prepared position such
as a fuxhole or when enemy furces were seen

advancing toward the firer,
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FIGURE 1 HEADING
ABBREVIATIONS

DATA ELEMENT DESCRIPTION

POS

FSP

This heading contains three columns that
describe the firing position, what (if any)
type of support was used for the firer's weapon,
and the last stationary position the firer was
in before assuming the firing position.

The left hand ("F") column contains code
numbers which represent seven different firing
positions. The center ('"S") column contains
ccde numbers which represent five different
tynes of support. The right hand ("P'") column
contains code numbers which represent seven

different "pre-fire'" positions. The code

numbers below describe the items they represent:

Firing Weapon Prefire
Position Support Position
1-Standing 1-Elbow 1-Standing
2-Kneeling 2-Magazine 2-Kneeling
3-Prone 3~Forward of 3-Prone
Magazine
4=-Sitting 4-Bipod 4-Sitting
5~-Squatting 5~None 5-Squatting
6-Crouch 6-Crouch
7-Not to Shoulder 7-Other
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FIGURE 1 HEADING
ABBREVIATIONS

DATA ELEMENT DESCRIPTION

{cont.)
POS

FSr

ATM

In the firing position column code number 7-
"Not to Shoulder'" indicates only that the rifle
was not at the firer's shoulder (e.g., weapon
held underarm or at waist or at hip).

Code number 1 - "Elbow' in the center
column was not entered when the use of the elbow
as a support was a normal aspect of that
position (e.g., left elbow placed on knee in
the kneeling position or both elbows on the
ground in the prone position).

The right hand column describes the firer's
last stationary position before he assumed his

firing position.

This heading contains three columns that
describe the method of sighting the firer
apparently used, any movement or lack of move-
ment of the firer during the firing sequence,
and the consistency of such movement.

The left hand (M) column contains code
numbers which represent six Jifferent methods

of sighting, The center column (I) contains

code numbers which represent five different

|
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FIGURE 1 HEADING
ABBREVIATIONS

DATA ELEMENT DESCRIPTION

(cont.)
AIM

M

types of movement. The right hand column (M)
contains code numbers which represent three
differeut types of consisrency. The zode
numbers below describe the items they represent:

Sighting Movement Between  Consistency
Method Trigger Pulls of Movement

1-Aim O0-Not Applicable O-No Change

2-Point* 1-No Change 1-Most of
time/
alvays

3-Aim/Track 2-Raised Head 2-Some of

the time
4-Aim/Traverse 3-lowered Rifle
5-Point/Track* 4-Other
6-Point/Traverse¥*
In the sighting method column the term
"aim'" means the firer appeared to be able to

see through the sights of his weapon. The

*When code number 7 - ''Nou to Shoulder’ appears in the firing
position (F) column, one of three code numbers (2, 5, 6) appears in
the sighting method column, because it would be impossible for the
firer to use a clearly aimed method of fire from the "Not to Shoulder”

position.
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FIGURE 1 HEADING
ABBREVIATIONS DATA ELEMENT DESCRIPTION
(cont.) term "point" means the firer did not appear to
ATM have been able to see through the sights of his

M weapon, The term "track' means that the firer

was moving his weapun smoothly in a horizontal
direction as if tracking a moving target. The
term "traverse' means the firer was moving his
weapon in a horizontal direction but stopped

for each trigger pull.

In the "movement between trigger pulls'

- . e il . " o i
o 1] il o L Ly kel o G et 1
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column the entry 0 - "Not Applicable'" means
that there was only one trigger pull, 1 -
""No Change' appears when there was more than
one trigger pull in which no movement of head

or rifle between trigger pulls was observed,

ool o b o o

When 4 - "Other'" appears in the center column,
this describes more than one movement, vsually
meaning that both 2 - '"Raised Head" and

3 - "Lowered Rifle" occurred.

In the '"consistency of movement' column

et Lot sl

0 - "No Change' appears when there was only one

trigger pull or when no change was entered in

the previous column.
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FIGURE 1 HEADING

ABBREVIATIONS DATA ELEMENT DESCRIPTION
W This heading contains two columns that
A describe the type of weapon and mode of fire.

The left hand column (W) contains six
code numbers which represent the different types
of weapons, The right hand column (A) contains
two code numbers which represent the fire mode.

The code numbers below describe the items they

represent:

Weapon ("'W') Fire Mode ("A")
1 - M-1 Rifle 1 - Single Shot
2 ~ M-1 or M-2 Carbine 2 - Burst (full

automatic)
3 - M-14 Rifle

4 - M-16 Rifle

5 - Browning Automatic Rifle

I

Ao

6 - M-60 Light Machine Gun
(Bipod Mounted Only)

In the weapon column when the code number

ol 1 il v bt ol kL ke i

2 - "M-1 or M-2 Carbine'" appears the weapon can

i,

be an M-2 carbine when the code number 2 -

vl it

"Burst" also appears in the fire mode column.
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FIGURE 1 HEADING
ABBREVIATIONS

DATA ELEMENT DESCRIPTION

RD/

BUR

This heading contains two columns which
present the average number of rounds per trigger
pull when code aumber 2 - '"Burst' appears in
the fire nnd? (""A") column (see p. E-36).

