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1. ITRODUCTION

During recent testing of the M231 Firing Port Weapon at APG, several
instances were recorded where the last round jumped out of the magazine either
while the bolt carrier was still moving rearward or had just started moving
forward. This causes two potential safety problems. The first problem would
be when the last round has jumped out and become partially chambered and the
face of the bolt is held by the bolt latch. If the operator is unaware of
this and loads a new magazine and attempts to fire, the tip of the first round
might strike the primer of the partially chambered round and initiate it with
the breech open. The second problem would be when the last round has jumved
out and become partially chambered and the front of the bolt carrier is held
by the bolt latch. As soon as the bolt latch is released, the bolt carrier

V comes forward and initiates the round in the chamber before the trigger is
pulled.

At a M231 Engineering Meeting held at TECOM to discuss these problems, it
was felt that the weapon might be causing excessive magazine spring surges
which would allow the last round to jump out. To check this out BRL agreed to
take Time Displacement records of the magazine spring while firing to
determine if the weapon was causing excessive magazine spring surges. Similar
measurements have been previously made on the M16A1 by BRL.

11. MEASUREMENS

Photographic records were taken of the magazine during firing using a
Time Displacement camera. Slots were cut in the side of the magazine and the
lower receiver and a continuous record of vertical displacement versus time
was recorded for the last few rounds in the magazine, the m~agazine follower,
and several of the spring coils in the magazine. The slot was cut in the
magazine between two guide grooves so that normal operation of the magazine
was not affected by the slot. The magazine with the slot is shown in Figure
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Records were taken of two magazines which had exhibited reliable
operation during prior testing and also of one magazine which had exhibited
poor performance in the latest tests. All magazines were manufactured by
Adventure Line Mfg. Co. Inc. Records were taken using both versions of the
14231 that were used in the latest tests. The weapons were fired from the same
type of rigid ball mount used in the latest tests.

MI. RESULTS
The results of the tests show that there is no excessive magazine spring

surge taking place in any magazine or weapon to cause the last round to jump
out of the magazine. Figure 2 is a record taken of a bad magazine which had
the last round jump out and Figure 3 is a record of a good magazine which did
not have the last round jump out.

Both Figure 2 and Figure 3 definitely show that excessive magazine spring
surges are not present and, therefore, cannot be causing the last round to
jump out of the bad magazine. The magazine spring motions recorded were
similar to those of the M16AI Rifle.

Since the records shov the weapons were not causing the malfunctions, the
next step was to perform a visual inspection of the good and bad magazines to
try to find a reason for the last round jumping out of the bad magazine. As a
result of this inspection, it was found that a combination of too great a
distance between the magazine lips and a tilted follower were causing the
malfunctions. The maximum tolerance between lips allow a 12.1 mm distance,
but the bad magazine had a distance between lips of 12.4 mmn.

Also, as Figure 4 shows, the magazine follower of the bad magazine is
tilted at a steep angle with respect to the side of the magazine. Therefore,
instead of the follower holding the last round tight against the side of the
magazine, as in the good magazine, the round is forced away from the side of
the magazine by the tilted follower, as shown in Figure 5. The result of this
is that as soon as the bolt carrier moves over or attempts to strip this last
round, the round literally jumps out of the magazine. In fact, it is
statically impossible to push the last round out of the bad magazine without
having it jump out.

Upon further investigation, it was found that the tilted follower was
caused by a tilt of the coils of the magazine spring as shown in Figure 6.
Duie to some change in the manufacturing process, the magazine spring of the
bad magazine was wound with coils that all tilted downward.

Tests were also performed to show that it was a combination of too greatj
a distance between the magazine lips, and a tilted follower causing theQ
malfunction in the bad magazine. A spring and follower from a good magazine
were placed in a bad magazine housing with too great a distance between lips,
and a spring and follower from a bad magazine were placed in a good magazine
housing. In each case the magazine functioned reliably.

Another difference found between the good and bad magazines during
inspection concerned the guides or grooves in the front part of theN
magazines. The tops of these grooves form inserts on each side of the
magazine to lift the front end of the round and force the front end slightly
toward the center as the round is stripped from the magazine. This prevents

2
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bglood

Figure 4. Tilted Magazine Follower

bad good

Figure 5. Effect of Tilted Follower on last Round
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bad good

Figure 6. Tilted Magazine Spring Coils

the front end of the round from dragging over the forward edge of the

magazine. The top of the grooves on the bad magazine was found to be too low

to contact the round during stripping and was, therefore, no assistance in

lifting or centering the round to prevent dragging of the round over the front

edge of the magazine.

Also, with the top of the grooves too low, the front of the 29th round in

the magazine is held up by the groove and the back of the round is tipped

down. It is felt that this probably caused the bolt-override malfunction on

the 29th round, which also occurred several times during the tests. In fact,

there were no other bolt-override malfunctions other than on the 29th round.

