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ABSTRACT

A two-phase test program was conducted in order to evaluate the
hypothesis that changes in the accuracy of a rifle are reflected
in changes of the engraving patterns found on projectiles fired
from that rifle., Three mutations of projectile engraving charac-
teristics were isolated. These mutations were: (1) widening of
the grooves engraved in the projectiles; (2) increasing variation
in the lengths of the grooves on a bullet; (3) the appearance of
surface mutilation on the bullet jackets. Each of the mutations
demonstrated some correlation with accuracy. The widening of the
grooves correlated best with accuracy, exhibiting a correlation
coefficient above .7 over a wide range of firing rates, ammunition
types, and barrel manufacturing processes.
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BACKGROUND

As a weapon is fired, its bore surface erodes. This erosion
eventually leads to unsatisfactory accuracy, muzzle velocity,

and projectile yaw. Extensive testing has demonstrated that for
rifles, accuracy becomes unacceptable before velocity and yaw do.
Thus, accuracy is the parameter which 1imits the service 1ife of
the M16A1 Rifle. Unfortunately, the determination of a rifle's
accuracy requires range facilities, trained shooters, ammunition
expenditure and much time. These requirements have led the Army to
conclude that it is not practical to directly test the accuracy of
rifles in the field on a routine, periodic basis.

Because erosion of the bore is generally considered to be a principal
cause of accuracy loss, and because measurement of ereosion is rela-
tively simple, it is only natural that erosion should be substituted
for accuracy as a field rejection criteria. Under this philosophy,
breech erosion gages have been developed and fielded for both the

M14 and M16A1 Rifles. However, testing of the MI6A1 Rifle has proven
that the correlation between erosion and accuracy is poor. The depth
of penetration of an erosion gage is not a good indicator of the
accuracy of an M16A1 Rifle, Consequently, a search was initiated for
a practical means for determining the accuracy of rifles in the field.
This report reviews the initial stage of that search.




OBJECTIVE

It was hypothesized that the change 1n accuracy of a barrel as {t
wears out should be reflected in visible changes on the projectiles
fired by that weapon, To restate the hypothesis, if all external
parameters remain constant, the physical interface between the pro-
jectile and the barrel's bore dictates the projectile’s trajectory,
and the changes in this physical interface which degrade accuracy
should be reflected in the bore's engraving on the projectiles.

The objective of this program was to determine the validity of the
hypothesis by determining:

(1) whether mutations occur in projectiie engraving character-
istics as a barrel wears; '

(2) if mutations do occur, whether they can be correlated to
changes in accuracy. -



SCOPE OF PROGRAM

A1l test data were gathered by employing two previously programmed
tests. In the first of these tests, twenty-thousand rounds of M193
Ball ammunition were fired through each of nine M16A1 rifles at a
nominal rate of twenty rounds per minute. Each of these weapons
contained a standard replacement barrel and front sight assembly from
one of three contractors who have fabricated replacement barrel
assemblies for the M16A1. Three ten-shot targets were fired from
each weapon at 1000 round intervals throughout the test. Three
projectiles from each weapon were trapped in foam at 5,000 round
intervals throughout the test. The projectiles trapped in the foam
are assumed to exhibit engraving characteristics typical of projec-
tiles fired from the same barrel in the accuracy firings at the same
stage of the test. Since the foam was not available until after the
test's initiation, the first projectiles trapped in it were at the
5000 round stage of the test.

The trapped projectiles were examined under 10X magnification and
three types of mutation were isolated. Each of these mutations was
quantified and correlation coefficients between the mutation and
accuracy were calculated. Two mutations showed some promise of
correlating well with accuracy. Therefore, it was decided to study
those two mutations during the second test.

The second, much more extensive test was used to determine the
correlation between accuracy and each mutation over a broad range
of ammunition types, rates of fire, and barrel manufacturing processes.

During this second test, twenty-seven chrome-plated M16Al Rifle

barrels were fired a total of approximately 500,000 rounds at rates

of fire of 20, 60, and 100 rounds per minute. Nine standard replace-
ment barrel assemblies from each of the three producers of chrome-
plated replacement barrel assemblies were assembled to rifles for this
test. FEach of the three manufacturers used a unique process to produce
his barrels. Consequently three distinctly different bore configurations,
all meeting the requirements of the production technical data package,
were utilized in the test. This allowed a study of the effects of
differences in processing on bullet mutation to be included in this
report. Three barrels from each manufacturer were fired at each rate,
with two of the barrels firing M193 ball ammunition and one barrel

firing M196 tracer ammunition. Accuracy firings and projectile

trapping were conducted at appropriate intervals throughout the test.
Again, analysis of the projectiles was conducted at 10X magnification
and correlations between accuracy and engraving mutation were calculated.




DESCRIPTION OF TEST ITEMS

The barrels manufactured by Process "A" were rifled by rotary swaging,
The bores displayed good surface finish and chrome adhesion, Land
height was relatively low and the land edges were significantly more
rounded than those on the other barrels (see Figure 11, Appendix B).

