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DEPARTMENT OF THE. ARMY
HEADQUARTERS. U.S. ARMY TEST - VALUATION COMMA. 0

A ,ABERDEEN PROVING GROUND. MARYLAND 21005

STE BC 8 968

SUBJECT: Approval of Final Report on Product Improvement Test of
Submachine Gun 5.5 6 mm, X14177E2, USATECOK Project No. 8-7-0220-01

Commanding General
US Army IMateriel Comwaanid
ATTN: AICP-RS
Rock Island, illinois 61200

1. References;

a. Report, AI:STE-BC, dated January 66, Subject: Analysis of Results
of SAWS Engineering and Service Tests, USATECOM Project Numbers 8-5-0400-
03 thru 06.

b. Final Report DPS 2215, dated December 1966 on Engineer Design
Test of Modified Flash Suppressor for 5.5 6mm, Car-15 Submachine Gun.

c. Message, USATECOM 10219, dated 8 December 67, Subject: PI Test

of EX177E2, Submachine Gun, USATEC1 Project No. 8-7-0220-01/02.

d. Final Report, dated June 68, Report No. DPS 2754, subject asabove, inclosed.

2. The primary purpose of this test was to evaluate the product improvements
imposed on the submachine gun since the SAWS activity of 1965-66, ref
la, and was not intended to serve as an engineering test leading to type
classification. Originally the suppressor was subjected to safety tests
only, as a separate activity in late 1966 with an objective of reducing
flash signatures, ref lb. In order to provide additional information
concernirg the capabilities of the system, especially with respect to the
flash suppressor, it was considered necessary to utilize a broad spectro-
of available ammunition. The product improvements were:

a. Chrome plated chambers.

b. Delrin charging handle latch.

c. Hand-guard slip ring.



SUBJECT: Approval of Final Report on Product Improvement Test of Submachine

Gun 5.56mm, M4177E2, USATECOM Project No. 8-7-0220-01

d. Cadmium plated slip ring spring.

e. Shot-reoned receiver, nylon-ooatqd buttstock and release lever.

f. One and one-half inch increaso in barrel length.

3., With the exception of tL3 delrin charging handle latch, the improvements
are acceptable and are applicable to the M16Ai rifle as appropriate. Potential
improvements in areas of corrosion resistance in paragraph 2c,d and e
above require confirmation in long term field environment conditions.

4. A summary of test results and a discussion of each subtest are contained
in paragraph 1.4. Findings which have a significant impact on system
performance and reliability are:

a. Tracer cartridges regardless of the propellant loading are
incompatible with subject weapon due to severe yaw and some projectilo

breakup. Also, and independent of tracer ccrtridges, yaw of 10 to 20
degrees was observed with ball projectiles, but at a reduced frequency as
compared to the tracer cartridge.

b. All test ammunition exhibited large variations in rotnd-to-round
cyclic rates within an automatic burst. The first 2 rouns in a magazine i
of ball cart'idges loaded with ball propellant accounted for a significant
portion of this variation.

5. The conclusions and recommendations of subject repqrt are approved by
this command and are as follows;

a. Conclusions:

(1) The M4177E2 submachine gun as presently designed is incompatible
with the spectrum of ammunition as investigated in this test, especially
in those areas of performance affected by the buffer, and noise - flash
suppressor.

(2) Both the fI77E1 and XK177E2 weapons gave unsatisfactorily high
malfunction rates in the low temperature fouling test, and both weapons

demonstrated more severe fouling in the operating mechanism with ball
propellant than the DM 82084 propellant.

(3) The X14177E2 weapons vith chroms-plated chambers were superior
to M4177E1 weapons with regard to failure-to-extract stoppages.
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SUBJECT: Approval of Final Report on Product Improvement Test of
Submachine Gun 5.5 6mmr, TiI177E2, USATECOM Project No. 8 /-0220-01

(4) The delrin charging-handle latches on the E2 weapons werg inferior
to the latches on El weapons because of structural failure at -658F.,

(5) Within the scope of this test, no advantages in corrosion
resistance were demonstrated for the shot-peened receiver:,, nylon-coated
buttstock and release lever, and cadmium-plated slip ring spring of the
E2 weapons.

(6) The E-14-3-launcher spacer and the increased barrel length of

the E2 weapon permit assembly of the L,1148 grenade launcher.

(7) The angled slip ring on the Z1177E2 weapons (no structural

failures) proved superior to the flat slip rings on the El weapons with
respect to ease of assembly and disassembly on the hand guard.

b. Recommendations:

(1) Further development of the M.177E2 submachine gun buffer,
and noise-flash suppressor be accomplished.

(2) The delrin charging-handle latch be considered unacceptable.

(3) The remaining product improvements undor test bc considered
suitable for the 4-1177E2 submachine gun and, as appropriate, the -.116A1
rifle.

FOR THE COI".IZNDR.

1 Il LeROYL
as (5 cys) Colonel, GS'

Dir, inf Mat Test Dir

Copies furnished:
CG AMC ATTN: AMCRD-WI (2 cys)

AICAD-S (1 cy
AMCPP (I cy)
AMCQA (I cy)

~cy)
A4CSU (I cy)

CG 1ECOM ATTN: PI4SWE-RDS (3 cys)
CG CO ARC ATTi- ATIT-RD-4D (LL cys)
CFRD ATTN: CRDPES (i cy)

CDC LW' USATECOM (12 cys)
USMC LO USATECOM (I cy)
CO APG ATTN: STEAP-DS-TI (w/o incl)
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ABSTRACT

At the request of US Army Weapons Command, a produc° improvement
test of the 5.56-mm submachine gun, X177E2, was conducte t Aberdeen
Proving Ground, Maryland between 1 August 1967 and 15 Aprii 1968.
The product improved components of the test weapons were: chrome-plated
chambers, buffer, 1-1/2 inch increased barrel length, delrin charging-
handle latch, hand-guard slip ring, cadmium-plated slip ring spring,
shot-peened upper and lower receivers, nylon coated buttstock and
release lever, and grenade launcher spacer (for attaching an XM148
grenade launcher). With the exception of the delrin charging handle
latch, which proved susceptible to breakage at -65*F, durability of all
the product improvements was satisfactory throughout the test. The
chrome-plated chambers demonstrated improvement over nonplated chambers
in reducing failures to extract and the hand-guard slip ring offers
advantages over the previous design in ease of assembly and dis-
assembly of hand-guards. Kinematics studies showed that the energy-
absorbing characteristics of the urethane end cap on the buffer are
subject to change under repetitive impacts, causing undesirably large
variations in cyclic rate within a burst. Progressive build-up of
fouling in the flash - sound suppressor during firing tends to increase
muzzle flash and sound level and apparently has an adverse effect on
bullet stability and flight. It was recommended that further develop-
ment of the XM177E2 submachine gun buffer and noise - flash suppressor
be accomplished, that the delrin charging handle latch be considered
unacceptable, and that the remaining product improvements under test
be considered suitable for use on the XM177E2 submachine gun and, as
appropriate, the M16A1 rifle.

FOREWORD

Aberdeen Proving Ground was responsible for preparing the test
plan, conducting the test, and preparing the test report.

vii



SUMIAClIINE GUN, 5.5644, XM17712

Weight of weapon------------------------------------------- 6.*2 lb
Weight of weapon with sling and loaded

20Oaround magazine ------------------------------------- 7.2 lb
Length (over-all)eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee-----29.7 in.
Length (over-all) with buttstock extended------------------ 33.0 in.
Length of barrel (from muzzle end of flash

suppressor to face of bolt) ------------------------ -- 15.4 in.
Length of barrel (from muzzle end of barrel

to face of bolt) ------ ft------- --t----------- -- --- 11.6 in.
Operation -ft----- m------------Gas-operated, front-locking rotary bolt
Riflingeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee- f ----- One turn in 12 in.
Muzzle velocity ---------- m------------------- pproz. 2780 fps
Type of fire- ft-------------ft--- m------- m----Semi- and full automatic
Stock m------------------------------ -------- Telescoping buttstock
Ammunition ----------------------- 5.56-mm, M1l93 ball and M196 tracer

D~ata Compiled: August 1967.

Characteristics Photograph
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ABERDEEN PROVING GROUND

ABERDEEN PROVING GROUND, M1ARYLAND 21005

USATECOM PROJECT NO. 8-7-0220-01

FINtL REPORT ON PRODUCT IMPROVEMENT TEST OF
SUBMACHINE GUN, 5.56-MM, XM177E2

1 AUGUST 1967 TO 15 APRIL 1968

SECTION 1. INTRODUCTION

1.1 BACKGROUND

During 1965 and 1966 ten 5.56-mm submachine guns, along with a
number of other small arms weapons systems, were subjected to an
extensive engineering test (References 1 and 2). The submachine guns
were identified variously as the CAR-15 or C-SMG at the time of the
test. After the engineering test, a modified flash suppressor and a
new buffer design were submitted for an engineer design test (Reference 7)
and the weapon was designated XM177El. A number of other product-improved
components were then subsequently incorporated and the designation of the
weapon was changed to XM177E2. In March 1967, USATECOM, concurred in a
recommendation from USAMC to type classify the CAR-15 for temperate zone
use but withheld comment on the suitability of the XM177E2 until a test
of the product improvements, the subject ot this report, was conducted.

Of related interest in the development of the XM177E2 submachine gun
is the recent introduction of a new extruded-grain cartridge propellant
identified as IMR-8208M to be used in the loading of M193 and M196 car-
tridges. The M193 and M196 cartridges are the standard ball and tracer
cartridges, respectively, for the XM177E2 as well as the MI6AI rifle. In
addition, substantial quantities of M196 cartridges are now being loaded
with ball propellant, a projectile and propellant combination not pre-
viously evaluated in either CAR-15 or X177E2 weapons. By USATECOM direc-
tion, the new projectile - propellant combinations of M193 and M196 car-
tridges were to be tested simultaneously with the testing of the product
improved version of the submachine gun.

1.2 DESCRIPTION OF MATERIEL

SqA description of the XM177E2 submachine gun is contained in para-
graph 2 of Appendix II.

The product improvements on XM177E2 weapons which constitutes the
difference between the XM1477E and XCM177E2 weapons are as follows:

1]



a. Chrome-plated chambers to minimize corrosion and promote
extraction.

b. One and one-half-inch increased barrel length and X4148
grenade launcher spacer for mounting XN148 grenade launcher.

c. Delrin charging handle latch to minimize wear on upper receiver.

d. Hand-guard slip ring shaped to provide ease of assembly.

e. Cadmium-plated slip ring spring to minimize corrosion.

f. Shot-peened upper and lower receiver to minimize corrosion.

g. Nylon coated buttstock and release lever to minimize corrosion.

h. Although the buffers of the XM177E2 and those of the XM177El
in this test are the same, they were of a different design from
those used in the small arms weapons system test (Reference 2).

Ammunition used in test is as follows:

a. Type A cartridge, 5.56-mm, M196, tracer, lot LC-12081 (ball
propellant).

b. Type B cartridge, 5.56-mm, M196, tracer, lot TI1-18007 (8208M

propellant).

c. Type C cartridge, 5.56-mm, M193, ball, lot LC-12194 (ball
propellant).

d. Type D cartridge, 5.56-mm, M193, ball, lot TW-18191 (8208t.
propellant).

e. Reference cartridge, 5.56-mm, M193, ball. lot LC-Y-5.56-501
(WC -846 propellant).

1.3 TEST OBJECTIVES

To evaluate the physical and technical characteristics of the
f177E2 submachine gun.

To evaluate weapon performance when using both extruded-grain
and ball-propellant-loaded cartridges with both ball and tracer
projectiles.

To evaluate test results regarding suitability of the XM177E2
ruduct improvements for application to the M16A1 rifle.

2



1.4 SWt ARY OF RESULTS

1.4.1 Introduction

In view of the small sample of weapons available for test (two
of each model in most subtests) all combinations of the ball and tracer
rounds with 8208.! and ball propellants could not be used equally by
both projectile and propellant type in a manner to provide uniform
exposure of all types to the many conditions of test. That is, the
"start" and "finish" phases of test could not be controlled, where
initial rounds may be most critical with regard to weapon function or
subsequent rounds may produce furnctioning characteristics reflecting
effects of previ.nus rounds. In consideration of this, distinction was
made with regard to weapon function, where appropriate, only between
the rounds loaded with ball propellant and those loaded with 8208.M
propellant.

1.4.2 Product Improvements

1.4.2.1 Chrome-Plated Chambers. In the dust test, two failures to
extract occurred on El weapons (nonplated chambers) while E2 weapons
(chrome-plated chambers) were free from extraction problems. In the
salt water immersion test nine failures to extract occurred in firing
381 salt-water-corroded rounds from El weapons (one each 42 rounds),
and six occurred in firing 490 rounds from E2 weapons (one each 82rounds).

1.4.2.2 Delrin Charging-Handle Latch. In the -65°F test, one charging
handle latch broke during normal use in retracting the bolt. No
difference could be detected between the delrin charging-handle latch of
the E2 weapons and the metal latch of the El weapons with respect to
receiver wear.

1.4.2.3 Hand-Guard Slip Ring. Based on gunner reaction and observations
made throughout the test, the angled slip ring for the hand-guard of the
E2 weapons provides a better gripping surface for ease of assembly and
disassembly over that of the flat slip ring on the El weapon. The
angled slip ring exhibited no failures during test.

1.4.2.4 Cadmium-Plated Slip R-iig Spring. The cadmium-plated slip ring
spring on the E2 weapon and the nonplated one for the El weapon exhibited
corrosion to approximately the same degree when exposed to conditions of
th; salt-water immersion test. Corrosion on both springs was moderate.
No failure of either spring occurred.

3



1.4.2.5 Shot-Peened Receiver and Nylon-Coated Buttstock and Release
Lever. The shot-peened receiver and nylon-coated buttstock and release
lever of the E2 weapons displayed no deleterious effects from the salt-
water immersion test; similarly, the cowponents of the El weapons were
not visibly affected.

