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ABSTRACT

A study was made of 5.56 mm Ball, M193 Cartridge metal parts
and their contribution to gas tube fouling in the M16Al rifle., Pre-
vious studies have identified calcium carbonate (CaCO3) as the matrix
which traps metallic debris resulting in gas tube fouling in the M16A1
rifle, It was the purpose of this study to identify the origin of the gild-
ing metal residue found to be trapped in the CaCO3 matrix. In the case
of four lots of 5.56 mm Ball, M193 ammunition examined, it was found
that two lots associated with excessive gas tube and general weapon
fouling can be characterized as having bullets with poorly formed can-
nelures and excessive bullet extraction forces. These two lots were
loaded with ball propellant containing . 71% to . 97% CaCO3. Two car-
tridge lots with well made, dimensionally correct bullet cannelures
displaying relatively low bullet extraction forces and loaded with ball
propellant containing . 53% CaCOj contributed little or nothing to gas
tube or weapon fouling in the M16A1 rifle.
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INTRODUCTION

The M16A1l rifle is a 5.56 mm, gas-operated, air-cooled,shoulder
fired weapon. Gas operation is achieved by means of gas pressure de-
veloped by the fired round being guided from the barrel through a port
into a gas tube and back into the bolt carrier of the rifle. This pro-
vides the force required to translate the bolt assembly. A schematic
of the gas system is shown in Figure 1.

Experience gained during weapon and ammunition acceptance
testing has shown that, on occasion, residue generated during firing
causes fouling in the M16A1l rifle. Areas where fouling commeonly oc-
curs are shown in Figure 1. These are: the barrel, the flash sup-
pressor, the sight bracket bleed hole, the bolt carrier key, the bolt
cavity, and the gas tube. Investigations covered by this report deal
mainly with the fouling or clogging of the gas tube, a critical rifle
component which cannot be readily maintained in the field. Gradual
buildup of fouling residue can cause clogging of the gas tube thereby
effecting the rate of fire and inducing rifle malfunctions.

Previous work substantiates that the existence of a high calcium
carbonate (CaCO3) content (> .25%) in the propellant charge of a ball
round loaded with ball propellant correlates with gas tube fouling in
the M16Al rifle. '+® Further, the fouling debris is largely a mech-
anically bonded mixture of a copper-zinc alloy, corresponding to 90%
copper and 10% zinc with a particle size of 0.3 to 0.4 microns and
CaCO3. * It is too early to predict the actual flow conditions in the
gas tube during the ballistic cycle. Continuing study may suggest that
the barrel port pressure history” may play a dominant role in the
amount and location of debris ingested by the gas tube. ‘

Up to this time no appreciable effort was expended to investi-
gate the cartridge metal parts and their contribution to fouling, Two
cartridge lots which caused consistent gas tube clogging and weapon
fouling were closely studied and compared with two ammuntion lots
which caused little or no fouling in order to obtain additional informa-
tion on contribution of the metal parts to gas tube clogging and general
weapon fouling in the M16A1l rifle. Availability of this ammunition has
provided an opportunity to conduct discriminatory, dimensional, visual
and ballistics studies of these cartridge lots while assessing their per-
formance in standard M16A1 rifles.

1
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MACROGRAPHIC STUDY

Early in the Gas Tube Clogging Study Program it was recog-
nized that fouling residue in the M16Al rifle consisted mainly of a
copper-zinc alloy (Cu-Zn ) and calcium carbonate (CaCO3). The cal-
cium carbonate being pinpointed as the '"'matrix' which embeds gilding
metal and primer product particles.® On this basis, a concerted effort
was made to determine how the gilding metal particles are generated
in some cartridge lots while it is virtually nonexistent in others.

The only possible sources of the reported amounts of copper-
zinc found in heavily fouled M16Al rifles, particularly in the gas tube,’
is the gilding metal bullet jacket. Thus, this study centered on the ball
bullet of the M193 cartridge and its assembled condition with the car-
tridge case.

Four M193 cartridge lots were chosen for this analysis.
These included two lots which contributed to excessive fouling in the
M16A1 rifle, lots FC-1921 and FC-1938, and two M193 cartridge lots
which are associated with little or no fouling, lots TW-18309 and TW-
18310. For this report they will be simply termed lots A, B, Cand D
as shown below.

TABLE I. Fouling and Nonfouling Ammunitions Lots*

Test Lot No. Test Lot No.
A - FC-1921 C - TW-18309
B - FC-1938 D - TW-18310

*the significance of CaCO; content was not known at the time of these

tests and thus the chosen lots vary in percentages of CaCO3, see
Appendix B,

Close, visual examination of twenty selected cartridges from
each of the four test lots was made from 2X to 25X magnification.
Cartridges were examined in the assembled and disassembled condi-
tion. Figure 2 at approximately 5X magnification shows an assembled
cartridge from each lot, viewed at the case mouth end. Note the
'upset'' condition of test samples A and B at the case mouth,
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particularly the deformation (angled condition) of the case. Also,
partly visible are the poorly formed cannelures of rounds A and B as
opposed to the clean definition of the visible portion of the cannelures
on rounds C and D.

Figure 3 at 6X shows the bullets of the four sample cartridges
extracted from the cartridge cases. Clearly visible now are the poor-
ly machined cannelures existent on samples A and B and the cleanly
defined cannelures of samples C and D. Note the influence of exces-
sive crimpng forces (sharp angle on case mouth) on samples A and
B as compared to the smooth cylindrical condition of the case mouths
of samples C and D.

Figure 4 shows ten samples each of extracted bullets from the
four test lots at 2X magnification. It can be seen that it is extremely
difficult to visually determine any imperfections at this low magnifica-
tion. Figures 5, 6, 7 and 8 are individual views of the same bullets
shown in Figure 4 at 4X magnification. At this slightly higher magni-
fication a marked difference can be noted in the cannelures of the four
test lots. Lots A and B display a characteristic, nonuniform type of
condition of cannelure while lots C and D appear uniform in the can-
nelure area.

The cannelure sections from the four sample bullets are grouped
together at 25X magnification for comparative purposes in Figure 9.
In the sample from cartridge lot A, the cannelure is only partially
formed with portions double knurled or double set. The partially
formed section is a strong indication that the bullet was not circular
either during or prior to the knurling operation. The sample from
lot B shows that it was completely double knurled or double set with
a predominance of feathered edges on the outside diameter of the can-
nelure. Possible causes are dull tools, damaged tools or excessive
chip accumulation in the tools. The cannelures on the samples from
lots C and D are well defined and do not evidence any erratic, undesire-
able 'cutting' influence during the knurling operation.

Five bullet samples from each of the test lots were sectioned in
the transverse plane, through the cannelure and then mounted and
polished. These sections are shown in Figures 10, 11, 12 and 13 at
4X magnification.

The transverse sections of bullet samples from lots A and B
display an ''out-of-round' condition of bullet jacket and lead filler,
nonuniform wall thickness of the bullet jacket and poorly defined
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Figure 10, Transverse Sections, Bullets, Lot A (4X)
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Transverse Sections, Bullets, Lot B (4X)

Figure 11.
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Figure 12. Transverse Sections, Bullets, Lot C (4X)
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Figure 13. Transverse Sections, Bullets, Lot D (4X)
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cannelure geometry. Samples from lots C and D display a uniform
jacket wall thickness and a circular condition of the bullet jacket and
lead filler assembly.

BULLET EXTRACTION STUDY

Two types of extraction tests were conducted. The first in-
cluded normal bullet extraction from twenty cartridges taken from
lots A, B, C and D. This was followed by supplementary extraction
tests using an additional forty cartridges from each of the test lots.
Twenty each of these cartridges were subjected to normal bullet ex-
traction tests, and the remaining twenty from each lot were tested
using the restricting collar shown in Figure 14, The restricting col-
lar, a normal 5.56 mm barrel-chamber section, provided the
Nehambered' environment for the rounds during the manual extracting
process. The restricting collar was positioned over the bullet neck
portion of the cartridge allowing just enough bullet protrusion for mani-
pulation in the test equipment.

In the first instance, the normal extraction process included a
straightforward pull of the bullet with the case being held at the base.
Use of the restricting collar allowed confinement of the case mouth
within the dimensional limitations afforded by a standard 5. 56 mm bar-
rel-chamber as shown in Figure 14. Note that the 0.255 + 0.002 inch
diameter of the restricing collar was positioned directly on the first
shoulder of the cartridge case. This provided the same radial restric-
tion for each of the cartridges tested. Use of the two test methods al-
lowed a comparison of extraction forces for supported and unsupported
cartridge case mouths during bullet extraction.

In the case where the cartridge case mouth was unsupported, it
could expand during extraction to clear the lower edge of the cannelure
with minimum interference. Use of the restricting collar limited the
amount of expansion of the case mouth thereby increasing the interfer-
ence and resulting extraction force. As will be shown later, poorly
made cannelures result in over-crimping of the case mouth., This over-
crimped condition leads to higher bullet extraction forces.

17



Extraction Tests, Lots A, B, Cand D

A Tinius-Olsen Universal Tester with a range of 0 to 600 pounds
was used to extract all bullets at a speed of 4. 0 inches per minute.
Values obtained for the four test lots are shown in Table C-1, Appen-
dix C. Composite histogram plots of lots A, B, C and D are shown
in Figure 15. The composite average bullet extractiqn force for lots
A and B was 163 pounds and the composite average bullet extraction
force for lots C and D was 96 pounds. Thus, a marked difference
existed in the bullet extraction characteristics. Lots A and B are
closely paired with no individual value below 110 pounds with a maxi-
mum individual value of 208 pounds. Lots C and D are closely paired
with an individual value as low as 66 pounds and a maximum individual
value of 120 pounds. A graphical presentation of the extraction values
for each of the lots is shown in Figure 16, Extreme variation values
shown in Figure 16 show the larger limits in lots A and B. Specifica-
tion limit for 5. 56 mm ball ammunition lot acceptance is 35 pounds
minimum bullet extraction force.

Individual, minimum, maximum and average bullet extraction
forces for the supplementary ammunition lots are shown in Table C-2,
Appendix C. For clarity, they will be referred to as lots A, By, C1
and Dj. The average values obtained with the restricting collar are
higher than without for lots A and B;. The average values obtained
with the restricting collar are either the same or lower than without
for lots C; and D;. Again lots A, and B are closely paired at the
higher extraction force level and lots C, and D, are also closely
paired at the lower extraction force level.