The barrels manufactured by Process "B" were rifled by button swaging.
These bores displayed good land edge definition and good chrome adhesion,
but relatively rougher surface finish than the other barrels (see

Figure 12, Appendix B),

The barrels manufactured by Process "C" were rifled by rotary swaging.
The lands of these bores were not symmetrical, The leading edge

of each land showed good definition while the trailing edge was much
more rounded (see Figure 13, Appendix B), Chrome adhesion was not

as good on these barrels as on the others, However, surface finish

"~ on the chrome was better than that of Process "B", although not

as good as that of Process "A",

This qualitative evaluation of surface finish and chrome adhesion
was conducted using a 60X borescope whose output was displayed on a
closed circuit television screen,

Approximately 20 one-foot-thick blocks of polyurethane foam (2 ft x
2 ft) were used to trap the bullets. The specifications of the foam
are as follows:

Density - 1.45 to 1.55 Tb, per cu. ft,
Elongation - 200% minimum

Tensile - 10 1b, per sq, in.

ILD - 26 to 31 1b.

Tear - 2 1b. per in.

Analysis of the projectile engraving was conducted at 10X. At that
magnification the graduations on the microscope's scale were 005
inches apart. Visual interpolation was used to approximate engraving
dimension to the nearest .001 inch,



SUMMARY OF RESULTS OF TEST 1

Examination of the projectiles trapped during the first test
revealed three obvious engraving mutations. One of these muta-
tions is a widening of the grooves engraved in the projectiles
fired from the weapons of Processes "A" and "C" as the weapons
reach the end of their accuracy 1ife. Each entry in Table II,
Column 4 in Appendix A represents the average land impression
width of three projectiles (average width of all six grooves in
each of three projectiles). Examples of these land impression
widths and their variations are shown in Figures 1 through 4 and
Figure 6 of Appendix B. The arrowheads denote approximately the
edges of a groove in the projectile.

Another mutation noted is an increase in the difference in the
lengths of the 10ngest and shortest grooves in a given projectile.
This variation in groove 1ength increases with weapon wear 1in

nearly all test weapons; but it is most pronounced in Process "A"
weapons. Collomn 5 of Table Il in Appendix A quantitatively d1sp1ays
this mutation. Each entry in Table II is the average of the dif-
ferences between the longest and shortest land impression lengths

on each of three projectiles. Figures 9 and 10 of Appendix B show

an example of this variation.

The third mutation is the appearance of gouges, nicks, scrapes,
tears, and general surface roughness on some projectiles fired

from Process "B" weapons. This mutation was found on five of the

six projectiles fired from the two rifles of Process "B" which were
inaccurate at the 20,000 round stage of the test. Column 6 of Table
I records the occurrence of jacket mutilations. Figure 5 in Appendix
B shows a typical example of this jacket mutilation.

Results of the accuracy firings at 5000 round intervals are given 1in
Column 7 of Table II of Appendix A. Each entry in the table repre-
sents the average of the extreme spreads of three ten-shot targets
fired from one rifle.

No projectile yaw was noted on any of the targets fired.

Velocity losses were smali. Average velocities recorded at test
conclusion were less than average velocities at test initiation by
the following percentages: 2.1% for Process "A", 2.2% for Process
'B", and 0.9% for Process "C".




ANALYSIS OF RESULTS OF TEST I

The graphing of the data and the calculation of associated corre-
lation coefficients are relatively straightforward. Graph 1 of
Appendix C shows strong linear relationships between land impression
width and extreme spread for weapons of Process "A" and for all
weapons (correlation coefficients of .90 and .73 respectively).
Although weapons of Process "B" and "C" did not show the }inear
relationship (correlation coefficients of .20 and .38 respectively),
this may well have been due to the limitations of the data. For
instance, the extreme spread of Process "C" weapons never became
large enough to determine whether a correlation would exist.

Graph 2 in Appendix C shows good correlations between longest-
minus-shortest Tand impressions length and extreme spread for weapons
of Processes "A" and "B", and for all weapons {correlation coeffi-
cients of .57, .82, and .66 respectively). Once again, the 1imi-
tations of the data prevent a relationship from being found for
Process "C" weapons.

The third mutation, jacket mutilation, is perhaps best studied by

merely reviewing Appendix A and noting that at the test$' conclusion,
the only two weapons causing jacket mutilation were the two inaccurate
Process "B" weapons.



SUMMARY OF RESULTS OF TEST I

The widths and lengths of all six grooves were measured on more than
500 projectiles. During the measurements, each projectile was checked
for jacket mutilation. When combined with the accuracy data, these
observations formed the data base from Test II which is recorded in
Table III of Appendix A. The entries in Table III are directly
analogous to their counterparts in Table II. For example, each entry
in the extreme spread column again represents the average extreme
spread of three 10-shot targets. As in Test I, no projectile yaws
were noted and velocity losses were small during Test II.




ANALYSIS OF RESULTS OF TEST II

The data from Test II were ana?yzed in an attempt'to_answer five
pertinent questions concerning projectile mutation, These questions
are:

(1) With a larger data base than than available in Test I, how
well does each mutation correlate with accuracy?

(2) Is the correlation between accuracy and each mutation
dependent upon barrel manufacturing process?

(3) Is the correlation between accuracy and each mutation
dependent upon rate of fire?

{4) 1Is the correlation between accuracy and each mutation
dependent upon type of ammunition fired?