1.4.2.6 One and One-ilalf-Inch Increase in Barrel Length, and X1148
Grenade Launcher Spacer. The increased barrel length and launcher
spacer of the E2 weapon did not degrade the ease of handling of the
weapon, and permits assembly of the X4148 grenade launcher. The effects
of the longer barrel on ballistic performance were as follows:

a. Based on comparison with velocity results of X177EI firings
in Reference 2, the increase in muzzle velocity of M193
ammunition fired in the X4177E2 weapon is 229 fps, and
104 -fps for M196 ammunition. This comparison is made between
ball-propellant-loaded cartridges and ignores the effects of
different lots.

b. The accuracy of E2 weapons showed slight improvement over J
that of El weapons fired in Reference 7. The average mean
radius was 2.7 inches for El weapons compared with 2.4 inches
for E2 weapons in this test.

c. The sound pressure level of the E2 weapon was 155.0 db as
compared to 156.5 db for the El weapon recorded in
Reference 7.

d. There was no significant difference in muzzle flash produced
by the El weapon in Reference 7 and that of the E2 weapon in
this test.

1.4.2.7 Buffer. Kinematic studies showed that the energy absorbing
characteristics of the urethane end cap on the buffer are subject to
change under repetitive impacts, causing undesirably large variations in
cyclic rate within a burst. Further analysis of buffer performance is
given in paragraph 2.16.

1.4.3 Subtest Findings

1.4.3.1 Inspection. The XM177E2 model is 0.2 pound heavi"er and 1.6
inches longer than the XM177E1 model. Usability and ease of handling Y

of the E2 was comparable to that of the El model.

4
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1.4.3.2 Velocity and Accuracy. All four lots of test cartridges met the
velocity and accuracy criteria when fired in the XM177E2 weapons.

1.4.3.3 Flash. The muzzle flash performance of El weapon fired in
Reference 7 and the E2 weapons fired in this test was comparable; there
was, however, a significant reduction in flash with the 8208ft-propellant-
loaded lots of M193 and M196 cartridges over that of lots loaded with
ball propellant.

1.4.3.4 Smoke. No difference in target obscuration or position detec-
tion effects was revealed between ammunition types or El and E2 weapon
models.

1.4.3.5 High Temperature, High Humidity. The performance of E2 weapons
was comparable to that of the El weapons.

1.4.3.6 Mann Barrel Firing. Cartridge, M193, ball, lot TW-18191 gave
an average velocity of 3206 fps, which is 4 fps below the minimum
specification limit. The M193 ammunition loaded with 8208M propellant,
lot MV-18191, was 885 psi above the maximum chamber pressure permitted
and 400 psi under minimum port pressure permitted when fired at +70*F.
All other lots met the criteria specified in paragraph 2.13d and e.

1.4.3.7 Sound. At the gunner's ear position when firing the XD177E2
with a new barrel and flash suppressor (fired more than 30 but less than
1000 rounds), the criteria established in paragraph 2.15.2 was met with
each of the four ammunition test lots. When firing with the used barrel
and flash suppressor (fired approximately 9000 rounds) none of the four
lots met the criteria. The lot of ammunition producing the highest
sound - pressure measurement of 156 decibels with a new barrel and flash
suppressor produced an increase to 160 decibels when firing with a used
barrel and flash suppressor. This increase was attributed to the accumu-
lation of fouling in the baffles of the suppressor.

1.4.3.8 Sustained Fire, Functioning performance of the four XM177E2
weapons with the four test types of ammunition (one weapon for each
ammunition type) indicated no significant difference in weapon function-
ing associated with ammunition type. With the exception of the weapon
fired with M193, lot LC-12194, ball-propellant-loaded ammunition, which
produced a malfunction rate of 0.0034, none of the weapon - ammunition
combinations exceeded the permissable malfunction rate of 0.003.

The M196 cartridges, both 8208M- and ball-propellant-loaded,
gave excessive dispersion and yaw beginning early in the firings and

5
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continuing throughout the sustained fire exercise; dispersion and yaw
were comparatively slight with the M193 cartridges. Both M196 and
M193 projectiles exhibited more yawing with the ball-propellant-
loaded lots than with the 8208M-propellant-loaded lots.

The weapons were considered to have met the performance levels
specified in paragraph 2.9.2 when firing M193 ball ammunition, but
failed to meet the required levels when firing M196 tracer ammunition
because of excessive yaw and dispersion. The reason for this
incompatibility with tracer ammunition could not be established within
the scope of the test. The X-ray photographs shown in paragraph 2.9.5
provide evidence that the stability of the tracer bullet .s affected
by the suppressor; however, the prevalence of this condition round-to-
round and the effect on ultimate bullet flight are not known.
Additionally, it is not known the extent to which build-up of fouling
in the baffles of the suppressor (ref Figures 2.2.4.2-1 through -7)
affects launch attitude and flight of the projectile.

1.4.3.9 Time of Flight. Tables 2.4-I and 2.4-I contain summaries of
exterior ballistics data for the XM177E2 weapon firing the four lots of
ammunition used in test.

The projectiles of the ammunition lots loaded wth ball pro-
pellant, both M196 tracer and M193 ball, exhibited lack of stability in
flight as evidenced by erratic flight of the M196 and an increased rate
of velocity loss in flight for the M193 compared to M193 with 8208M
propellant. The cause of this apparent contribution of ball propellant
to bullet instability was not identified; however, it is most probably
associated with the effects of residual muzzle pressures on bullet
stability in launching 3nd passage through the suppressor, and indicates
that a difference in muzzle pressures exists between ball and 8208M
propellants.

1.4.3.10 Low Temperature Fouling Test (+20, -65% and -400 F). The
results of the low temperature fouling test as a whole show the XM177E2
to be inferior to the XMI77El. The malfunction rate for the entire low
temperature test was 2.8 per 100 rounds for the E2 weapons and 1.4 for
El weapons. However, a direct comparison of performance is hardly valid
since E2 weapons were subjected to over 4000 rounds of firing in the
sustained-fire subtest prior to these tests and the El weapons were not
fired in that subtest.

Carbon accumulation in the bolt was prevalent on weapons firing
ammunition loaded with ball propellant at +20*F, resulting in, firing pin
seizures in two weapons. In firing ammunition loaded with 8208M pro-
pellant, no malfunctions attributable to carbon accumulation occurred.

6
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The entire low temperature test malfunction rate for ball-
propellant-loaded ammunition was 9.6 per 100 rounds compared to 3.7
for 8208M-propetiant-loaded ammunition.

1.4.3.11 Nonstandard Cleaners. The urethane end cap on the new type
buffer used in this test became soft and tacky on the outside surface
afazr immersion in insect repellent; however, light application of the
repellent, as irom contact with the hands, had no apparent effect,
None of the other product improvements of the E2 weapon were affected
by any of the fluids or greases.

1.4.3.12 Kinematic (Displacement-Time) Studies. The displacement-time
studies were conducted under carefully controlled conditions to evaluate
mechanism characteristics only. The influence of propellant fouling
in either the mechanism or the gas tube was intentionally held to a
minimum by observing short-interval maintenance periods during the rel-
atively limited firing exercises. The pertinent findings of the study
are summarized below and an analytic discussion of each of the findings
is contained in par. 2.16.

a. At low rates of fire, marginal cyclic performance of the
XM177E2 submachine gun can be expected to occur at a level
of approximately 635 rds per min for any single round.
This is estimated to be 50 rds per min more than the mini-
mum marginal rate in the M16AI rifle.

The upper restraint in cyclic rate of fire for both the
XM177E2 and the M16Al has been previously established
(Reference 10) at a rate of approximately 975 rds per min
for the final round in a magazine and is associated with
a failure of the bolt stop mechanism which is an identical
subassembly in both weapons.

b. M193 ball projectile cartridges loaded with WC846 propellant
offered the least round-to-round cyclic variation at near
optimum energy levels duiing burst fire among the four
cartridge types tested.

c. Reduced loading of the magazine (less than 20 rounds) does
not aid in overcoming low cyclic rate levels for the
initial rounds in a burst.

d. The barrel and gas tube assembly of the KM177E2 have the
capability of withstanding as much as 9000 rounds of
firing wKie continuing to serve as a suitable power source
system for the mechanism.

e. Bolt carrier rebound with the XM177E2 is negligible and
does not interfere with hammer fall or otherwise degrade
cycling performance.

7



1.5 CONCLUSIONS

It is concluded that:

a. The delrin charging-handle latches on the E2 weapons were
inferior to the latches on El weapons because of structural
failure at -65°F (ref par. 2.11).

b. Within t >, scope of this test, no advantages in corrosion
resistance were demonstrated for the shot-peened receivers,
nylon-caated buttstock and release lever, and cadmium-plated
slip ring spring of the E32 weapons (ref par. 2.12.5).

c. The XM148 launcher spacer and the increased barrel length of
the E2 weapon permit assembly of the XM148 grenade launcher
(ref STEAP-DS-TI letter, 2 October 1967, Appendix II).

d. The XM177E2 weapons with chrome-plated chambers were superior
to Xl77E1 weapons with regard to failure-to-extract stoppages
(ref par. 2.12).

e. The angled slip ring on the XM177E2 weapons (no structural
failures) proved superior to the flat slip rings on the El
weapons with respect to ease of assembly and disassembly ofthe hand-guard (ref par. 1.4.2.3).

f. Both the XI1177E1 and XM177E2 weapons gave unsatisfactorily
high malfunction rates in the low temperature fouling test,
and both weapons demonstrated more severe fouling in the
mechanism with ball propellant than with 8208M propellant.

g. The XM177E2 submachine gun as presently designed is incompatible
with the spectrum of ammunition as investigated in this test,
especially in those areas of performance affected by the buffer
and noise - flash suppressor.

1.6 RECOMMENDATIONS

It is -ecommended that:

a. Further development of the X177E2 submachine gun buffer
and noise - flash suppressor be accomplished.

b. The delrin charging-handle latch be considered unacceptable.

C. The remaining product improvements under test be considered
suitable for use on the XM177E2 submachine gun and, as
appropriate, the M16Al rifle.

8



SECTION 2. DETAILS OF TEST

2.1 INTRODUCTION

2.1.1 Criteria

The majority of the test criteria are based on performance levels
obtained during the engineering test of the CAR-15 (designated as C-SMGduring the engineering test). The engineering test data are reportedin Ref. rences 1 and 2 and the source of the criteria are identified byparagraph designations from the pertinent report.

2.1.2 Ammunition

Four projectile - propellant combinations of 5.56-mm cartridgeswere fired in approximately equal numbers throughout the test (sumeexceptions are noted in certain subtests). The cartridge types are asfollows:

a. Cartridges, M196 tracer projectile and ball propellant, lot
LC-12081.

b. Cartridges, M196 tracer projectile and IMR-8208M propellant,lot TW-18007.

c. Cartridges, M193 ball projectile and ball propellant, lot
LC-12194.

d. Cartridges, M193 ball projectile and IMR-8208M, Dropellat,
lot TW-18191.

The acceptance-test data sheets for each lot are contained inAppendix I.

2.1.3 Mlaintenance

The weapons were disassembled, cleaned, inspected, and lubricatedwith MIL-L-46000A (Reference 8), except for the low temperature tests
where %ITL-L-14107A was used. This maintenance was performed 1,eforethe start of each subtest and after approximately ech 600 rounds offiring, except for the continuous firings without maintenance in thehigh and low temperature tests.
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2.1.4 Control Weapons

Where test methodology has substantially changed since the
engineering test, XM177El control weapons were also fired and the
performance of the control weapons established the minimum acceptable
criteria for the test weapons.

2.1.5 Legends

Malfunction

FFR - Failure to fire.
FF - Failure to feed.
FX - Failure to extract.
FJ - Failure to eject.
FJLR - Failure to eject the case of the last round of the magazine.
BOB - Bolt overrode base of round in feeding.
FFI - Failure to feed the first round from the magazine.
DF - Double feed.
F2R - Fired two rounds with one rearward movement of the trigger

when firing semiautomatic fire.
FBO - Failure of the bolt to open before firing, without bumping

buttstock on wooden bench while applying rearward force
on the charging handle.

FBR - Failure of the bolt to remain to the rear after firing the
last round from the magazine.

FFA - Failed to fire automatic.
BAF - Bolt assist failed to function.
BDP - Broken or damaged part.
S - Semiautomtic.

I-B - Interrupted burst.
SAT - Satisfactory.

Ammunition

Type A a Cartridge, 556-mm, M196, tracer lot LC-12081 (ball pro-
pellant).

Type B = Cartridge, S.S6-mm, M196, tracer lot TW-18007 (8208M
propellant).

Type C - Cartridge, 5.56-mm, M193, ball lot LC-12194 (ball pro-
pellant).

Type D a Cartridge, S.S6-um, M193, ball lot TW-18191 (8208M
propellant).

10



2.2 INSPECTION

2.2.1 Objective

To determine that the test items were received in proper condi..
tion for test and to measure the physical characteristics of the test
items.

2.2.2 Criteria

Criteria are as follows: i
a. The weight of the test weapon, with sling and loaded 20-

round magazine but no other ancillary equipment, shall not
exceed the weight of the engineering test model (7.3 pounds)
(Reference 1, par. 2.1.3).

b. The length of the test weapon with the telescoping buttstock
closed, shall not exceed the length of the engineering test
model (27.3 inches) by more than 2 inches (Reference 1, par.
2.1.3).

c. The chamber dimensions of plated barrel chambers shall be
within the specifications of nonplated chambers.

2.2.3 Method

Photographs were obtained of the assembled weapon, right and

left side, and of the disassembled weapon in a field-stripped conditio;.

The flash suppressor was X-rayed at the beginning and period-
ically throughout testing.

Weights and measurements were recorded to include internal bore
dimensions, rate of twist, chamber dimensions, and other pertinent in-
formation.

2.2.4 Results

The diameter of the gas ports in the barrels of the XMI177E2
weapons are 0.067 inch and 0.072 inch in XMI77El weapons. The in-
spection results are illustrated and summarized in Figures 2.2-1
through 2.2-4 and Tables 2.2-I and 2.2-II. Bore dimensions are
contained in Appendix I.

11



Figure 2.2-1: Left-Side View of C-SMG, TOP; XNI177EI, CENTER; and

XM177E2, BO'rrOM.

Figure 2.2-2: Right-Side View of XM177E2; Top View Is with Butt-
stock Closed, Bottom View is with Buttstock Extended.