The average number of rounds per trigger pull
was determined by dividing the total number
of rounds expended by the total number of
trigger pulls. When "1'" appears in the TRG
PUL column the number appearing in the RD/BUR
column represents the exact number of rounds

expended for one trigger pull.

This heading contains two columns which
present data about the M-16 rifle.

The left hand column contains two code
numbers which represent M-16 burst length.
The right hand column contains three code
numbers which represent M-16 tracer use.
The code numbers below describe the items they

represent:

T
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FIGURE 1 HEADING
ABBREVIATIONS

DATA ELEMENT DESCRIPTION

(cont.)
16

B
T

FIRE TIME

1ST SUB ALL

M-16 Tracer Use

M-16 Burst Length

0 -~ Not Applicable 0 - Not Applicable

1 - More than 8 rounds* 1 - Yes

2 - No

The Fire Time heading contains three
columns which contain fire times in seconds
and tenths of seconds. Fire time is defined
as meaning the time it took to aim/point at
a target and puil the trigger. This time
starcs with the weapon in position (e.g.,
rifle at shoulder) and ends with the trigger
pull. Times were calculated from numbers of
film fraﬁes and camera speed,.

The left hand ("1st") column contains the
fire time for the aim/point time for the first
trigger pull, 1In some cases this first fire
time may not be the complete time because the

firer had his weapon at his shoulder when the

* This was only a ;3ross indicater, but burst size was also
determined more precisely as described above (see RD/BUR).

s Ll s et e o it el s s »
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FIGURE 1 HEADING

DATA ELEMENT DESCRIPTICN
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ABBREVIATIONS
(cont.)
FIRE TIME sequence started. In these cases, it was
1ST SUB ALL impossible to tell how long he had been
sighting. Those caseg are ldentifiable under
the heading TIM/TO/POS (p. E-41), 1If in this
column the time entered is 0.0, the first
fire time cannot be counsidered to be the full
aim/point time.
The center ('SUB'") column contains the
average aim/point fire time for each subsequent
trigger pull, (When this number is 0.0 it means
there was only one trigger pull, which is also ) =
shown in the TRG/PUL column,) |
The right hand ("ALL") column contains the
average aim/point fire time for a)l trigger
pulls (including the first).
R This heading contains one column which
: represents the change of trigger pull rate.

‘The term "trigger pull rate" means the speed
with which the firer discharged his weapon in
a series of trigger pulls, This duata was

collected to see if there was any noticeable

change in trigger pull rate during sustained
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FIGURE 1 HEADING ,
ABBREVIATIONS DATA ELEMENT DESCRIPTION |
(cont.) firing sequences, Code numbers 2 - ''Fast to -
R Slow'" and 3 - "Slow to Fast" are the ones that .

c 3

H show a (recognizable) change (however, they 3
only appear in 4 percent of the cases). Code ; 3

numbers 0 - 'Not Apnlicable" (i.e., only one 2

trigger pull shows on the film) and 1 - "Constant" ;

|

appear the rest of the time. %%

4

D This heading contains one column which =]

1 E

=l

R represents the direction of fire. The term =

"Direction of Fire'" refers to pointing the

weapon up or down. The code numbers are listed

v b,

below:

Direction of Fire

0 - Not Applicable

1 - Up
2 - Down
When code numbers 1 - "Up" or 2 - 'Down"

appear in the direction of fire column this

e O 0SBl

means that the weapon's verti:zal angle was
great enough to distort the normal body firing
position (e.g., man in street firing into upper

story window).




FIGURE 1 HEADING

ABBREVIAT IONS DATA ELEMENT DESCRIPTION
TIM This heading contains two columns which contain
TO
POS the ''Time to Position'" in seconds and tenths
of seconds. This data was collected in an

: effort to see how long it took a firer to go
from a prefire posi.ion to a firing position
(e.g., standing to prore), By referring to
the POS/FSP headings and comparing the left

thand (F) column code number to the right hand

Jm e g e

(P) column cede nunter, it is possible to single

il : ont those few occurrences whexrc there was a

difference between the prefire and fire rositions.
A When the left hand (F) column and tie right

P

E hand (P) column have the same code numbers, therc

was no change in position just before firing, and

E; the time that appears in the "time to position"

f column descritcs the time it took the firer to
get the wearon to his shoulder.
The times that appear in the "Time to
Position"” column are somewhat misleading because
some of them also include time in which no move-
ment occurred (e.g., a firer was seen stauding,

stood for some secounds, and then went into a

o il W i e o, 06,50 e ot G B
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FIGURE 1 HEADING

ABBREVIATIONS DATA ELEMENT DESCRIPTION
(cont.) prone fire position), Only the minimum
‘ TIM times entered in this column are useful
TO
POS indicators of time required. When 0.0 appears

in the "time to position' column this means
that the firer had his weapon at his shouldec

when the firing sequence was first seen on

the film.
TRG This heading contains two columns which
PUL represent the total number of trigger pulls.