(5) If each mutation were used as a measure of accuracy in the
field, what cut-off point in the mutation would correspond to the
field accuracy rejection criteria of seven inches extreme spread
at 100 yards?

Graphs 3 through 11 display the relationship between land impression
width and extreme spread for various portions of the data from Test
II. Graphs 12 through 20 similarly display the relationship between
longest-shortest Tand and extreme spread.

Note that all graphs in Appendix C have linear and second order
regression lines plotted over the data. The information pertinent
to this analysis has been summarized in the following Table I.

The first two columns of Table I are self-explanatory. The third
column 1ists the correlation coefficients for the data on the
graphs. The fourth column Tists the Tand impression width which
corresponds to seven inches extreme spread on the second order
regression line. The last column is similar to the preceding one
except that Tongest-shortest land impression rather than land
impression width is portrayed.

Data from Table I can be utilized to answer the five questions posed
at the beginning of this section.
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The correlation coefficient of +.73 for Graph 3 demonstrates the

good correlation between land impression width and extreme spread

for all three firing rates, all three processes and two types of
ammunition. Under identical conditions the correlation coefficient
between longest-shortest land impression and extreme spread (as shown
on Graph 12? is +.46,

Graphs 6, 7, and 8 demonstrate that good correlation (coefficients

of +.82, +.62, +.72) exists between Tland impression width and

extreme spread regardless of barrel manufacturer. On the other

hand, the correlation of the longest-shortest land and extreme

spread is definitely dependent upon barrel manufacturing processes.
Graph 15, with a correlation coefficient of +.55, shows a reasonable
dependence for Process A weapons. Graphs 16 and 17 (Process B and

C barrels) do not exhibit any substantial correlation, having coeffi-
cients of only +.01 and +.12.

Variations in rate of fire do not significantly affect the correlation
between land impression width and extreme spread. This is obvious
from Graphs 9, 10, and 11 (100 rd/min, 60 rd/min and 20 rd/min)

which have coefficients of +.81, +.71 and +.71 respectively. However,
rate of fire does appear to influence the interdependence of longest-
shortest land impression length and extreme spread. This effect is
reflected by Graphs 18, 19, and 20 which have correlation coefficients
of +.31, +.12, and +.65 for 100, 60 and 20 rounds per minute
respectively. )

Both ball and tracer ammunition gave good correlations between land
impression width and extreme spread with coefficients of +.75 and
+.64 respectively (Graphs 4 and 5). The firing of ball ammunition
gave a correlation of +.44 between longest-shortest land impression
and extreme spread on Graph 13. The correlation for tracer ammu-
nition was much worse, as shown by the coefficient of +.15 for Graph
14.

The second-order regression lines plotted on Graphs 3 and 12 were

used to determine the land impression width and longest-shortest

land impression which corresponded to 7 inches extreme spread which

is the rifle's field rejection point. The appropriate land impression
width was found to be .054 inches and the longest-shortest impression
was found to be .025 inches.

11




The excellent reproducibility of the tests can be verified by
comparing the correlation coefficients of Graphs 1 and 11 (+.73

and +.71? and of Graphs 2 and 20 (+.66.and +.65) which have identical
parameters. '

12



CONCLUSTIONS

Six significant conclusions that can be drawn from this program are:

(1) Projectile engraving characteristics do undergo mutations
during the accuracy 1life of MI6A1 Rifles.

(2) Three distinct mutations have been identified. One of
the mutations is a widening of the grooves engraved in projectiles
by some barrels as those barrels reach the end of their accuracy
Tives. Another mutation is an increase in the difference in lengths
of the longest and shortest grooves engraved in one projectile.
The third mutation is the occurrence of gouges, nicks, scrapes, and
general surface roughness on some projectiles fired from some barrels
which had passed their useful accuracy 1ife.

(3) A1l three mutations exhibit some correlation with accuracy.

(4) Increase in land impression width is the mutation which has
the best correlation with accuracy.

(5) There is a strong correlation between land impression width
and accuracy regardless of rate of fire, type of ammunition fired,
or barrel manufacturing process.

(6} If land impression width were to be used as a gage of weapon
accuracy, .054 inch land :impression width would correspond to the
field rejection criteria of 7 inches extreme spread for a ten-shot
target at a range of 100 yards.

13




RECOMMENDAT IONS

a. A major obstacle to the testing of weapon accuracy at training
bases by observing projectile mutations 1s the development of a method
of trapping projectiles on a production line basis. Thus, a study
shouT? be undertaken to develop a practical method of trapping pro-
jectiles. - _

b. The scope of this program was limited to the isolation of
projectile mutations and the demonstration of positive correlations
between the mutations and accuracy. In order to understand why the
correlations exist, theoretical bases for the correlations should be
conceived, developed, and finally supported by means of math modeling
of the interior and exterior ballistics of the projectile.

