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ABSTRACT

A brief series of tests and evaluations was made to provide ex-
perimental and analytical data to the U.S. Army Weapons Command in
support of the M16Al Rifle Bolt Dimension Investigation. Both firing
tests and mathematical model confirmed that bolts with diameters 0.0075
and 0.010 inch below specification do not give reliable performance
because of excessive gas leakage between the outside bolt shaft diameter
and its mating diameter in the bolt carrier. Normal rifle function
occurred with bolts 0.0004 and 0.0005 inch below specifications.

OBJECTIVE

The objective of this study was to provide experimental and analy-
tical data to the U. S. Army Weapons Command (WECOM) in support of the
M16A1 Rifle Bolt Dimension Investigation.l In addition, WECOM requested
use of an available Frankford Arsenal mathematical model as a vehicle
for a theoretical study of bolt diameter versus cyclic rate.
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INTRODUCTION

The M16Al Rifle operation is obtained by directing cartridge pro-
pellant gases through a gas tube into the bolt and bolt carrier assembly,
unlocking the bolt and propelling the bolt and bolt carrier rearward.

The gas cylinder/piston formed by this assembly fit is designed to form
a gas seal and a sliding fit. By the nature of the design, the criti-
cality of these fits is essential to the function of the rifle.

A large quantity of rifles with undersize bolt diameter (0.2503 +
0.0002 inch dia., undersize 0.0001 to 0.0005 inch) were discovered in
the supply system. A request for assistance in preparation of a tech-
nical decision to support disposition of this material was received by
Frankford Arsenal.

Based on the criticality of the bolt diameter in question, it is
possible that all deviated bolts would require replacement as there
could be degradation of the reliability of the rifle. However, con-
sidering the cost impact (because of the large quantity involved)
testing was advisable to make a determination as to the limit of
usability of deviated material.l=7

This report records data and analytical information obtained in a
brief series of tests and evaluations made over a two-day period, WECOM
personnel visited Frankford Arsenal in October 1970 to obtain informa-
tion on the magnitude of the clearance between the bolt shaft and bolt
carrier that would produce sufficient gas leakage to cause adverse opera-
tion of the M16Al rifle. Presumably, this would result from excessive
clearance between bolt shaft diameter and bolt carrier that could cause
a decrease in the propellant gas impulse supplied to the cycling mechanism.

Frankford Arsenal provided two sources of data and information:
(1) experimental evaluations consisting of measuring cyclic rate and
bolt pressure-time characteristics, and (2) the M16Al cycling mechanism/
ammunition interface model for evaluating small differences in charac-
teristics. Experimentation consisted of functional tests with ball and
blank ammunition and bolts having various shaft diameters. Simulation
consisted of using the mathematical model to explain failure to func-
tion when this occurred in terms of the measured pressure-time data of
the bolt. It was also used to evaluate changes in cyclic rate due to
small changes in bolt pressure.

Frankford Arsenal fired a total of five hundred and fifty-eight
rounds of ball and blank ammunition on 1 October 1970 in two rifles -a
standard M16Al and a modified rifle. The modification consisted of
the receiver and carrier being adapted for bolt pressure-time measure-
ments, In both rifles all parts remained unchanged except for the bolt
component, Thus, any changes occurring in clearances between bolt shaft
and carrier were due to the bolt assembled into the carrier in any given
test.



Frankford Arsenal had previously conducted tests on 29 September
1970 in order to determine the extent and type of tests having potential
for producing the most fruitful information. Visiting WECOM personnel
were supplied with thirty-two bolt pressure-time records for ball am-
munition and for blank ammunition on 1 October 1970. In addition, the
visitors obtained a complete test schedule and copies of the test
results. The mathematical model of the cycling mechanism was operated
on the evening of 1 October 1970 and these results were mailed to WECOM
on 2 October 1970.

TEST PROCEDURE AND MATERIAL

The improvised test plan called for firing a total of five hundred
fifty-eight (558) cartridges selected at random from two different lots
of ammunition, three hundred ninety-six (396) M200 Blank Cartridges
from Lot TW 18056 and two hundred sixty-two (262) M193 Ball Cartridges
from Lot LC 12304. Two 5.56mm Rifles M16Al, serial numbers 694378 and
823793, were used in the test. The bolt carrier and upper receiver
assembly of the first rifle had been modified for measuring bolt car-
rier cavity pressures, During the test this bolt carrier was replaced
with a standard bolt carrier whenever the rifle was fired in the automatic
firing mode for cyclic rate data. Rifles and ammunition were tested at
ambient temperature. Bolt carrier pressure-time measurements were made
with a Kistler transducer model 603ASN390. The gauge was seated on a
brass gasket using thirty (30) inch-pounds of torque.

The test schedule consisted of three parts as follows:

Part Date Test Tabulation
I 29 Sept. 70 Preliminary test Table I
Bolt rings removed
II 1 Oct. 70 Three different bolts* Table II
M200 Blank ammunition
III 1 Oct. 70 Repeat of II plus std. Table III
bolt and M193 Ball
ammunition

*Table IV tabulates bolt and bolt carrier dimensions for the components
used in the test: (1) a standard bolt and (2) three bolts having dif-
ferent diameters, supplied by WECOM,

Part I (Table I) consisted of firing sixty-six (66) M193 Ball
Cartridges in the 5.56mm Rifle M16Al, SN 694387, Bolt carrier pressure-
time measurements were obtained and rifle function was noted for rounds
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fired in the single-shot firing mode. Rate of fire was measured and
rifle function was noted when the rifle was fired in the automatic fir-
ing mode. The bolt sealing rings were removed and the test repeated.
It was also planned to machine a groove along the bolt ring diameter to
induce greater leakage (clearance) but this test was not necessary (see
Test Results, Table V),

Part II (Table II) of the test consisted of firing three hundred
(300) M200 Blank Cartridges from Lot TW18056 in the M16A1 Rifle, SN
823793. The standard bolt was replaced by the three bolts supplied
by WECOM. Two of the three bolts were modified for this test by hav-
ing the shaft diameters machined undersize by 0.0075 and 0.010 inch.
The bolts are identified as numbers 1, 2, and 3,as indicated in Table
IV. The pertinent diameters are identified in Figure 1. The test also
made use of a modified experimental magazine for firing blank ammuni-
tion. This magazine is described and illustrated in Appendix A.3 The
use of this magazine was considered expedient to reduce rifle mal-
functions caused by magazine difficulties experienced when firing blank
cartridges. Five (5) 20-round magazine loads were fired with each of
the three bolts to obtain cyclic rate measurements, For this test the
rifle was fired from the Function and Casualty Test Fixture,

Part III (Table III) consisted of firing ninety six (96) ball, M193
cartridges from Lot LC12304 and ninety six (96) M200 Blank Cartridges
from Lot TW18056 in the same rifle used for Part I of the test. Bolt
pressure-time data were recorded and rifle function noted in the single
shot firing mode. Rate of fire was recorded and rifle funection noted
in the automatic firing mode. The tests were repeated for each ammuni-
tion type and each of the three bolts supplied by WECOM. The rifle was
mounted in the Frankford Arsenal Aluminum Mount.