Three instances of case mouth shear (noted as '"Small Sliver of
Brass on Case Mouth' in Table C-2) were encountered in test of lot
A] with and without the restricting collar. The two shears obtained
with the restricting collar were intact; i.e., brass rings with an out-
side diameter of 0.223 to 0. 225 inch and an inside diameter of approx-
imately 0.217 to 0.219 inch. The single incident of shear without use
of the restricting collar resulted in circularly shaped pieces with an
average wall thickness of 0. 007 inch. Six instances of case mouth
shear were recorded in test of lot B;, with and without the restricting
collar. The three shears obtained with the restricting collar were
essentially identical to the intact brass rings obtained during test of
lot A} under the same conditions. No case mouth shears were ob-
tained in tests of lots Cl and Djy.

18



Use of the restricting collar resulted in slightly higher individual
extraction forces in tests of lots Al’ Bl* Cl and Dj. Composite
average for lots A and B tested earlier is slightly higher than the cor-
responding average for lots A; and B, with restricting collar. Com-
posite average for lots C and D tested earlier is almost similar to
values obtained for lots C; and Dl’ with or without the restricting
collar. Composite histogram plot of extraction values obtained with
the restricting collar is shown in Figure 17. Composite plot without
the restricting collar is shown in Figure 18. The foregoing compari-
sons have clearly shown that the bullet extraction forces encountered
with the nonfouling ammunition, lots C, D, Cy and D, are significant-
ly lower than those of the fouling ammunition, lots A, B, A} and B;.

The reported incidences of case mouth shears which occurred
only in tests of lots A] and B, correlate with the observed crimping
conditions noted in schematic, Figure 19. Dimensionally, all test
cartridges were within the assembled case mouth specification diam-
eter of 0.251 inch maximum. The restricting collar diameter 0.254
+ 0.002 inch which cooperated with the case mouth crimp of each cart-
ridge allowed the slight deformation required in the case mouth to
clear the bullets in lots C, D, C; and D;. However, the exaggerated,
overstressed case mouth condition existing in cartridge lots A, B,

A} and B], can result in interference at the rear of the cannelure dur-
ing extraction. If this interference is sufficient, the rear shoulder of
the cannelure will shear a portion of the case mouth. The intact brass
(shear) rings obtained during tests of lots A, and B, indicate that the
restricting collar supported the case mouth and allowed a uniform,
constant stress to be applied circumferentailly on the interior of the
case mouth. The circularly shaped pieces (shear) resulted from the
same stress conditions except the case mouth exterior was unsupport-
ed resulting in a nonuniform application of the extraction load.

In general, it was noted that when the cannelure was properly
formed and displayed a clean-cut appearance such as the samples from
lots C and D shown in Figure 9, there appeared to be little or no
crimping effect on the diametral condition of the knurl (cannelure).
However, in the case of lots A and B, the relatively fragile and ir-
regularly formed cannelure can be easily deformed during crimping.
This results in relatively higher bullet extraction forces than is nor-
mally obtained when the cannelure is properly made. Itis postulated
that the condition can cause larger amounts of copper-zinc to be
mechanically liberated from the cannelure area on the bullet jacket
thereby increasing the amount of metallic debris in the gas stream.

19



For lots A and B, the macrographic study revealed the condition
shown in Figure 19 of the deformed case mouth embedded in the bullet
cannelure. Microscopic dimensional techniques revealed the approxi-
mate depth of penetration made by the inner diameter of the case mouth
into the cannelure to be 0.005 to 0. 009 inch on radius. Case mouth
deformation (angle) and corresponding angular upset of the cannelure
are shown in Figure 19. For lots C and D, the macroscopic evidence,
Figure 19, along with dimensional checks revealed that the limits of
interference between the inner case mouth and rear edge of the canne-
lure can be between 0. 0034 to 0. 0062 inch.

CARTRIDGE METAL PARTS INSPECTION

Cartridge Assembly and Cartridge Case

Exterior envelope dimensions of the twenty assembled sample
cartridges from each lot were within the limits specified in the car-
tridge assembly drawing, Figure A-1, Appendix A. Measurable ex-
terior dimensions of the cartridge cases from each lot were also
within drawing limitations as shown in Figure A-2, Appendix A,

Bullet

Twenty bullets each from the test lots were dimensionally ex-
amined using a Gaertner toolmaker's microscope.* This comparator
type instrument was used in preference to manual measuring devices
such as gauges, micrometers, etc., to avoid physical damage to the
bullets especially in the cannelure area. All of the test bullets were

Microscope with protractor head, vernier readings to 1 minute through
360°. Longitudinal micrometer range, 4 inches and transverse micro-
meter range, 2 inches, Drums graduated 0 to 0. 05 inch to read in
increments of 0, 0001 inch.

20
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TABLE II. Inspection Record, Bullet Dimensions, Lot A

Bullet Cannelure Cannelure Cannelure
Sample Diameter Diameter Width Condition Py
No. (in.) (in.) (in.) (Knurl)* Diameter
1 05 225 0,219 0,045 OK 0.138
2 0.224 0,214 0. 040 D/S-F 0.131
3 0.225 0,217 0.043 D/S-F 0.144
4 0.223 0.216 0.043 Partly 0. 135
}0. 224 D/S-F
5 0,224 0,215 0.042 D/S-F 0.126
6 0,224 0.219 0.041 Partly 0.130
D/S-G
7 0,224 0.216 0.040 D/S-P 0.124
8 0,224 0,217 0.043 D/S-G 0.138
9 0,222 0,221 0.039 OK 0.118
10 0. 224 0,221 0.039 OK 0.117
11 0,224 0,215 0.045 OK 0..140
12 0.223 0.218 0.035 OK 0.136
13 0.223 0.214 0.040 Partly 0.120
D/S-F
14 0,222 0,212 0.039 OK 0.124
15 0.224 04215 0.039 OK 0.129
16 0,223 0.217 0.045 OK 0.136
}0. 043
17 0.222 04217 0.038 e 0.115
18 0,224 0.216 0.046 OK 0.134
19 0225 ¢ 0,214 0.044 OK 0,136
20 0.222 0.219 0.044 OK 0.131

*D/S - Double Set (Knurl)
D/S-G-Double Set (Knurl) Good
D/S-F-Double Set (Knurl) Fair
D/S-P-Double Set (Knurl) Poor

**Slightly Misaligned
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TABLE III, Inspection Record, Bullet Dimensions, Lot B

Bullet Cannelure Cannelure Cannelure
Sample Diameter Diameter Width Condition Pb
No. (in.) (in.) (in.) (Knurl)* Diameter
1 0.223 0.216 0.044 OK 0.127
2 0,224 0.219 0.044 OK 0.127
3 0,223 0.215 0,047 OK 0.120
4 0.223 0.215 0,044 OK 0.119
5 0.223 0.216 0.045 D/S-G 0.126
}0.224
6 0.223 0.216 0.042 D/S-G 0.139
7 0.223 0.214 0.040 OK 0.114
8 0,223 0.216 0.042 OK 0,122
9 }o. 223 0,217 0.042 D/S-F 0.120
0,225
10 0. 224 0.217 0.042 D/S-F 0.130
11 0. 224 0.213 0.041 D/S-G 0,131
12 0/224 0.218 0,041 OK 0.131
13 0.224 0.217 0.044 OK 0.128
14 0.224 0.216 0.041 D/S-G 0.134
15 0.225 0.217 0,044 PK 0.131
16 0.224 0,217 0.040 D/S-G 0.124
17 0.224 0,218 0,045 OK 0.125
18 0.224 0.218 0.045 OK 0.130
19 0,224 0.217 0.042 OK 0.129
20 0,223 0.215 0.043 OK 0.127
}0.224
*D/S - Double Set (Knurl)

D/S-G - Double Set (Knurl) Good
D/S-F - Double Set (Knurl) Fair
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TABLE IV. Inspection Record, Bullet Dimensions, Lot C

Bullet Cannelure Cannelure Cannelure
Sample Diameter Diameter Width Condition P
No. (in.) (in.) (in.) (Knurl) Diameter
1 }0. 223 0.214 0.054 OK 0.137
0. 225
2 0,223 05:215 0.048 OK 0.129
3 0,224 0. 215 0.042 OK 0.139
4 0.224 0. 215 0,047 OK 0.130
5 }o. 222 0.216 0. 041 OK 0.134
0. 225
6 0.225 0.215 0. 047 OK 0.135
7 0,224 0. 216 0.043 OK 0.140
8 0.225 0.217 0.048 OK 0.132
9 0,224 0.218 0,048 OK 0.138
10 0. 224 0. 219 0.040 OK 0.156
11 0.224 0.214 0,045 OK 0.149
12 0,223 0.217 0.045 OK 0.132
13 0,224
13 0,223 0.216 0.045 OK 0.138
14 0.224 0.214 0,047 OK 0.142
15 0,223 0,217 0,045 OK 0.136
}0. 225
16 0,224 0.216 0.045 OK 0.132
17 0,223 0,217 0,051 OK 0.135
18 0,224 0.214 0. 049 OK 0.130
19 0.224 0. 219 0.048 OK 0.135
20 0. 225 0.214 0.044 OK 0. 140
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TABLE V. Inspection Record, Bullet Dimensions, Lot D

Bullet Cannelure Cannelure Cannelure
Sample Diameter Diameter Width Condition Pb
No. (in.) (in.) dn) (Knurl) Diameter
1 0.223 0.218 0.043 OK 0.153
2 0.224 0.218 0.045 OK 0.141
3 0,224 0.216 0.044 OK 0.132
4 0,224 0.218 0.045 OK 0.144
5 0.224 0.218 0,044 OK 0.136
6 0.224 0.212 0,043 OK 0.154
7 0,223 0.214 3, 043 OK 0,142
8 0.223 0.214 0.045 OK 0.149
9 0,224 0.217 0,042 OK 0.130
10 0,224 0.217 0.053 OK 0.139
11 0.224 0,218 0,046 OK 0,133
12 0.224 0. 216 0,041 OK 0, 146
13 0,223 0.217 0.045 OK 0.139
14 0.223 0. 216 0,042 OK 0, 174*
15 0. 225 0,217 0.042 OK 0.149
16 0, 223 0.219 0,041 OK 0. 150
17 0.224 0.217 0,045 OK 0,149
18 0.223 0.218 0.043 OK 0.137
19 0,223 0.219 0.044 OK 0,163%*
20 0.223 0.218 0.040 OK 0.193%*

*Excess lead
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From this comparison it can be seen that lots A and B (fouling
ammunition) possessed the larger base areas of exposed gilding metal.
For lots C and D, it was the reverse. This marked variation of ex-
posed lead and gilding metal areas may be significant when considering
the combined action of high pressure, high temperature gases on the
base of the bullet, especially at the start of the ballistic cycle. Also,
as will be shown under "Ballistic Studies, ' the chamber and port pres-
sure time (p/t) relationship obtained for lots A and B are similar and
they are markedly different than the similar PT relationship of lots C
and D.