14
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TABLE IT - TEST I DATA

LONGEST-
NO. OF LAND IMP.  SHORTEST JACKET EXTREME
PROCESS RIFLE RDS FIRED WIDTH LAND MUTILATION SPREAD
A 1 5000 .051 .030 NO 2,3
A 2 5000 .065 015 NO 2.5
A 3 5000 .059 .010 NO 3.4
B 4 5000 .055 .010 NO 2.8
B 5 5000 .0565 015 NO 3.5
B 6 5000 .056 .010 NO 4.8
C 7 5000 .048 .015 NO 3.6
C 8 5000 .050 .015 NO 4.5
¢ 9 5000 .061 .015 NG 4.2
A 1 10000 .055 .010 NO 2.6
A 2" 10000 .059 .010 NO 2.7
A 3 10000 .054 .015 NO 2.9
B 4 10000 .050 .010 NO 2.6
B 5 10000 .050 .015 NO 3.0
B 6 10000 .052 .010 NO 2.8
C 7 10000 .053 .010 NO 3.4
C 8 10000 .056 .015 NO 4.5
¢ 9 10000 .053 .015 NO 3.4
A 1 15000 .076 .015 NO 13.5
A 2 15000 .074 .025 NO 15.1
A 3 15000 .072 .020 NO 17.6
B 4 15000 .060 045 NO 10.9
B 5 15000 .055 .010 NO 4.0
B 6 15000 .063 .010 NO 5.1
C 7 15000 060 . .010 NO 4.3
C 8 15000 .060 .010 NO 4.7
C 9 15000 .061 015 NO 7.8
A 1 20000 .071 .070 NO 15.5
A 2 20000 .077 .025 NO 14.0
A 3 20000 .078 .055 NO 16.1
B- 4 20000 .054 .030 YES 16.1
B 5 20000 .055 .015 *NO 3.4
B 6 20000 .052 .035 YES 10.4
C 7 20000 .055 .010 NO 7.9
¢ 8 20000 .058 020 NO 5.3
C 9 20000 .056 .030 NO 6.3

16
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TABLE III - TEST II DATA

17




€ ¥ ON STO® SYO 0002 96TH 00T 6 o)
vy ON 0TO" 6€0" 0 96TH 00T 6 o)
G'¢ ON 010" S¥0* 000‘ZT 96TH 00T 9 a
€°¢ ON 010" €v0° 000/0T 96TH 00T 9 a
z°S ON 010" 8%0° 0008 96TH 00T 9 g
L € ON STO" AN 0009 96TH 00T 9 )
Ve ON S10° 240 000/¥ 96TH 00T 9 g
z'¢ oN 800" £v0* 0002 96T 00T 9 a
9°¢ ON gTO" 0¥0° 0 96TH 00T 9 a
9°G ON 020" 0s0° 000’ZT 96TH 00T € ¥
9°€ ON S10° 8% 0" 0000T 96TH 00T £ ¥
G°€ ON ST0° 6%0" 000”8 96TH - 00T € ¥
L'€ ON L00* 8y 0" 000‘9 96TH 00T € 4
€Y ON gT0° 8v0 " 000‘¥% 96TH 00T € ¥
pE ON’ s10* ~EV0" 000‘Z 96TH 00T £ ¥
L2 ON L00° 8€O" 0 96TKH 00T 3 4
av¥aEds | MOII¥TIILON AN HLAIM Q9T SO | HOILINOWWY | Z¥I4 40| "ON | NOIDVESNOD

THTLLKE LEIOYL LSTIVCHS, dWI aNYT A0 *ON TIWH G ERE

LSHDUYT




v°s ON zZ10° €60 000°0T 96TH 09 8T 0
1'% ON AN 6%0° 000’S 96 TW 09 81 o
L€ ON 020" 6€0° 0 96TH 09 8T D
6°2 ON STO0* Gy0° 000’ST 96Ty 09 GT q
vz ON 010" G¥0°* 000°0T 96TH 09 61 o
6°€ ON 010" £%0° 000°s 96T 09 ST q
8°¢ ON 0z0°* v0° 0 96TH 09 ST q
6% ON ST0" £60° 000°ST 96TH 09 zT ¥
T°€ ON 8T0° 050" 000’0T 96TW 09 Al N4
T°v ON At 9%0"* 000°S 96TH 09 ZT Y
Z°€ ON 510" %0° 0 96THW 09 A v
97 ON 0TO"® £S0° ooo.ma 96TH 00T 6 D
e ON 0TO* S%0° 000/0T 96TW 00T 6 o)
9°¢ ON 010° 8¥0° 000‘8 96TH 00T 6 ]
0°S ON 910" 670" 000‘9 96TH 00T 6 D
9°¢ ON ST0° Sy0° 000‘% 96TH 00T 6 0
aVENdS | HOIIWITLAOW arV'T HLAIM qEETd SN | HOTLINOWWY | #¥Id 0| “ON | ¥OILOVIRLNOD
THTALRE LAMOYL ISHIYOHS dWI CONYT 20 “ON AR HTATY

LBTOEY ]

19



APPENDIX C

43




KEY FOR GRAPHS 1, 2, 9, 10, 11, 18, 19, 20

PROCESS A
- PROCESS B
PROCESS C

KEY FOR GRAPHS 6, 7, 8, 15, 16, 17
Y00 RDS PER MIN

60 RDS PER MIN
20 RDS PER MIN

a4




EXTREME SPREAD (1n.)

8.0y

1%,

2.0

5.0

4.0

r® 4

20 RDS PER MIN, ALL PROCESSES, BALL AMMO; TEST 1

GRAPH 1

O

"!-."