~m

These numbers describe the total number of
times the firer pulled the trigger (e.g., a
firer firiug two rounds semi-automatic would
appear as 02; a firer firing three bursts of

automatic fire would appear as 03).

2ND POSN This heading contains five columns which

FSMAD describe changes in firing positions, aim -
metl.ods, use of automatic fire, and pointing
up or down during a single firing sequence.
These data were collected to see if there was any

detectable change made by the {irer after the

first trigger pull in a firing sequence (in a
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FIGURE 1 HEADING

ABBREVIATIONS DATA ELEMENT DESCRIPTION
{cont.) majority of the cases there was no change
2ND POSN in any of the items noted). When a change
FS MAD took place after the first trigger pull, the

data do not describe at what point during the

sequence it took place.

The left hand (F) column represeats the
~and firing position (parent column - "F" - i

1g Position). The "S" column represents

the second type of support (parent coiumn -
"S" type support}. The "M" column represents
the second sighting method (parent column -
''M" sighting wethod)., The "A" column reprecents f
the second firing mode (parent column - "A"

firing mode). The right hand (D) zolumn represents

the second dfrection of firz (parent columa

YDIR" direction of fire).

R This heading contains one column of code
G
E numbers which describe the firing ranee, The

term "firing range' is defined as meaning
estimated distance from the firer to thz target

areca. Because range was difficult to estimate

from the film, a process which produced
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FIGURE 1 HEADING

ABBREVIATIONS DATA ELEMENT DESCRIPTION
{ ) (cont.,) conslstent estimates from three observers
R was developed on the basis of brackets of range
G
- E within which the estimate could be confidently

estimated to fall (e.g., ccde number 3 means

the target was not further away than 300 meters

and was not closer than 50 meters to the firer).
The code numbers below describe the range

brackets they correspond to:

v

Firing Range

0 - Undetermined

1 - Not more than about 50 meters
2 - Not more than about 100 meters
3 - Not less than about 50 meters and not more

i than about 300 meters

than about 450 meters

7 = Not 1less than about 350 meters

é 4 - Not less than about 75 meters and not more
i than about 450 meters

! 5 = Not less than about 100 meters and not more
! than about 400 meters

‘ 6 - Not less than about 175 meters and not more
|
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FIGURE 1 HEADING
ABBREVIATIONS DATA ELEMENT DESCRIPTION

; Mg This headirg contains three columns which
i 4 describe how fir:rs moved to the location of
their firing positions (when such movement was
seen), the amount each wag expcsed te view {rum
the direction of the target area, and whether
the part of each that was not exposed was
behind physical cover or only concealed.

The left hand (''M") column describes any

movement of the firer to his fire location.

Ce ey e

The center ("E'") column describes the

amount of each firer that was visible from the

area toward which he was firing.

e 1

The right hand ('"C") column describes

the 1irer's use of cover and concealment.

TP 9 TSN~ e

! The code numbers below describe the items they 3
=]
E
5 represent: i
Use of %
Moving into Cover and i |
» Fire lecation Firer's Exposure Concealment 1
3
1 0 - No movement 1 - Full 0 - None %
E s
i 1 « Walk 2 - Half 1 - Cover z
2 - Run 3 « Minimum 2 - Concealment i

3 - Crawl 3 - Cover/

Concealment

S e L

sl Dl v |
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FIGURE 1 HEADING

e

DATA ELEMENT DESCRIPTION

ABBREVIATIONS
;é (cont.) When the code number 0 - '"no movement
f
f
L M observed" appears in the left hand ("M")
: E
C column this means the firer was, when first

LR e TR

i ceen on the fil=m, already at his fire location.
The code number & - "Other' appears when more

1
than one way was used to move into fire loca-

i \”‘Wﬂmwwmwwmmmm‘uwgwdmmmm‘ il _‘,“ .

tion (e.g., firer walked and then ran to his

it

fire location).

When code number 1 - "Full'"* appears in

e

the center ("E") column this means the firer

was as completely visible to his target area

as his firing position would permit (e.g.,

Sl bt 300, ot W i

firer in prone position with no cover or
concealment). The code number 2 - "Half"
appears when the firer had roughly half of
his body (as it appeared in that position)
exposed in the direction of his target area

(e.g., firer standing in walst high grass).

* When this code number appears the code number 0 - "None'" will
alwavs appear in the righu hand "C" column.
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FIGURE 1 HEADING
DATA ELEMENT DESCRIPTION

ABBREVIATIONS
(cont.) When the code number 3 - "Minimum' appears =
M in the center ("E") column the firer had a %
E 2
c very small oortion of his body exposed in the

direction of his target area (e.g., firer

ettt i s

kneeling behind a fallen tree).