While this particular condition was noted during this study, no
significance can be placed at this time on its influence on fouling in
the M16A1 rifle,

CHEMICAL AND METALLURGICAL ANALYSES

Bullet Jacket Hardness

Figure 22 is a graphical illustration showing the average bullet
jacket hardness from five samples each of lots A, B, C and D. Within
the range of hardness observed, there is no apparent relationship be-
tween bullet jacket hardness and recorded fouling history for the test
Lots A and B, associated with heavy fouling, fall between the extremes
of hardness noted for the nonfouling lots C and D. This is true for
hardness data obtained along longitudinally sectioned jackets as well as
hardness data obtained on unsectioned bullet jacket noses and bases.

Bullet Jacket Chemical Analyses

Table VI is a summary of chemical analyses performed on five
samples each of the bullet jacket materials from lots A, B, C and D.
With the exception of tin content (0.002) in lots C and D and the absence
of manganese in lot B, there is no specific pattern of differences be-
tween the alloying elements in the bullet jacket samples from lots A,

B, Cand D.
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Hardness Tests, Lead Bullet Cores

Table VII summarizes the hardness test performed on five
samples each of lead bullet cores from lots A, B, C and D. Again,
there is no apparent relationship between the bullet core hardness
values and the fouling history of the test lots. The average hardness
readings are comparable between lots A and C and for lots B and D,
while the composite hardness average for lots A and B (7.7) is only
1. 3 points below the composite average hardness (8. 4) for lots C and
D.

TABLE VII. Summary of Hardness Tests, Lead Bullet Cores,
Lots A, B, Cand D

HARDNESS
BRINELL HARDNESS VALUES - (5 Kg LOAD) 12 SEC,LOADING
SAMPLE |TiME, OBTAINED ON (ONGITUDINAL SECTION WITH 2mm
NUMBER BALL INDENTOR S ]
LOT-A | LOT-B | LOT-C | LOT-D
| 6.7 6.8 9.2 7.6
6.7 | Tl 9.3 7.6
> 6.7 10.2 8.9 1.2
6.7 | 10.2 8.8 1.2
3 6.6 7.5 7.4 8.4
6.6 o Tl 7.2 8.0
a 7.4 0.0 7.1 7.3
7.2 9.9 7.1 7.3
5 7.4 7.2 6.5 0.6
7.4 7.6 6.3 10. 6
AVERAGE 6.9 8.5 7.8 | 9.0
CCLPOSITE
AVERAGE r.7 8.4

Chemical Analyses, Lead Bullet Cores

Table VIII summarizes results of the chemical analyses per-
formed on five samples each of the lead bullet core material from lots
A, B, Cand D, All of the lots are closely bracketed with respect to
quantity of alloying elements and all lots were within spe cification
limits for antimony and lead content.
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TABLE VIII, Summary of Chemical Analyses, Lead Bullet Cores,
Lots A, B, Cand D

% ELEMENT
ELEMENT
LOT-A LOT-B LOT-C LOT-D
TIN L .02 .03 | .05-.15 .2-.5
¥ANTIMONY (.51 | 1.45 .21 .63
BISMUTH 03 .03 03 05-.15
TOPPER Ol .02 02 .O!
|RON .005 .005 .005 .005
ZINC st Aoemnar —_— —_—
NICKEL — il T —
CALCIUM —_ — — —
SILVER .005 .005 005 | .005
LEAD 98, 4 98.4 98.6 | 97.9
rr | 99.9 99.9 9.8 | 99.5
ARSENIC ,05 .06 .05 | .07

¥ — SPECIFICATION-1,0-2.5
¥ ¥ — SPECIFICATION-99.2 MIN,

BALLISTIC TESTS, LOTS A, B, C AND D

Cartridge lots A (FC-1921) and B (FC-1938) have undergone ex-
tensive tests both at the Frankford Arsenal (gas tube clogging studies)
and Aberdeen Proving Gounds (6, 000 round endurance tests). Results
of these tests have been thoroughly analyzed and recorded. *+* Since a
quantity of ammunition lots A and B were available thev ware used
again in this study to verify the previously reported, excessive fouling
characteristics and to establish the relationship of the cartridge metal
parts to the fouling phenomena.

Cartridge lots C (TW-18309) and D (TW-18310) were selected as
candidates for nonfouling ammunition primarily on the basis of the
cartridge metal parts characteristics and previous trouble-free per-
formance in related fouling tests.
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Fouling tests of cartridge lots A and B yielded data in direct
agreement with earlier tests. '+ Fouling tests of cartridge lots C
and D verified nonfouling characteristics of these lots for this study.

Fouling Test

Four standard 5.56 mm MI16A1l rifles were used for these tests,
The rifle actions were fitted with new, unused barrel assemblies with
chrome plated chambers, new gas tubes and front sight brackets and
new flash suppressors. One rifle was used with each of the four car-
tridge test lots. These were all fired in a fixed mount.

TABLE IX, Rifle Identification

Ammunition Lot Number Rifle Number
A SN 856760
B SN 843489
C SN 859742
D SN 1188930

A total of 40, 000 rounds was available for these tests; 10, 000
rounds each of lots A, B, C and D.

Propellant Description Sheets and Cartridge Lot Acceptance
Reports for the test ammunition are included in Appendix B.

Test Procedure

Firing sequence was in accordance with the endurance schedule
noted in SAPD-253F, °

Each test was fired in 100-round cycles. A cycle consisted of
five, 20-round magazines loaded and fired as iollows:

20 rounds automatic - 2 to 3 round bursts
20 rounds automatic - single burst of 20 shots

during which cyclic rate
was recorded



20 rounds semiautomatic - 1 shot per second

20 rounds automatic - 2 to 3 round bursts

20 rounds semiautomatic - 1 shot per second

The rifles were forced air cooled to ambient temperature after
each cycle. Rifles were cleaned and lubricated before the test and at
1,000 round intervals. The lubricant used was Lubricating Oil, Semi-
fluid, MIL-L-46000(A). Gas tube flowmeter* measurements and
weights were recorded every 1,000 rounds and cyclic rate measured
every 100 rounds.

Visual observation was maintained of fouling buildup every 500
rounds in the barrel bore, bolt carrier and flash suppressor,

Gas tube, front sight bracket and flash suppressor x-rays as
well as chemical studies of residue for each of the four test lots were
obtained. However, they are not presented in this report since they
agreed with the previous findings. 1+ 7

The malfunction legends are as follows:

FF Failure to feed

BOB Bolt overrode base of round in feeding from
magazine

SR Short recoil

FX Failure to extract

FF-SR Failure to feed, short recoil

BT Failure to eject

FFR Failure to fire

Test Results

Lot A, Rifle SN 856760

The weapon functioned normally up to 4, 000 rounds during which
time there was a steady increase in flowmeter readings and a coinci-
dent, steady decrease in cyclic rate. After 5,880 rounds, 8FF, 4 FX
and 7 BOB type malfunctions occurred. Highest cyclic rate recorded

ale
s

Half-bridge type air flow measuring device used to measure the rate
of air flow through gas tube.
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was 958 shots per minute (spm) and the lowest cyclic rate was 592 spm.
Excessive fouling residue was noted in the bolt carrier, flash suppres-
sor and the barrel bore. Plotted data are shown in Figure 23. The
test was discontinued after 5, 900 rounds since the rifle would not func-
tion in the semiautomatic or automatic firing modes.

The presence of a clogged gas tube was cvidenced by the increase

in flowmeter reading from 1.29 psi to 3.00 psi (1.71) and the increase
in gas tube weight from 26.2798 to 27,6050 grams (1. 3252).

Lot B, Rifle SN 843489

This weapon functioned similarly to the weapon used for Lot A,
There was a steady increase in flowmeter readings and a coincident
decrease in cyclic rate. After 4,600 rounds, 1 FX, 4 BOB, 4 FF-SR
and 2 FJ type malfunctions occurred. Highest cyclic rate recorded
was 942 spm and the lowest cyclic rate was 592 spm. Excessive foul-
ing residue was noted in the bolt carrier, flash suppressor and barrel
bore. Plotted data are shown in Figure 24. The test was discontinued
after 4, 620 rounds due to inability of the weapon to function in the semi-
automatic or automatic firing modes. The total increase in flowmeter
readings from 1. 38 to 2. 79 psi (1.41) and the increase in gas tube
weight from 28, 3554 to 29. 3753 grams (1.0199) evidenced a severely
clogged gas tube.

The flash suppressor in the new and used condition was photo-
graphed to show thz degree of residue buildup in its inner diameter
which cooperates with the muzzle end of the barrel. This is shown
in Figure 25. Figure 26 indicates the residue buildup ''pocket' ex-
istent on the standard flash suppressor FSN 1005-933-8089 for the
MI16A1 rifle,

Lot C, Rifle SN 859742

The weapon functioned normally throughout the test and no mal-
functions were encountered. The flowmeter readings were essentially
constant from start (1.40 psi) to finish (1.52 psi). Gas tube weight
increased from 27.5550 to 27.8918 grams (0.3368 gram). Highest
cyclic rate recorded was 950 spm and the lowest cyclic rate was 851
spm. There was no visible fouling in the bolt carrier, flash suppres-
sor or barrel bore. Plotted data are shown in Figure 27.
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Lot D, Rifle SN 1188930

The weapon functioned normally throughout the test without mal-
function. Flowmeter readings were essentially constant throughout
the.test, from start (1.42 psi) to finish (1. 55 psi). Gas tube weight
increased from 27. 8454 to 28.2416 grams (0.3962 gram). Highest
cyclic rate recorded was 938 spm and lowest cyclic rate was 850.
There was no visible fouling in the bolt carrier, flash suppressor or
barrel bore, Plotted data are shown in Figure 28,

Pressure Time Studies (PT)

Ten rounds each from the four test lots were fired in a standard,
heavy-walled test fixture. Recorded data included peak chamber pres-
sure, peak port pressure, velocity and action time (AT). Recorded
data for all rounds are contained in Table X. Typical examples of PT
curves from each of the four test lots are shown in Figure 29.

Instrumental velocity data for all rounds were in general agree-
ment while the mean, peak chamber and mean, peak port pressure
histories varied slightly for each of the lots. However, significant
differences were noted for the AT values between lots A and B as com-
pared with lots C and D.

The mean, composite AT of lots A and B differed from the mean,
composite AT of lots C and D by 0. 338 milliseconds, the shorter AT
being characteristic of lots A and B. Continued investigation also dis-
closed a wide variation in time to reach peak chamber pressure for
lots A and B as compared to lots C and D. A computer analyses of
the PT curves resulting from each of the rounds noted in Table X was
conducted to obtain projectile velocity and displacement characteristics.
Typical projectile velocity and displacement values for two samples,
round 5 of lot B and round 4 of lot D are compared as shown in Figure
30, Peak chamber pressure was reached in 0. 66 millisecond for
round 5 of lot B and in 0.96 millisecond for round 4 of lot D, a dif-
ference of 0.30 millisecond. Projectile velocity at the gas port (after
11. 750 inches travel) was computed at approximately 2, 890 fps for
round 5 of lot B and approximately 2, 870 fps for round 4 of lot D.