[ B
w 1

b.l

LAND IMPRESSION WIDTH (in.)

6.5

7.8

7.5M

8.0 Xime-2



EXTREME SPREAD (1N.)

GRAPH 2
29 RDS PER MIN, ALL PROCESSES, BALL AMMO; TEST 1

8.0 ”

6.y
»

4.

-M..v

o
o
1.

"
N

3--"

]
=

5. 1K
b.Wt

L ONGEST-SHORTEST LAND IMPRESSION (in.)

7.0 X1ne-2



EXTREME SPREAD (IN.)

GRAPH 3
ALL RATES, ALL PROCESSES, ALL AMMO

15,19y
| + + 4+
14,09
IS S
12,08} + +
+ + + +
T |
+ +
.= + +%\ ] HW l_l l_l
+HT ¥
" T4 et + m + +
| p -t e +. + +
= _ + +
ra ~
&
B s NN B me B e

LAND IMPRESSION WIDTH (in,)



EXTREME SPREAD (1n.)

15. 08y
11084
12,0

| GRAPH 4
ALL RATES, ALL PROCESSES , BALL AMMO

4.

H.5H
5.88¢
5.5K

LAND IMPRESSION WIDTH (1n.)

b.Sly

7.0 X2



GRAPH 5
ALL RATES, ALL PROCESSES , TRACER AMMO

1650y

-‘.EI I

I2.88

EXTREME SPREAD (in.)

N
7.0 Xim-2

- ] ]
- - -
=5 w wn

B,
6.SH

LAND IMPRESSION WIDTH (in,)



EXTREME SPREAD (in.)

GRAPH &
ALL RATES,  PROCESS A, BALL AMMO

—m!ﬂo

Y.

2.8

1.0

n.$ T

B.=

Y.

7.0 XiM4-2

m
o=
Yy,

“ k. =
i in

LAND IMPRESSION WIDTH (1n.)

6.My
B.5K



EXTREME SPREAD (1n.)

hn..
.

1409

12.00

H-UEU

GRAPH 7

ALL RATES,  PROCESS B, BALL AMMO

.

LY
-
5.SH

LAND IMPRESSION WIDTH (1n.)

7.0 X2



EXTREME SPREAD (1n.)

GRAPH 3
ALL RATES,  PROCESS C, BALL AMMO

15y

Ox

120

PR
-

0.0

-
o
.
-

. E

LAND IMPRESSION WIDTH (in.)

7.0 Xin-2

=~



EXTREME SPREAB (1N.)

ib. 82y
LR
i2. By
10. 08¢
a.88¢
B.08
:.IT

2. B

GRAPH 9
100 RDS PER MIN, ALL PROCESSES - BALL AMMO

Xigs-2

3.5

Y. 88y

.58
5.98
5.58t
6. Bl

LAND IMPRESSION WIDTH (1n.)

b.5BY

7.8

f 4]



EXTREME SPREAD (1n.)

| | GRAPH 17
60 RDS PER MIN, ALL PROCESSES . BALL AMMO

ib. W
4.0
12.08
_-_...
8.
b.i

y.a

2.0

-
H. N
7.0 Xim-2

_ . ,
] ] ]
L4 - -

n

& in

LAND IMPRESSION WIDTH (in.)

b. By
h.5H



EXTREME SPREAD (1n.)

|5y
M.
2.0
B
8.0
BB
y. 28t

2,08y

GRAPH 11
20 RDS PER MIN, ALL PROCESSES, , BALL AMMO

.88

t - B B
1

a w

LAND IMPRESSIONM WIDTH (in.)

&.An

7.08 XIH¢-2



EXTREME SPREAD (In.)

GRAPH 12
ALL RATES, ALL PROCESSES , ALL AMMO

IE.By

14. 08¢

...

B.l
.

Y.

2.0

6. ximt-2

o

B
T

5.my

LONGEST-SHORTEST LAND IMPRESSION (1n.)



EXTREME SPREAD (in.)

~ GRAPH 13 |
ALL RATES, ALL PROCESSES , BALL AMMO

_m...._.

oy +

B
x

LONGEST-SHORTEST LAND IMPRESSION (iw.)

5.

N
v
-
=
b3
=
L



EXTREME SPREAD (in.)

16.0y

4.0

12.08¢

1.0
.

GRAPH 14
ALL RATES, ALL PROCESSES , TRACER AMMO

|.
2.08%

] o
1 -

LONGEST-SHORTEST LAND IMPRESSION (1n.)

5.0

6.5 XiB¢-2



e e e T W - e S S8

G

EXTREME SPREAD (in.)

16. W0y

2.0

6.0

y. o

2.0

| GRAPH 15
ALL RATES, * PROCESS A, BALL "AMMO

1.8

= B =
u.-.m m x

LONGEST-SHORTEST LAND IMPRESSION (1in.)

5.t

6.M8* Xigs-2



EXTREME SPREAD (1n.)

15.08y

4.0

12.08

GRAPH 16
ALL RATES,  PROCESS B, BALL AMMO

r " " "
. . .