TEST RESULTS

Test results are recorded as follows.

Pressure~-Time Computer Engr. Proof

Part Tabulation Records Analysis* Testing Records
L Table V Appendix B Appendix C-3 Appendix D
IT Table VI - - Appendix D
III Table VII Appendix B Appendix C-4 Appendix D

*The computer program is listed in Appendix C-1 and a typical analysis
for a standard bolt is shown in Appendix C-2.
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The test results of Part I are contained in Table V., In this test
a modified bolt was used in the M16Al Rifle for all firings in the single
shot mode. This modified bolt carrier permits the recording of pressure
time in the bolt carrier cavity. However, a standard bolt carrier as-
sembly was used for all tests with the rifle in the automatic firing mode
when measuring the rate of fire, The rifle malfunction on round no. 3
(failure to eject) was attributed to the high rate of fire (900 rpm).
The buffer and buffer spring were replaced to overcome this difficulty
prior te continuation of the test.

The bolt sealing rings were then removed and test round no. 6 was
fired with the rifle in the single shot firing mode. A maximum bolt
carrier cavity pressure of 1600 psi was recorded, At this pressure level,
the bolt carrier failed to lock in the open position. The computer
simulation analysis of this bolt carrier pressure-time curve (see Appen-
dix C) showed that the bolt carrier traveled only 2.75 inches rearward.

To engage the lock, the bolt carrier must travel a minimum of 3.68 +
0.043 inches.

Following each pressure test round, an attempt was made to fire a
full magazine of twenty (20) cartridges in the full automatic mode. The
rifle would not cycle in the automatic firing mode with the bolt sealing
rings removed. Successful automatic fire occurs when the bolt carrier
travels 3.21 + 0.042 inches rearward to engage the base of succeeding
cartridges in the magazine. The test plan was modified by firing addi-
tional cartridges with the bolt sealing rings removed to increase the
sample size, It was considered unnecessary to machine a gas leakage
groove along the bolt seal ring diameter as dictated by the test plan.

Table VI contains the test results of Part II. The M200 Blank
Cartridge was fired with the M16Al Rifle mounted in the Function and
Casualty Mount., To reduce the possibility of magazine malfunctions,
the Frankford Arsenal Modified Experimental Magazine for Blanks was used
as described and illustrated in Appendix A. Rifle function was normal
in the first phase of the test using the Rock Island-supplied bolt #1
(0.0005 inch less than specifications). Test records show a rate of fire
increase, normally expected when successive rounds are fired in the auto-
matic firing mode and a minimum of time allowed between reloading.

The M16A1 Rifle malfunctioned in tests using WECOM bolts #2 and #3 whose
diameters were machined 0.0075 and 0,010 inch, respectively, less than
specifications. Firings were repeated with each of the modified bolts
to obtain a significant sample size.

Table VII contains the Part III test results. For this test, the
M16A1l Rifle was secured in the Frankford Arsenal Aluminum Test Mount.
No rifle malfunctions occurred using the standard bolt or the WECOM
bolt #1 when firing either M193 Ball or M200 Blank ammunition in the
single shot or automatic firing modes, Test round No, 10 (M200 Blank)
was fired with a modified bolt carrier and a standard bolt, The bolt
carrier pressure-time curve indicated a peak pressure of 900 psi but
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the rifle cycled in an apparent normal manner. Further analysis of

this record was made in the simulation computer program (see Appendix C),
which showed the bolt carrier traveled 3.55 inches rearward. Minimum
required rearward bolt carrier travel for weapon cycling in the full
automatic mode is 3.21 inches.

Tests with bolt #2 (0.0075 inch undersize) produced no rifle mal-
functions in either the single shot or. automatic firing modes when
firing ball M193 ammunition. One BOB (bolt over base) malfunction
occurred with the blank cartridge in the single shot firing mode.
There were no rifle malfunctions in the automatic firing mode.

The WECOM bolt #3, machined 0.010 inch undersize, produced no rifle
malfunction when firing ball M193 ammunition. M200 blank ammunition
would not cycle the rifle in either the single shot or automatic firing
modes.,

COMPUTER ANALYSIS OF BOLT CARRIER PRESSURE-TIME CURVE .

An abbreviated simulation computer program was used to analyze two bolt
pressure-time curves, round nos. 6 and 10, recorded in test Part I,
Table V. The computer program is listed in Appendix C-1 and a typical
analysis for a standard bolt is shown in Appendix C-2, The analyses
of the two rounds are listed in Appendixes C-3 and C-4. Oscillograph
histories were recorded using the same pressure transducer, modified
M16Al Rifle, and firing mount. The two rounds differed as follows:

Test Round No. 6., Did not cycle the rifle, Recorded maximum bolt
carrier pressure was 1600 psi. The bolt sealing rings were removed.

Test Round No. 10. Cycled the rifle., Recorded maximum bolt car-
rier pressure was 900 psi.>

Table VIII contains a summary of the results of this analysis. The
two rounds from this test are compared to each other and to the results
of a typical pressure time curve recorded when firing the same modified
rifle M193 Ball Ammunition, Lot LC12304.
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CONCLUSIONS

Limitations of the tests did not permit significant conclusions
and recommendations other than a series of borne~out observations as
follow.

Both firing tests and mathematical model computations confirmed
that bolts with diameters 0.0075 and 0,010 inch below specification do
not perform satisfactorily because of excessive gas leakage between
the outside bolt shaft diameter and its mating diameter in the bolt
carrier.

Both the modified and unmodified M16Al Rifles functioned normally
with bolts having shaft diameters 0.0004 and 0.0005 inch less than
specifications. This was true for both ball and blank ammunition with
the rifles mounted in the Frankford Arsenal Test Mount and the Function
and Casualty Fixture.