Remaining ballistic time (AT) after gas port operation was

0.146 millisecond for round 5 of lot B and 0.185 millisecond for
round 4 of lot D,
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TABLE X. Ballistic Data, Pressure Time Study,
Lots A, B, Cand D

Action Time Velocity Peak Chamber Peak Port
Shot No. (ms) (fps) Pressure (psi) Pressure(psi)
Lot A
1 1,223 3160 52,000 11,900
2 1.245 3183 53,500 11,900
3 1.294 3175 52,250 11,320
4 1,212 3162 51,000 11,650
5 1,193 3191 53,500 11,400
6 1.258 3113 47,750 11,820
7 1.210 3141 49,000 11,650
8 1.202* 3169 50,950 11,650
9 1.235 3158 51,000 11,400
10 1,237 3135 49,750 11,820
Mean 1.231 3159 51,070 -
Ext
Variation .101 78 5,750 -
Std
Deviation .03 22 1,860 =
Lot B
1 1,227 3121 48,000 11,990
2 1.190 3138 49,750 12,150
3 1.224 3153 51,000 11,650
4 1.167 3167 50,750 11,990
5 1.180% 3176 50,950 11,900
6 1,209 3148 50,000 11,650
7 1.241 3145 50,000 11,990
8 1,302 3129 49,000 11,900
9 1.257 3141 49,750 11,650
10 1.249 3106 48,000 11,740
Mean 1.225 3143 49,720 -
Ext
Variation 077 70 3,000 -
Std
Deviation 04 20 1,096 -
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TABLE X, Ballistic Data, Pressure Time Study,
Lots A, B, C and D (cont'd)

Action Time Velocity Peak Chamber Peak Port
Shot No. (ms) (£fps) Pressure (psi) Pressure (psi)
Lot C
1 1.371 3152 49,000 11,990
2 1.434% 3212 53,250 12,490
3 1.372 3154 50,000 12,150
4 1.404 3136 47,000 12,650
5 1.344 3129 47,500 12,490
6 1.463 3110 48,250 12,490
7 1.336 3197 51,250 11,900
8 1.375 3176 50,000 12,490
9 1.377 3162 49,000 12,320
10 1.435 3173 50,250 12,320
Mean 1.391 3161 49,550 -
Ext
Variation 091 102 6,250 -
Std
Deviation 04 29 1,840 -
Lot D
1 1.369 3173 52,000 12,740
2 1.358 3172 50,500 12,990
3 1.401 3143 48,000 12,650
4 1.465% 3174 51,300 12,490
5 1.416 3181 51,000 12,240
6 1.427 3153 49,000 12,990
7 1.319 3150 49,000 12,820
8 1.355 3198 49,000 12,650
9 1.433 3138 47,000 12,150
10 1.482 3133 48,500 12,240
Mean 1.403 3162 49,530 -
Ext
Variation .163 65 5,000 -
Std
Deviation .05 20 1,598 -

*Shots used for obtaining PT curves shown in Figure 29
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t would appear from the foregoing data that in the case of lots
A and B, the gas tube experienced generally shorter periods of gas
flow from shot to shot as compared to lots C and D. The pressure-
time data and subsequent test results obtained during these studies
correlate satisfactorily with those obtained in previous studies. 4"

FINDINGS

Previous studies showed that CaCO3 forms a matrix in which
gilding metal from the bullet and primer decomposition products are
embedded.l’® Therefore, the more gilding metal removed from the
bullet jacket the greater will be the amount of gilding metal debris
trapped in the localized CaCO3 deposits in the gas tube. This will re-
sult in a greater bulk of deposits and a greater likelihood of gas tube
clogging and weapon malfunction. Thus, in this detailed examination
of four lots of 5.56 mm Ball, M193 ammunition, including both "good"
and 'bad' lots from the gas tube fouling standpoint, it was found that:

1. Ball ammunition having bullets with poorly made cannelures,
high bullet extraction forces and loaded with ball propellant containing
.71% to . 97% of CaCO3 caused excessive gas tube clogging and weapon
fouling when fired in the M16Al rifle.

2. Ball ammunition having bullets with well made cannelures,
low bullet extraction forces and loaded with ball propellant containing
.53% CaCOj caused little or no gas tube clogging and weapon fouling
when fired in the M16A1 rifle,

3. Extreme variation of bullet extraction force in the M193 ball
cartridge can influence pressure-time relationships in the M16A1 rifle,

RECOMMENDATIONS

It is recommended that:
1. Investigations be conducted to determine whether the "knurl"

type cannelure on the bullet from the M193 Ball cartridge can be re-
placed by a smooth ''roll" type cannelure.
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2. Effort be made to develop upper and lower specification
limits on bullet extraction values in order to reduce lot to lot per-
formance variability.

3. Closer controls be maintained on knurl pitch, knurl quality,

outside diameter and width, if the present "knurl' type cannelure is
retained.
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APPENDIX B
Propellant Description and Cartridge Acceptance Sheets
Lots A, B, Cand D

YEDERAL CARZRILIE CLAMCRAUION
, nno.\';., rinnezona
/"“‘ Ii FINAL ACCEFTANCE REFGAT - \;..r{T 1
/ 4 Cartridze, 5.56:2% Z:11, 0193
107 No. FC-1921 papm 29 February 1966
Lccepted 4 Rejected 1st Test Hetest Waiver *waiver Details
1. Late Aecented: 29 February 1968 AN, P #1195
2. Guaniity Pac 1,108,800 ~ P31, i Mix No: K75
!_3. Stce X 1305-926-3930{4071) 12, ProTillant:  wWCBL6,.Lot 11090
li. Coniract lie: DAAARG-66-C-0159 13, ‘I‘y:;' 11 Class: '3
5. Suscification: MIL-C-9963D 1, iv Lot Mo: A, -- B,
6. Rev. No: -- _ Date: 1 June 1963 ic, }.vq'c‘}" (6r,) 2. 21.L17 B,
[ T. Dwz. No: 10523632  Date: 26 June 1963 | 16. Casec: IZASS  Faadsbarn (yr,) -o-60
8. Rev. No: E Date: 1) Auecust 1966 | 17. Iag Je‘c‘”“ IIDG
9. Primer Type: STYPHNATE 18, i 65 erains _
NRSER | :
| FIRING T2578 ROWDS { RECORD { LIKIT
h)  VELCCITY (FT./SEC.) { i {i - .-
1. Corr. Insi, Mean G 15 fi. |20 ° 5,2L7 |_3250 % 10 Ft./Ssz.
2. srd Doviation | i 16.7 Lo Ft,/Szc,
VARIATION IV VELCCITY :
“ROM NOREAL TENPEZRATURE SAMPLE ‘ VARIATION
3. Cory. Inst, Meen @ 15 Fi. +125 10 +21
L. Corr. Inst. Mean @ 15 Ft. +1600 | 10 i +19
5. GCorr. Inst, Mean @ 15 Fy, -65° | 20 ! -69
| 6. Corr. Inst. Mean @ 15 Ft. -80° !
B)  CHAMBIR PRESSURE (ISI) i39G, AVG, +3 S.D. AVG. +3 S,
7. Norme). Temserature 20 _11o.925 53,735 9

VARIATIC: ‘IN CH:BER PRESSURE (PSI) { i

___ FROX NORMAL TEHFERATURE SAMPIE | i VARTATION | _VARIATION

5, +125° S +530

7. +160° (10 | +2,970

0, 65 |20 | +L20

(1i. -8 i

5} PORT PRESSURE |

172, Normal Temperature 20 b, L75

[_3_.3. +1250 0 | +80

LAl #1607 0 -80

135, 659 ¢ -L75

{i6. -80” | |

1) ACCURS L o

7. = @ 200 Tods 90 | 3k e ) yi2Thes

B i€ Z (NS} .

38, saratvs 50__i_ 128 (Acvzii) ) 1S

) CASULLTY - RIslz, b | ] I

9. mperaturs { o 2he 0 1 o

20, +125Y | 120 0 i /

21, #1600 120 0 | r’__fl{
o ) ]
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FEDERAL CARTRIDGE CORPURATION
Ancka, Minnesota

FINAL ACCEPTANCE REFURT - (PART 2)
Cartridge, 5.56mm Ball, M193

10T NO. FC-1921  DATE 29 February 1968

Accepted X Rejected 1st Test X  Retest Waiver *Waiver Details
NUMBER
TESTED RECORD LIMIT
(G) MFRCUROUS NITRATE TEST 50 0 NO FAILURES
(H) BULLET EXTRACTION 25 110 (MIN) | 35 POWNDS MINTMUM
(I) WATERPROOF _ _. 50 1 x= 3/1st TEST-6/2nd TE
(J) FRDMER SENSITIVITY *3% B+ 37 B - 34 B+ 30 H-30
Lot 280 350 8.10 3.18 12 >3
(K) CARTRIDGE INSPECTION NUMBER _INSPECTED DATE__GOMPLETED
1st Sample 5,500 28 Februzry 1966
2nd Samole
CLASSIFICATION OF DEFECTS CRITICAL MAJOR MINGR
1. Acceptable Quality Level (%) 0% 0.25% 1.50%
2. Percent Defective 0 . [¢) |
DEFECT:
3. 2o, 39 0,017
L.
4?.
0.
7.
[
9.
1G. TOTAL 02 i 0.017% c
(L) PACKING INSPECTIOH
Defect Classification . MAJOR HD‘E{;?.
% AQL P ! AQI
Phase: Dafoot % | Doficet | %
1, CONTAGIER CONTRTy FiEdoresr b 1.0 | *-d9) 2.7
2. PACKED CONTATHER c N W 2.9
3. LEAX TEST 0 1.0 - ~--
L. OVER PACK a9 1.0 | 0 2.8
5. PALLETIZTNG O . weh |0 1

1 Slou Mouth Leak

Tot 281(250) 7.91, Lot 202{250) 7.01, Lot 283(250) 8.3%, Lot 2061(250) 7.8

WESTZRM BRiSS) 3.53 3.59 3.61 L.35
THIS LOT HAS BEEN INSPECTED IN ACCORDANCE WITE CONIRACT REQUIREMENTS (ENCEFY AS OTHIRISE
AUTHORIZED AND NOTED HEREON).
*WAIVER DETAILS:

A /) /5-/ s /é 4

Cortracugh Regresentative Governmenu X sentazive
R.!- . Hornsby Edmund C. llsren

65



€O FORM ] CORONANCE CORPS ' Supersedes 00 Form 1204

10t ‘ whi
Vgt PROPELLANT DESCRIPTION SHEEY S @ ™
U.S. Avmy Lot No. of_ 153 Composition Ne. For_3. 56 mm

W 840 Lot 1100
Naneactured ot: Olin Mathieson Chemical Corp., East - Alton, Ilpacked Weignt ..23,.400Q.1h
Contrzer No.36074A l-,m,'Peb‘ 1, 1968 \IIL-F_'--

Specification No.. Rovision ofem — ...

w

Aceepted blends (Nos.) 10534784 dated 16 July 1945
= Blend of rework mr.',e rial _

NITROCELLULOSE S704C dated 5 .Ja" 1965 and Dra\uing

Nitrogen Content K. I. Starch Test [.355 C.) Stability Test (1357 C.)