- ~N m -

LONGEST-SHORTEST LAND IMPRESSION h#z..v

5.y

6.0 X1Ne-2



Rl & et SRt L Sl e S et ST TAE e

AT e TR R e T AR R s AT e AT TR Ly R AE s TR T e R e e T

GRAPH 17
ALL RATES,  PROCESS C. BALL AMMO

1E. 0y

4. 00

+
+

EXTREME SPREAD (1n.)

2.
i
.
=
»
m.# + i + + " R
. § 3 i i ¥ i
=~ - N ™M = n wm

LONGEST-SHORTEST LAND IMPRESSION (1n.)



EXTREME SPREAD (in.)

GRAPH 18

107 RDS PER MIN, ALL PROCESSES . BALL AMMO

8 = B g
N m x

rozmmmq;mxomﬁqu LAND IMPRESSION (1n.)

5.0

B XINs-2



EXTREME SPREAD (1n.)

6.

4.

2.0
.

8.0

GRAPH 19
60 RDS PER MIN, ALL PROCESSES . BALL AMMO

m..._.

2.0
L4

bl e

.0
.8t

] i
L]
m™m H- o

LONGEST-SHORTEST LAND IMPRESSION (1n.)

5.0

6. X142



EXTREME SPREA])

D)

(1IN

1500y

4.0

1258

GRAPH 20
20 RDS PER MIN, ALL PROCESSES, . BALL AMMO

] ] ] ]
- ~N m e

g"

LONGEST-SHORTEST LAND IMPRESSION (In.)

6.0 X2



DISTRIBUTION

Commander

US Army Materiel Command

ATTN: AMCRD-JW, Mr. T. E. Cosgrove
5001 Eisenhower Avenue

Alexandria, Virginia 22333

Commander

Defense Documentation Center
Cameron Station, Bldg 5
Alexandria, Virginia 22314

President
US Army Infantry Board .
Ft. Benning, Georgia 21905

President
US Army Maintenance Board
Fort Knox, Kentucky 40121

Commander

US Army Foreign Science & Technology Center

ATTN: AMXST-W, Mr. H.E. Johnson
220 Seventh Street, N.E.
Chariottesville, Virginia 22901

Commander
US Army Infantry School
Ft. Benning, Georgia 31905

Commander

US Army Test & Evaluation Command

ATTN: AMSTE-BC

Aberdeen Proving Ground, Maryland 21005

Director

Materiel Test Directorate

ATTN: STEAP-MT

ATTN: STEAP-MT-TT ,
Aberdeen Proving Ground, Maryland 21005

65

COPIES
1

12

R4




Director

US Army Materiel Systems Analysis Agency
ATTN: AMXSY-DA

Aberdeen Proving Ground, Maryland 21005

Commander
US Army Ordnance Center & School
Aberdeen Proving Ground, Maryland 21005

Commander
US Marine Corps
Washington, D.C. 20380

Commander

US Marine Corps Development & Education Command
ATTN: MCDEC

Quantico, Virginia 22134

Commander

US Naval Ordnance Systems Command
ATTN: ORD-9132

Washington, D.C. 20360

Headquarters
United States Air Force
Washington, D.C. 20330

Commander

US Army Operational Test & Evaluation Agency
ATTN: FDTE-FT-D

Ft. Belvoir, Virginia 22060

Commander

Eglin Air Force Base
ATTN: AFATL-ATAWG
Eglin, Florida 32542

National Guard Marksmanship Training Unit
P.0. Box 17267

ATTN: Mr. F. D. Smith

Nashville, Tennessee 37202

Commander

New Cumberland Army Depot
ATTN: LEA-ILM

New Cumberland, PA 17070

66

COPIES
1




COPIES

Commander 1
Wright Patterson Air Force Base

ATTN: AFLC

Dayton, Ohio 45433

Commander 1
Training & Doctrine Command (TRADOC)

ATTN: ATIT-RD-MD

Ft. Monroe, Virginia 2335]

Commander , 1
US Army Logistics Center

ATTN: ATCL-MM

Fort Lee, Virginia 23801

Commander . 1
Anniston Army Depot
Annistony AL 36201

Commander
US Army Armament Command
Rock Island, I1linois 61201

Rock Isiand Arsenal
Rock Island, I1linois 61201

ATTN: AMSAR-ASI, H. Grace 1

ATTN: AMSAR-RD 1

ATTN: AMSAR-RDG - i 1
ATTN: AMSAR-MAC-C, R. Dorbeck 1

Commander

ATTN: SARRI-L 1 |
ATTN:  SARRI-LS 1 |
ATTN: SARRI-LE o
ATTN: SARRI-LE-T 1
ATTN: SARRI-LP-Library 2
ATTN: SARRI-P 1
ATTN:  SARRI-LS-P 20

67



My




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

Block 20 ABSTRACT (continued)

accuracy, exhibiting a correlation coefficient above .7 over a wide range of
firing rates, ammunition types, and barrel manufacturing processes.