Once the inspection had been completed on these samples of good and bad

magazines, all of the magazines used in the recent tests at APG were obtained

and visually inspected. Out of the 75 total magazines used in the tests,

three had a combination of lips too wide and tilted followers, and all 75 had

the grooves too low to contact the rounds during stripping. The three

magazines with the combination of wide lips and tilted followers were the ones

that were continually showing up in the tests with the last round jumping out.

IV. CDNCUS IONS

Based on the results the following conclusions were made:

1. There is no excessive magazine spring surge in the 30-round magazine

when firing the M231 from a rigid ball mount.

2. The malfunction of the last round jumping out of the magazine during

recent testing at APG was caused by three faulty magazines having a

combination of lips too wide and tilted followers, and not by the weapons.

6
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3. All of the 75 magazines used during recent testing at APG were also

faulty in that grooves at the front of the magazine were not high enough to

assist in lifting and centering the front of the round, and also probably

caused the bolt-override malfunction on the 29th round.

V. RECOMMEND&TIONS

Recommend that in the future, before any weapon testing takes place, the

magazines used in the testing be completely checked out.

-i

.' ; .. 2 'a. -.'. ..V .?* ?s. ? - ?:.? ;?.;.• . ,> 4-,,- -'-'-; .;- :?'7



.- ofDISTRI"BUTION LIST

no. of No. ofI

Oopies Organization Oopies oanization

12 Administrator 5 Commander
Defense Tlechnical Info Center Armament R&D Center
AT: DTIC-DDA US Army AMCCOM, ARDEC
Cameron Station ATTN: SMCAR-CCL-FW, H. Khann
Alexandria, VA 22394-6145 SMCAR-CCL-CH,

A. Cianciosi
USDDR&E SMCAR-CCL-CD,
ATMN: R. Heaston W. Gadamski
The Pentagon SMCAR- CCJ
Room 3D1089 SMCAR-CCL-A, R.
Washington, DC 20301 Trifiletti

Dover, NJ 07801
6 Headquarters

Department of the Army 1 Commander
AMIn: DAMA-CSM US Army AMCCOM, ARDEC

DAMA-WSA ATTN: SMCAR-LCS
DAMA-WSZ-A Dover, NJ 07801
DAMA-WSW
DAMA-ART-M 2 Director
DACS-DM, J. Tulcker Jr. US Army AMCCOM, ARDEC

Washington, DC 20310 Benet Weapons Laboratory
ATTN: SMCAR-LCB-TL

3 Commander SMCWV-QAR, Bldg 44,
US Army Materiel Command W. Jarrett
ATW: AMCDMD-ST Watervliet, NY 12189

AMCDE-SG
AMCDRA-ST 2 Commander

5001 Eisenhower Avenue US Army Armament, Munitions &
Alexandria, VA 22333 Chemical Command

ATTfl: SMCAR-ESP-L, Tech Lib
2 Commander S MCAR- TSE- SW

US Army Laboratory Command Rock Island, IL 61299
ATTN: AMSLC-TD
2800 Powder Mill Road 1 Commander
Adelphi, MD 20783-1145 US Army Aviation Research

and Development Command
Commander ATTN: AMSAV-E
US Army Laboratory Command 4300 Goodfellow Blvd
ATTN: AMSLC-TP-PB, I. Bartkey St. Louis, MO 63120

2800 Powder Mill Road
Adelphi, MD 20783-1145 1 Director

US Army Air Mobility Research
2 Commander and Development Laboratory

Armament R&D Center Ames Research Center
US Army AMCCOM, ARDEC Moffett Field, CA 94035
ATTN: SMCAR-TSS

SMCAR-TDC 1 Commander
Dover, NJ 07801 US Army Communications Qnd

ATTN: AMSEL-ED
9 Fort Monmouth, NJ 07703



DISTRIBUTION LIST

No. of No. of
Qbpies Organization Cbpies Organization

1 Commander 4 Commander
ERADCOM Technical Library US Army Infantry School
ATTN: DELSD-L ATTN : ATSH-CD

(Reports Section) ATSH-CD-CSO-OR
Fort Monmouth, NJ 07703-5301 ATSH-TSM-FV

ATSH-CD-MLS-M

1 Director Fort Benning, GA 31905
Harry Diamond Laboratories
ATTN: DELHD-DE-OS, R. Johnson 2 Director

2800 Powder Mill Road US Army TRADOC Systems
Adelphi, MD 20783 Analysis Activity

ATTN: ATAA-SA
1 Commander ATAA-SL, Tech Lib

US Army Missile Command White Sands Missile Range
RD&E Center NM 88002
ATTN: AMSMI-RD
Redstone Arsenal, AL 35898 2 Commander

US Army Operational Test
1 Commander and Evaluation Agency

US Army Missile & Space ATTN: CSTE-TM-IN
Intelligence Center CS TE- TD

ATTN: AIAMS-YDL 5600 Columbia Pike
Redstone Arsenal, AL 35898- Falls Church, VA 22041
5500