When code number O - "None' appears in the k
right hand ("C") column this means the firer |
was fully exposed. When code number 1 - "Cover”
appears this means the firer was partly behind
some type of material that would presumably stop
a bullet, e.g., standing behind a wall. (The
amount of the firer that was behind the cover
is indicated in the center column,) The code
number 2 - "Concealment' appears when the firer
was behind some type of material that would
not stop a bullet, such as a bush. When code
number 3 - "Cover/Concealment" appears this
means that the firer was behind a mi> of

the two types of materials--gome par. y
"concealed" (e.g., kneeling behind a fallen

tree with branches concealing a further pait

of his body).
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FIGURE 1 HEADING

ABBREV IATIONS DATA ELEMENT DESCRIPTION
OTHR This heading contains four columns which
cu
F describe the action of other snldiers who were

visible in che film of soldier firing a small
arm,

The left hand ("'0') column describes
whether or not there were others in the firing
sequence. Column "C" describes the appearance
of other soldiers in the sequences in terms of
whether or not they appeared to be concerned
about what the firer was doing. Column "F"
indicates whether anyone else in the group of
men who were visible was firing a weapon.
Column "U" indicates whether most of these
other men had taken cover or not.

The code numbers below describe the items
they represent:

Others in Sequence Concerned

0 - Not applicable 0 -~ Not applicahle
1 - Other in sequence 1 - Yes

2 - No

commotain o b, .l s s bl Lt b d Sl
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FIGURE 1 HEADING

ABBREVIATIONS DATA ELEMENT DESCRIPTION
(cont.) Firing Undercover
OTHR 0 - Not applicable O - Not applicable
cu 1 - Yes 1 - Yes
F 2 - No 2 - No

In the left hand ("0") column when the
code number 0 - "Not applicable'" appears, this
describes that the firer was the only soldier
seen in the film of the firing sequence. (When
this code number ("'0") appears, columns ''C",
"F", and "U" will, also, appear as zeros.) When
the code number 1 - "Other in sequence' appears,

this means some number of people were present

2
A
=
=
3
3
E
i
=
2
H
:
3
3
3
a
3
2
3
i
=
=
3
3
3

in the firing sequence other than the firer,
There is no way of accurately determining how 3
many people were in a firing sequence.* :

When the code number 1 - "Yes" appears in
column "C" this describes the apparent attitude :
of the majority of the people, other than the V

firer, as being interested in or concerned

*When code number 1 - ''Others in sequence' appears in column "0",
the number that appears under column 'No' describes the position of the
firer in the group, counting from the left--see p. E-54.
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FIGURE 1 HEADING

ABBREVIATIONS DATA ELEMENT DESCRIPTION
(cont.) about what the firer was shooting -t, Whén
OTHR the code number 2 - "no' appears, this indicates
cu that the majority of the other soldiers were
F taking little or no interc.t in what the firer
was shooting at.

When code number 1 - "VYes" appears in
column "F" this describes that one or more of
the other - ?1liers in the firing sequence was
alse firing.

When code number 1 "Yes'" appears in
column "U" this meant that soldiers other
than the firer were seen taking cover.

MSUM This heading contains four columns which
OIRA
VZBN describe the target's movement or lack of move-

ment, the size of the target, whether or not
the firer's location was in an urban area, and if
the firer was firing from a man-made position
or not (e.g., foxhole, building, etc.).
The left hand ("V") column describes

whether the target appeared to be moving.

Column "Z'" describes the estimated size of the
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FIGURE 1 HEADING
ABBREVIATIONS

DATA ELEMENT DESCRIPTION

e——

T W

(cont.)

MSUM
OIRA

VZBN

target area being fired at. Column "B" describes
whether or not the firing sequence took place
in a citv or large village. Column "N" describes
whether or not the firer's position was man-made
(such as a foxhole, bunker, etc.). The code

numbers below describe the items they represent:

Target Movement Target Size

0 - Undetermined¥* 0 - Undztermined*
1 - Stationary 1 - Point
2 - Moving 2 - Small Area

3 - Large Area

Urban Area Position Man-Made
1 - Yes 1 - Yes
2 - No 2 - No

In column "Z'" when the code number 1 -
"point" appears, the term point describes the
target size as being about that of a field
fortification embrasure or an infividual. When

the code number 2 - "small ares appears the

*I.e., target could not be seen.
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FICURFE ! HEADING
ABBREVIATIONS

DATA ELEMENT DESCRIPTION

{cont.)

MSUM
OIRA
VZBN

term small area describes the target size as

being about that of a window/door ¢ - large weapon

signature or tank/truck. When the code number 3 -
"large area' appears, the term large area
describes the target size as being about that
of a building (shooting through walls) or a
trecline or no specifically defined target.

The remaining headings contain columns
which describe data items that were used for
administrative use (e.g., DATE, FRAME, etc.)
and in the selection of pictures of men firing

for analysis of firing positions details.

3
a
E
q
;14
]
-3
3

The "Q" column describes how clearly the

firer can be seen-- "1" means '"well" and '"2"

means "'poorly."

Column '"V" describes how much of the firer
appears in the film--"1" means '"full" view, "2"
means "half" and ''3" means that only a small

"portion" of the firer's body was visible.
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FIGURE 1 HEADING
ABBREVIATIONS

DATA ELEMENT DESCRIPTION

Columns "AN" describe the camera's horizontal
augle relative to the direction of fire in clack
terms (i.e., '"One o'clock” is shown as "01').