LINCLASSIFIED




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entorad)

REPORT DOCUMENTATION PAGE BER D R oS R
[T REPORT NUMBER > 30VT ACCESSION NO.J 3. RECIPIENT'S CATALOG NUMBER
R-TR-75-029 “
4 TITLE (and s'u;,gm.j 5. TYPE OF REPORT & PERIOD COVERED
Projectile Engraving Mutations and Their " Final, Jul 72 - Jun 75

Relationships to Accuracy of the M16Al Rifle

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER(s)

Ronald E. Elbe
Bernard C. Knouse

9. PERFORMING ORGANIZATION NAME AND ADDRES

5
GEN Thomas J. Rodman Laboratory (SARRI-LS-P} AREA & WORK
Rock Island Arsenal
Rock Island, IL 61201

6. PROGRAM ELEMERT, PROJECT, TASK
UNIT NUMBERS

" GEN SRomas J. Rodman’ Laboratory (SARRI-LS-P) "IUNE 1978

Rock Island Arsenal T ROWMBERGF PAGES
Rock Island, IL. 61201 :

14. MONITORING AGENCY NAME & ADDRES(H different from Controlling Office) 15. SECURITY CLASS. (of thia report)
Unclassified

152, DECLASSIFICATION/ DOWNGRADING
SCHEDULE

i6. DISTRIBU?I_ON STATEMENT (of thia Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatracé entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by é»l‘bck number)

M16A1 Rifle Accuracy
Engraving Projectile Trapping
5.56mm Projectile Engraving Mutations

20. ABSTRACT {Coniinue on reveras side If nsceasary and identify by block number)

A two-phase test program was conducted in order to evaluate the hypothesis that
changes in the accuracy of a rifle are reflected in changes of the engraving
patterns found on projectiles fired from that rifle. Three mutations of pro-
jectile engraving characteristics were isolated. These mutations were:

(1) widening of the grooves engraved in the projectiles; (2) increasing variatior
in the lengths of the grooves on a bullet; (3) the appearance of surface muti-
lation on the bullet jackets. Each of the mutations demonstrated some corre-

lation with accuracy. The widening of the grooves correlated best with

DD .FO"™_ 1473  EDITION OF 1 NOV 65 1S OBSOLETE UNCLASSIFIED



Q3I4ISSYTINN

EVERTIEY]
UoLIBIUSENIOG B5UBLS(
wod) @qeurerqo saldo)

NOILNATHLSIA

93BA07I0AL]

swelsAs uodeaM swuy
[lews “qe7 uewpoy“IIl
[euassy pue|sSI 320y “II
SsNOUY“)"g B 8ql3"3'H I

supLie3Iny Buiaeabuz -9
Buidded] a|L3doefodd -G
Aoeanddy

311309l04d UMOGS ¢
Buraeabuz -z

ALSLY Y9N L

Q3IATSSYIONN

03TJISSYIONR

L TTEY
U0L1RUBWNI0] BSUSLAG
wo4) @jqeureiqo ss1do)

NOILNAIY1SId

87040303410

SWa)SAS Uodeap sudy
L1ews *qe7 wewpoy'IIl
LeuasJdy puelsT jq20y "Il
asnouy°J g § 2ql3"3'y I

sugLieiny Bupaeabuy -9
Burddeat ayt3oefodd °g
AJeanddy ¢

o|}108fodd uwg5*5 g
fuLaeabuy -2

2L4LY V9N Ui

Q314ISSVIINN

40 8ourdeedde ayl {£) *1a||ng e Uo s3a00ub Byl jo
syjbua] ayl up uoijepsea buiseadsou) (Z2) tseiiyoef
-oud 2y] u] poardbus saaocoub 2yl jo Bujuspim (1}
13J9M SUOLJEINW BSDY] *PIIBLOSE MM SOLISL
-aajoedeyd Butaedabus aLidefoad 30 suoljejnu 8dyl
*BL4Ld4 IRYT WOA pRUL) SI|L108[04d uo punoy suaazied
Bupaeabua ay3 $o sabueyos uL paldv a4 BJe B[4la ¥ 4O
Aoedndoe 8y uL ssbueyd jeyl sLsaylodAy syl 1en|eAd
03 JSpJO UL pa3anpucd sem wedboad 31593 aseyd-om3 y

J40day paLiLsse|oun

s9|qel pue saunbL{ BuLpn)our *sabed /g
§/61 aunp

620-%/-41-y 3I40day Ai03ea0qR] UPWLPOY

asnouy ‘7 pJeudag pue agll 3 pieuoy Aq
FTY LY9LW JHL 40 ADYENJDY QL SJIHSNOILYT3d
YI3HL ONY SNOLLYLOW SNIAVYHONT 3111730048
fRUISAY PUR|ST ¥30Y Sqe uewpoy -, Sewoyl NI9
~_ 8jed03dadL(] SWalsAg uodeay suwiy i Em

"ON KOISS3INV

40 ddueaeadde ayl (g£) f1e|Ing e uo s3A0045 3yY3 Jo
syafus| ayy uL uopjeraea Bupsesuaouy (Z} <se|Lioel
-04d 3Yy3 u} paavdbus sarooub ayl jo Buruspim (|)
$3J2M SUQLYRINW BSBY]L "PITRLOSL BJAIM 521351
-a237edeyd Bugaeabus a(i13oelodd Jo suoLjejnu IsJyl
*BLFLA YL wWody pAAL) §31L303C0dd uo puno) suaalyed
fuLaeabus ayy Jo sabueyd uL pagod|tad Bde 3[4l4 ' 40
Aoeansoe sy} uL safiueyd eyl sisaylodAy ayl e3enpead
03 JIPJ40 Up Paganpuod sem Wedboudd 1591 aseyd-om3 y