T
Maximum e |l \1““,., m Mins: | Moximum Mins.
Minimum aria g B e l 2 Mins. | Mini Mins
Avermge. ... e Average. Mins. | Average Mins.
| | Euplasion R
MANUFACTURE OF PROPELLANT
Total weight of solvent per pound NG Consisting of. ds alechol and
vounds ether per 100 pound solvent. Percentage of remix to whale ____ .. =
- 2 ‘rT'n | PROCESS—SOLVENT RECOVERY AXD DRYING RS G
| The following analyses are an average ol two Lests)
“ TESTS OF FINISHED PROPELLANT i
COMPOSITION STABILITY AND PHYSICAL TESTS
Constituent Farmula | Mir, Inspr. 120°C. . Mir. Inspr.
Nitroglvcerin g_ 80 125° C heat test, S. F. 70
Dinitrotoluene 0.78 Explosion 00+
Diphenylamine 0.597 FosR%Xg¥m_Dust & Foreign T\{ater al .02
Dibutyl phthalate 5, 04 eGSR Web Olsan
Methylene Chloride Exfract |16, 59 N e D e Grauh:.fe. 0 B d
Nitrocellulose _ _ . 82, 40 Burning surface per pound (3q. inches)
Total volatil i 1,34 Grav. density, SR pHIRYS PEERIEAL L 990
Moisture_fz Volatiles 1,01 Specific gravi
i Residual Solvent Q.51 Hyg pleity.
Calcium Carbonate 0,71 Eompreassneserx  Nitrogen 13,10
acmoauiale el FINITHED GRAIN AR AR T :fu CENT
GRAIN DIMEXSIONS (1.‘:‘(’:{{'1:3) — (INCHES) : __OF MEAN nl\mt:mm
Granulation Opening Retaine
il . SR AT B R €
T i 25 2.91
Yinas 30 25.10
Outer. 35 28. 40
Webd 4 - erace 40 39.11
Caleulatad 45 3.99|
Difference between inner and outer wab 1-10 g gg
s an 3
L:i;p(s;)cent of web awv Toral 75 9_5_I
D:d (X) |
Dato packed 1/29/68 Dats offerad Dato led 1r29/es
Date test finished— L/ 30/A8 Dats dezeription sheeta forwarded 2/2/68
Typa of Packing Box Fiber Palk

Remarks:Lhis 1ot meets the reguirements of MIL-P- 3984C dated 5 Jan. 1965 and D
10534784 dated 16 July 1965 with exceptions as noted in the appl*cafble contract,

-awin

[upe t T Bapecior o U. 5. Chemlst
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ORDKAKCE CORPS |

Y 4610t
BALLISTIC ACCEPTANCE TEST Lo indV224 JOELLZ0
FoR Calther 5. 56mm
SMALL ARMS PROPELLENT POWDER [ Troe
MIL-P-3984C dated 5 Jan 65 & Ote l=ils
TESTED IN ACCOADAMCE WITH SPECIFICATIOMdrawing 10534784 dated 16 Jul §5
PROPELLEHT POWDER GUHS Proof Fired By
whp it Mathigson CRem:Cal VEL. | VEL. | PRESS, X 5
ik a 4 RIFLE | RIFLE | GAGE | Fed MI19
ot ¥o. W(CR46]10t1100 i Bultet T, BALL
Kada At 1 Recolver Ma. 123 | | 32 | Butt o 55 em
Net Wt. of Let 23, 450 Lbe, | Burrel Mo, 17 | [ 13 'p“‘ "}::-:dofa: ere-
Charge 7.2 8rs. | Barrel Longth ZOtL | L 20" B = ';..'* a
1€ [ e £ 1eral
| Times Flred 1872 | 620 |
r 1
DATE BLEND | oun or | o, CORRECTED | VARIATION |  corecreD
chae | oF | JEAN | N | PRESSURE
FIRED TEST wuMBeR  |mops | VELOCITY | vELOCITY | '
ATLAE _ FT. Toivn, 70,00V, iean | wax.
| Bland of © 17 20 3255 (62 | 17 | = -
1-29-68 Samples | 13 20 [ — | — 465600 87900
TR AT T
{ +« 1X .
KO, NUMBER |popg |, Bt My | veLOEITY | AL B0XES
{EDIVIDUAL [ Action Time 10 ITemperatu Tests
BOX {(Millisecends) 10 IStored Fired Max Indiv Change P
SAMPLES Avy Max 10 lat Press, Press Vel Pr
Indiv W |-650F  -0b0L 47000, -2500-159 -=
1.19 1. 24 10 |160°F TOOF 48500 -1700- 7 +2
10 [125°F 125 F 49300] + 200+ 57 +
Port Pressure Test
REMARKS: Actual Corrected
No Rds _Av Av
TWL18000 20 14680 14800
360744 WC8461L.ct1100 20 14665 14785
LBG HUMBER Ho. | MEK 1
DATE CHARGE | GUN OR QAGE | HEAN
TWILB000 i ' OF | VYELOGITY 4
FIRED - Grains NUMBER Roos | a7 L5, F1, PRESdeE
Standard lzation 3248
1-29-68 Standerd Plring 17 20 3220 P
Lorrestion ¥ 28
Bteadardization 7500
1-29-68 Stendard Flring 13 20 | 47300
Carreatien | + 200
THIS LOT PROPELLEKT POHDER meets THE BALLISTIC TEST REQUIREMEXTS,
(Signature) o o (Signature)
" UeonThacTor ) CROKAKCE CORPS OFFICIAL
(Signature)
ORDNAKCE INSPECTOR TITLE AND [NSTALLATION
Taish
HA O L N
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.BEB)ERAL CARTRIDGE CORPORATION

Anoka, Minnesota

FINAL ACCEPTANCE REPORT - (PART |)
Cartridge, 5.56MM Ball, M193

LOT NO.__FC=1938 pATZ 10 June 1948

Accented___ Y Rejected Ist. Test__X Retest Waiver “Waiver Details
1.  Date Accepted: S June 1948 10. Primer: #195
2. Quantity Packed: 1,209,600 tl.  Primer Mix No: K75 e
3. Stock Number: 1305-926-3930(4071) 12.  Propellant: WCBhé,' Lot 1130
4.  Contract Mo: DAAA25-68-C-0159 13. Type: II Class: 3
5. Specification: MIL-C-5953D ) i4:  Army Lot No: A, = = = = = = B. —
6. Rev.Noim =~ — - Date:1 Tune 1941 1S. Avg. Chg. (Gr.) A, 28.CB B. o
7.  Dwz. No:J 0524532 Date: 24 June 1943 5. Case: BRASS Headstamp (yr.) FC-68
8. Rev. Ho: B Date: 11 fugust 1985 17.  Bullet Jacket: GILDING
9. Primer Type: STYPHNATE : 18. Bullet Weight: 5SS erains
: NUKBER
FIRING TESTS ROUNDS RECORD LIMIT
4 VELOCITY (FT./SEC.) ' |
E: Corr, Inst. Mean 2 15 fr. 20 | 3,2h7 3250 ¥ 40 Ft./Sec.
2. Standard Deviation _ . 19.7 40 Ft./Sec,
VARIATION IN VELOCITY
FROM HORMAL TEMPERATURE SAMPLE VARIATION VARIATION
| 3. Corr. Inst. Mcan £ 15 Fe.+125° 0 | +15 -250 Ft./Sec.
4. Corr. Inst. Mean 2 15 Ft.+160° 10 =10 —250 Ft./Sec,
5. Corr. Inst. Mean 2 |5 Ft.- 65° 20 -133 ~250 Fr./Sec.
6.  Corr. Inst. Mean 9 |5 Fr.-'80°
3) CHAMBER PRESSUT : (PSI) AVG.  AVG.+35.D. AVG. AVG.+3S.D.
7. Nermal Temperatura 20 17,020 49,990 52.000 58.000
| VARIATION I CHAMEER PRESSURE (PSI)
FROM NORMAL TEMPERATURE SAMPLE VARIATION VARIATION
L5 +125° 10 +1,860 +5.000
9. +160° 10 +2, 540 +5.000
0. - $5° 20 -3,555 +5.000
il. - g’ +5.000
AVERAGE
B Srima.: T 20 1h,6l5 15.000 ¥ 2.000 psi
i3, +i1s” 10 +L80 *2.000
4. +150° 10 +130 *2.000
Lis. - 6s° 20 =170 22.000
(6. - go° ¥ 2.000
3 ACCURACY
i7.  Mean Radius 2 200 Yards i 50 1.22(Actual) MR 2 Inches
y ACTION TIME (M8)
18.  Normal Temperature 50 1.17(Actual) 4 MS
) FUNCTION & CASUALTY - RIFLE, M1§
19.  Ambicnt Temperature 240 o]
120 +135° 120 0 "
2+ jeof 120 1 éE
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FEDERAL CARTRIDGE CORPORATION
Anoka, Minnesota

FINAL ACCEPTANCE REPORT - {PART 1)
Cartridge, 5.56mm Ball, M193

: LOT NO.__EC=1938 DATE_ 10 Jure J19AR
Accepted__ X Rejected Ist Test___¥X _ Retest Waiver e¥aiver Details
NUMBER
l TESTED RECORD ) LIMIT
' (G} MERCUROUS NITRATE TEST 50 0 NO FAILURES
! (H) BULLET EXTRACTION 25 58 (Min) 35 POUNDS MINIMUM
! () WATERPROOF 50 0 3/Ist TEST-6/2nd TEST
[[@) PRIMER SENSITIVITY %% H+3 6 H-30T TS s s W
i Lot 315 200 6,81 3,39 < 3>
: (X) CARTRIDGE INSPECTION HUMBER INSPECTED DATE COMPLETED
Ist Sample 6,000 3 June 1948 _
Ind Sample
CLASSIFICATION OF DEFECTS CRITICAL MAJOR MINOR
|. Acceptable Quality Level (%) 0% 0.25% 1.50%
2. Percent Defective 0 o}
DEFECT:
3. Yo, L0 2057
.
&.
7.
8.
9.
10. TOTAL 0% .06% 0%
(L) PACKING iNSPECTION
Defect Classification MAJOR MINOR
% AQlL % AQL
Phase: Defect b4 Defect %
1. Container Content
(3) Bandoleer [0} 1.0 0.11% 2.5
(b} Clip and/or carton o] i.0 0.33% 1.5
(<) Miscelianeous —— 0 25
2. Gasket Seales # ion Sox
(a) Physicai Ci istics
4 Paint 2nd Narkings: o] 1.0 0 1.5
() Gaske: scaling {Leak Test) 0 1.0 L e
3. Overpack sac Overpack Contents (o] 1.0 | 0 2.5
4. Palietizing (inspected 100%) 0 H/A | 0 N/A

i ATTACHED %% 1 Body Split (J) s Lot 316 (280) 7.8k

; = 3.L0 ;
THIS LoT & - ~SEH INSPECTED IR ACCORDANCE WITH CONTRACT REQUIREMENTS (EXCEPT AS OTHERWISE
AUTHORIZES AND NOTED AEREON).