12
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Figure 2.2-3: Field-Stripped XM1177E2 Weapon.

Figure 2.2-4:4 Sketch of Chamber for Ml6Al Rifle and XM177E2
Submachine Gun. Letters Indicate Positions of Diameter Specifications
as Shown on Standard Operation Instruction Sheet Used by the Manufacturer.
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Table 2.2-I. Physical Characteristics of Submachine Gun, XR177E2

Weight, lb
Weapon (No. 904541)2 6.20
Sling 0.31
Magazine, 20rd capacity, 0.19
20 rounds, M193 cartridges 0.51

Weapon with sling and loaded magazine 7.21

Dimcnsions, in.
Barrel, bolt face to front of suppressor 15.4
Barrel, bolt face to barrel muzzle 11.6
Sight radius 14.4
Length, buttstock closed 29.7
Length, buttstock extended 33.0
Line of sight above bore 2.6
Buttstock comb above bore 0.7
Headspace I

Gup No. 904541, 904546 1.4646
Gun No. 904543, 904544, 904549 1.4656

Firing pin protrusion
Gun No. 904546 0.032
Gun No. 904541, 904544 0.035
Gun No. 904549 0.036

An X I177EI model weighed 6.0 pounds.bTe weight of a fully-loaded, 30-round, aluminum magazine, standard

with the engineering test weapon, was 1.02 pounds.

Table 2.2-II. Chrome-Plated Chamber Dimensions of
XM177E2 Submachine Guns

Dimension, in.

A B C D E F G

Diameter 0.3769 0.3594 0.3553 0.255 0.254 0.2245 0.210

Specification 0.3789 0.3614 0.3573 0.257 0.256 0.2265 0.220

Gun No.

904541 0.3810 0.3608 0.3565 0.2595 0.2550 0.2283 0.2240
904543 .3840 .3613 .3572 .2606 .2558 .2295 .2238
904544 .3838 .3613 .3564 .2592 .2550 .2285 .2214
904546 .3866 .3602 .3563 .2597 .2549 .2283 .2214
904549 .3863 .3607 .3564 .2552 .2552 .2286 .2245

14
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2.2.4.1 Receiver Hardness. The upper and lower receivers of the
XH177E2 weapon were presumably shot-peened during manufacture, instead
of sand-blasted, to reduce the possibility of corrosion and exfoliation
during use under adverse conditions.

A metallurgical inspection to determine the surface hardness
of the five XM177E2 models, three XN177E1 models, and one C-SMG model
was conducted employing a superficial Rockwell hardness tester with a
1/16-inch-diameter ball penetrator and !S-kg load (15-T scale).

No measurable difference in hardness could be detected between
the test weapons by use of the hardness tester; Rockwell hardness
(15-T scale) varied from 89.0 to 91.5. It was concluded that only by
destructive testing (ex3amination of a sectioned receiver) could a
determination of shot-peening versus sand-blasting be established.

2.2.4.2 X-Ray Results of Flash Suppressor Investigation. The flash
suppressors of the XM177E2 weapons were X-rayed at the beginning of
test and periodically thereafter. The X-ray results illustrated in
Figures 2.2-5 through 2.2-11 show the progressive increase of fouling

deposited in the internal baffles of the suppressions for various
numbers of rounds fired.

II

I1

Figure 2.2-5: Flash Suppressor of XM177El, No. 902159 after Firing
180, 1200, 2700, and 5700 Rounds (TOP to BOTTOM).



.7.

I

Figure 2.2-6; Flash Suppressor of X-177E1, No. 9042279 before FiringI and after Firing 1000, 2500, 4000, and 5500 Rounds (TOP to BOTTOM).

Figure 2.2-7: Flash Suppressor of XM177E2, No. 904541 before Firing

and after Firing 2269, 3579, 4209, 6088, and 9088 Rounds (TOP to BOTTOM).
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Figure 2.2-8: Flash Suppressor of XM177E2, No. 90453 before Firing
and after Firing 2269, 3579, 4209, 5887, and 8887 Rounds (TOP to BOTTOM).

II

Figure 2.2-9: Flash Suppressor of XM177E2, No. 904544 before Firing
and after Firing 1000 and 5167 Rounds (TOP to BOTTOM).

17
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Figure 2.2-10: Flash Suppressor of XM177E2, No, 904546 before Firing
and after Firing 1000, 5135, and 6515 Rounds (TOP to BOTTOM).

ft

Figure 2.2-11: Flash Suppressor of XM177E2 No. 904549 before
Firing and after Firing 1000 and 2064 Rounds (TOP to BOTrOT).

18
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2.2.5 Analysis

The weight of the test weapon, 7.2 pounds, did not exceed the
maximum permissible weight of 7.3 pounds and the maximum length criterion
of 29.3 inches was judged not to be significantly exceeded by a measured
length for the test weapons of 29.7 inches.

The criterion regarding chamber dimensions was originally
prompted by concern that chrome-plating might result in undersize and
out-of-tolerance chambers. However, the measurements in Table 2.2-I1
indicate that the chrome-plated chambers of the test weapons were over-
size in some areas, although the reference data points on the standard
operation instruction sheet were difficult to precisely locate on the
chamber casts obtained. Considering that the major concern was to avoid
undersize chambers and, due to the difficulty of obtaining precise com-

t parison measurements, the apparent failure to fully meet the chamber
dimension criterion is not considered a deficiency.

The effect of progressive fouling accumulation in the flash
suppressor cavities is discussed in paragraph 1.4.2.

2.3 VELOCITY TEST

2.3.1 Objective

To determine the velocity of projectiles of varic,- lots of M193
and M196 cartridges when fired from the test weapon.

2.3.2 Criteria

When fired in the test weapons and at a distance of 15 feet from
the muzzle with cartridges temperature conditioned at +70*F:

a. The average velocity of M193 projectiles shall be at least
2500 feet per second with a standard deviation no greater
than 40 feet per second (Reference 2, par. 2.9.3).

b. The average velocity of M196 projectiles shall be at least
2650 feet per second with a standard deviation no greater
than 40 feet per second (Referencc 2, par. 2.9.3).

~2.3.3 Method

Sixty rounds of each of the four types of test ammunition were
fired in each of three test weapons. The cartridges were conditioned
before firing at -65, +70, and +IS50F, 20 rounds at each temperature.

19



Dual sets of velocity screens were employed to measure time of flight
at 78 feet from the weapon muzzle. A retardation factor of 1.4 fps
per foot of travel is used to compute velocities at 15 feet from the
muzzle.

2.3.4 Results

The velocity results are summarized in Table 2.3-I and the
round-by-round velocity data are contained in Appendix I.

During the test, 250 rounds were fired semiautomatically in
each of three test weapons (guns No. 904544, 904546, and 904549). One
failure of the bolt to remain to the rear occurred with gun No. 904549,
firing lot TW-18007, with ammunition conditioned at +700 F.

Table 2.3-I. Projectile Velocity Data at 15 Feet from the Muzzle
for M193 and M196 Cartridges Fired in XM177E2 Submachine Guns

Velocity, fps V
+70'F +160-F -65 F

Std Std Std
Gun No. Avg- Dev Avg Dev Avg Dev

Cartridge: M193, ball projectile, ball propellant, lot LC-12194.

904544 2759 46 2833 19 2657 64
904546 2758 31 2832 21 2707 54
904549 2781 37 2860 33 2666 54
Avg 2766 38 2842 24 2677 57

Cartridge: M193, ball projectile, 8208M propellant, lot TW-18191.

904544 2782 21 2860 25 2705 37
904546 2774 32 2854 13 2732 44
904549 2789 32 2864 22 2696 45
Avg 2782 28 2859 20 2711 42

Cartridge: M196, tracer projectile, ball propellant, lot LC-12081.

904544 2760 32 2803 21 2682 65
904546 2762 29 2797 35 2680 62
904549 2762 24 2804 20 2693 41
Avg 2761 28 2801 25 2685 56

20
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Table 2.3-I (Cont'd)

Velocity, fps
+70'F +160-F -651F

d Std td

Gun No. Avg Dev Avg Dev Avg Dev

Cartridge: M196, tracer projectile, 8208M propellant, lot TWY-18007.

904544 2776 32 2842 28 2751 35
904546 2780 25 2856 27 2753 58
904549 2784 29 2876 28 2719 46

Avg 2780 29 2858 28 2741 46

Notes: Average velocities for each gun are derived from 20 rounds
obtained at 78 feet from the weapon muzzle and applying a
retardation factor of +88 fps (1.4 fps per foot of travel
added).

Standard deviations are those obtained at the 78-foot distance.

2.3.5 Analysis

All four lots of test cartridges met the velocity criteria when
fired in three XM177E2 weapons. The cartridge lots loaded with 8208M
propellant produced somewhat higher velocities under similar temperature
conditioa; than did the lots loaded with ball propellant.

2.4 TIME OF FLIGHT

2.4.1 Objective

To determine the time-of-flight characteristics of the test
projectiles.

2.4.2 Criteria

When fired from a test weapon:

a. The average velocity of M193 projectiles at 500 meters range
shall be at least 950 fps with a maximum ordinate not to exceed

5.1 feet (Reference 2, par. 2.9.3).

b. The average velocity of M196 projectiles at 500 meters range
shall be at least 1100 fps with a maximum ordinate not to exceed
3.7 feet (Reference 2, par. 2.9.3).

21



2.4.3 Iethod

A minimum of ten record rounds of each type of test ammunition
were fired in a test weapon while employing the HAWK velocimeter to
measure time of flight.

2.4.4 Results

Exterior ballistic results are summarized in Tables 2.4-1 and
2.4-11.

2.4.5 Analysis

Both the M193 and M196 cartridges met the criteria delineated
in paragraph 2.4.2.

22 U
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2.5 FLASH TEST

2.5.1 Objective

To evaluate the muzzle flash of the test weapon.

2.5.2 Criteria

Criteria are as follows:

a. Essential: When firing the test lots of ammunition, and by
comparing photographic results, the muzzle flash shall not
exceed the results reported in paragraph 2.4 of Reference 7.

b. Desirable: The muzzle flash characteristics shall be com-
parable to the muzzle flash of the XMl6EI rifle reported in
Appendix IV of Reference 1.

2.5.3 Method

The method of test is described in Reference 1, paragraph 2.15.2,
except that a different weapon with a barrel and muzzle device in "new"
condition (fired more than 30 rounds and less than 300 rounds) was
employed for each type of ammunition, Used 30-rcund magazine. . from the
engineering test model were employed.

The test was repeated with "used" barrels and flash suppressors
(fired approximately 4000 rounds).

2.5.4 Results

The muzzle flash photographs for each trial are contained in
Appendix I.

Weapons No. 904543, 904544, 904546, and 904549 were fired in this
test. Each gun was fired a total of 360 rounds using a different lot of
ammunition in each gun. No malfunctions occurred during the "new"
condition phase (less than 300 rounds on each gun prior to the flash
test). Two feeding failures occurred during the "used" condition phase
(more than 4000 rounds on each gun prior to the flash test).

2.5.5 Analysis

2.5.5.1 New Condition Phase. When firing either of the ball projectile
lots, LC-12194 (ball propellant) and TW-18191 (8208M propellant), the
essential portion of the criteria was met and, when firing the latter
lot, Lhe results approached the desirable criterion established by the
M16A1 rifle.
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The criteria were not met firing either of the tracer lots

although the 82081 propellant tracer lot was superior to the ball pro-
pellant tracer lot in reducing muzzle flash in the XI177E2 submachine
gun.

2.5.5.2 Used Condition Phase. With weapons in "used" condition the
criteria were met only when lot T118191 was fired. The muzzle flash
with all other lots was unacceptable and much more severe than when thetest weapons were in "new" condition.

2.6 SMOKE TEST

2.6.1 Objective

To evaluate the signature and target obscuration effects of

smoke caused by firing.

2.6.2 Criteria

When firing the test lots of ammunition, and by comparing
photographic results, the signature and target obscuration results
of smoke shall be judged to be at least comparable to the results
obtained with the control weapon.

2.6.3 Method

The method of test is described in Reference 2, paragraph 2.6.2,
except that only ten rounds were fired in each trial. The test is
conducted with one control and one test weapon firing each of the four
types of ammunition.

2.6.4 Results

The photographic results of the target obscuration phase are
contained in Appendix I. The smoke obscuration results with the XN1177E2
test weapon and the XM17761 control weapon were comparable with each
lot of ammunition fired and there appeared to be no significant differ-
ences among the lts of ammunition.

Firings were also conducted to evaluate photographically the
position disclosing effects of smoke during firing. Again, no signifi-
cant difference could be detected between weapons or among lots of
ammunition.
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During the test a total of 360 rounds (90 rounds of each of the
four test lots of ammunition) were fired; 180 rounds in XM177E2, No. 904549
and the same number of rounds in XD1177E1, No. 902868. One failure to feed
occurred while firing lot TW-18191 (ball projectile, 8208M propellant)
in the XM177EI weapon.

2.6.5 Analysis

The performance of the XM177E2 test weapon was comparable to
that of the XM177E1 control weapon and the test criteria were judged
to be satisfied.

27
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2.7 ACCURACY AND DISPERSION

2.7.1 Objective

To determine the accuracy and dispersion characteristics of
the test weapons when fired from a benchrest. 4

2.7.2 Criteria

The average standard deviation for 10-shot targets fired semi-
automatically at 100 meters range for each of the test weapons shall not
exceed, either horizontally or vertically, 3.4 inches for A193 cartridges
and 10.7 inches for M196 cartridges (Reference 2, paragraphs 2.1.1.3 and
2.1.2.3). Note: A discussion of the suitability of the criteria is
contained in paragraph 2.7.5.

2.7.3 Method

With each of three test weapons, three 10-round targets were
obtained at each range (1000 inches, 50, 100, 200, and 400 meters) with
each type of ammunition. Firing was done by master-class shooters from
a benchrest under minimum wind conditions (0 to 5 mph).

2.7.4 Results

The dispersion results are summarized in Tables 2.7-I through
2.7-V and the individual target data are contained in Appendix I.