Both the modified and unmodified M16Al Rifles functioned
with bolts having shaft diameters purposely reduced in diameter to
0.0075 and 0.010 inch under specifications and firing Ball M193 am-
munition from the Frankford Arsenal Test Mount. '

The unmodified M16Al Rifle failed to function with bolts having
their shaft diameters purposely reduced to 0.0075 and 0.010 inch under
specifications when fired in the Function and Casualty Mount using
M200 blank ammunition,

The modified M16Al Rifle functioned successfully in three of four
tests, one of which was a twenty-round burst with the bolt having a
shaft diameter undersize by 0.0075 inch using M200 blank ammunition
from the Frankford Arsenal Test Mount,

The modified M16Al Rifle failed to function in any of the twelve
tests (four in the automatic mode of fire) with the bolt having a
shaft diameter undersize by 0.010 inch and firing M200 blank ammuni-
tion from the Frankford Arsenal Test Mount.

The modified M16Al Rifle did not function normally when the bolt
sealing rings were removed and M193 ball ammunition was fired with the
rifle mounted in the Frankford Arsenal Test Mount.

The maximum bolt carrier cavity pressure is not the correct cri-
terion for determining whether the bolt carrier will have sufficient
momentum to successfully cycle the rifle, Rather, the total energy
under the Bolt-Cavity PT curve should be used. A maximum bolt carrier
pressure of 1600 psi obtained with Ball M193 Ammunition (Table V round
no. 6) failed to cycle the rifle., A maximum pressure of 900 psi
obtained with M200 Blank Ammunition (Table VII round no. 10) did cycle
the rifle,.2
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APPENDIX A

FRANKFORD ARSENAL MODIFIED EXPERIMENTAL
BLANK CARTRIDGE MAGAZINE

Early experiments with M200 blank ammunition disclosed that it was
virtually impossible to maintain the firing continuity that these experi-
ments required.

The M200 blank cartridge is approximately 3/8 inch shorter than the
standard M193 ball cartridge. Thus, there can be a random orientation
(longitudinal) of the blank cartridges when loaded into the standard
magazine. As a result, the bolt will contact the base of the round dif-
ferently for each chambering action.

If the total blank cartridge load is oriented rearward in normal
fashion during the magazine loading process, this will not eliminate
the stubbing problem., Forward motion of the bolt during chambering will
cause forward motion of the next round beneath the round being chambered.
This is caused by the frictional forces existing between rounds in the
magazine, When the bolt cycles on the succeeding round, it strikes the
base with sufficient energy to misalign it with the chamber. This will
either stub the round against the chamber teeth or the magazine, or jam
it somewhere within the ejection port,

To overcome this unpredictable cartridge position in the magazine,
a filler was inserted into the forward part of a standard magazine. This
filler was sufficiently long to accommodate the shorter length M200 car
tridges. Figure A-1 shows the component parts of the standard magazine
and modified magazine, as well as a view of each loaded with M200 cart-
ridges.
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EXCESS SPACE

STANDARD M16A1 IMPROVED MAGAZINE
RIFLE MAGAZINE LOADED WITH M-200""
LOADED WITH M- BLANK CARTRIDGES
BLANK CARTRIDG

MODIFIED
FOLLOWER

STANDARD M16A1
RIFLE MAGAZINE
DISSASSEMBLED

SPRING e~

IMPROVED
_ MAGA ZINE
¥ DISASSEMBLED

Figure 2. Standard and Improved Magazines with M200
Blank Cartridges for Rifle 5.56mm M16Al
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APPENDIX B
PRESSURE-TIME RECORDS

e
.
e

Round 1 Round 2

Bolt Carrier Pressure-Time Records of the 5.56mm Rifle M16Al
and M193 Ball Cartridge, Part I.

Test with a standard bolt whose shaft diameter was 0.0005
inch. undersize.
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Round 5 Round 6

Bolt Carrier Pressure Time Records of the 5.56mm Rifle M16Al
and M193 Ball Cartridge, Part I.

Test with a standard rifle bolt whose shaft diameter was
0.0005 inch  undersize and with the bolt rings removed.
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Round 1 Round 2

Round 3 Round 4

Bolt Carrier Pressure-Time Records of the 5.56mm Rifle M16Al
and M193 Ball Cartridge. Part III,

Test with the undersized bolt shaft diameter, 0.2503%0.0002
versus 0,2496 inch,
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Round 5 Round 6

Round 8

Bolt Carrier Pressure-Time Records of the 5.56mm Rifle M16Al
and M200 Blank Cartridge. Part III,

Test with the undersized bolt shaft diameter, 0.250310.0002
versus 0.2496 inch.
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Round 9 Round 10

Round 11 Round 12

Bolt Carrier Pressure-Time Records of the 5.56mm Rifle M16Al
and M193 Ball Cartridge. Part III.

Test with the undersized bolt shaft diameter, 0.2503%0.0002
versus 0,2497 inch.
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Round 14

Round 15 Round 16

Bolt Carrier Pressure-Time Records of the 5.56mm Rifle M16Al
and M200 Blank Cartridge, Part III,

Test with the undersized bolt shaft diameter, 0.2503%0.0002
versus 0.2497 inch.
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Round 17 Round 18

Round 19 Round 20

Bolt Carrier Pressure-Time Records of the 5,56mm Rifle M16Al
and M200 Ball Cartridge, Part IIIL,.

Test with the undersized bolt shaft diameter, 0.2503%0.0002
vs. 0.2425 inch.
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Round 21 Round 22

Round 23 Round 24

Bolt Carier Pressure-Time Records of the 5,56mm Rifle M16Al
and M193 Ball Cartridge, Part IIIL,

Test with the undersized bolt shaft diameter, 0.250310.0002
versus 0.2425 inch.
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Round 25 Round 26

Round 27 Round 28

Bolt Carrier Pressure-Time Records of the 5.56mm Rifle M16Al
and M193 Ball Cartridge, Part III.

Test with the undersized bolt shaft diameter, 0.2503%0.0002
versus 0.2400 inch.
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Round 29 Round 30

Round 31 Round 32

Bolt Carrier Pressure-Time Records of the 5.56mm Rifle M16A1
and M200 Blank Cartridge, Part III,

Test with the undersized bolt shaft diameter, 0.250370,0002
versus 0.0002 inch.
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APPENDIX C

M16A1 SIMULATION PROGRAM AND ANALYSIS OF BOLT CARRIER PRESSURES

00110
00120

00409

00001
00003

000C2

00201
60202

00204
00205

00206
00207

00208
0020¢

0021c
00300

00006
00005
00004

1. Program Listing

EXTERNALACCELL
REALKO,K1,K3, IMPACT,MASS
COMMONMASS yKO9K1 4K39AyXLyL,sC
FORMAT{4(4X,E14.8))
FORMAT(1H1)

Kl:1.5

Az.137

MASS:.0029

XL:3.75

K3:9380.