140424 patsLsseioun
sa|qel u:m sauanblq Burpniour “sabed z9

§i6l aunp
mmo:mhoxh-m JJ40day AJoteaoqe uewpoy

asnouwy 7 pJeUJSg pue g1l I pleucy Aq
37414 LY9LW 3HL JO ADVEN2IY 0l SAIHSNOILVIFY
HIFHL ONY monh<h=z ONTAYHONT ITIL2300Ud
|eUDSAY pue{S] 320y qe] uewpoy °p sewoyl NID
83040303410 SWIRSAS Uodeam suuy 1| Em

*ON NOISS3J0Y

03TAISSYIONN

*AFJUIY
uoL3e3UaUND0Q BS5UDLBQ
wod) 2]qeuLeiqo sardo)

NOTLINSIYLSIO

310403994 L]

SWIRSAS uodeaM SuMy
flews fqe7 Uewpoy- Il
{eudsJay puels] %00y "II
3snouy g ¥ 2q13°3°Y I

suoLjejny buraedbuz g
furddea) a|L3oalfoad -G
AJRANDDY  “t

a[1109lo4dd aw9g g "¢
BurAeabuy -2

L4EH LYILW "1

(314ISSYI3NN

4E4ISSYTIIND

*A33Ua)
uo1jejudnoog esuseg
woay |qeuteqe saLdo)

NOILNBIYLSIC

a3eJ4030341q

swalsAs ucdeay sway
[lews “qe] uewpoy-III
|Puasay pue[SI y20Y "II
asnowy-3°d 3 Iaqla‘3’y I

suppjelny Buraeabuy g
fuiddeay a|L3oafoad °§
AJRAND2Y ‘¢

3lt3oafoad uwgs g g
Buiaeabuy °g

SL4Ld LYSLW "L

GI1JISSYIONN

40 aouedeadde ay1 (£) £33L1NG & UD SBA00JUE Bl
syjbusy syl uL uopjeraea Buipseasdoul (2) s8|
-04d 8y1 UL paaedbua Sanoodb Y3 4o BuLuaplLs
{2J49M SUDJ]RIMU 3S3YL *PBIeLOSL DJIM S
-aa30edeys Hupaedbus a{L3valodd jo suoLjelnu :
3414 FBUYD 804 PBALY SI[LIDS[04d UO PUNOY S
fugaeabua ayjl Jjo sabueyd ul PIJIB|4BA 84 B|iLA
Aseanase 3yl uL sabuey> eyl sLsayodAy syl alel
03} J8pJde Ul p31onpuod sem wedboud 3583 aseyd-

3d0d9y pai)Lss

s3|qe} pue saunbly Burpnioul *seb
SL61

620-G/-y41-4 34o0dsy A40jedoqeT Wi

ashouy ‘) pJeudag pue ag[3 ‘3 pleu
I14TY LY9LW 3HL 40 AdYdnII0Y 0L SJIHSNOI
HIFHE ONY SNOLLYLNW ONIAWYONI 711D
|euas4y pue[sST 320y *qe Wewpoy “{ Sewoy
93e403034L] SwalsAS uodeaM suMy
“ON NOISS320V

40 8ouedeadde ayl (g) £3811nQ ¢ U0 SaA0046 3
syabus| sy} UL uoijeraea Bupseasout (g) fsdl
-0dd 3y U paavabus ssrocdb Yyl Jo Bujuspl
:9J3M SUGLIRINW DSAYL PAIBLOSE SJIM S
-Jaj3oedeyd Buiaeabus a1ioalodd jo suopielnu
1414 2BYY WOJ) PAULY $31L309f0ad UD punos suk
Buiaedbua ayy Jo sabueyd UL PIdV[Jad Bde I|SLL
Aoednaoe syj up safueyd eyl scsayzodAy ayz e
03 JIPJU0 U} PAJONpuod sem weaboud 3593 aseyd-

jJ0dey paLiLss

sayqel pue sauanblg Burpniour *ssb
G461

620~5/-Y41-4 340d3y Auoledoge U

ISNOUY ') pJeuadg pue 2913 3 pleu
34T Ly9lW 3HL 40 ADWHNIOY OL SJIHSNOI
HIFHL ONY SNOILY.LNW SNIAWYONT 37ILD
Leuassy pue)s 320y ‘geT Wewpoy *p Sewoy
31040103410 SwelsAS Uodeay suMy

“ON NOISS3DOY



surface mutilation on the bullet jackets. Each of the mutations demonstrated
some correlation with accuracy. The widening of the grooves correlated best
with accuracy, exhibiting a correlation coefficient above .7 over a wide range
of firing rates, ammynition types, and barrel menufacturing processes.
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FIGURE 8

11-199-2168/AMC-72

10.5X

PROCESS "C", WEAPON #8, TYPICAL ENGRAVING AT 10,000 RDS (TOP)
(BOTTOM)

AND 15,000 RDS
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FIGURE 13
TYPICAL LAND PROFILE

M16A1 RIFLE BARREL

"ct 100X

PROCESS