During the test, 619 rounds were fired semiautomatically in each
of three test weapons (guns No. 904544, 904546, and 904549). One
failure to fire occurred with lot LC-12081 which was an ammunition
deficiency. The primer had been inserted on its side in the primer
pocket of the cartridge. The primer functioned on impact from the
firing pin but the propellant failed to ignite.

Table 2.7-I. Fired Dispersion Data at 1000-Inch Range
for M193 and M196 Cartridges in

X177E2 Submachine Guns

Figures (given in inches) are averages of three 10-shot groups.

Gun No. EV VSD EH HSD ES MR

Cartridge: M193, ball projectile, ball propellant, lot LC-12194.

904544 2.0 0.6 2.3 0.7 2.6 0.8
904546 1.9 0.6 1.8 0.6 2.2 0.7
904549 1.0 0.3 1.1 0.3 1.3 0.4

Avg 1.7 0.5 1.7 0.5 2.0 0.6
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Table 2.7-I (Cont'd)

Gun No. EV VSD Eli HSD ES MR

Cartridge: N1193, ball projectile, 8208H propellant, lot TIV-18191.

904544 1.3 0.4 1.0 0.3 1.4 0.5
904546 1.7 0.6 1.5 0.5 2.0 0.7
904549 1.3 0.5 0.9 0.3 1.4 0.5

Avg 1.4 0.5 1.1 0.4 1.6 0.5

Cartridge: M196, tracer projectile, ball propellant, lot LC-12081.

904544 3.6 1.2 3.4 0.9 4.3 1.4
904546 3.9 1.2 1.9 0.6 3.9 1.1 i
904549 4.7 1.4 3.0 0.9 5.2 1.2 •

Avg 4.1 1.3 2.8 0.8 4.5 1.2

Cartridge: M196, tracer projectile, 8208M propellant, lot TW-18007.

904544 3.9 1.1 4.2 1.3 4.7 1.3
904546 3.6 1.1 3.4 1.1 4.2 1.3
904549 3.3 1.0 2.3 0.8 3.7 1.1

Avg 3.6 1.0 3.3 1.0 4.2 1.2g!

Table 2.7-11. Fired Dispersion Data at 50-Meter Range
for M193 and 1196 Cartridges in

XM177E2 Submachine Guns

Figures (given in inches) are averages of three 10-shot groups.

Gun No. EV VSD EH HSD ES MR

Cartridge: M193, ball projectile, ball propellant, lot LC-12194.

904544 3.2 1 3.1 1.0 3.6 1.3
904546 3.9 3.4 1.0 4.4 1.3
904549 2.0 ,. 2.3 0.7 3.0 0.9

Avg 3.0 1.0 2.9 0.9 3.7 1.2

Cartridge: M193, ball projectile, 8208M, propellant, lot TW-18191.

904544 2.1 0.7 2.1 0.6 2.6 0.8
904546 2.9 0.8 2.5 0.7 3.4 0.9
904549 2.5 0.9 2.3 0.7 2.9 0.9

Avg 2.5 0.8 2.3 0.7 3.0 0.9
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Table 2.7-I1 (Cont'd)

Gun No. EV VSD EH HSD ES MR

Cartridge: 196, tracer projectile, ball propellant, lot LC-12081.

904544 6.1 2.0 6.2 1.9 7.8 2.3
904546 10.9 3.2 3.6 1.2 11.1 2.7904549 5.6 1.7 4.7 1.5 6.3 1.9

Avg 7.5 2.3 4.8 1.5 8.4 2.3

Cartridge: M196, tracer projectile, 8208M propellant, lot TW-18007.

904544 4.8 1.5 5.4 1.7 5.9 1.9
904546 6.0 2.3 5.9 1.8 7.8 2.5
904549 6.0 1.9 5.6 1.7 7.7 2.1

Avg 5.6 1.9 5.6 1.7 7.1 2.2

Table 2.7-111. Fired Dispersion Data at 100-Meter Range
for M193 and M4196 Cartridges in

XM177E2 Submachine Guns

Figures (given in inches) are averages of three 10-shot groups.

Gix No. EV VSD EH HSD ES MR J

Cartridge: M193, ball projectile, ball propellant, lot LC-12194.

904544 5.4 1.7 6.2 1.9 6.9 2.1
904546 9.5 2.9 8.2 2.5 11.1 3.3
904549 5.4 1.8 3.5 1.1 5.5 1.8

Avg 6.8 2.1 6.0 1.9 7.8 2.4

artridge: M193, ball projectile, 8208M propellant, lot TW-18191.

904544 3.9 1.3 6.1 1.7 6.7 1.8904546 7.7 2.3 3.6 1.1 8.1 2.1

904549 4.2 1.4 3.6 1.2 5.0 1.6

Avg 5.3 1.7 4.4 1.4 6.6 1.

Cartridge: M196, tracer projectile, ball propellant, lot LC-12031,

904544 11A4 3.4 10.3 3.0 14.0 3.6
904546 15.3 4.9 15.3 4.6 17.8 S.6

904549 10.8 3.5 9.8 2.9 12.7 3.7

Avg 12.5 3.9 11.8 3.5 14.8 4.3
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Table 2.7-III (Cont'd)

Gun No. EV VSD Ell IISD ES R

Cartridge: M196, tracer projectile, 8208M propellant, lot TW. 18007.

904544 12.7 4.8 12.4 4.2 16.4 5.6
904546 14.6 4.6 15.6 4.8 19.4 5.6:
904549 10.3 3.1 9.7 3.1 13.0 3.6

Avg 12.6 4.2 12.6 4.0 16.3 4.9

Table 2.7-IV. Fired Dispersion Data at 200-Meter Range
for '.193 and M196 Cartridges in

XVM177E2 Submachine Guns

Figures (given in inches) are averages of three 10-shot groups.

Gun No. EV VSD Ell ISD ES MR

Cartridge: .,1193, ball projectile, ball propellant, lot LC-12194.

904544 11.4 3.8 9.9 2.9 11.9 4.1
904546 16.5 5.2 9.5 3.2 16.7 5.3
904549 7.9 2.5 9.0 3.0 10.5 3.4

Avg 11.9 3.8 9.4 3.0 13.0 4.3

Cartridge: M193, ball projectile, 8208M propellant, lot TW-18191.

904544 8.3 2.9 9.7 3.1 11.9 3.7
904546 11.3 3.4 9.7 3.2 13.5 4.0
904549 12.8 3.9 6.4 2.2 13.7 3.8

Avg 10.8 3.4 8.6 2.8 13.0 3.8

Cartridge: M196, tracer projectile, ball propellant, lot LC-12081.

904544 31.0 9.9 31.3 8.6 38.3 10.5
904546 37.3 10.8 41.4 11.9 54.4 12.3
904549 30.8 9.1 27.5 7.8 35.7 9.4

Avg 33.0 10.0 33.4 9.4 42.8 10.7

Cartridge: 1,196, tracer projectile, 8208M propellant, lot TW-18007.

904544 24.1 8.2 30.1 8.8 34.0 10.2
904546 30.7 9.6 23.1 7.2 34.1 10.6
904549 30.0 8.8 28.6 8.2 37.5 9.0

Avg 28.3 8.9 27.2 8.1 35.2 9.9
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Table 2.7-V. Fired Dispersion Data at 400-Meter Range
for M193 and M196 Cartridges in

XM177E2 Submechine Guns

Figures (given in inches) are averages of three 10-shot groups.

Gun No. EV VSD Eli HSD ES MR

Cartridge: .4193, ball projectile, ball propellant, lot LC-12194.

904544 38.0 11.0 27.4 8.6 41.0 11.6
904546 39.6 14.1 33.4 10.8 45.1 16.1
904549 32.2 10.3 22.0 6.4 34.2 10.2

Avg 36.6 11.8 27.6 8.6 40.1 12.6

Cartridge: M193, ball projectile, 8208M propellant, lot TW-18191.

904544 23.1 7.8 20.6 6.3 27.0 8.7
904546 32.5 10.6 28.5 8.1 35.9 11.1
904549 22.9 7.9 19.8 6.8 26.4 9.2

Avg 26.2 8.8 23.0 7.1 29.8 9.7

Cartridge: M196, tracer projectile, ball propellant, lot LC-12081.

904544 61.7 18.3 48.2 15.5 65.2 19.7
904546 52.8 16.0 59.7 17.9 65.1 19.5
904549 38.2 11.5 37.2 11.4 44.2 14.7

Avg 50.9 15.3 48.4 14.9 58.2 18.0

Cartridge: M196, tracer projectile, 8208M propellant, lot TW-18007.

904544 46.2 14.4 39.5 11.8 56.5 15.7
904546 56.5 14.9 43.0 12.4 58.0 19.4
904549 46.8 10.0 36.5 11.1 50.2 14.5

Avg 49.8 12.1 39.7 11.7 54.9 i6.5

2.7.5 Analysis

The test plan criteria for M193 and M196 cartridges at 100 meters
range, as stated in paragraph 2.7.2, were incorrectly extracted from the
engineering test report (References 1 and 2) from firings done prone and
without the aid of a sling. The correct benchrest average standard
deviation for M193 cartridges should be 3.1 inches instead of 3.4 inches.
The correct reference is Reference 1, Volume 2, Appendix I, page 122.
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The engineering test report does not contain comparable bench-

rest data for M196 cartridges as all tracer firings were done prone
and without the aid of a sling. However, the ballistic data inspection
sheets contained in Appendix I of this report suggest that the disper-
sion of H196 cartridges should be approximately 2.5 times that of M193
cartridges. This is based on a maximum permitted mean radius of 2.0
inches at 200 yards for M193 cartridges and a 5.0-inch mean radius at
200 yards for M196 cartridges fired from a Mann barrel. Applying this
factor to the 3.1-inch standard deviation criterion for M193 cartridges
provides a suitable benchrest firing standard deviation criterion of
7.8 inches for N1196 cartridges.

Applying the standard deviation criteria of 3.1 and 7.8 inches
at 100 meters to ?1193 and M196 cartridges respectively, the test
weapons did not exceed the maximum permissible criteria with any of
the test lots of ammunition. The cartridge lots loaded with 8208M
propellant provided smaller dispersion than did the lots loaded with
ball propellant..

2.8 GRENADE LAUNCHER (XMI48) TEST

2.8.1 Objective

To determine the feasibility and safety of firing the XM148
grenade launcher attached to the XM177E2 submachine gun.

2.8.2 Criteria

Not applicable.

2.8.3 Method

The test was directed as a supplement to the XD177E2 firings
specified in the test plan. The supplemental directive is contained
in Appendix II.

The details of test, as well as the results of test, were
forwarded to lHq, USATECOM in letter form, a copy is contained in
Appendix II.

2.8.4 Results

Reference Appendix II.

2.8.5 Analysis

Not applicable.
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2.9 SUSTAINED FIRE

2.9.1 Objective

To determine the durability, reliability, and other performance
characteristics of the test weapons.

2.9.2 Criteria

Criteria are as follows:

a. The malfunction rate of the test weapons shall not exceed
0.003 (Reference 1, par. 2.22.3). Note: Only malfunctions
that cause a stoppage in firing, but regardless of how
easily they may be cleared, are counted in the malfunction
rate. Failures to feed, to fire, to extract, and eject are
the most common. A broken or damaged part is also included
in the malfunction rate if the part is a critical component
in gun operation even if the breakage did not cause a
firing stoppage.

b. No significant degradation shall be permitted for dispersion,
velocity, projectile yaw, or cyclic rate of fire throughout
test (Reference 1, par. 2.22.3).

2.9.3 Method

The method is as follows:

a. The weapons are fired at a rate of 15 rd/min for 30 minutes,
completely cooled, and then fired 40 rd/min for 5 minutes.
The foregoing schedules are fired semiautomatically and
repeated automatically. Three 10-shot targets are recorded
at a range of 100 meters, semiautomatically, from a bench-
rest, before and after each of these firing tests.
Velocities and projectile yaw are measured during the
function-firing of the rounds in the next-to-last magazine
in each semiautomatic and automatic phases (650 rotmds per
phase), and at least ten projectile velocities are determined
during each of the benchrest trials.

b. The schedule outlined in a is repeated with the rates of
fire doubled and the firing time halved.

c. The schedule is repeated again but with the rates of fire
specified in b doubled and the firing time halved.
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d. Cyclic rates of fire are recorded for weapons fired
automatically.

e. All weapons are cleaned before and after the firing in c
and after the firing in d.

Four weapons are empioyed in this test; each weapon to be
fired exclusively with a single type of ammunition.

2.9.4 Results

Functioning data are summarized in Table 2.9-I. Detailed

target data are contained in Appendix I.

Table 2.)-I. Summary of Functioning Data for
Sustained Fire Test

Mode Rate of No.
Test of Fire, Rds

Phase Fire rd/min Fired Malfunct Remarks

Gun No.: 904544.
Cartridge: M193, lot LC-12194 (ball propellant).

1 Acc - 33
2 SA iS 450 6-BOB

al-FBR
3 SA 40 200 1-BOB

a4-FBR

4 Acc - 33

5 A 15 450 1-FJ
a2-FBR

6 A 40 200 al-FBR
a2-FJLR

7 Acc - 30
8 SA 30 450 al-FBR
9 SA 80 200

10 The accuracy exercise was
inadvertently omitted.

11 A 30 450 al-FBR
al-FJLR

12 A 80 200
13 Acc - 30
14 SA 60 450 a4-FBR
15 SA 160 200 a2-FBR
16 Acc - 30 Some barrel erosion noted for

several inches forward from
the chamber; the chrome-
plated chamber appea.red to
be undamaged.

alalfunctions excluded from criteria evaluation.

35



Table 2.9-I (Cont'd)

Mode Rate of Nc.
Test o f Fire, Rds

Phase !"ire rd/min Fired Malfunct Remarks

17 A 60 450 3-FJ
alO.FBR

17A SA - 40 Fired as functioning
rounds.

18 A 160 200 J-BDP The ejector spring was
2-FJ damaged and was

a I-FBR replaced.

19 Acc - 30 The metal liners on the
plastic hand-guards
were loose.

Total 4126 43

Malfunctions causing a stoppage 14
Malfunction rate Number of rounds fired = 0.0034

Gun No.: 904546.
Cartridge: M193, lot TW-18191 (8208M propellant).