D3:1.6556

D:0.0

- DELTA:,00005

WRITE(3,120)
TIME:0.0

X:0.0

XDOT:0.0

X2D00T:0.0

OUTDEL:0.0
PRTDEL:20.*DELTA
IF(TIME-OUTDEL)2,3,3
WRITE{3,110) TIMEyXyXDOT,X2D0T
OUTDEL:OUTDEL+PRTDEL
CALLTWORK(ACCELL,DELTA,TIME,X2D0T,XDOT,X)
IF{XDOT) 201,206,206
IF(X-.33)203,204,204
MASS:.002496
GOT0300
IF{X=2.6)205,2064206
MASS:.002931

GOT0300
[F(X-.33)207,208,208
MASS:.002496

GOTD300
IF(X-2.6)209,209,210
MASS:.002901

GOT0O300

MASS:.002836
CONTINUE
IF{TIME=.001l)1,y646
IFITIME=-.1)5,4,4
IF{X)4,1,1

CONTINUE

STOP

END
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Program Continued

FUNCTIONACCELL(TIME XDOT4X)
REALKOyK1,4K3, IMPACT,MASS
COMMONMASS yKOyK14K3,3As XL oL ,yC
HAMSPR:0.0
IF{TIME=-.005)1,2,2

CG0O01 IF(X=.33)3,2,2

000C3 CALLPRESFT(TIME,PRESS)
PA:PRESS*A
GOTOD4

000C2 PA:0.0
[FIX=XL)444,5

00004 IMPACT:0.0
GOT06

00005 IMPACT:K3%[X-XL)

0000€& ACCELL:{PA-KO=KL*X=D*xXDOT-IMPACT-HAMSPR)/MASS
RETURN
END

SUBROUT INEPRESFT(TIME,PRES)
REALKO,K14K3, IMPACT,MASS
DIMENSIONTT(50) 4PP(50),D(50),22(50,50),AA(50),TP(100)
COMMONMASS yKOyK19K39AgXL 9L oC
000C1 FORMAT(2F6.2)
IF(TIME)103,103,104

001C3 M:23
MN:M-1
DO171:1,M
NO16J:1 4 MM

00016 ZZ{I,J):0.0

00017 READI1,1)TT(I),PP(1)
DO1011z21,MN

OOLCY D(T):TTLI+1)-TT(I)
2Z{141):-1.
27(142):21./D{1)+1,./D(2)
Z2(143):-1.
IZ2(MyM=2)2=1./D(M=-2)
Z2Z(MyM=1)21./D(M=2)+41./D(M~1)
ZZ{MyM):-1./D(M=-1)
DO1101:2,MN
ZZ{l,1=1):D(I-1)/6.
ZZ7(IsI32(DI{I=-1)4D(1))/3.
ZZ(I,1+1):D(1)/6,

0C110 ZZ(TyM+1D2({(PP(I+L)=PPLI))/D(K))I=(PP(I)=PP(I-1))/D(1~-1)
DO1021:14M

00102 AA(TL):ZZ{T,MM)
CALLSIMQ(ZZsAA;M,KS)

00104 CONTINUE
CALLINTPRL(TTPPsDyAA; M, TIME,PRES)
RETURN
END
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Program Continued

SUBROUTINETWORK(ACCEL+DELTA,TTT,AAA,VVV,XXX)
AAACACCEL{TTT VVV, XXX)
C1:DELTA*AAA

TT1:TTT+DELTA/2.

VV1:vVW+Cl/2.
XXLsXXX+DELTA*VVV/2.+DELTA%C1/8.,
C2:DELTA*ACCELI{TTL,VV1eXX1)
TT2:7TT71

VV2:VVV+C2/2.

XX2:XX1
C3:DELTA®ACCEL{TT2,VV2,XX2)
TT3:TTT+DELTA

VV3:VVV+C3
XX3:XXX+DELTAXVVV+DELTA%C3/2.
C4:DELTA®ACCEL(TT3,VV3,;XX3)
TTT:TT3
XXXSXXX+DELTA%X(VVV+{CLl+4C2+C3)/6.)
VVVIVVV#(C1+2.%C2+2.%C34+C4) /b,
RETURN

END

SUBROUTINEINTPRLIXXyYYsDsAA M, XIN,Y)
DIMENSIONXX{50),YY(50),D(50),AA(50)
C:6. ’
K:l
TF{XXIK)=XIN)1,2,3
00001 TF(XX(M)=-XINI3,2,4
00004 IF{XX{K+1)-XIN)5,8,6
000CS5 K:K+1
GOT04
000C6 Y:AA(K)IZE(XX(K#1)=XIN)%%3/{(C%D(K))
FAA(K+L)E{ X IN=XX(K))*%x3/(C*D(K))
HXXAK+LI=-XINIX{YY(K)/D(K)=AA{K)%D(L)/C)
H{XIN=-XX{K))=(YY(K+L)/D(K)=-AA(K+1)%D{(K)/C)
GOTO7
000C2 Y:YY(K)
GOTO7
OGOO08 Y:YY(K+1)
GOTO7
000C3 Y:0.0
00007 CONTINUE
RETURN
END
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2. MI16Al Simulation Computer Program, Typical Standard Bolt

M193 Ball Cartridge, Lot LC12304, with:
(a) A modified bolt carrier - pressure station at pressure cavity;
(b) Standard bolt component.

Acceleratjion

Time Travel Velocity

(sec)

(inch)

(in/sec)

(in/sec”)

+00000000E-99
+50000000€6-03
.10000000E-02
«15000000E-02
+20000000E-02
«25000000E-02
+30000000E-02
+35000000€E-02
«40000000E~