The "A" column describes whether or not the

R
firer was wearing torso body armor. (This data
was collected to see if body armor would have any
effect on the placement of the weapon against
the firer's shoulder.) Code number "1" appears
when the firer was wearing upper body armor, and

code number '"2'" when the firer was not.

Column "S" describes a ground slope in
the area the firer occupied that would affect
the firer's position--'"0" means there was ''no
effect" on the firer's position, "1'" means there
was an 'upward effect" (i.e., firer positioned
on a steep Incline facing toward the top of the
incline), ""2" means there was a "downward effect"

(i.e., fire- positioned on a steep decline

facing toward the bottom of the decline).
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FIGURE 1 HEADING
ABBREVIATIONS

DATA ELEMENT DESCRIPTION

NO

REEL

DATE

Column "No" describes the position of the
tfirer when some number of people were present in
the firing sequence other than t 2 firer, counting
from the left (e.g., 04 means there were 3 other
people to tiue left of the firer). 'U0" appears when

only the firer was present in the firing sequences,

This heading describes where the film was
viewed and the reel number. In the left hand
column "1" means the film was viewed at the Army
Motion Pictuse vVepository and Records Center
(AMPD-RC) and '"'2" means the U,S.M.C. Motion Picture
Archives. Tne remaining columns indicate the reel

number.

This heading contains columns which describe
(in feet and frames) the starting point of the

firing sequence.

This heading contains columns which describe
the calendar date (day, month, year) the firing

sequences took place (e.g., 050345 means 5 March

1945).
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FIGURE 1 HEADINC
ABBREVIATIONS DATA ELEMENT DESCRIPTION

i R Column "K" describes whether the firer é
i. was attached to a different unit from his normal %
' organic assignment {(code number '1") or attached to é
an organizational type other than those described ;
in colurnn "B" (code number "2'") or not., Code number é
"0" means "Enknoun."
Es BN This heading contains three columns which %
i describe the firer's battalion numerical designation é
! (right justified, e.g., 78th tattalion appears as 078). é
| B Column "B" describes the firer's "Battalion %
,l ) Branch Type.”R The code numbers below the itcms .
they represent: E
Battalion Branch Type
0 - Unknown 6 - Enginesr :
1 - Tank Destroyer 7 - Ranger/Special
2 - Artillery Forces
| 3 - Tank/Armored 8 -~ Marine :
4 - Recon 9 -~ Other
5 - Infantry
REG This heading contains three columns which

describe the firer's Regimental numerical designation

(right justified, e.g., 78th Regiment appears as 078),
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FIGURE 1 HFADING

ABBREVIATIONS DATA ELEMENT DESCRIPTION

DIV This heading contains three columns which
describe the firer's Divigion numerical designation
(right justified, e.g., 99th Division appears as 099).

B Column "B describes the firer's '"Division
Branch Type' and has the same code numbers as the
"B" column.
R

A Column "A" describes which '"Military Force"

M M
the tirer was in--"1" means'U.S. Army‘ and "'2"
means '"U.S. Marine Corps."

L Column "L" describee in which conflict the

0 0

C C

firing sequence took place--"1" means 'World
War I1 in Europe,' "2" means "World War I{ in
the South Pacific,"” "3" means "Korea" and "4"

meang 'Vietnam,"
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Appendix F

FURTHER DATA ON CDEC AND 1B TESTING RANGES
AND NEW RANGE EQUIPMENT AVAILABLE

INTRODUCT ION

This appendix supplenents and adds detail to the information on the
small arms testing ranges discussed in Chapter V, It also describes range
target systems and components that are available for instrumenting such
ranges but are not now being used, The range complexes are (1) the U.S.
Army Infantry Board (I8) ranges at Fort Benning, Georgia, and (2) the
test ranges at U,S, Army Combat Developments Experimentation Command

(CDEC), Hunter Liggett Military Reservation (HLMR), California.

U.S. ARMY INFANTRY BOARD (IB) RANGES

History
The U.S. Army Infantry Board (IB) has three small arms test ranges,

Design was begun in 1765, end though the first service tests were con-
ducted in 1970, a prototype "attack range' was built in 1965, It was
manually controlled, and data were collected on an oscillograph and
paper-tape recorders. In 1968, the 'quick-fire range' was completed, and

in 1970, the '"defense range.' The defense range was the first computer-
automated test vange at Fort Benning. All three ranges are now computer-
operated, and the same computer does ali major data collection,

As each range was completed, an "acceptance"” test was conducted to
determine how well it functioned, Each test proved the instrumentation
to be very reliable.™ Since their completion, the ranges have been used
heavily. Examples of small arms tests recently conducted on the ranges

are listed in Table F-1, Since a single computer and control system

* .
U.S. Army Infantry Board, Defense Experiment 1 (Ft. Benning, GA,
25 November 1971); hereafter referred to as Defense Experiment I.
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Table F-1