1 Acc - 33
2 SA 15 450 1-BOB
3 SA 40 200 3-BOB
4 Acc - 33
5 A 15 450
6 A 40 200
7 Acc - 30
8 SA 30 450
9 SA 80 200

10 The accuracy exercise was
inadvertently omitted.

11 A 30 450 I-FF
3-FFR The malfunctions occurred

on the first four rounds
of this phase.

12 A 80 200

13 Acc - 30
14 SA 60 450
is SA 160 200 1-BOB

aMalfunctions excluded from criteria evaluation.
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Table 2.9-I (Cont'd)

Mode Rate of No.
Test of Fire, Rds
Phase Fire rd/min Fired Malfunct Remarks

16 Acc - 30 While tho chamber appeared
undamaged, considerable
erosion, more than noted
with gun No. 904544, was
evident in the area
immediately forward of
the chamber.

17 A 60 450
18 A 160 200
19 Acc - 30 The metal liners on the

hand-guards were loose.

Total 4086 9

Malfunctions causing a stoppage = 9 0.002
Malfunction rate Number of rounds fired

Gun No.: 904543.
Cartridge: M196, lot TW-18007 (8208M propellant).

1 Acc - 33
2 SA i5 450
3 SA 40 200
4 Acc - 31
5 A is 450
6 A 40 200
7 Acc - 30
8 SA 30 450 aS-F2R

alF3R
I-BOB

9 SA 80 200 The barrel and chamber werc
inspected, no damage or
erosion was noted.

10 Acc - 30
11 A 30 450 3-BOB All occurred on the 18th

al-FBR round in each of three
magazines. l

12 A 80 200 2-BOB One occurred on 18th round;
one va 16th.

13 Acc - 30

aalfunctions excluded from criteria evaluation.
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Table 2.9-I (Cont'd)

Mode Rate of No.
Test of Fire, Rds

Phase Fire rd/mn Fired 4alfunct Remarks

14 SA 60 450 2-BOB Both occurred on 18th round.
15 SA 160 200
16 Acc - 30
17 A 60 450 aS-FBR One liner on one hand-guard

was loose.
18 A 160 200 1-BOB Excessive carbon build-up,

but not as severe as gun
No. 904541, on flash
suppressor slots.

19 Acc - 30 Severe chipping and erosion
of the barrel lands were
found immediately forward
of the chamber.

Total 4114 21

alfunctions causin a age = 9 = 0.002Malfunction rate Number of rounds fired 411

Gun No.: 904541.
Cartridge: M196, lot LC-12081 (ball propellant).

1 Acc -33

2 SA 15 450 1-BOB
2A 874 Fired to investigate prob-

lem of projectile yaw and
projectile break up. No
firing malfunctions
occurred. Borescope in-
spection of the chamber,,
bore and flash suppressor
failed to detect any defi-
ciency or any fouling
accumulation.

3 SA 40 200
4 Acc - 32
s A 15 450 I-BOB

a2 .FBR

aalfunctions excluded from criteri - evaluation.
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Table 2.9-1 fCont'd)

Mode Rate of No.
Test of Fire, Rds

Phase Fire rd/min Fired Mal funct Remarks

6 A 40 200 I-BOB

a2-FBR

7 Acc - 30
8 to 10 These phases were omitted

due to extra firing in
phase 2A.

11 A 3G 450 a3-FBR
1-BOB Occurred on 18th round.

12 A 80 200
13 Acc - 30
14 SA 60 450 a3-F2R

a4-FBR

15 SA 160 200
16 Acc - 30
17 A 60 450 a6-FBR Excessive carbon build-up

on flash suppressor
slots noted.

18 A 160 200 al-FBR
19 Acc - 30 2-BDP The polyurethane end cap

on the buffer was
chipped and cracked; it
was not replaced. The
extractor spring was
broken and was replaced.
Severe chipping and ero-
sion of the barrel lands
were noted.

Total 4309 27

Malfunctions causing a stoppage 6 i 0.001

Malfunction rate Number of rounds fired 430-9

aNalfunctions excluded from criteria evaluation.

Legend:

ACC = Accuracy targets, fired single shot or semiautomatic.

S = Semiautomatic.
A = Automatic.

2.9.4.1 Benchrest Accuracy. At the beginning of test, and then again
following approximately each 650 rounds, three semiautomatically fired

10-shot targets were obtained on each occasion firing from a benchrest.

Table 2.9-I summarizes these data. The guns were at normal ambient
temperature prier to benchrest accuracy tests aud the guns were

cleaned following each benchrest exercise.
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Table 2.9-II. Summary'of Accuracy Test Phases
during Sustained Fire Test

Data for each gun are the average in inches of three 10-shot
targets at 100-meters range.

Test T
Phase Taret Data.
No. Gun No. Ctg Lot EV VE lisp s M

1 904544 LC-12194 7.6 2.2 5.1 1.7 7.9 2.3
904546 TI-18191 5.4 1.7 7.2 2.1 7.5 2.4
904543 TW-18007 9.6 3.1 9.2 2.8 11.9 3.5
904541 LC-12081 9.6 3.1 11.0 3.2 13.1 3.9

4 904544 LC-12194 10.6 3.1 4.8 1.4 10.8 2.8
904546 TW-18191 7.0 1.9 6.7 2.0 8.0 2.3
904543 TIV-18007 21.9 6.3 10,4 3.1 23.6 5.1
904541 LC-12081 14.7 4.5 11.9 4.0 19.0 5.1

7 904544 LC-12194 7.5 2.6 4.9 1.7 8.2 2.8
904546 TW-18191 4.9 1.5 4.0 1.2 5.5 1.6
904543 TW-18007 11.7 3.9 14.6 4.6 15.7 5.4
904541 LC-12081 30.5 9.7 26.8 9.1 34.4 11.8

10 904544 LC-12194 Ibis test phase was omitted.

904546 TDI-18191 This test phase was omitted.
904545 TIV-18007 19.4 u.0 16.7 5.2 24.1 6.6

904541 LC-12081 This test phase was omitted.

15 904544 LC-12194 8.9 3.1 7.9 2.4 10.3 3.5
904546 TV-18191 6.1 1.8 5.2 1.6 7.3 2.1

a904543 TW-18007 . . .. . .-

904541 LC-12081 32.9 12.4 30,1 9.2 39.9 13.6

16 904544 LC-12194 13.3 4.4 7.7 2.3 14.2 4.2
904546 TW-18191 4.2 1.3 6.2 1.8 6.3 1.7b904S43 TW-18007 . . .. . .-

904S41 LC-12081 25.3 7.8 25.0 7.6 33.3 8.7

19 904S44 LC-12194 9.3 2.9 5.4 1.8 9.7 2.9

904S46 TW-18191 3.3 1.7 6.4 1.9 7.7 2.2
a904543 TW-18007 . .. .- "

C904541 LC-12081 - . ..

aThree of the 30 shots missed the 8- by 10-feet target.
bSeven of the 30 shots missed the 8- by 10-feet target.
CFour of the 30 shots missed the 8- by 10-feet target.
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2.9.4.2 Cyclic Rate of Fire Data. During the automatically fired

phases of the sustained fire test, cyclic rates of fire were measured
for several of the final 20-round magazines in each phase. The data
are summarized in Table 2.9-I1.

Table 2.9-III. Cyclic Rate of Fire Data
during Sustained Fire Test

Each rate is in rd/min for a single 20-round burst.

Test
Phase Gun No. 904544 Gun No. 904546 Gun No. 904543 Gun No. 904541

No. Lot No. LC-12194 Lot No. TV-18191 Lot No. TV-18007 Lot No. LC-12081

5 953 967 900 905 867 858 Data not obtained

977 973 893 907 892 895 Data not obtained
9!10 897 900

Avg 972 900 882

6 920 907 893 900 860 883 896 908

917 913 910 899 907 917 925 917
908 900 930

Avg 914 900 896 915

11 897 890 892 882 913 908 850 860
906 883 888 887 933 950 883 917
893 967

Avg 894 887 934 933

1.2 863 867 850 867 883 917 833 867

892 883 867 858 941 950 917 942

903 862 958 928

Avg 882 861 930 897

17 Data not Data not 917 925 941 933

obtained obtained 927 930 930 933
925 917

Avg 925 931

18 883 900 833 826 850 833 850 875

842 850 833 875 897 900

882 883 908

Avg 892 847 855 886
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2.9.4.3 Projectile Velocity Data. During the benchrest accuracy

phases, with rifle barrels at normal ambient temperature, projectile
velocities were measured at a distance of 78 feet from the muzzle.
Again, during the final rounds in automatically fired phases, projec-

tile velocities were measured at 22 feet from the muzzle with the

weapon barrels heated by sustained fire. The velocity data are
summarized in Table 2.9-IV.

Table 2.9-IV. Summary of Projectile Velocity Data
during Sustained Fire Test

Average velocities are in fps at 22 feet from the weapon muzzle

(hot barrel) and at 78 feet (cold barrel).

Gun No. 904544 Gun No. 904546 Gun No. 904543 Gun No. 904541
Test Lot No. LC-12194 Lot No. TW-18191 Lot No. TW-18007 Lot No. LC-12081

Phase Barrel Barrel Barreli Barrel
No.. t Cola TO -t Cold Hot Cold , ot Cold

1 - 2721 - 2724 - 2721 - 2716
4 - 2730 - 2676 . a - - a .
6 2741 - 2,52 - 2726 - 2611 -
7 - 2647 - 2689 - a - - a -

10 - Omitted - Omitted - a - - Omitted

12 2621 - 2643 - 2703 - 2664 -

13 - 2643 - 2626 - a . - a .
16 - 2642 - 2640 - a . - a .
18 2700 - 2628 - 2662 - 2626 -

19 - 2624 - 2622 - a . - a .

aDue to extreme dispersion, it was not possible to obtain velocity

at the 78-foot distance without impacting and damaging the time-of-

flight instrumentation.

2.9.4.4 Cook-Off Data. Immediately following the majority of the 200-
and the 450-round sustained fire phases, a single round was chambered
in the test weapon and a 5-minute cook-off period was observed. These
data were obtained for additional information during the sustained
fire exercise. The cook-off results are given in Table 2.9-V.
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2.9.4.5 Projectile Yaw Data. A continuously moving target was used
at a distance of 1000 inches (25 meters) to record projectile yaw or
projectile breakup during the 200- and 450-round firing phases. The
100-meter benchrest targets were also inspected for impact irregu-
larities. The observations are summarized in Table 2.9-VI.

Table 2.9-VI. Projectile Yaw Data
during Sustained Fire Test

Test No. Proj Yaw Occurred Amount of Yaw,
Phase Evidencing during Final Proj Impact
No. Yaw No. Rds Fired Length, in.

Gun No.: 904544.

Cartridge: M193, lot LC-12194 (ball propellant).

3 4 36 0.26 to 0.27
6 1 - 0.38

14 8 30 0.28 to 0.36
15 9 40 0.26 to 0.35
17 7 50 0.26 to 0.30
18 18 40 0.28 to 0.35

Gun No.: 904546.

Cartridge: M193, lot TIV-!8191 (8208H propellant).

2 2 40 0.26
14 3 30 0.25
15 4 40 0.25

Gun No.: 904541.
Cartridge: M196, lot LC-12081 (ball propellant).

1 See Table 2.9-II.
2 Extreme dispersion, severe yaw, high tracing failure.
3 Same as above.
4 It was not possible to confine the projectiles within the

velocity screens; dispersion tabulated in Table 2.9-I.
5 The results noted in phase No. 2 continued throughout test 9

with many stripped jackets and jacket fragments noted.
It was impractical to qualitatively measure the data.

Gun No.: 904543.

Cartridge: M196, lot TV-18007 (8208M propellant).

1 See Table 2,9-II.
2 Extreme dispersion observed, but less than with lot

LC-120I.%
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Table 2.9-VI (Cont'd)

Test No. Proj Yaw Occurred Amount of Yaw,

Phase Evidencing during Final Proj Impact

No. Yaw No. Rds Fired Length, in.

3 same as Phase No. 2; one stripped jacket noted.
4 See Table 2.9-11.
5 12 30 0.28 to 0.34
6 12 40 0.28 to 0.40

7 See Table 2.9-I.
8 24 s0 0.28 to 0.35

9 20 40 0.26 to 0.42
10 See Table 2.9-11.
10 26 40 0.28 to 0.62
12 28 40 0.28 to 0.42
13 See Table 2.9 o.
14 This phase was interrupted by a gun malfunction.

15 22 40 0.28 to 0.50

16 See Table 2.9-II.
17 26 44 0.28 to 0.56

Six shots missed the yaw target.
Si 18 40 0.28 to 0.38
Seven shots missed the yaw target.

19 See Table 2.9-II.

2.9.5 Analysis

2.9.5.1 Weapons Firing M193 Cartridges. The malfunction rate was

exceeded with one test weapon firing M193 ball, lot LC-12194 (ball
propellant). Some reduction occurred in projectile velocities and in
average cyclic rates of fire as the test progressed. In addition, the

incidence of projectile yaw steadily increased, particularly with the

ball-propellant-loaded lot, although no similar degradation in bench-
rest dispersion was noted. However, it was judged that the total per-

formance degradation was slight, considering the severity of the test,

and both weapons firing ball projectiles were considered to have met
the basic performance levels stated in paragraph 2.9.2.

2.9.5.2 Weapons Firing M196 Cartridges. Although the malfunction rate

was not exceeded with either of the test weapons, the projectile dis-

persion and incidence and degree of yaw were completely unacceptable.

The degradation was more severe witi; the ball-propellant-loaded lotf.
than with the 8208%,-propellant-loaded lot.
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During this test, and with the concurrence of the Project
Manager, a limited amount of unscheduled firing was undertaken in an
attempt to identify the incompatibility of the XM177E2 submachine gun
and M196 tracer cartridges. A number of experimental firings were
conducted and some high-speed radiograph X-rays were obtained of tracer
bullets exiting from the weapon muzzle. Figure 2.9-1 illustrates some
of the targets that were fired and Figure 2.9-2 illustrates projectiles
from M196 tracer lot LC-12081 (ball-propellant-loaded) at the moment
of launch from gun No. 90451.