+45000000E-02
+50000000E-02

+00000000E~99
+34138493E-02

.2
«T7820633E-01
«15145077E-00
24058
+33799635E-00
.‘3?25504E-00
3594019€-00
.63q03902E =00
+T3153885E-00

+55000000£-02
«60000000E-02
+65000000E-02

+00000000E-99
+214T6448E 02

+00000000E~-99
+81350745E 05

«T4892865E 02 ~  .TII61156E 06

«12640643E 03
»16562000E 03

1840395E 03

+19908250E 03
=19794820E 03

«95088541E 05
«+65T629T6E 05
T« 34053469E 05
«1663T080E 05
~+22892216E D4

03
419560293E 03
«19439237E 03

« B 284ZTOGE-00 +I9315662F 03

+92469116E-00
«10203186E 01

+19189591E 03
«19061039E 03

+70000000E-02
+75000000E-02
+80000000E~D2

« 1'1152968€ 01
«12096137€ 01

«13032574E 01
21%%E 01

+B5000000E-02  .1396

«90000000E-D2
+95000000E~-02

+ 14884T60E 01
»15800271€ 01

-18930024€ 03

«18796562E 03.
«1B660670E 03

< 185223686 03

.133016715 03
+18238596E 03

+10000000E-01
«10500000E-01
+11000000E-01
- 11500000€=0
+12000000E-01
+12500000E-01

«13500000E-01
«14000000E-01

. 16T08569€ 01
17609537 01
+ 18503059€ 01

.202673035 01

«22854963E 01
«23701416E O1

-18093164€ 03

»17945392E 03
«17795301E 03

- 10 03

-17488238E 03
217331307€ 03
I JI71721388 703
«17010746E 03
«1684T15TE 03

«14500000E-01
+15000000E-01
«15500000E=-01
«16000000E-01
+16500000E-01
.17000000E-01

+ 24539634E 01
+25369510E 01
«26190930E 01

+16513464E 03
«16342621E 03

T .27003662F 01 T 16166502 03

«2TE0T535E 01
+28602441E 01

+15988246E 03
+15807875E 03

«17500000E-01
+18000000E-01
+18500000E-01
~19000000€-
«19500000E-01
«20000000E-01
20500
+21000000E-01
+21500000E-01

«29388278E 01
+30164940€ 01
+30932325€ 01

«31€ 9 01 . I50657T376 03

+32438855E 01
+33177803E 01

4E 01 . 14488131F 03 -

+34626573E 01
+35336204E 01

«22000000E-01
«22500000E-01
«23000000E~-01
«23500000E-0

+24000000E-01
+24500000E-01

+36035873E 0L  .13893283€ 03

«36725490E 01
«37404963E 01
«380174%
«38220902E 01
«3TES585T6E O1

-15625616E 03

«15440891E 03
«15254323E 03

«148T5161E 03
«1468261TE 03

+14291728E 03
+14093438E 03

«13691291E 03
«13487491E 03

T .94001200E 02
=+18309761E 02
=+11649405€ 03

+25000000E-01
«25500000E-01
«26000000E-01

+26500000E-01 - 3812432

«27000000E-01
+27500000E~01

+37202160€ 01
«36519634E 01
+35826990FE 01

+34411720E 01
+336892T9E 01

-.13752086€ 03
=-.13953530€ 03
2E 01 - 141531288 03 -
-<14350855E 03
=~+14546685E 03

+2B000000E-01
+28500000E-01
+29000000E-01

+3295T095E 01
+32215264E 01
«31463883E 01

-.14740591€ 03 -
~«14932548€ 03
-.15122530E 03

«29500000E-01
+30000000E-01
+30500000E-01

«31000000E-01

+31500000E-01
.32000000E-01
0E-01
¢3300°°°°E‘°l
0335000005'01
«34
.3&5000005-01
+35000000E-01

30703055€ 01
+29932876E 01
+29153451E 01
+28364882E 01
«2T56T2T4E 01
-t 26760733 O

i!!ﬁS!GZ!‘UI‘“"“It!ﬁ!ﬁtZE‘ DEFTTY
~216562727€ 03

«25121417E 01
24209138E 01

+22600012E 01
.21743383E 01

-.I5310513E 03 -
=«15496470E 03
-.15680378E 03
=+15862213E 03

=+16041952€ 03
=+16219569E 03

«16728296E 03

=+1T052991E 03
~«17212077E 03

-16681369E 03

-+ 23402780F 0%
~+23910319€E 04
=+ 24414T68E 04
T=.24916060F 04
=+25414132E 04
=~+25908918E 04

=.26400354E 04

=+2688BB3T6E 04
=+ 2T3T2924E D4

=< 21853934E D&

~+28331342E 04
=-.2BB05088E 04

=29275112E 04

=+29741350E 04
=+30203745E 04

=.3066223TE 0%

=«31116T64E D&
=+3156T2T0E 04

"= 32013695E 04

-+32455981E 04
== 32894074E 04
-« 33327914E 04
=e33757446E 04

=e34966065E 04

=.35396392€ 04
=+35822045E 04
=+36242958E 04

=+368659079E 04

=+3TOTO3S6E 04
=+37476T3ILE 04

T=L3THTBILSE 04

=+38274555E 04
=+ 3B665906E 04
«39052140E 04
-+39433212E 04

~+40544947E 04
=+40904869E 04
~< 159024 1T6E 06
=+ 26459562E 06
=+ 14145039€ 06
-.13528826E 03 =.%0869100F 04

=+40508642E 04

~+40142827E 04

<IGTTITOIE 04
-239395320€ 04
-+39013730E 04
-.38626961F 04
~+38235123€ 04
=.37838212E 0%
=.3T%

-.37029428E 04
-.3661T669E 04
-.36201064E 04
-.35779672E 04
=+35353550E 04

T=.34922T5BE 04

~+33369%94E 04
-+ 32944082E 04
~+32080468E 04
~+316424T78BE 04



Print-Out 2 Continued

Time Travel Velocity Accelerat%on

(sec) (inch) (in/sec) (in/sec*)
+35500000E~01 +208TBE5AE D1 -.17386961E 03  -,31200439F 04
+36000000E-01 +20006536E 01  ~-.17523622E 03  ~-.30754408E 04
+36500000E-01 +19126540E 01  -.17676041€ 03  -.30304443E 04
<37000000E-01 . = IT8Z6I98E 03~ =.29850599€ U&
+37500000E-01 + L T34396TE 01 =<1T9T40T3E 03 =+2939293TE 04
+38000000E-01 + 16441618E 01 =+18119648E 03 ~«28931514E 04
3 - . ) ! = IBZ62306E 03 =, 90E 0%
+39000000€-01 +»14615375E 01 -+18403829E 03 =« 2T99T624E 04
+39500000E-01 «13691T716E 01 =+ 18542396E 03 =+2T5252TTE 04
<40000000€-01 <12761188E O1  -.18678501€ 03 =, 2T049409E U4
+40500000E-01 «11823908E 01 =+18812399E 03 =+ 265TO0T9E 04
+41000000E~-01 + 1087999TE 01 =+18943796E 03 “:1560373505 04
L4 = - - 1 -
+42000000E-01 +B9T2T664E 00 -+19199306E 03 =+ 25111940E 04
+42500000E~01 +80096895E 00 =-»19323385E 03 -+ 24619383E 04
“43000000E-01 5 T =CI94%A991E 03 T,
+43500000E-01 +6065232BE 00 =.19564106E 03 =+23624883E 04
«44000000E-01 +«50841022E 00 -+«19680T720E 03 ~«23123068E 04
. . = TT=VZ2618295E 04
«&3000000€~01 +31046588E 00 -+19908307E 03 ~+25964042E 04

+21060309€ 00 -+20036327E 03

+45500000E-01
+46500000E-01

:899&56205-02

=.20283310E 03
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~+25364291E 04
6DT2ZBE 0%

TTS.20T61333E U3 ~ =L 24Te

-+ 24153446E 04



3. MI16Al Simulation Computer Program, Round Number 6

M193 Ball Cartridge, Lot LC12304, with:

(a) A modified bolt carrier - pressure station at pressure cavity;
(b) Standard bolt component with the sealing rings removed.