SMALL ARMS TESTS RECENTLY CONDUCTED ON IB RANGES

o Test?d Date

Combat pack with removable pockets ..,cseevvaessessee 1973

Nt ks T e
.
|

Rimfire adapter, M16 ,.......... ceecenn e cerenees 1974
Reflex colunmator sight, M16 ..ieececenrocececnsrraees 1974 ~
Muzzle break compensator, M16 .......... essesesraess 1974

Control burst mechanism, M16 ....ccoeeenvvsaasenseees 1974

e e+ e e s b o2
Il

' Chemical protective overgarment ....... wreiereesieaes 1974
J Body armor veSt . .iuesverrsencanssocosnoasssnccssnrsas 1974
Improved conventional munitions ,.......ei00000nnie.e 1974

Bandoleer, XMeB ..i.vvevactosastcnsrccsosscssnsnseecesss 1974

IR W Jispgen o

Accuracy test, M60 ............ P - 1

Low light level Sight, M16 uvuerrenneenenrereenennns 1974

Small arms measures of effectiveness methodology .... 1974

[
n

Alrborne equipment methodology s.evsevecerevoereasss . 1974

Night operations test ......eiieeevnsscnnssnesineeees 1974

IO B B B A O T T R e

Squad automatic weapons engineering test ,........... 1974

a———

%These are informal titles for the tests. The list is
not exhaustive but indicates the varlety of tests undertaken,
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support each range separately, only one range can be used at a time.

A single range is used approximately 60-85 hours per month.

Instrumentation

Targets

All three ranges use the stationary head and upper torso (M-silhouette)
target and one or more moving targets.® The numbers and types of each are

summarized in Table F-2,

Table F-2

NUMBER AND TYPES OF TARGETS ON IB TEST RANGES

Defense Attack Quick-Fire
Type of Target Range? Rangeb Range
Stationary (pop-up) 88¢ 10 25
Moving (pop-up) 6 1 1

®In Chapter V, the firing situation for this range is
called "Firing at targets at closer ranges.'” 'Defense" is
used in this appendix for simplicity and because it is the
term I3 uses.

bIn Chapter V, the firing situation for this range is i
called "Assault.” 'Attack” is used in this appendix for :
simplicity and because it is the term IB uses. i

“To the 60 day time targets, 28 close-in targets ivere
added for use in night testing.

Programming Target Array
A radio link {s used to transmit hit data for moving targets, and

relays are used for the stationary targets. All targets can be pro-

grammed to &sppear and reappear in any sequence for varying durations,

*The head and upper torso target has a presented area of 3.27 sq ft
(as described in Chapter V), It will be referred to as the "kneeling-man"
target throughout this appendix., Moving and stationary targets are
described in Chapter V, Moving targets are also called "running-man'
targets.

i bl
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They can be programmed to stay in view for a certain time or to drop
when hit. For checkout or tria., they can be controlled manually from
the computer van.

The attack range normally uses a fixed, programmed target scenario;
the defense range uses several scenarios; and the quick-fire range uses
a sort of shooting gallery, where a single firer moves through a pre-

scribed course, automatically activating targets and simulators,

Near-Miss Sensors

A time-difference near-miss sensor capable of scoring miss distance
and miss direction is used on the ranges, Each target array on the defense
range and each target on the quick-fire range has a set of four micro-
phones positioned in {ront of the targets, The target line on the attack
range has three near-miss sensors. The microphones tally near misses by
sensing the shcck wave of passing rounds,

The set of microphones is located along an axis perpendicular to the
line of flight of the projectile and directly in {ront of the target so
that the target is at the exact center of the line of microphones. The
four microphones are positioned 5 ft and 7 ft from the target, one pair
on each side, The supersonic shock wave of a projectile passing over
the area between the pairs of microphones causes the microphones to send
pulses over the coaxial data link. Their time of arrival is recorded by
the computer just as are the pulses from the system to count rounds fired.
The times of arrival of the shock wave at one pair and then the other
pair of microphones are used to create equations that include the geo-
metric configuration of the microphone location. The two equations thus
produced can be solved for the x and y coordinates of the near miss as
the projectile passed through the vertical plane of the target array.

The resolution of the system, under ideal conditions, exceeds 3 inches.

Since only one target in each target array of three to five targets
on the defense range is equipped with the miss distance indicator (MDI),
described above, informati . on miss distance is collected by sample.

It is assumed that other targets in the srray undergo similar patterns

of misses when they are in view. Not a ' tuorgets have an MDI because of

Il i L
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the limited mimber of data recording channels (256). Each microphone
requires one channel, so a set requires four channels. The target
requires two other channels, one for hit recording and another that
informs the computer that up and down commands have been carried out.
Six input channels per target would quickly use up the available chan-
nels, Sampling permits more targets to be added without having to add
an equal number of miss-distance microphones. A ratio of two targets
for each MDI is maintained, however.

Near misses :an be measured around each target position on the range,
16 of the 60 targets on the daytime defense r_..ge and 3 targets on the
attack range.