The upper targets in Figure 2.9-1 were fired to determine if
the suppressor original to gun No. 904541 was the cause of projectile
yaw. The lower targets were fired to determine if gun No. 904S41 was
capable of firing other lots with more acceptable results. Lot TW-18007
is a tracer lot and lot TW-18191 is a bail projectile lot, both loaded
with 8208M propellant.

FN
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Figure 2.9-2: High-Speed Radiograph X-Rays Showing Tracer Pro-
jectiles from Cartridge, M196 Tracer, Lot LC-12081 Exiting from Flash
Suppressor of Gun No. 904541.

The upper right X-ray shows a projectile yawing and apparently

displaced from the bore line. Note that the jacket around the tracer
cavity appears bulged or deformed. The upper left X-ray shows a pro-
jectile in what appears to be a position of extreme yaw while still in
the suppressor. The lower X-ray shows a projectile just emerging from
che suppressor with a very noticeably bulged or deformed jacket around
the tracer cavity.
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hile these exploratory firings failed to identify the cause of
the tracer incompatibility problem, it became increasingly evident that
the test lot of ball-propellant-loaded tracers fired in the Xf1177E2 sub-
machine gun was nearly useless as a tactical lot of ammunition and
possibly even dangerous to fire because of bullet jacket break-up.
Almost simultaneously with the XM177E2 firings, the tracer problem
was encountered in a somewhat similar manner with M16AI rifles
(Reference 9) and, on 7 November 1967, information was received that
USAMIUCOM had suspended the lot from firing by other agencies except for
emergency combat use.

While the Ml6Al/M196 problem may be solved most logically by
redesign of the cartridge or respecification within the ammunition data
package, the tracer incompatibility with the XM177E2 submachine gun may
require weapon modification as well as a change in ammunition. This
concern is due to the design of the combination sound suppressor -
flash hider device on the XM177E2 weapon. The passageway through the
suppressor intended for bullet travel is 0.25 inch in diameter for
2 inches of suppressor length. This permits propellant gases to
bypass the projectile, possibly resulting in projectile yaw from side to
side within the suppressor. Due to the thin jacket which must enclose
the tracer cavity, the jacket may then become ruptured, bulged, or
split if yawing and impacting the suppressor occurs. The presumably
more durable solid core ball projectiles may be able to withstand the
rupturing forces which cause the tracer projectile to fail. In
addition, the ball projectiles are 0.15 inch shorter than the tracers.

While the preceding analysis is entirely conjectural, it is
presented to emphasize that any solution to the current M196 ammunition/
Ml6Al rifle problem will also require confirmation by firing in the
X177E2 submachine gun. Failure at that point may require a redesign
of the XM177E2 muzzle device which in turn will require refiring many
of the subtests in this report. 11
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2.10 HIGH TEMPERATURE, HIGH HUMIDITY TEST

2.10.1 Objective

To evaluate the performance of the weapon when subjected to a
high temperature, high humidity environment.

2.10.2 Criteria

The malfunction rate of the test weapons shall not exceed that
of the control weapons.

2.10.3 Method

In the humidity test, two test weapons and two control weapons
were exposed as indicated in Table 2.10-I for 10 days, with firings on the
third, fifth, eighth, and tenth days. Each weapon was fired 1000 rounds;
250 rounds each time, in 125-round gioups, with cooling between groups,
and alternating between semiautomatic and automatic fire. This test is
conducted without the benefit of cleaning or addition of lubrication
between firings. Daily firing is conducted only after a minimum of 4
hours of continuous high temperature conditioning. One test weapon and
one control weapon are each fired only with cartridges loaded with ball
propellant, the remaining control and test weapons fired only with
cartridges loaded with IMR8208M propellant. Additionally, magazines
loaded with ball projectile cartridges and magazines loaded with tracer
projectile cartridges are fired alternately in each weapon throughout
the test.

Table 2,10-1. Storage-Firing Schedule for Humidity Test

No. Tempi Relative
Hrs °F Humidity, %

4 increase to... 155.... ..... and.......... 95
12 maintain at... 155 t 3 .... and.......... 90 to 95
4 decrease .... 155 to 70 .. increase to.. 96 to 98

(saturaticn)
4 maintain at.. 70 3 3 .... and.......... 95 to 98

Total 24
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2.10.4 Results

The results of the test are smmarized in Table 2.10-I1.

Table 2.10-I. Results of High Temperature, High Humidity Test

Legend:

Type A Cartridge: M196, tracer, lot LC-12081 (ball propellant).
Type B Cartridge: M196, tracer, lot TW-18007 (8208 propellant).
Type C Cartridge: M193, ball, lot LC-12194 (ball propellant).
Type D Cartridge: M193, ball, lot TW-18191 (8208M propellant).

Avg
Number of Days Soaking in Temperature Cyclic

Ammo , and Humidity Before Firing Total Rate,
Typ 3 5 8 10 Malfunct rd/mi

Ifeapon: XM177El, No. 902159.

A-C 2-FBR 2-FBR 1-FBR SAT 5

Cyclic Rate: rd/min.

A 1000 993 973 928 973
C 1040 1049 1033 1008 1032

Weapon: XM177El, No. 902279.

B-D SAT SAT 1-FBR, 1-BOB 4-FBR 6

Cyclic Rate, rd/min.

B 999 954 938 957 962

D 973 957 955 961 961

Weapon: XM177E2, No. 904546.

B-D 1-FF1 I-FPF, l-FBR 2-FBR SAT S
Cyclic Rate, rd/min.

B 947 945 927 948 942
D 930 912 917 927 921

s
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Table 2.10-I (Cont'd)
Avg

Number of Days Soaking in Temperature Cyclic
Amwo and Humidity Before Firing Total Rate,
Me 3-----. 5 8 10 Malfunct rd/min

Weapon: XM177E2, No. 904549.

A-C 1-BOB, I-FJ SAT 2-FBR I-FBR 5

Cyclic Rate, rd/min.

A 886 901 908 888 896
C 946 939 927 926 934

2.10.5 Analysis

The performance of E2 weapons was comparable to that of the El
weapons. Two malfunctions which caused stoppages occurred on E2
weapons and one on the El weapons.

2.11 LOW TEMPERATURE, FOULING TEST

2.11.1 Objective

To evaluate the performance of the weapons when subjected to
and fired in a low temperature environment expected to increase the
severity of fouling.

2.11.2 Criteria

The malfunction rate of the test weapons shall not exceed that
of the control weapon.

2,11.3 Method

Two test and two control weapons and sufficient rounds of
ammunition were subjected to +209F for a minimum of 12 hours prior to
firing and between firing cycles. Each of the weapons was fired 1500
rounds, 300 rounds on each of five days, in 100-round groups at 4-hour
intervals. Firing was conducted with respect to propellant-projectile
combinations as in paragraph 2.10.3. Each weapon was disassembled,
cleaned and lubricated with the prescribed oil prior to storage at
20*F. The effect of combustion residue build-up on weapon performance

was evaluated and cyclic rates of fire were recorded during each firing
day. At the conclusion of firing at +20*F, the weapons were cleaned
and lubricated and the environmental chamber temperature lowered to
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-65OF and the test repeated. The test was again repeated at -40*F.

A witness screen was positioned at 2S meters from the muzzle to check

yaw on the last three 100-round cycles.

2.11.4 Results

The results of the test are summarized in Tables 2.11-I, -II,

and -III.
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2.11.5 Analysis

Combustion residue build-up was prevalent on both weapons firing
ammunition loaded with ball propellant at +20"F. Functioning
difficulties attributable to carbon build-up with the ball propellant
lots occurred after approximately 800 rounds whereas, the weapons fired
with lots loaded with 8208M propellant exhibited no malfunctions
chargeable to fouling build-up during 1500 rounds similarly fired.

The critical area in the bolt where tolerances between the
firing pin and bolt are affected by carbon build-up is principally the
area from the cam pin extending forward to -he foremost shoulder in
the firing pin hole.

At -65°F,' weapons firing ball-propellant-loaded ammunition gave
15 failures to fire compared with eight fa.Lures to fire in firing
8208M-propellant-loaded aumnition. The failures to fire are separated

from other malfunctions since they are related to the effects of
carbon build-up in the critical area of the bolt. One delrin
charging-handle latch broke on the fifth day of firing at -650F.

The effect of carbon accumulation in the mechanism was not
different between the propellant types in the -40*F firing. Twenty-
four malfunctions occurred on weapons firing ball-propellant-loaded
amuniition and 22 occurred firing 8208M-propellant-loaded ammunition.

The malfunction rate of the test weapons exceeded that of the
control weapons in each of the three temperatures tested and therefore
failed to meet the criteria specified in paragraph 2.11.2.

2.12 ENVIRONMENTAL TESTS

2.12.1 Objective

To determine the performance of the test weapons when subjected
to various adverse conditions.

2.12.2 Criteria

The malfunction rate of the test weapons shall not exceed that
of the control weapons.
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2.12.3 Method

Only M193 cartridges with ball propellant were fired. The
weapons were tested as described in the following test procedures.

2.12.3.1 Dynamic Dust Test. The dynamic dust test was performed by
subjecting each weapon to a dust blast in a specially constructed box
with a blower. The box was 3 feet wide, 4 feet tall, and 4-1/2 feet long,
with plexiglass sides. The plexiglass sides incorporated gauntlet-
type gloves which allowed the gunner to fire the weapon from outside
the box. Each weapon was mounted in a rest which was centrally
located in the dust box. An attempt was then made to fire 40 rounds
semiautomatically, 60 rounds in 3- to S-round bursts, and 40 rounds in
20-round bursts (140 rounds total). The rate of fire was approximately
3-1/2 minutes to fire the 140-round complement. During firing, each
rifle was subjected to a continuous blast of dust which was poured
directly into the blower opening at an approximate rate of 2 pounds
per minute. The dust used in test is commercially known as "140-mesh
silica flour" and will pass 98 t 2% through a 140-mesh screen
(US standard sieve series).

2.12.3.2 Water Spray Test. The water spray test is an accelerated test
to determine the effect of a heavy rainfall on the peformance of the
weapon. The test consists of a spray of water falling at a rate of
approximately 0.4 inch per minute or 24 t 3 iiches per hour. The
spray of water is directed over the entire weapon by means of a
special shower head positioned about 3 feet above the weapon. The
water and air temperatures are measured and recorded. The test weapon
is lubricated with MIL-G-46003(MR) grease before the test but not
between the test phases.

The basic sequence of operations for the water spray test
was as shown in Table 2.12-1.

Table 2.12-I. Water Spray Schedule

Exposure Cumulative Cumulative
Time Exp. Time Rain Rain

Test Condition. (minutes). (minutesi (inches) (inches)

Weapon Horizontal

a. Bolt open 5 $ 2.0 2.0

b. Loaded, bolt closed 5 10 2.0 4.0

c. 100 rounds semiauto. 4 14 1.6 5.6
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Table 2.12-I (Cont'd)

Exposure Cumulative Cumulative
Time Exp. Time Rain Rain

Test Condition (minutes) (minutes) (inches) (inches)

d. Bolt open 5 19 2.0 7.6

e. Loaded, bolt closed 5 24 2.0 9.6

f. 100 rounds automatic 4 28 1.6 11.2

Weapon Muzzle up*

a. Bolt open 5 33 2.0 13.2

b. Loaded, bolt closed 5 38 2.0 15.2

c. 100 rounds semiauto. 4 42 1.6 16.8

d. Bolt open 5 47 2.0 18.8

e. Loaded, bolt closed 5 52 2.0 20.8

f. 100 rounds automatic 4 56 1.6 22.4

Weapon Muzzle Down*

a. Bolt open 5 61 2.0 24.4

b. Loadedj bolt closed 5 66 2.0 26.4

c. 100 rounds semiauto. 4 70 1.6 28.0

d. Bolt open 5** 75 2.0** 30.0

e. Loaded, bolt closed 5** 80 2.0** 32.0

f. 100 rounds automatic 4** 84 1.6** -

*Before attempting to fire, hold weapon with muzzle down, unlock bolt
slightly, and attempt to remove water accumulated in the bore.

**Or as required to finish program with at least 52.0 inch s cumulative
rain total.

59



2.12.3.3 Salt Water Immersion Test. Two of each type E2, and El
weapons were disassembled, cleaned, lubricated with MIL-L-46000A oil,
and reassembled. The weapons were fully loaded and the safety was
applied. The fully loaded weapons, and a sufficient number of rounds
and magazines for 60 rounds of firing on each of five days, were
submerged in a salt-water solution for 60 seconds. The solution is
20% salt, 80% water, by weight.

After remcval from the salt water, the muzzle of each weapon
was depressed and the bolt was retracted slightly to permit the salt
water to drain from the bore. Thirty rounds were fired in each mode;
the automatic modc was fired in bursts of approximately three rounds.

Four additional firings were conducted over a 10-day period,
for a total of 300 rounds. The storage and firing schedule was in
accordance with Table 2.12-11.

Table 2.12-1I. Storage Schedule

No.
of Temp, Relative
Hrs OF Humidity, %

4 increase to... 105........ and......... 95
12 maintain at... 105 t 3 .... 90 to 95
4 decrease.... 105 to 70 .. increase to. 10O (saturation)
4 maintain at... 70 ± 3..... and......... 95 to 100

Total 24

2.12.4 Results

The results are summarized in Tables 2.12-11 through 2.12-V.
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Table 2.12-IV. Results of Water Spray Test

Ammunition Type C: Cartridge, M193, ball, lot LC-12194 (ball propellant).
Water Temperature: 400F.
Air Temperature: 50*F.

Mode
Rds of
Fired Fire Funct Remarks

Weapon: XM177El1 No. 902159 (5700 rounds previously fired).

100 S SAT
100 A SAT
100 S 1-DF 18th round of magazine.
100 A SAT
100 S SAT
100 A SAT

Weapon: XM177E1, No. 902279 (5500 rounds previously fired).

100 S SAT

100 A 1-FFR Fired on second attempt.

100 S SAT
100 A SAT
100 S SAT
100 A SAT

Weapon: XM177E2, No. 904544 (5810 rounds previously fired).

100 S SAT
100 A 3-FBR
100 S SAT
100 A SAT
100 S SAT
100 A SAT

Weapon: XM177E2, No. 904549 (2064 rounds previously fired).