Time
(sec)

Travel
(inch)

Velocity
(in/sec)

Acceleration
(in/sec2)

.000C0000E-99
.50000000E-03
.10000000E-02
.15000000E-C2
«20000000E=-02
«25000000E-02
«300000C0E~02
«35000000E-02
«40000000E-02
«450000005-02
«50000000E-02
+55000000E~02
+60000000E-02
«650000G0E=02
«70000000E-02
«75000000E-G2
-80000000E-02
+850000006-02
+90000C00E~02
«95000000E-02
+10000000E~-01
«105C0000E-01
.11000000E-01
.11500000€6-01
+120C0000E-01
«12500000E-01
.130000006-01
«13500000E-01
«14000C00E-01
+14500000€-01
.15000000€-01
+155C0C00E-01
«16000000E-01
«16500000E-01
«17000000E-01
.17500000E-01
.18000000E-01
.18500000€-01
.150C0000E-01
«195000006-01
.20000000E-01
«2050000CE-01
«21000000E-01
«21500000E-C1
«2200C0GOF=-01

+00000C00E-99
«38695051E-02
«24237024E-01
«60016782E-01
«10672025E-00
«16048222E-CO
«21813402E-00
«27135626E-00
+33661387E-00
«36530096E-00
«45341990E~00
«51096319E-00
«56792341£-00
262429320E-00
« 68006526E-00
«73523235E-00
°« 18978738E-00
«84372329E-00
«89703311€E-00
« 94970994E-00
«10017469F 01
«10531370€ 01
.11038740E 01
«1153G9511E 01
« 120336228 01
«12521005F 01
«1300160CE 01
«13475342E 01
«13942173E 0Ol
«14402032E 01
«14854858E 01
«15300594E 01
«15739179E 01
« 16170560 01
« 165946828 01
«17011487E 01
+17420924F 01
«17822938F G1
+ 18217477 01
. 18604490€ 01
. 18683928 C1
«19355742¢ 01
«19719884E 01
«20076305E 01
« 20424962 01
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+00000000E~-99
+22508329€ 02
«5T666656E 02
«83928266E C2
.10148205E 03
«11249751€ 03
211747506 03
.11889356E 03
«11763733E 03
«+11630863E 03
«11566482F 03
«11450608E 03
.11333253E 03
«11214433E 03
«11094164E 03
«10972461E 03
+10849339E 03
.10724813E 03
«10598902€E 03
«1C471621FE 03
+10342986E 03
«10213014E 03
«10081722E 03
«99491264E 02
«98152410E 02
« 96800868E (2
«95436814E 02
«94060422E 02
«92671871E 02
«91271341E 02
.89859012€ 02
+88435068E 02
« 86999693F 02
«85553073€E 02
«84095394E 02
«82626843E 02
«81147612E 02
« 1965T892E 02
- 7T8157878E 02
« 16647758E C2
«75127731E 02
« 73597992 02
« 12058740 02
«70510174E 02
«68952494E 02

«00000000E~-99

« 73058794F 05

«£3627T572E Q5

«45313285E 0S5

«28232163E 05

+16262161E 05

«69686426E 04

» 50252355 03
-+ 22392524E 04
-+ 22696265E 04
-e22997072E 04
-+23294906E 04
-«23589730E 04
-.23881504€ 04
~+24170192E 064
~+24455755E 04
-« 24738157E 04
-+25017361E 04
=« 25293332F 04
-+ 25566033E 04
-+ 25835430E 04
-.26101485E 04
-~ 26364166E 04
-« 20662343SE 04
-« 26879272 04
~e27T131629E 04
~.27380479E 04
~a27625790E 04
~e2T86T529E 04
-+ 28105668E 04
-« 28340172E 04
-+28B5T1013¢ 04
~.28798161E 04
~+29021586F 04
—+29241260€ 04
=+ 29457154E 04
—«29669241E 04
-+ 298T7T493E 04
-.30081882E 04
-.30282382F 04
-« 320671615%E 04
-+« 30860298E (4
-« 31044990E G4
-e31225670E 04



Print-Out 3 Continued

Time Travel Velocity Acceleration
(sec) (inch) (in/sec) (in/sec?)
«225000C0E-01 «24518158E 01 «90495038€ 02 -+33336540E 04
«23000000E~01 «24966448E 01 .88821232E 02 -+33568767E 04
«23500000£-01 «25406341E 01 «87135945E 02 -+33796654E 04
«24000000E-01 «25837780E 01 +85439395E 02 ~¢34020174E 04
«24500000E-01 «26260672E 01 «83708289E 02 ~+35024034E 04
«25000000E-01 «26674819E 01 «81950490E 02 -+35243547E 04
«25500000E-01 «27080149E 01 .80181853E 02 -+35458399E 04
«26000000€-01 «2747T6611E 01 «78402616E 02 -+35668561E 04
«26500000E~01 «27864150E 01 « 7T6613011E 02 ~-¢35874009E 04
«27000000E-01 « 28242716 01 «74813276E 02 -«36074714E 04
«27500000E~-01 «28612258E 01 «T73003648E 02 ~+36270648E 04
«28000000E-01 «28972727E 01 «T1184366E 02 ~«36461787E 04
«28500000E~-01 229324076 01 «69355672€E 02 ~—e36648102€ 04
«29000000E~01 «29666258E 01 «67517808E 02 -«36829576E 04
«29500000E~-01 « 29999228 01 «+65671018E 02 -+37006177E 04
«30000000E-01 «30322943E 01 «63815542E 02 ~«37177884E 04
«30500000E-01 «30637360E 01 «61951628E 02 ~+37344675E U4
«31000000E-01 «30942437E Ol «60079524E 02 ~«37506530E 04
«31500000€-01 «31238134E Ol «5819947SE 02 ~+3766342TE 04
«32000000E~-01 «31524411E 01 «56311731E 02 -+37815342E 04
«32500000E-0C1 «31801229€ 01 «54416542E 02 ~e37962256E 04
«33000000E-01 «32068552E 01 «52514159E 02 ~.38104150€ 04
«33500000E-01 «32326347E 01 «50604831E 02 -+38241004E 04
«34000000E-01 «32574579E 01 «48688812E 02 -+.38372806E 04
«34500000€E-01 «32813215E 01 «46T66356E 02 -+38499531E 04
+«35000000E-01 «33042224E 01 «4483T7T7T14E 02 ~+.38621167E 04
«35500000€E-01 «33261573E 01 «42903146E 02 -+3BT7T37693E 04
«36000000E-01 «33471238E 01 «40962903E 02 -+38849104E 04
«36500000E-01 «33671186E 01 «39017247E 02 -+38955373E 04
«37000000E-01 «33861393F 01 «37066429E 02 -+39056491E 04
«37500000E-01 «34041833E Ol «35110711E 02 -+3915244TE 04
+«38000000€~01 «34212483E 01 «33150348E 02 ~+39243222E 04
«38500000E-01 «34373319E 01 «31185605E 02 -.39328811E 04
«39000000E-01 «34524322€ 01 «29216738BE 02 ~-+39409199E 04
«39500000E-01 «34665471E 01 «27244007€ 02 -+ 39484379E 04
«40000000€-01 «34796747TE 01 «2526T6T4E 02 -+ 39554333€ 04
+40500000E-01 «34918132€ 01 «23288002E 02 -+39619058E 04
«41000000E-01. «350298612E 01 «21305249E 02 -+39678547E 04
«41500000E~01 «35131171€ 01 «19319680E 02 ~+39732789E 04
+42000000E-01 «35222795€ 01 «17331555€ 02 -+39781777E 04
«42500000E-01 «35304474E 01 «15341139E 02 ~«39825504E 04
+«43000000€-01 «35376194E 01 «13348694E 02 -+39863963E 04
«43500000E-01 «35437948E 01 «11354485E 02 -« 3989T7154E 04
«44000000E-01 «35489727E 01 «93587735€E 01 -+39925066E 04
«44500000E-01 «35531523E 01 «73618210E 01 -+39947700E 04
«45000000E~01 «35563332€ 01 «53638951E 01 -+39965056E 0%
«45500000E~-01 «35585151E 01 «33652602E 01 -+39977122E 04