*YAlYER DETAILS:
~f Vi
/! ;.
— 2 //; - ,Zﬁ' K/!‘J‘ .4..53:53"_':971;4,..4/
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FEDERAL ('ARTRIDGE CORPORATION

INFORMATION TEST RESULTS l
DIAMOND PYRAMID HARDNESS i DATE June 6, 1968
_'n'r’g: 5.56MM LOT NO. Fee-1938 B
HARDNESS GRADIENT - EXTERIOR OF CASE
NO NO NO NO NO NO NO NO NO NO AVG OF
POSITION 1 2 3 d 5 6 7 8 9 10 10 PCS

250 188 180 |183 193 180 | 187 191 191 187 182 186

475 185 184 | 184 181 190 | 183 193 189 194 185 187

.700 200 20h |207 202 | 202 1200 | 199 206 197 202 202

925 153 176 | 156 177 176 | 187 156 198 197 200 177
1.150 133 128 | 12L 131 136 | 13k 12k 138 133 133 131
1.375 111 103 | 150 107 1 ‘11l I 110 97 108 108 109 107 _

1.620 121 96 |10k 98 102 I 103 96 100 | 103 95 102

AXIAL HEAD HARDNESS
NO No | NO NO NO NO NO NO NO NO
POSITION 1 2 3 4 5 6 7 8 9 10

A 182 159 1177 180 172 | 176 175 173 169 | 176 175

B 1078 180 (180 [183 | 189 |171 | 178 180 | 185 | 182 179

c 95 199 |188 193 200 | 199 192 197 196 198 195

Mooy 13 197 | 215 213 220 210 | 216 212 211 212 212

LOCAL. /5 PER DWG -D1052L200

Vi -
Ctortir ‘;_/_.//‘Z?_: Zioz ezt

Q. A. REPRESENTATIVE

§12-02-66
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€0 FORM ] ORDNANCE CORPS Superseder 00 Form 1204

1204 ul iel
Aaer: 2 | PROPELLANT DESCRIPTION SHEET ~,  oved |\ Wi 40 whih
U.8. Army Lot No.___~ 1968 ition No. r__ 5.5b mm,
Y ot MW sae coe1fIu—— © He T

Manufactured at;_Olin Mathieson Chemical Corp Easf'ﬁ]ton, 01, oucked Weicht .. 22 000 13s.

Contract No 360744 DBMM L, 4759 Specification ND-MIL P"' Rovislon of — oo =
NITROCELLULOSE 3984Cdated 5 Jan, 1965 a.nd Drawmg

Acceptod blends (Nos.) 053 47 Bt o6 965~
_-Blend of rework material Gl b
Nltrmn Content K. I Starch Test (G5.5° C.) Stability Test (125" C.)
M LS. Maximum Mins. Moxl Mins
Mini i Mini Mins Mini Mins
Average._ . i Av Mins. Average. Mins
= Exploal Mins.
! it H e
. MANUPACTURE OF PROPELLANT
Totnl weight of solvent per pound NC. Consisting of. e} is alcohel and
ounds ether per 100 pound solvent. Pereen of remix to whole____ . at e
L PROCESS—SOLVENT RECOVERY AND DRYING n_z_"" T
The following analgses are an average of two tests
TESTS OF FINISHED PROPELLANT
e e — = =
COMPOSITION STABILITY AND PHYSICAL TESTS
Constituent Farmula Mir. Iripr. 120°C . _ Mir. Inspr,
WNitroglycerin 10, 3 X35t O heat teat, 8. P 80
Binitrotoluene 0, 84 Explosion 30_0+
Diphenylamine 1.13 Foantprstax  Dust & Foreignl Matemrial . 02
Dibutyl phthalate 4, 74 Ferorpertoraienes_ Web ; olgon
Me.t.hylen&.ﬂh].on.de_Extrm 17, 02 Mgk Graphite] . 23
IF:I."""""’" lulnse 81, 63 Bumingmrflceper pound (2q. inches)
Total vol . 1,11 Grav. demsity, ax PR AT I GOFZ
Mols &r Velatiles 0, 86 meu grav
¥4 Residual Solvent 0,2 telty
-Galcium Carbonate 0.9 M..,L}JL_
Sodium’ Sulfate — T :
e et RISHED GRATN T MEAN VARIATION IN VKR CENT
; ST B ETORE o 1 ____(NCHER) __OF MEAN IMAMENSION
Len Ly Granulation O‘r:)enn'l.glE L7 E,gtginqd
™, 3“: ({D\ # U.S. A W17
Biisestin nrpsamrs 25 5.11
Inner. 30| 24. 30
Outer. 35| _ 37.04
Webq 4 verage 40|___30, 75
Calenlated 45| 2, 25
Difference between Inner and outer web 50 0.21
in per cent of web Pan 0,19
L:D (Y) 'I‘ota|1 100, 02

D:d (X) . et
Dt et STTETEE D s B TS CTET
Date teat 3/27/68 Dats description sheets forwarded 4/2/68

‘Pno of Packing Bax_ _Fiber Pal
Orawi

xe:This lot meets the requizements of MILxPL3984C dated .S Jan.10652ad
10534784 dated 16 July 1965 with exceptions as noted in the a.EEuggth contract,
Wuahtyéiﬁntrol |maaﬁ - : ]
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ORPUANGE EONPS * WC 846 Lot | 130
o )
BALLISTIC ACCEPTANCE TES) I o R
FOR h'llln_é.;m
SMALL ARMS PROPELLENT POWDER S pe—
MIL-P-3984C dated 5 Jan. 1965 sats 13.2.5;2_6.1_92.3
TESTED fi ACCORDANCE WiTH $PECificaTion and Drawing 10534784 dated 16 July 1965
PROPELLENT POWDER auns {broat #1e0e By
Hfe. Olin Mathieson Chemical Corp{ VEL. VEL. PRESS,
Lot He, 'W‘Tg_l'l‘éc 46 Lot D RIFLE RIFLE 0AQE b Fed.M193 B
Hads At East Alton, 11. | Resslver Ha. 121 32 uu:: ':v- _______‘T.
:::“‘ e 8 < :". e ;Z}" égu Prisar W '
Fge a N E PR
Atr Space £ 018 Ins, v e =g Tggg Certidne cass Eederal.
[ Times #1re 3330 Torg | i f
DATE BLEND Guk on | No, | COREECTED | VARIATION | comecrep
FIRED TEST "5:25! Ig;s VELOGITY | VELOCITY PRESSURE
AT_15. FT. [Trve, 70,00V, wean nAX,
3/25/68 | flend of 6 17 1 3236 51 14 — -
Sasples 22 Pk Lov — | — 4730048900
NG, | UNCORRECTED
BoX OUN oF MEAK v PR AVC D
HO. NUMBER [ong [,7"E4%¢ My VELok i TY ALL BORES
1HD IV 10UAL 0 | T ture Tests
BOX 16 | Stored Fired Max. indlv, Changes FRort
SAMPLES [l at at Press. | Press. ‘Sef. Tress
30 b5CF, -bbr T, 44000 [=5900 -180 -520
10_[L60°F. 70PF, 48800 | -1508 - 5 - 70
7 18 [125°F. 125FPF, 53200 11900 + 72 |+120
REMARKS: Port Pressure Test Actua] Correc ec_i_
Mo, Rds.
Federal Order No. W 18000 20 m__ '—FIBUU
36074A WC 846 Lot 1130 .20 15400 15330
oATE 0 yusth CHARGE | GUN OR GAGE ":,’ “"“': HEAN
FIRED Grains| WM | yope| v ﬁ 4 PRESSURE
Stendardization 3248 St
3/25/68 ftandars Piring 7 rAY 3521
Lorraation For0 s i
Btandardlzstien 47500
3/25/68 Standard Firing 17 20 7500
Cerrastion ¢ 3 0
THID LT P En___meets . THE BALLISTIC TEST REQUIREMENTS,
(Signature) (Sigrature)
CONTRACTOR ORONANCE CORPS QFFICIAL
(3ignature)
TITLE AND [NSTALLATIOK