100 S SAT
100 A SAT

100 S SAT
100 A SAT
100 S SAT
100 A SAT
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2.14.4 Results

Insect repellent (FSN 6840-558-0918) caused the exposed area on
the urethane end cap of the buffer to soften and become tacky; however,
light application of the repellent, as by contact with the hands, failed
to show any apparent effect following the 24-hour storage period. None
of the other product improvements of the E2 weapon wer.- affected by any
of the fluids or greases.

2.14.5 Analysis

The buffer failed to meet the criteria specified in paragraph
2.14.2a with insect repellent (FSN 6840-558-0918).

2.15 SOUND PRESSURE LEVEL

2.15.1 Objective

To evaluate the sound pressure level of the test weapon.

2.15.2 Criteria

The sound level measurements shall not exceed the criteria
established in Interim Pamphlet 70-74, TECP 700-700, 19 August 1965.

2.15.3 Method

The method of test is described in Interim Pamphlet 70-74,
TECP 700-700, 19 August 1965. The test was conducted with each type
of ammunition, first with a "new" barrel (fired more than 30 rounds but
less than 1000 rounds) and repeated with an "old" barrel (fired approxi-
mately 9000 roupds).

Data were derived ^rom firing ten rounds of each of the four
test lots from an XM177E2 weapon using a "new" barrel and flash suppressor
and from ten ro,nds using an "old" barrel and flash suppressor. Ten
rounds were fired from an M16A1 control rifle, B&K condenser microphones
were used to measurc muzzle blast overpressure. Data were recorded by
a multichannel galvanometer in a data van. Blast overpressures in psi
were derived from the film record and converted to sound pressure level
from the following relationship:

db x 20 Log10 (P x 3.4475.108)

db a sound pressure level in decibels (re: 0.0002 microbars)

P = measured pressure in psi.
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2.13 MANN BARREL TEST

2.13.1 Objective

To determine the dispersion, chamber pressure, port pressure,
and velocity levels of the test cartridges when fired in a Mann barrel.

2.13.2 Criteria

When fired in a 20-inch Mann barrel and with cartridges condl-
tioned at +70'F:

a. The average of the mean radii of 10-shot targets shall not
exceed 1.00 inch for M193 cartridges and 2.50 inches fov"
M196 cartridges at 100 yards (Reference 3, par. 3.7;
Reference 4, par. 3.8).

b. The corrected average velocities of M193 projectiles at a
distance of 15 feet from the muzzle shall be 3250 ± 40 fps
with a standard deviation no greater than 40 fps (Reference 3,
par. 3.9).

c. The corrected average velocities of M196 projectiles at a
distance of 15 feet from the muzzle shall be 3200 t 40 fps
with a standard deviation no greater than 40 fps (Reference 4,
par. 3.11).

d. The average chamber pressure of M193 or M196 cartridges
shall not exceed 52,000 psi and the average chamber pressure
plus three, standard deviations shall not exceed 58,000 psi
(Reference 3, par. 3.10; Reference 4, par. 3.12).

e. The average port pressure of M193 and M196 cartridges shall
be 15,000 + 2000 psi (Reference 3, par. 3.11; Reference 4,
par. 3.13).

2.13.3 Method

Fifty rounds of each of the four types of test ammunition were
fired )n a Mann barrel with the cartridges conditioned at +70*F for
velocicy measurements. In addition, dispersion targets were obtained
at 100 yards simultaneously with the velocity firings. Twenty rounds
of each lot were fired for chamber pressure and Z0 rounds for port
pressure measurements. Chamber pressure tests were then repeated with
20 rounds conditioned at -65°F and with 20 rounds conditioned at +160*F.
Twenty rounds each of a reference lot of M193 cartridges were also fired
for velocity, dispersion, chamber, and port pressure measurements during
firing at each temperature.
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2.13.4 Results

Table 2.13-I contains velocity and accuracy results of +70*F
firings from an accuracy Mann barrel and Table 2.13-I gives results of
universal receiver pressure barrel firings at three temperatures.
Individual velocity, pressure, and target measurements are contained in
Appendix I.

Table 2.13-I. Velocity and Accuracy Firing at +700 F

Velocity figures are averages of S0 rounds.

Avg MR of

Vel, fps Five 10-Shot
15 Ft from Std Groups,
Muzzle Dev in.

Cartridge: 5.56-mm ball, M193, lot LC-Y-5.56-501 (reference).

3201 22 0.7
(47 %- correction)

3248 (assessed value)

Cartridge: 5.56-mm, tracer, M196, lot LC-12081 (type A).

3119 26 1.7
3166 (corrected)

Cartridge: 5.56-mm, tracer, M196, lot TW-18007 (type B).

3147 24 1.4
3194 (corrected)

Cartridge: 5.56-mm, ball, M193, lot LC-12194 (type C).

3204 33 0.6
3251 (corrected)

Cartridge: 5,56-mm, ball, M193, lot TW-18191 (type D).

3159 27 0.6
3206 (corrected)

6

66



Table 2.13-II. Universal Receiver Pressure Barrel Firing

Figures are averages of 20 rounds.

Chamber Port
Temp9  Press., Std Press., Std Corrected Press., psi
OF psi Dev psi Dev Chamber Port

Cartridge: 5.56-mm, ball, M193, lot LC-Y-5.56-501 (reference).

+ 70 42730 2887 13720 255 46100 14700
+160 47555 2705 15055 402
- 65 43305 2284 14415 315

Cartridge: 5.56-mm, tracer, M196, lot LC-12081 (type A).

+ 70 43950 958 12400 304 47320 13380
+160 48060 1476 13600 355
- 65 42980 2599 13155 328

Cartridge: 5.56-mm, tracer, M196, lot TW-18007 (type B).

+ 70 47125 1928 12535 432 50495 13515
+160 49565 1894 13890 273
- 65 47125 2265 12230 525

Cartridge: 5.56-mm, ball, M193, lot LC-12194 (type C).

+ 70 43890 1646 13415 230 47260 14395
+160 44995 981 14835 366
- 65 40880 1769 13530 208

Cartridge: 5.56-mm, ball, M193, lot TW-18191 (type D).

+ 70 49515 1447 11620 379 52885 12600
+160 52675 1457 14050 300
- 65 46390 2503 11660 443

Note: Copper cylinders (lot 4C-56) used in measuring chamber pressures
had a mean length of 0.4000 inch (uncompressed) and a mean
diameter of 0.2257 inch. The pistol copper cylinders, lot
FA-4C-64, used in measuring port pressures had a mean length
of 0.4000 inch (uncomprossed) and a mean diameter of 0.1457 inch.
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2.13.5 Analysis

All the cartridge lots in test met the accuracy mean radii
criteria specified in paragraph 2.13.2a. The average corrected velocity
of M193 ball cartridge lot TW-18191 was 3206 fps which was 4 fps below
the minimum velocity level (3210 fps) specified in paragraph 2.13.2b.

The data for the reference lot of ammunition at +700F, show a
difference of +980 psi between test record values and assessed values
for port pressure and +3370 psi for chamber pressure. With these
corrected values applied to the +70°F results, three of the amnunition
lots met the criteria (ref pars. 2.13d and e). The M193 with 8208M
propellant, lot TW-18191, was 885 psi above the maximum chamber pressure
permitted and 400 psi under minimum port pressure permitted.

2.14 NONSTANDARD CLEANERS

2.14.1 Objective

To determine if the delrin charging-handle latch, the buffer,
and the nylon-coated buttstock are impervious to various fluids.

2.14.2 Criteria

Criteria are as follows:

a. Essential. The latch, buffer, and buttstock coating shall
be impervious to lubricants MIL-L-644B, MIL-L-14107A, lubri-
plate 130-A and to dry cleaning solvent (SD), bore cleaner
(CR), and insect repellent (FSN 6840-558-0918).

b. Desirable. The above items shall be impervious to carbon
removing compound (P-CllA), gasoline, kerosene, and diesel
fuel.

2.14.3 Method

At the conclusion of all other tests, portions of the weapon
components specified above were individually immersed in or coated
with each of the materials listed in paragraph 2.14.2 for 1 minute.
Following a 24-hour normal storage, the items were then inspected.
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2.14.4 Results

Insect repellent (FSN 6840-558-0918) caused the exposed area on
the urethane end cap of the buffer to soften and become tacky; however,
light application of the repellent, as by contact with the hands, failed
to show any apparent effect following the 24-hour storage period. None
of the other product improvements of the E2 weapon wer. affected by any
of the fluids or greases.

2.14.5 Analysis

The buffer failed to meet the criteria specified in paragraph
2.14.2a with insect repellent (FSN 6840-558-0918).

2.15 SOUND PRESSURE LEVEL

2.15.1 Objective

To evaluate the sound pressure level of the test weapon.

2.15.2 Criteria

The sound level measurements shall not exceed the criteria
established in Interim Pamphlet 70-74, TECP 700-700, 19 August 1965.

2.15.3 Method

The method of test is described in Interim Pamphlet 70-74,
TECP 700-700, 19 August 1965. The test was conducted with each type
of ammunition, first with a "new" barrel (fired more than 30 rounds but
less than 1000 rounds) and repeated with an "old" barrel (fired approxi-
mately 9000 roupds).

Data were derived ^rom firing ten rounds of each of the four
test lots from an XM177E2 weapon using a "new" barrel and flash suppressor
and from ten rounds using an "old" barrel and flash suppressor. Ten
rounds were fired from an Ml6Al control rifle, B&K condenser microphones
were used to measure muzzle blast overpressure. Data were recorded by
a multichannel galvanometer in a data van. Blast overpressures in psi
were derived from the film record and converted to sound pressure level
from the following relationship:

db - 20 Log 10 (P x 3.4475.108)

db a sound pressure level in decibels (re: 0.0002 microbars)

P = measured pressure in psi.
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2.15.4 Results

Results are contained in Table 2.15-I.

Table 2.15-I. Summary of Average Data

Figures are average of ten rounds.

Barrel Position No. 1 Position No. 2
and Max Max

Flash Ammo Press., Duration Timea, ms Press., Duration Timea, ms
Suppressor Tpe db A B db A B

Old (fired A 160.1 0.32 4.69 161.9 0.34 0.94
more than B 159.8 .36 4.56 162.8 .34 .90
9000 C 159.8 .36 4.53 163.1 .35 .89
rounds) D 158.5 .49 4.66 163.1 .34 .82

New (fired A 156.5 0.52 5.35 159.8 9.34 0.90
more than B 156.0 .53 E.40 159.2 .36 .86
30 rounds C 155.0 .58 5.52 159.8 .39 .95
but less D 151.9 .52 5.39 160.1 .33 .91
than 1000)

Barrel Position No. 3 Position No. 2
and Max Max

Flash Anmo Press., Duration Timea ms Press., Duration Timea ms
Supressor T db B db A

Control RAI 158.8 0.28 2.87 161.7 0.32 0.79
rifle, 5089
M16Al

aDuration time A indicates the time between initial rise in pressure and

the return of overpressure to ambient pressux%. Duration time B indicates
the time between initial rise in pressure and the. return of overpressure
to a value of, and remain less than, 20 db bvlow maximum overpressure.

Notes: A - Cartridge, M196, tracer, lot LC-12081 (ball propellant).
B = Cartridge, M196, tracer, lot TW-18007 (8208M propellant).
C a Cartridge, M193, ball, lot LC-12194 (ball propellant).
D = Cartridge, 1193, ball, lot TW-18191 (8208M propellant).
RA a Cartridge, 193, ball, lot RA-5089 (ball propellant).

Notes continued on page 71.
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Table 2.15-I (Cont'd)

Notes: Position No. 1: Gunner's ear.
27 inches from muzzle.
4 inches from center of bore.
63 inches above ground.

Position No. 2: 900 from line of fire.
78.7 inches from muzzle.
60 inches above ground.

Position No. 3: Gunner's ear.
31 inches from muzzle.
4 inches from center of bore.
63 inches above ground.

2.15.5 Analysis

At the gunner's ear position when firing with the new barrel and
flash suppressor, all ammunition lots met the criteria specified in
paragraph 2.15.2. When firing with the old barrel and flash suppressor,
none of the four lots of ammunition met the criteria.
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2.16 KINEMTIC TEST (DISPLACENI3NT-TIME STUDY)

2.16.1 Objective

To obtain basic kinematic data for the test weapon as an aid in
evaluating the significance of the product-improved buffer assembly and
to measure cyclic performance characteristics of the weapon mechanism
incorporating the product-improved barrel assembly.

To compare the performance of the weapon when firing various
ammunition lots.

2.16.2 Criteria

Not applicable.

2.16.3 Method

The test weapon No. 902868, was originally received as an
XM177El model and was converted to the configuration of the XM177E2 by
installing a complete XM177E2 barrel and gas-tube assembly.

The gun was then modified so that traces of the motion of the
bolt carrier and buffer could be recorded as a function of time.

Reflector viewing ports were cut at the right side of the upper
receiver and along a portion of the buttstock extension tube. Small
chrome-plated reflector rods were attached to the receiver and buttstock
extension as reference points and concave reflecting surfaces were
polished on the bolt carrier and on the buffer.

Various displacement-time records were then obtained during
burst fire, employing a displacement-time drum camera with the test
weapon installed in a variable-deflection mount. The mount permitted
a recoil-counterrecoil displacement of approximately 0.175 inch for
each shot.

In addition to physical inspection and measurements of the
weapon, firing phases were conducted to evaluate four types of ammuni-
tion, to determine the efftct of firing 21-, 20-, 19-, and 18-round
bursts, and to compare cyclic performance wi'.h the gun in new condition
versus firing with a barrel and gas-tube assembly previously fired
9000 rounds.

2.16.4 Results and Analysis

Due to the nature of the displacement-time studies, the results
and analysis for each phase are combined and reported in single para-
graphs for each test phase.
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2.16.4.1 Applicable Phases of Recent Displacement-Time Studies for the
Mi6Al Rifle. As the XM177E2 submachine gun and the MI6AI rifle employ
the same basic mechanism, differing only in the action spring and buffer,
a number of displacement-time study phases with the XM177E2 were con-
ducted concurrently during a displacement-time study of the M16AI rifle
and have been reported in Reference 10. (The shortened barrel and gas
tube assembly of the XM177E2 are not considered here as part of the
mechanism.)