37

Print-Out 3 Continued
Time Travel Velocity Acceleration
(sec) (inch) (in/sec) (in/sec?)
«460000C0E~-01 «35596973t 01 «13661803€E 01 -+ 39983906E 04
«46500000E-01 «35598806E 01 -.63308038E 00 -+39985401F 04
+47000000E-01 «35590646E C1 -e26322570€ 01 ~+.39981614E 04
«47500000E-01 «35572493E 01 -<46310858E 01 -+39972542E 04
«48000C00E-C1 «35544346E 01 ~«66293024E 01 -+39958184F 04
+48500000E~-01 «35506211E 01 ~+B6266425E 01 -+ 39938543E 04
+49000000E=-01 «35458092E 01 ~-+10622840E 02 -+39913617E 04
«49500000€-01 +35399995€ 01 ~+12617631E 02 -+39883416E 04
«50000000E-01 «35331928E 01 -+14610753€ 02 -e39847944E 04
«50500000€E-01 «35253900E 01 -16601944E 02 -«39807200E 04
«51000000E-01 «35165922¢€ 01 ~+18590939€ 02 ~«39761195E 04
«51500000E-01 +35068005€E 01 -+20577478E 02 ~+39709929E 04
«520000C00E-01 »34960162E 01 ~«22561294€ 02 ~+39653413E 04
«52500000E~01 «34E842407E 01 -~«24542128E 02 -« 39591657E 04
«53000000E-01 «34714756E 01 -«26519716F 02 -+39524661E 04
«53500000€-01 «345T7226E 01 ~—«2B493797E 02 -+ 39452443E 04
«54000000E-01 «34429836E 01 =+30464111E 02 -+39375007€E 04
«54500000E-01 «34272602E 01 -+32430398E 02 ~239292366E 04
«55000000E-0C1 + 34105547 01 -+34392397E 02 ~.39204527E 04
«55500000E-0C1 «33928693E 01 ~+36249848E 02 -a39111502E 04
«560000C0E-01 «33742066E 01 -«38302492€ 02 ~«39013311€ 04
«56500000E~01 «33545688E 01 -+40250072€ 02 -+ 3B8909957E 04
«57000000E-01 «33339585€ 01 -«42192331F 02 -« 3B8B01459€ 04
+57500000£~01 «33123784E 01 —+44129010E 02 -« 38687834E 04
«58000000E-01 «32898315€E 01 -.46059856E 02 -+ 38569090t 04
«58500000€-01 «32663208€ 01 ~+47984610E 02 -« 38445246E 04
«59000000€E-01 «32418487E O1 ~+49903020E 02 ~-.38316318E 04
+59500000E-01 «32164194E 01 -«51814830F 02 -.38182323E 04
«60000000E~-C1 «31900359E 01 ~«53719789E 02 -+ 38043282E 04
«+60500000€E-01 «31627017€ 01 ~e55617646E 02 ~-+37899210F 04
«61000000E-C1 «31344204E 01 -+5T508149E 02 -+37750126E 04
«615000C0E-01 «31051957€ 01 -e59391048E 02 ~+37596050E 04
. 62000000E-01 « 30750315 01 -—+61266093E 02 ~«37437006E 04
«62500000€-01 «30439320€ 01 ~«63133038E 02 -«37273007€ 04
«63000C00E-01 « 30119008 01 —+64991634E 02 ~-+37104083E 04
+63500000€-01 «29789426E 01 ~.66841638E 02 ~+36930253F 04
+64000000E-01 «2G5450617€ 01 ~«68682804E 02 -« 36751537 04
+645000C0E~01 «29102624E 01 ~-70514888E 02 -« 36567965F 04
«65000000€£-01 «28745493E 01 ~+12337648E 02 -+ 363T79555E 04
«65500000€-01 «28379272E 01 ~«T4150843E 02 ~+36186336E 04
«66000000E-01 «28004010E Ol ~«75954233€E 02 ~+35988332E 04
«66500000E-01 «27619756E 01 - T7747581E 02 ~-«35785567E D4
+6T0000COE-O1 «27226563E 01 ~—«79530647F 02 ~«3557T8074E 04
«67500000£-01 «26824479€ 01 ~+B1303197€ 02 -+ 35365874E 04
«68000000E-01 « 26413560 01 -+83064999E 02 ~.35149002€ 04
«68500000E~-01 «25993858E 01 -~«8481581T7E 02 ~¢34927479E 04
«+69000000€E-01 «25565571€ 01 ~+B6499036E 02 -«33576651E 04