OROMAKSE |NSPECTOR
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[ Daie Proseatt 29 March 1968
vy P27 3,002,160 Rds.% 7— TWIN CITIES ARMY AMMUNITION PLANT
:3; ]3_[15_32&_3339__(‘;‘01]) ; * INSPECTION REFORT - 5.56MM
CT6S 5.56mm Ball M193
’/ ; ITEM.
Funclional Lot Nos. i Lot No. Tw- 18309 i
s, 1 Trace: Mix
TGS Code BB10.16.0229.2.00 | Acoeptes [ istTest | | temtordiic :
" Propelizt Tyne WC 846 7
Rejected [ ] Relest | ] L T @g—u
. T Chp(Grs) 279
Soer Mol L-C-9963 D _Rev. A/B wier [ o se s Bioss )
ECO Date | Headstama (Y 1967 - 1968
Dwg. Ne. D 10525032 y Bullel Jackel Gi lding Metal
[Fev. ] D IoTT6s | Acceptance Date 10 April 1968
=T FIRING TESTS TRACE PERFORMANCE | NO. RUS. | RECORD LT
- = TRACING 300 ¥D5. | 100 501
N hi= amg | s 1600 -45° NO. TOTAL BLINDS
CHAYBER PRESSURE .[ R
uittied H | _NO.LATE THACE i 2
ROS FIRED 0 T 10 20 T T T
= T WATERPROOF TEST
K RN e S
Cave <330 52,300 | : : ) = I n[scmpgm OF uargp‘lr 3 =
LIMIT - MAX 58,000 T T R A '_S_-- e |
PORT PRI F
{PSESS!HE {
RECORD 15,080 #l +10 =610
| 15,000 BULLET t(: R!\CTiUh TEST (Lbs.}
i L 7,000 vagoe | 2,000 | *.2,000 No. Tested | SPEC. MIN. | NO.FAILED | MAX, | MIN. | MEAN
25 35
7 v - 35l
CVELOC IFS] LT MERCUROUS NITRATE TEST
RDS £ IRE 2w |10 10 20 no TESTED | NO. FAILED SPEC. LUmT
|_ROS FIRGD .
g 50 | 0 o
| RECGRD 3238 | +40 -20 - 145 :
[Lmir - sacL 3350 = 40 | -is0 -250 -250 AR BASE F‘;UEU“E SEAL TEST
[wmir . TRacer | 93200 = 40 | .250 1250 250 e { Mo TALES SREG. LI
$TD DEV 20.8 : 3
T m VISUAL GAGE & WEIGH INSPECTION
ALCURALY ey Ist samPLE 2400 paTE 3-29-68
|_(INCHES) FIRED RECORD LT 2nd SAMPLE 3
L___NAEAN RADI ¢ 200 ¥DS 90 1.0 2.0 [erimicac] masor | minom
| ACTION TIME (M5) 50 1.29 40 AQL S | .04 .25 1.50
[ e % DEFECTIVE | 0 1
| FURCTIOR & CASUALTY FIRED | RECORD LT DEFECT NO. & DESCRIPTION b
|_RIFLE, 5.56MM XMISE ] i 720 1/2
! i
{ CASUALTIES ! None ,
I |
| |
| : |
1 | | TOTAL ] 0
i ' 1 PACKihG!hSﬁ.CFC" . COWTAINER CB”TENT
| | WA JOR ! MINOR
[ SUB-LOT | % ODEFECTIVE | AQLS % DEFECTIVEL aoL®
| 1.0 2.5
! i 15T 0 ! T
2D 0 \
TOTAL AUTHORIZED ROS EXPENDED IN TESTS: {1'9&0/
REMARKS: Ten addrt:onal rounds tested for case hardness (mForma:lon on16'! as per
SMUAP - AMM dated 12-5-67.
#|n addition, 1000 rounos (1 crate) shipped to-Lake City Army Amounition Plant for
Fouling Test.
Wi ‘L. M. NOBLET 10 Apr 68
CHIEF BALLISTICIAN TCAAP iz e CHIEF, GOVERNMENT QA DIVISION
SMUTC.Q FORM S REPLACES SMUTC FORM 116 WHICH 15 OBSOLETE

25 APR, &7
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wsented 3 Apri] 1968
1 Packed .0%’.2% 235‘ F 7

]

7

T305-976-3930-A071 ]
1

S
[Fsi

TWIN CITIES ARMY AMMUNITION PLANT
INSPECTION REPORT ~ 5.55MM

sy 13D
- Prcer Lot Nes. 3874 3884 3894

A /ey CTG6S 5.56nm Ball M193
AR  386A
Funclional Lot Nos. ok | Lot No. TW- J83]0 H
/ %
ACHS Code B810.16.0229.2.0k Accepted [_ X ] IstTest [__X | T
_ at Type WC 846 7
Rejected | ] Retest | ] AL, fio. hi:w_—; LehET

' ChaiGis) 27.9 -28.3 28.%

wavn [

per SMUAP: - AMM dated 12-5-67.

*In addition 1,000 rounds (1 crate) shi
Fouling Test.

Ten additional rounds tested for case hardness: (informat

Spec, No. MIL-C-9963D Rev. A/ i Base-  Sleel[ ] Brass [
ECO Date i | Headstamp (Yr) 1968
L_——.-...&--
Owy. No. DI10523632 i Bullel Jacket
Tev. [} Tale 2-17-B5 Acceptance Date. 12 April 1968
FIRING TESTS: TRACE PERFORMANCE | NO. RUS. | RECORD LT
r =% TRACING & 500 Y05, s 100 L1k
ANE |t teo* -45* NO. TOTAL BLINDS b :
CHN"BE(RPEITESSURE If RO, SHORT TRACE
. NO. LATE TRACE AP A
RDS FIRED 20 | 10 10 20
I f F
REcomn 59406 +1000 | <1500 ] <5300 MATERPROOF TEST
- O, TESTED | NO. FAILED | seec.imar
LINT . WA 52 ;oc. |+ 5,000 5,000 | 5000 = [ ) S
2L 15 55,800 SCRIPTION OF DEFECTS |
LIMIT « MAX 53‘000
PORT(F;:%[E}SSURE
RECORD 15,500 | -720 +4B0 -L0 :
15,000 BULLET EXTRACTION TEST (Lhs.)
LT 13,000 v.a000 | v.on00 | .2.000 Mo, Tesred | SPEC. miIN. | NO. FAILED | maX. | WiN. | WMEAN
FVELOCNY 1577 - g = : 25 R AL n—*—éz—
AT 1 WMERCUROUS NITRATE TEST
FIRED 20 T o 0 T 1 NO TESTED | MO, FAILED [ sPec. LmiT
_RDS FIRED i
4 s0 1 0 | []
RECORD 3234 | +hb -53 -213 i e
LiniT BALL 3250 £ a0 | .80 250 250 | BASE CLOSURE SEAL ’E?T
LimiT TRACER | 3200 & 40 250 250 250 CIELIT T HeEAILED | SREG.LIT
B " B f :
570 DEV 19.6 L I 3
TS - VISUAL GAGE & WEIGH INSPECTION
ACCURACY = ros 1w sanpLe 2400 oate 4-3-68
{INCHES) FIRED RECORD LimT 2 A SAMPEE
ME AN RADI 5 200 YDS 90 . 2.0 CRITICAL] wmator | minoR
ACTION TIAE (175) 50 T.68 4.0 A0L % 04 .25 1.50
3 O % DEFECTIVE g 9
FUNCTION & CASUALTY FIRED RECORD | LimiT DEFECT NO. & DESCRIPTION B S
RIFLE, 5.56MM XMISE L 720 — "1‘%‘}m
CASUALTIES None
TOTAL 3 0 1
PACKING INSPECTICK - CONTAIRER CONTENT
MAJOR i MINOR
SUB:LOT | =% DEFECTIVE " % DEFECTIVE| AGL %
. 2.5
i 157 0 !
2D 0
,, TOTAL AUTHORIZED RDS EXP 00,
REMARKS: . "

ion only)} as
pped to Lake City Army Ammunition Plant for

12 Apr 68

CHIEF BALLISTICIAN TCAAP

CHIEF, GOVERNMENT Qa DIVISION

SMUTC.Q FORM 5
15 APR, 67

REPLACES SMUTC FORM 116 WHICH 15 OBSOLETE
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Boarem e e '
L

[y |
i
u. ¥ anmy Lot no. BAM=44970: — - comncmTIon No. HE 8ld PR S T o T
MANUFACTURED i b BADCER AR ARMY Rf’ﬁu.\.;.".” N_PLANT vackaswciey B0 OG._.‘I_:ZS
CONTRACT na Ofi= 11-373vare 30 April ]9‘-’.‘ LBCCIFICATION nq...!"l 'P' REVISIGH & F
AMC-106 (A} R — 36840 and Gag. 10534786 Rev. A
: U I P s
| accesroo uicwos (Noa.) Blend of Rework Macoria
KITROGEN CONTENT i R.L. STARCH TELT i555° €) '! STABILITY TEST 132%¢€)
MA X T £ ;i MA R IMUM ina. A :::::
MINIMUM % MINIMUM MING | avmaanc Mins
AVERAGE LY ‘ AVERAGE MiNS | EXPLOSIGHN .. MINZ
MANUFACTURER OF PROPELLANT
TOTAL WCIGHT OF JOLVENT PEA POUND HC CONZIZTING OF POUNDS ACOMOL AN
POUNDS OTHER PER 100 POUND SOLVENT. PERCENTAGL OF REMIX TO WHOLE
roues Oc. PROCESS-SOLVENT RECOVERY AND DRYING Ties
FROM To CAYS 1 HOURS
T
]
{.
]
TESTS OF FINISHED FRCOPELLANT
composiTion | SPECS. i ' STABILINY ANG PHYSICAL 70278 H
CONSTITUENT TeoobniK. |eser | 120°C i >,_;{‘x‘-{§{j INEPR.
! Nitroglycerin l 8.00-11.00 ;_-AQ : 0]. s R HEAT TEST. S
| Dinitrotoluene |14 | Max. ! ‘0_3.?; No cxﬂ-os'mnol‘x:s.a_. 4.n.._,'_
Dinhenylaming 75- 1.50 1 1.06: ovonoaxDus thForeign. ]
4.0 -1 7.0 : 5.37 xweamccoascer Average. jleb

'rumu;.y_Lp.hL_alm -
I_i4 ethy_lena_Cnlnmsle_EzL_ . 116, 3_i">~'<nxxx,<xxxaxxxxx;: Gra,mw(. ,xl NH _5-1
I_Nitrocellulose 5 : P

0.97

roraL vieXxxxxxVolatiles
woistunz & Volatiles
Xxx_-Residual Solvent . 3¢ nivesoscomciTY
Calcium Carbonate V0. 53 OO0 N':trog...‘ 13. Ga - 13.20;
Sodium Sulfate ! 1 0.08=imsHED GRAIN : VERIATION IN P,
GRAIN DIMENSIONS Dig {Inchea) : TAN DIMENSIZHS
(Inches = R i s :
MANUFASTUREIR INSPECTOR H MANUFAITURER | INSRLETOR
cenetn . Granulation Open‘i:‘.g o) Reaquired
SuAMETER_ (D) WS, 95 Min.thru!
DIAMETER OF PERFORATIONS (d) 90 Min. E
) ‘/ INMER on and i
-wEe“" CUTER ' ?.:Q..Piﬂ_x- |
AVERAGE H thru
Ay CALCULATED H 3_ 0 Max. :
DIFFERCNCE BETWEEN INNER AND OUTER i | thru !
WED IN PER CENT OF WEL AVERAGE i
LiD 1vh
c:g (X} 4 1 .
DATE PACKED, ]‘23-68 DA'N: OF FIRZD DATE sAMPLED [T'-'J'C:'.‘f
DATEC TEST FIMISHED -25-A8 SAVEZ DESCIPTION SHEZTS FORWAADED, 1-25-05
TYPE OF PACKING DOX l"nnner- [Tred ji-2% 30xes
TREMARKS:
| LAZORATOQRY 72
[3UPCAINTENDENT mx:&"/’_t "\,r"N--.,:, TIRECTOR ;o= ST
B TECHNTC DIRECTOR™ TRy
) fecols /\.y:w-\//,é Va7 229 | // i G il

1 FOFS A L
h-.\c 10 JUN €4 i\--a]
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| —— s 4 tmn tame

MIL-P-3934D 25 Fenuery 1565
. Drawing 10534784 ,Rev. A4 | T T

M%. _0lin Mathieson Chcmco.l Corporation
Lot o, BAJ hllQTB i
tlado ut

fat Vi1, of Lot
Charge

Air Sopace

DATE
FilCD

e ]

i cmie T30 s ‘ L4300 ' h2s0

14125914125 !
¥ [+ i

REMARKS: Pressure and Port Pressur_'e Changes of Temperature Testis

' are expressed in 100's psi.
? Acceptance performed with Twin City Components.
; e ! LGao vinenEn Las
i ?A; : Std. Ref Ca.rur:.d.ge
e i TW18000R
i
1-2L-68 |
1-25-68

THIS :I..G'i' PEGRI
T

tSIg:é‘; ura)

_'.".;I, [ ?