While the referenced report should be consulted for detailed
information, the results applicable to the XM177E2 submachine gun are
summarized rs follows:

a. The design of the XN1177E2 mechanism successfully ac-
commodates a wide range in cyclic rate of fire from
approximately 600 to 975 rds per min.

b. The upper restraint in cyclic rate of fire is imposed
by the design of the bolt-stop mechanism which cannot
consistently respond at rates for final rounds in the
magazine which exceed 975 rds per min.

c. The lower limit of approximately 600 rds per min is pri-
marily a restraint characterized by short or incomplete
recoil at low bolt-carrier energies. At these levels,
successful firing becomes extremely marginal even under
nonadverse conditions. However, as the lower limit was
only estimated and not fully explored in the referenced
test, this area of performance is more definitively dis-
cussed in par, 2.16.4.2 of this riport.

The remaining paragraphs dicusss the results of the displace-
ment-time studies which were conducted within the context of the product
improvement test of the XM177E2 submachine gun.

2.16.4.2 Physical Characteristics. The physical characteristics of
the buffer and action spring for the XM177E2 were measured and are
compared co the same components for the M16Al rifle in Table 2.16-I
and illustrated in Figure 2.16-1. The XM177E2 buffer assembly is a
product improved item which replaced the buffer assembly as tested in
the engineering test (Reference 2) of the original model submachine gun,
C-SMG, The product-improved buffer first appeared in XM177EI models and
appears to be identical in the limited production o! both El and E2
weapons examined at APG.
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Table 2.16-I. Physical Characteristics

Weights are in ounces, dimensions in inches.

XM177E2 M16A1

Action spring:
Weight 1.90 2.17
Free height 10.1 12.0
Assembled height a 6.7 8.1
Compression height 3.0 4.3
Wire diameter 0.072 0.072
Mean coil diameter 0.871 0.871
No. of coils 37-3/4 43-3/4
No. of working coils 36 41

Buffer assembly:
Weight 2.98 5.20
Over-all length 3.3 5.9
No. of internal inertia weightsb 3 5
No. of rubber inertia weight pads 3 5
Length of internal spacer None 1.3
Working height of urethane end capc 0.4 0.4

Cycling group weightd 15.09 17.49

a~easured at full rearward travel of the buffer without buffer cap com-

bPression.
Inertia weights are identical in each buffer, weighing 278 grains each.

cThe urethane end caps appear to be identical components in the buffer

dof each gun.
Includes complete bolt carrier assembly (approximately 11.5 oz for
each gun) plus buffer and 1/3 weight of action spring.
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The similarity in design between the Ml6AI and the XMI77E2
offered the possibility that cyclic performance data for the M16A1
rifle, which has recently been obtained in great depth from large weapon
and ammunition samples, could be used as criteria to evaluate cyclic
performance of the XM177E2. However, as can be seen in Table 2.16-I
and Figure 2.16-1, significant differences exist in the physical char-
acteristics of the two recoil systoms which could result in different
bolt-velocity levels and cyclic rates of fire even though initial
energy-input levels might be the same. As the cyclic performance da-a
for the Ml6Al rifle has largely been determined from bolt-velocity
measurements (average cyclic rates of fire, displacement-time curves,
etc.), the following study was made of action spring rates, action
spring forces, and energy levels. The formulas used in the study are
taken from Reference 11, where they are developed and discussed in
detail.

a. Spring Load and Deflection Rates. The load-deflection
rate of each spring was calculated as follows:

K G 0

8 D3 N
where:

K Load-deflection, b/In.
G = Torsional modulus for steel (llSxlO5 lb/in 2)
d u Spring wire diameter, in.
D = Mean coil diameter, in.
N = Number of working coils.

For the Ml6Al:

K - U5 (os) (,o7.2.4)

8 (.8 3 ) (41)

K = 12 (2.687)
328 (.6a)

K x 1.43 lb/iA.

For the XM177E2:

K -WIP (.O) (.6724)

8 (.snl) (36)

K 135 (2.687)
288 (,66.)

K 1.62 ib/in.
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The load-deflection rates for the action springs in one
M16AI r fle and five XM177E2 submachine guns were then measured with
a universal test machine to obtain a comparison of actual rates with
the above calculations. In all weapons, the initial measured rate was
the same as the calculated average rate although some nonlinearity was
observed as each spring approached full compression. This was attributed
to instability during deflection which probably causes the spring to buckle
slightly, resulting in increased friction against the action tube wall.
It was also noted that the ends of the action springs for both weapons
are not ground and square which is likely to induce instability as
the spring is deflected.

b. Action Spring Forces. From the calculated values of K,
the forces required to compress the spring were computed
as follows:

F1 = K (Hf - Ila)

F2 = K (Hf - He)

F i Fl + F2

2

where:

F1 = Initial spring force as assembled in the action tube,lb.

K = Load-deflection rate, lb/1ne
Ilf = Free height spring, in.
Ia = Assembled height of spring, in.
F2 x Spring force with buffer just contacting end of actiontube, lb.

=tc - Compression height of spring with buffer just con-
tacting end of action tube, in.

P. i Average spring force through full distance of carrier
travel, lb,

For the MI6Al:

F1 = 1.43 (12.0 - 8.1) = 5.6 lb.
F2 = 1.43 (12.0 - 4,3) * 11.0 lb.

F 5.6 + 11.0 8,3
2
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For the XM177E2:

F1 = 1.62 (10.1 - 6.7) = 5.5 lb.

F2 = 1.62 (10,1 - 3.0) = 11.5 lb.

Fa = 5.5 + 11.5
- 7 -  = 8.5 lb.

c. Energy Levels, With the average spring forces established
for each weapon, a further calculation was made to esti-
mate the initial cycling group energy which would result
in a short recoil in each weapon. Short recoil is de-
fined here as sufficient compression of the action spring
to permit contact but not compression of the urethane
buffer end cap with the rear of the action tube. Under
nonadverse firing conditions, either weapon would be ex-
pected to cycle successfully at this initial energy-input
level but lower energies would provide only marginal
weapon functioning at best.

Remaining energy in the cycling group is expressed as:

1/2 Mcg V2 r which is equal to 1/2 Mecg if i, (F~x. K 22)

where:

Megx Mass of the cycling group.

Vr - Velocity of the cycling group at any time, ln./.So

V1 x Initial velocity of the cycling group, i*/sa
- Efficiency of the action spring.

F1 a As defined previously, lb.
x = Recoil distance, in.
K = As defined previously, lb/la.

Under the definition of short recoil as stated above:

1/2 Mcg V?-0 and 1/2 Mcg, 2w (? 1i2)
initial energy, El.

Substituting values for both the M16AI and XM177E2;

For the M16AI:

El - [56)38 (l14 3)(30821
E1 = 1 (21.28+10.32).

E 31.60
7in.-lb.
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For the XM177E2:

E= (20.35+11.09).

E= 31.44 in.-lb.

As the spring efficience, 6, can be considered to be the
same for both weapons, and is very nearly 1 in value
during short recoil cycles, it can be seen that the design
intent in modifing the M16AI rifle to the XM177E2 con-
figuration was to , vide, through judicious selection of
gas port size, the same level of cycling performance,
whenever input energies are the same; e.g., a nearly
identical short recoil will occur in both weapons given
the same input energies from the gas tube. This pre-
sumes that losses due to friction would be approximately
the same in both weapons which appears reasonable, con-
sidering the similarity of the two mechanisms.

However, it should be noted that if some energy level for the
XM177E2, either explicit or impliedis to be measured on a time
or bolt-carrier velocity basis, then performance "equal to" that
of the M16Al will be obtained at somewhat higher firing
rates with the submachine gun version than with the rifle
due to the lesser mass of the cycling group in the sub-
machine gun. For example, the previously defined condi-
tion of short recoil would occur at approximately 645
rds per min with the XM177E2 and at 588 rds per min with
the M16A1. These rates ignore friction losses and the
energy required to feed a cartridge during counterrecoil.
The initial velocities, cycle times, and firing rates
are developed below for the specially defined case of
short recoil:

As E1 = 1/2 Mcg V.
2, initial velocity is obtained by

solving for V1 .

For the Ml6Al:

31.60 = .

V12 = -- 78)

V2 = 244201=o 22404

V1 = 150 in. per sec or 12.5 ft per sec
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For the XM177E2:

31.44 = 1 15.09/16____________ 2

V12 =

12= 314 7.

V 2 = 24297 = 25848

V1 = 161 in. per sec or 13.4 ft per sec

Cycle time is computed as follows:

where:

= Total cycle time but not including dwell time, sec.
a Spring efficiency; in short recoill.

Meg a Mass of the cycling group.
K a Spring rate, lb/in.
FI - Initial spring force, lb.
F2 a Final spring force without buffer compression, lb.

For the M16AI:

te 2 1.9364 Cos-, .

tc a 2 T0197 cos 1 (5.6)

t W 2 044)(5940)

tc = .092 sec

For the XM177E2:

-t a~ 2 94/386,4 cos1 (S.S\

tc = 2 cos "1  .478
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c= 2 (039)(61.45)

tc =.o83 sec. and * 60
+ td

where:

fr = Firing rate, rds per min.
t c = As above.
td = Dwell period; 0.010 second as determined in

Reference 10.

For the Ml6Al:

fr = 60 _60.692+.010 -. 0i

fr = 588 rd per min.

For the XM177E2:

fr = 60 607083+.010 2 0

fr = 645 rd per min

2.16.4.3 Ammunition Lot Sensitivity Phase. Displacement-time records
were obtained with each of the four lots of test ammunition. The
round-by-round data sheets for each 20-round burst are contained in
Appendix I, record Nos. 3, 6, 7, and 8. The individual cycle times for
each round are also plotted in Figures 2.16-2 and 2.16-3.

The performance characteristics shown in the figures demon-
strate nearly identical characteristics to data illustrated in Reference
10 where four similar lots were also fired in a displacement-time
study of the Ml6Al rifle. The referenced data were analyzed in detail
covering three significant areas: initial round variation, cyclic
variation as a function of buffer design, and cyclic variation as a func-
tion of ammunition type. A summary of the detailed analysis is presented
in the following paragraphs and applies equally to either weapon:
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a. Initial Round Variation. As each burst was fired under
nearly identical test conditions, the occurrence of the
first round being a substantially lower than average cyclic
round, although not always the lowest, seems well estab-
lished. Inspection of the individual data sheets further
confirms that the initial-round recoil time itself (as
opposed to the complete cycle time) generally exceeds
that of any of the remaining rounds in the burst. This
phenomenon may be directly related to the temperature of
the barrel and gas tube, which may substantially lower
the working pressure available to the bolt carrier as a
result of initial heat loss to the ambient temperature
gas tube and barrel when the first round is fired. The
predictable impact of this performance characteristic
would be a disproportionately high malfunction rate
associated with the first-round cycle of a burst, providing
that an adverse tactical or test environment additionally
imposed an energy-robbing burden on the mechanism. To date,
insufficient data exist to confirm to what degree weapon
stoppages are attributable to first round failures.

b. Cyclic Variation as a Function of Buffer Design. With
few exceptions, the displacement-time records obtained
with the DX177E2 indicated a progressively increasing
rate of fire that only tended to level off by about the
sixth to eighth round fired. Initially, this was attrib-
uted to an assumed progressive decrease in stripping force
as the magazine empties during burst fire. This assump-
tion was proved incorrect when records were obtained and

the same phenomenon observed with magazines loaded in
various amounts (from 20 to S rounds in Reference 10 and
from 20 to 17 in this test, par. 2.16.4.5).

The theory was then examined that heating of the gas
system to some unknown level by firing approximately
six rounds was required before a maximum gas pressure
was available at the carrier. This was a logical exten-
sion of the reasoning which explained the low initial rate
of first-fired rounds. However, subsequent displacement-
time acords obtained with an Ml6Al rifle and an original
model buffer demonstrated that, under identical test con-
ditions, no progressive rate climb was evident and that
a "steady-state" rate was often reached after firing the
first round. As this suggested that the rate increase,
except for the first round, was largely associated with
the so-called redesigned buffer for the M16AI rifle, and
the XM177E2 buffer is merely a shortened and lightened
version of the rifle buffer, the physical characteristics
of both the rifle and submachine gun buffers were then
examined. The following is extracted from Reference 10;
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"As buffing is accomplished through compression and
decompression of the urethane end cap on the redesigned
buffer, inquiries were made concerning the characteristics
of this materiel from the subcontractor supplying the
end caps.1 The subcontractor advised that he did not
have immediately available the data regarding the com-
pression/decompression characteristics for small increments
of time between impacts but that his opinion would be
that if the cap were compressed as much as .08 inch it
would be doubtful if it would decompress more than 25%
in a 60-70 millisecond period and full decompression
would require much longer. (Note: the amount of compres-
sion of the redesigned buffer was measured for selected
rounds on nearly all XM177E2 displacement-time records
and the maximum compression measured was approximately
.10 inch.

In order to gain some further insight concerning the
characteristics of the urethane cap a new M16Al buffer
was compressed .08 inch and an attempt was made to measure
the decompression rate. While it was not possible to
measure very short term initial decompression rates with-
out a sophisticated and somewhat costly tes. technique it
was observed that 2 to 3 seconds after release from com-
pression, decompression was only 85% completed and that
100% decompression was not achieved even after five minutes.

From this information it became apparent that a fully
decompressed urethane cap would have excellent buffing
characteristics as a result of the first impact but would
become progressively more "live" and less inert with
each repeated impact."

c. Cyclic Variation as a Function of Ammunition Type. Although
initial-round variation, and the progressive climb to
"steady-state" rates attributed to the characteristics of
the buffer cap, account for much of the cyclic variation
shown in Figures 2.16-2 and 2.16-3, the most pronounced
variation is encountered when types of ammunition other
than ball projectile/WC846 propellant cartridges are
fired. Gross variation in cyclic performance in conjunc-
tion with lower, and less desirable, energy levels was
characteristic of the other three ammunition types in
this test as well as in the data reported in Reference 10
for similar ammunition types.

1As nearly as can be determined, the urethane end caps on both the

XM177E2 and Ml6Al buffers are identical.
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