Interference from small arms simulators is prevented by turning off
the microphones (i.e., the computer does not record incoming data from
nearby microphones while a simulator is firing).* However, the proba-

bility of not recording a near miss while the microphones are turned off

is very low,

Round Counters

The system for automatically counting rounds in statior- - target
firing consists of a sensor, data link, signal conditioner, and computer
system. ‘the sensor unit consists of one microphone located directly in
front of each firing position, The microphcne is attached to a single
coaxial cable, which in tutn is linked to the signal-conditioning unit
in the computer van. The signal conditioner, one per microphone input,
"conditions" by discriminating between the actual signal and extraneous
noise and creates a pulse for computer input for each signal received.
The pulse is fed directly into the computer intecrface unit that measures
time of arrival.

The round-counting system for the attack range consists of a helmet-

mounted radio system. The sensor element consists of two parts: an

*

U,S. Army Infautry Board, Technical Memorandum: Scoring Resolution
of a Time Difference Miss Distance Scoring System (Ft. Benning, GA,
December 1967),
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infrared (IR) sensor that '"sees'" the muzzle blast and turns on an acoustic
sensor, which senses the sound of the muzzle report, The short time
"window' (the period of time the acoustic sensor is on) prevents "cross-
talk' among firers, 1If a firer happens to be looking at an adjacent
firer as the latter's rifle discharges, his IR sensor will open the cir-
cuit for the acoustic sensor; however, the window will close before the
report of the adjacent firer's weapon arrives, Once a signal passes
through the window, it is conditioned and placed on the RF carrier for
transmission to the computer van. Tests have shown that firers must be
separated by at least 4 ft to prevent crosstalk. Some crosstalk occurs
betweea 4 ft and 16 ft, the degree diminishing with distance. No cross-

talk has occurred with 16 ft of separation.*

Recording Equipment

The recording (and target control) equipment consists of a PDP 15,30
computer and its interface equipment. All data recording programs are
prepared automatically as the target control programs are written. The
programs are written in a programming language close to natural English.**
When they are compiled by the computer to produce the actual program, the
necessary data-collection routines are added. During the trial rum, the
computer controls the range according to the instructions of the program
preparer and collects the data. A hard-copy "end-of-trial’ summary is
automatically produced.

Before each trial begins, the computer asks the operator for time,
date, and other logging-in information. The information is recorded on
magnetic tape along with the substantive data from the trial. The sum-~
mary recaps each trial in terms of the number of rounds fired by each
firer, hits by target, and near misses sensed by microphone. Programs

are available to produce other types of hard-copy output,

*

U.S. Army Combat Development Experimentation Command, MFR--Live
Fire Test of California Avionics Laboratories Inc, Portable Round Count
System (Ft. Ord, CA, 20 June 1973),

Jok
Janes, Mean and Dakon, USAIB Compiler User's Guide (Ft. Benning,
GA, February 1971),

W
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The computer has three mini-magnetic tape drives, two teletype
printers, one high-speed line printer, a high-speed paper-tape reader
and punch, and is equipped with a memory-protection unit that prevents
the loss of data in the event of a power failure. It uses either
generator power or commercial power. It has 256 lines for data input
and 128 lines for range control. A library of programs exists for range

control.

Reliability of Instrymentation

The reliability of instrumentation subsystems is reported to be
very good. It takes seven hours to move the computer van the 12 miles
from the Infantry Board main post at Fort Benning to the range complex,
connect it, and check it out, If the range has not been used for a
month or more, about two weeks are required to install and recheck the
range components, These are current estimates using the new equipment,

such as radio data links, installed in recent years.

Rifle Situations

Up to four firers at a time can fire on -the attack range,* up to

ten on the defense range, and a single firer on the quick-fire range.

Range Layouts
Figures F-1 through F-3 depict the layouts of the three IB ranges.

Cost
The procurement cost of instrumentation components for the IB is

shown in Table F-3,

*
U.S. Army Infantry Board, A Pilot Experiment, Attack Experiment I,

Small Arms Service Test Design for a Study of Small Arms Test Facilities

and Methods, USAIB Project 3091 (Ft. Benning, GA, June 1966).
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- .JARGET  O0ATA e
_ _ 420 - TARGET ANGLE LOCATION TYPE DISTANCE
T 1 70° LEFT - POP-yP 60m
8 2 30° RIGHT i POP-uP 40m
O~ 3 15-60° LEFT MOVING 80m
4 35° LEFT - POP-UP 20m
3 45° LEFT 2-POP-YP 60m
[ 6S LEFT i-pOP-uP 40m
. 5 7 60° LEFY 1°POP-UP 20m
\ 8 90° LEFT 2-POP-~UP 80m
. 5%° LEFT 1*POP-yP 40m
\ 10 90° LEFT 1-POP~yP 80m
\ " 8C° LEFY 1-POP-yP 20m
\ 12 30° LEFT 1-POP-1)P 20m
\ i 13 45° RIGHT 1-POP-UP 80m
14 30° RIGHT 1-POP-UP 20m
1S 28° RIGHT 1-POP-UP BOm
16 2%° LEFY 1-POP - UP 20m
/ 1”7 90° RIGHT 1- POP - yp aom
8 30° RIGHT t-POP- UP 60m
19 70° LEFT 1*POP - yp a0m
20 40° RIGHT 1 POP-UP 20m
- 2! 40° LEFT 1-20P-yp 20m
\ 0 — 22 0° FRONT 2°POP-yP 40m

PATH

30

. st s ]

-

Figure F-2. Layout of IB quick-fire range. Adapted from Litton Systems Inc.,
Mellonics Systems Development Division, Infantry Weapons Test Methodolqsx

Study, Quick-fire Experiment I, by Ronald D. Klein

(Ft. Benning, GA, 27 June 1969), p. 72.
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Figure F-3, Layout of IB day and night defense range.