{3 nctuse) _Wf#‘i—""//

s

76



Stock No.

¥id. By 0lin Mathi

AL Radror A

niepmnain

Tim v ey ey

d In Accordance With Spas.

Contract No. ma-11_3i73-an_n0Aals)
60,000 Ibs.

soked Welp!

o
£

{3 3 O <!
€2

~ @

i :
Bullet i Charge
Type i (Grains)
| ;
i. ;
2293, Ball|  26.8 o
i i
i i
i i
1 1

3247

i

Remarks:

: :
PRON NOS: F6-8-A0U44-0L-10-CF

This lot of smokeless propellant is hereby accepied for loading cariridges. :

! $¥520-Q Form 10 (June 66) "

5
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BALLISTIC ACCEPTANCE TEST Lot Mo, BAT L5481
FOR Coliber 3-8 m.
SMALL ARMS PROPELLANT POWDER Type__ WCBLE
MIL-P-3984D, Amendment 2 szz March 1968
TESTED IN ACCORDANCE WITH SPECIFICATION Drawing 10534784 ,Rev. B )
PROPELLANT POVDER GuHs Proof Fired Br._.._B‘“‘I
A VEL.
Mfr. ics ichl Corporation KFFLLE RIFLLE gfg 4 Hand Blend # 687
Lot No. BAJ 45481 Recsiver No. B 1 B 0| Bullet Type B2ll, M193
Made at. BAAP Barrel No. 34 3L | BulletWt,____55 Grs.
Met Wt. of Lot 602000 Lbd, | Barrel Length, 20" 20" | Primer TC
Charg 27.0  Gyg. | Hoad Spoce 1.Lgo" thag ,Cartridge Con%__
ge * ' 15 85 tore___10__°F,
Alr Space 15 T Times Fired L8 Temp F
ICORRECTED | VARIATION
DATE BLEND GUNOR |NO. MEAN N CORRECTED
FIRED TEST GAGE OF VEL?CITY | YELOCITY PRESSURE
NUMBER [RDS. | AT_12 FT. EXTR. [STD.DEV. MEAN MAX
3-21-68  |[Blendsel 6 3k 2 3243 37 | 1.4 — —_
Somples 31 20 P o4 19800 | 52200
T LT s
| ACTION T2 TEKPERATURE TESTS CHANGES PORT PRISSUTE TEST
(EZLAIICOCITT)
AV, ALK | BB k9. oFRes. |avencs | Fimeo | MAN SN0 ves.-lrazes : ?,t\!l"l"_- e AFTUAL lcena. ave !
1.73 1.81 20 | +125°[+125° [5L100 +77|+28 | +2 [ TW18000R RO [14900 14800 .
20 +160°] + 70% [LBT0O =B |~T0 | +5 BAJ 45481P0 J15000 {15900 4
20 - 6‘5° ~ 65° L7700 ~125]~53 ° 0
REMARKS: Pressure and Port Pressure chan.ges of Temperature Tests are
expressed in 100's psi.
Acceptance performed with Twin Cities Components.
DATE | 400 NUMBER JCHA‘R;’EIGUN OR GAGE *;":l’:- V;‘E:gﬁ‘f MEAR
: 8td. Ref. Cartridge GRAINS NUMBER
FIRED T 8000-] G RDS. | AT 15 F¥. PRESSURE
Standardization 2548 '
2_91. AR Stondard Firing 3l 20 3267’
Correction ~19 Chambar Port
Standardization L7500 14800
3_22..468 Standard Firing 31 20 L4600 154900
Correctlon - +2900 100
THIS LOT PROPELLANT PO‘I‘!DER meets THE BALLISTIC TEST REQUIREMENTS.
Slgactura) _,?/ ,f 74.44/ CAIAP e (Signeture}
BA ISTICENGINEER
((
" TecHNZAL mngﬁr

78



Caliber 5.56MM

SMALL ARMS PROPELLANT

Lot No.BAJ 45481

At_Badger Army Ammunition Plant
—Baraboo, Wisconsin
Contract Wo._DA-11-173-AMC-106{A)

Type_ WO 846 ACCEPTANCE SHEET Date <26 March 1968
Ttem Badger Army Ammunition Plant TDPL #10534784 dated
Stock No.V3- 01065 Baraboo, Wisconsin 5 May 1966

Mfd. By_Olin Mathieson Chemical Corp. Proof Fired At BAAP

Cartridge
Reference Rarpoozodl Lot No.Tw _18000-R

Inspected In Accordance With Spec.

No.MIL-P-3984D Amend 2 Dtd, 27 Nov 67

PRON No§: F6-8-A0044-02-FO-GF

Packed Weight 60,000 Lbs. Dwg. #10534784 Rev. B Dtd. 24 Feb 67
BALLISTIC DATA
Corrected Corrected
Temp. of Adr Mean Velocity }ean
Bullet Charge Powder Space @ 15 “Feet Pressure
Type (Grdins) | (Deg. F.) (Inches {Ft/Sec) (Lbs./Sq. In.)
M193, Ball| 27.0 70 .15 2243 49,800
Remarks:

SMUBO-Q Form 10 (June 66)

This lot of emokeless propellant is hereby accepted for loading cartridges.

v HNSON
Chlef, Quality Assurance Division

Sie i3
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AMC PROPELLANT DESCRIPTION SHEET

(MR 715-509)

U. 8. ARMY LOT NO.BﬂJ-4548] o

COMPOBTION NO.

WC 846

ron 2.56 mm BALL

MANUFACTURKD AXL

Badger Army Ammunition Plant

PACKED WEIGHT 60,000 ]bS-

AMC-106(A)

CONTRACT NO DA 11 ]73“DA1’¢ 30 Apr.!‘! 195]8FKCIFICATION NQ._H_IL P- REVist
3984D and Dwg

ﬁmendment
210533780 Rev. B

ACCZPTED BLENDS (Abm,)

Blend of Rework W%%

ELL
rid

LOSE

NITROGEN CONTENT R.L. STARCH TEST (658° ©) STABILITY TEST (135°¢)
MAXIMUM = MAXIMUM Ming,'| MAXIMUM :|::
MINIMUM = MINIMUM MINS | AvERAGE MINS,
AVERAGE % AVERAGE MINE EXPLOBION MIMS,

MANUFACTURER OF PROPELLANT

TOTAL WEIGHT OF SOLVENT PER POUND NG
POUNDS GTHER PER 100 POUND SOLVENT, PERCEHTAGE OF REMIX TO WHOLE

CCM3ISTING OF

POUNDS ACOHOL AN

TEmps. %e. PROCESS-SOLVENT RECOVERY AND DRYING Ting
FROM : To oAYS HOURS
: TESTS OF FINISHED PROPELLANT
COMFOSITION SPHCS. STABILITY AND PHYSICAL TESTS
CONSTITUENT wondymes | wser. | 120°9C #eRRE(])] mnsen.
itroglycerin 8.00+11.00] 9.80kmxkanear vesy. s ollinutes (Min) |60 65
I Dinitrotoluene 141 Max.| 0.58 N0 exerosion HOUT'S Min) | 5 5+ |
_Lll‘;tmmi:lamm 702 1,501 1.05remxsessiXDustaFaoreign Mat, (Max).10 7 0.02
Dibutylphthalate 4.0 7 7.0 | 5.87meososeseuxnnuiverage Web 0.014¢
| MethyTene Chloride Exc. ! 17. 30pmacxxssoonaemsoneaGraphite (Max).40 | 0.18
Witrocellulose Remainder |81.86| puanine surFace per Pouns (sq. inches)
vora H¥xxxyux Volatiles = | 2.00] Max.| O. 90| srav. pENsITY, OR POUNDS PER Cu. rr,945-1.025] 0.974
moisture & Volatiles .751 1.25] 0.85|sreciric cravity
Axx Residua) t 1.20 | Max. | 0.35[nvcrescorciry
Calcium Carbonate 1.00 | Max. | 0.53] souesmmnooxxgsox Nitrogen 13.05 |- 13.20{713.13
Sodium Sulfate 0150 Max.l] 0.13¢msHED GRAIN MEAN VARIATION IN PER GENT
GRAIN DIMENSIONS Ol (Inches) CF MEAN DIMENSIONS
(Im‘} MANUFACTURER INSPECTOR MANUFACTURER INSPECTOR
LENGTH (L) Granulation Opening Reguired |% Retained
DIAMETER (o) U, S, # 20 95 Min.thru 0,0
DIAMETER OF PERFORATIONS (d) # P25 a0 Min 3.1
L INNER # 30 |on and 14,0
'HEB§ QuUTER # 35 5.0 Max. G 41.2
AVERAGE # 40 thru 39.2
SALCULATED # 45 3.0 M_ﬁz(. i 24l
CIFFERENCE DETWEEN INNER AND OUTER Pan thru 0.0
WED IN PER CENT OF WED AVERAGE Total : 99 .5
LiD tv)
o tx)
oAtk ncxxn._tz.l;ﬁ_a_a_zm DATE oFFEAED, OATE SAMPLED KA BI3Y:)
DATE TEST FINIBHED ces? bed DATE OCEICRIPTION SHEETAE FORWARDED 3'25"‘68
TYPL OF PACKING BOX. - : opper L'Jned ﬁ 24 Boxes.

TREMARKS

LAECRATORY

TRue vl Ry

A
mnx% TEEH’RJLA;g DIRECTOR
i p=)
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TABLE C-1. Bullet Pull Test, Lots A, B, Cand D
Sample No. Lot No.
A B C D
(Ib) (Ib) (Ib) (Ib)
1 137 183 91 88
2 158 150 110 97
3 164 191 99 85
4 123 185 108 83
5 137 173 84 95
6 142 157 92 80
7 115 183 120 102
8 146 169 91 91
10 138 152 98 101
11 147 208 95 96
12 135 196 100 84
13 138 168 107 66
14 141 208 115 99
15 173 163 102 91
16 147 172 98 78
17 131 175 96 114
18 206 152 94 96
19 171 173 110 93
20 157 203 103 91
Min 115 150 84 66
Max 206 208 120 114
Avg 149 177 101 91

APPENDIX C
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