3 Commander
5 Commander US Army Training & Doctrine

US Army Tank Automotive Ond Command
ATTN: AMSTA-FVS ATTN: ATCD-SE,

AMSTA-FVS-G ATTE-R
AMSTA-CV-D ATCD-DCS
AMSTA-UL Ft. Monroe, VA 23651-5000
AMSTA-TSL

Warren, MI 48397-5000 3 Commander

US Army Development and
2 Commander Enployment Agency

US Army Infantry Center ATTN: MODE-TED-SAB,
ATTN: AFYC, Col. G. Rodgers Maj. C. Ostrand

Maj. M. Bailey AFZJ-DPT-IM
Fort Benning, GA 31905-5000 Fort Lewis, WA 98433

2 President

US Army Infantry Board
ATTN: ATZB-IB-SA,

Maj. T. Gross
L. Tomlinson

Fort Benning, GA 31905

10

N"N
"

%



DISJ IBUTION LIST

No. of no. of
opies Organization Cbpies organization

Commander 2 Commander
US Army John F. Kennedy USMC Development and

Special Warfare Center & Education Command
School ATTN : RVC-30903,

ATTN: ATSU-CD-ML, S. Putnam LTC D. Willis
Ft. Bragg, NC 28307-5000 CPT S. Walsh I.

Qiantico, VA 22134-5040
Naval Sea Systems Command
ATTN: SEA-62Y1B 1 Commander
Washington, DC 20362 USMC Development Center

ATTN: D0310, COL. R. Bowles
3 Commander Quantico, VA 22134

Naval Ordnance Systems Qd
ATTN: ORD-9132 1 Air Force Armament Laboratory
Washington, DC 20360 ATTN: AFATL/DLODL

Bglin AFB, FL 32542-5000 v
3 Commander

US Naval Weapons Center 1 AFWL/SUL
ATTN: Code 233 Kirtland, AFB, NM 87117

Code 12
Code 3176 10 Central Intelligence Agency

China Lake, CA 93555 Office of Central Reference

Dissemination Branch
Commander Room GE-47 HQs
Naval Special Warfare Washington, DC 20502

2oup -2
ATTN: N4, MMCS W. White Aberdeen Proving Ground
USNAB, Little Creek
Norfolk, VA 23521 Dir, USAMSAA

ATTN: AMXSY-D
3 Commander AMXSY-MP, H. Cohen

US Naval Weapons Support Cdr, USATECOM
Center ATTN: AMSTE- 7-F

ATTN: Code 20, C. Zeller Cdr, CRDEC, AMCCOM

G. Dornick ATTN: SMCAR-RSP-A
J. Massen SMCCR-MR

Crane, IN 47522 SMCCR-SPS-IL %

2 Commander
US Marine Corps
ATTN: AX
Washington, DC 20380

2 Director
Development Center

ATTN: MCDEC/D092
MCDEC/D091

Qiantico, VA 22134

11

* -~ - a. ba,~-.



USER EVALUATION SHEET/CHANGE OF ADDRESS

This Laboratory undertakes a continuing effort to improve the quality of the
reports it publishes. Your coments/answers to the items/questions below will
aid us in our efforts.

1. BRL Report Number Date of Report_______

2. Date Report Received__________________________

3. Does this report satisfy a need? (Comment on purpose, related project, or
other area of interest for which the report will be used.)__________

4. How specifically, is the report being used? (Information source, design
data, procedure, source of ideas, etc.)___________________

S. Has the information in this repo rt led to any quantitative savings as far
as man-hours or dollars saved, operating costs avoided or efficiencies achieved,
etc? If so, please elaborate.________________________

6. General Comments. What do you think should be changed to improve future
reports? (Indicate changes to organization, technical content, format, etc.)

Name

CURRENT Organization
ADDRESS Address

City, State, Zip

7. If indicating a Change of Address or Address Correction, please provide the
New or Correct Address in Block 6 above and the Old or Incorrect address below.

Name

OLD Organization
ADDRESS

Address

City, State, Zip

(Remove this sheet, fold as indicated, staple or tape closed, and mail.)

% %"% %



FOLD HERE
Director 1 1 I

US Army Ballistic Research Laboratory NO POSTAGE

AN: DRXBR-0D-ST I11NECESSARYATTN DR R-ODST I HALED |
Aberdeen Proving Ground, MD 2100S-5066 IIN THE I

UNITED STATES

FOR PRIMATE USE. $300 BUSINESS REPLY MAIL I
OICALTY SUS PITVAIES FIRST CLASS PERMIT NO 12062 WASHINGTON,OCI

POSTAGE WILL KE PAID BY DEPARTMENT OF THE ARMY

Director
US Army Ballistic Research Laboratory
ATTN: DRXBR-OD-ST
Aberdeen Proving Ground, MD 210OS-9989

FOLD HERE



.Y~*- ~ ~ ., ~ un'unuS S