Adapted from 1B, Defense Experiment 1, pp. 1-2 and 1-3.




Table F-3

ESTIMATED COST OF PROCURING IB DEFENSE RANGE

(1974 DOLLARS)

Equipment Cost
Target instrumentation
Raising and lowering mechanism
(88 @ $350) siieniiiitnnreansasernannseess § 30,800
Moving man target (100-ft track)
(6 @ $4,000) s.iveviinnnnnennnes e 24,000
Weapon-signature simulator
(5 @ %1,200) ....... S hetescesenasssiasnens 6,000
Hit sensor (target body)
(B8 @ $4) tivieirniitiiniiiaittitnteannaeas 352
Near-miss sensor (64 microphones--16
target arrays with 4 microphones
each @ $60) . ..civretvivnnecersonansonens 3,840
Round counter (10 @ $60) .iveeeerecnaans e 600
Wire HetworK tuo.ivireneneeiniionannonennneennn 16,000
Subtotal $ 81,592
Recording Equipment
PDP 15/30 COMPULET tiivevsrsssansesraancases S 49,500
Automatic addressor .ecieiiiiniecinniiaienenn, . 25,000
Signal conditioner ................ Ceeesenes 16,000
Air conditichner .......c 0 it iriiiannanan 500
SOfLWATE v viivenerrrooascassannassncnnsnonas 60,000
Subtotal $151,000
Installation ce.iieevorisroncsassononecanans .v. $250,000
Total $482,5C2 ($331,592)8

%The $482,592 is misleading to the extent that it includes the
$151,000 for recording equipwent, which is not procured independently

for each range but is shared among the three ranges,

The figure in

parentheses represents the truer cost of just setting up the defense
range consisting of 83 stationary and 6 moving targets,
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Personnel to operate the ranges are summarized below. Since only

vne range can be operated at a time, these personnel are adequate for

all ranges,

ADP Personnei: Range Personnel:

1 programmner 1 electrical engineer

1 programmer/operator 2 electronic technicians
Others (numbers unknown): 2-4 controllers
Ammunition bhandlers 1 statistician

Range guards 1 range officer

Medics

The estimated daily cost of operating a single range is $540. This

includes the services of 6-8 military personnel, 3 Army-employed civilians,

and all expendables such as target-body replacements.* ' -

U.S, ARMY COMBAT DEVELOPMENTS EXPERIMENTATION
COMMAND (CDEC) SMALL ARMS RANGE

History
The U.S. Army Combat Developments Experimentation Command (CDEC) has

three live firing ranges at Hunter Liggett Military Reservation (HLMR),

California. Two of the ranges were initially installed at Fort Ord, Cali-

fornia, conceived and designed especially for the CDEC-SAWS experiment - -
discussed in Chapter IV, The equipment was moved to HLMR and installed 7
in a different range layout in the spring of 1966, In 1972, a separate

“moving target' range was installed at HLMR. The three ranges are desig-

nated Alpha, Bravo, and moving target, respectively. The ronfiguration

has not changed since., Examples of experiments recently conducted at

CDEC are listed in Table F-4,

*This $540/dzy estimote is based on estimated personmel costs of
$480/day plus a target-body replacement cost of $60/day. The target-
body replacement was estimated as follows: for 70 trials a day, 60
targets exposed per trial, 2-3 hits - target, a replacement estimate
of 25 percent was used (2.. x 60 tary . = 15 targets replaced per cay
x $4 per target = $60/day).
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Table F-4

SMALL ARMS EXPERIMENTS RECENTLY CONDUCTED AT CDEC

Experimentd Year

Comparison of XM19 and M16 (CDEC 21.9) cevesevvaneenses 1972
Army small arms rifle study (ASARS) IT ................ 1973-1974
Parapet-Fcxhole (PAR=FOX) .u.iviivevnnenssnsenciceeanaas 1674

Dispersion against concealed targets (DACTS) .......... 1975

%Titles are informal ones. Except for CDEC 21.9, formal reports
are not available fcom DDC.

Targets

Three types of silhouette targets are available for use on the test
ranges: head-and-shoulders, kneeling, and standing targets., These
3-dimensional infanry targets® are made of foam laminated to stamped
aluminum, There ar: 64 targets in five arrays on the Alpha range, 49
targets in six arrays on the Bravo range, and 2 targe