Print-Out 3 Continued

Time Travel Velocity Acceleration
(sec) (inch) (in/sec) (in/sec?2)
«69500000E~-01 «2512889S5E 01 -.88171189€ 02 ~+33353601E 04
»70000000€E-01 «24683888E 01 -+.89832061E 02 -«33126285E 04
«70500000E-01 0 24230604E 01 -+91481442E 02 -+32894730€ 04
«71000000E-01 «23769105€ 01 -+93119116E 02 ~e32658967E 04
«71500000E-01 «23299446E 01 ~e94T4487TTE 02 -¢32419025€ 04
«72000000E-01 «+22821688E 01 -+96358518E 02 - 321 7T4936E 04
«T2500000E=-01 «22335890E 01 ~+97959830€ 02 -«31926729E 04
«73000000E~-01 «21842119E 01 ~+99548609€ 02 ~¢31674438E 04
«73500000E~01 «21340437€ 01 ~-.10112461E 03 -+ 31418096E 04
+74000000€E~-01 » 20830906E C1 ~.10268766E 03 ~+31157732E 04
«74500000E-01 «20313593E 01 -«10423759E 03 -+30893384E 04
« 75000000E-01 »19788563E 01 ~«10577417E 03 -«30625082E 04
«75500000E-01 « 19255885 01 -+.10729722E 03 ~+30352863E 04
«16000000E-01 - 18715625€ 01 -.10880655€E 03 -«30076760E D4
e T6500000E-01 +1B167854E 01 -«11030195E 03 -« 29796809E 04
«77000CG00E~O1 «17612639E 01 ~.11178B324E 03 -« 29513046E 04
«T7TS00000E-01 «1T050054E O1 ~.11325023E 03 -+29225507E 04
+T8000000E-01 «16480170E 01 -«11470273E 03 ~«28934229E 04
«78500000€-01 «15903062E 01 ~¢11614056E 03 -¢28639250€ 04
« 7T9000000E-01 «15318800E 01 -+11756351€ 03 -+28340606E 04
«T9500000E-01 «14727462E 01 -«11897143E 03 -+28038337€ 04
«80000000E-01 «14129121E 01 -+12036413€ 03 -e27732481E 04
+80500000E-01 « 13523858 01 ~«12174143E 03 -+27423077E 04
+81000000E-01 «12911745€ 01 -+12310316E 03 -« 2T110164E 04
«+81500000E-C1 «12292861E 01 ~-+.12444913E 03 ~e 26793T783E 04
«82000000£-01 «118667288E 01 ~+12577922E 03 -e 266 T3973E 04
«82500000E-01 «11035106E 01 -.12709318t 03 -+ 261507T77€E 04
«83000000E~-01 «10396394E 01 ~«12839089E 03 -e25824235E 04
«83500000E-01 «97512336E 00 ~+12967218E 03 ~e25494389E 04
«84000000€£~01 «90997044E 00 ~+13093688E 03 -+25161280E 04
«84500000E-01 «84418936E 00 ~«13218481E 03 ~.24824951E 04
«85000000E-01 -« 771778854 00 ~+13341586E 03 -+ 24485446E 04
«85500000E-01 «7T1077645E 00 -«13462982E 03 -e24142808E 04
«86000000E-01 «64316168E 00 -.13582655E 03 ~+23797082E 04
+86500000€E-01 «57495289E 00 ~+13700590E 03 -+23448312E 04
«87000000E-01 « 50615880 00 ~+.13816772E 03 -.23096541E 04
«87500000E-01 «43678822E 0C =+13931187E 03 - 22T741816E 04
+8B000000E-01 « 36685001 0O ~«14043820E 03 ~.22384181E 04
«88500000E-01 «29634541€E 00 ~—«14162347E 03 -+25861919€ 04
«89000000E-01 «22521276E 00 ~<14290372€ 03 —+ 25434824 04
«89500000E-01 «15344535E 00 ~e14416250E 03 -+ 25003908 04
«90000000E-01 «81053946E-01 -.14539962E 03 -+ 24569235E D4
«90500000E-01 . ¢80494080E-02 ~e14661490€E 03 -« 24130872E 04
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4, MI16Al Simulation Computer Program, Round Number 10

M300 Blank Cartridge, Lot LC18056, with:
(a) A modified bolt carrier - pressure station at pressure cavity;

(b) Standard bolt component.

Time Travel Velocity Acceleration
(sec) (inch) (in/sec) (in/secz)
.00000000E~99 +00000000E-99 «00000000E~99 +«00000000E-99

-50000000€E-03
+ 1 0000000E-02
+15000000E-02
+20000000€E-02
«25000000E~02
«30000000E~02
+35000000€-02
+45000000£~-02
+45000000E-02
«50000000E~-02
+55000000E-02
«60000000E-02
«65000000E-02
«7T0000000E-02
«75000000E~-02
«8000G0000E-02
«85000000E-02
«90000000E~-02
«95000000€-02
+10000000E-01
«10500000E-01
«11000000E-01
«11500000E-01
«12000000E-01
«12500000E-01
+«13000000€-01
«13500000E-01
«14000000E-01
«145C0000E=-C1
«15000000E-01
«15500000E-01
«16000000E-0C1
+16500000€E-01
«17000000E-01
«17500000E-01
«18000000E-01
«18500C00E-01
«19000C00E-0O1
+195C0000E-01
«20000000E-01
«20500000E-01
«21000000E-01
«21500000£-01
«220000C0E-01

«61875104E-03
«63542171E-02
«2269426TE-01
+50780269E-01
<90493110E-01
+14102615E-00
«20042783E-00
~26582519E-00
.33510275E-00-
+40552297E-00
«47537373E-00
e 54464601E~00
«61333086E-00
«68141938E-00
«74890279E-00
.81577236E-00
.88201945E-00
<947635486-00
<10126119€ 01
.10769400E 01
«11406119€ 01
«12036192€ 01
«12659541€ 01
«13276083€ 01
.13885738E 01
<14488427E 01
<15084074E 01
«15672600€ 01
«16253930€ 01
<16827920F 01
.17394705E 01
«17953998E 01
.18505802€ 01
.19050042€ 01
.19586649E 01
«20115555E 01
« 206366S1FE 01
<21149989E 01
<21655382E 01
.« 22152805E 01
«22642193E 01
«23123485¢ 01
«23596615€ 01
<24061526E 01

39

«42961447E 01
+20932434E 02
«44427240E 02
+67915085E 02
+90705609E 02
+11073804E 03
<12595111E 03
<13491718E 03
«14140394E 03
«14027411E 03
<13912614E 03
<13796019E 03
«13677641E 03
<13557495€ 03
«13435597E 03
«13311962€ 03
«13186607E€ 03
«13059545E 03
+12930797€ 03
«12800377€ 03
<12668303€ 03

«12534592E 03

«12399259E 03
«12262323E 03
«12123803€E 03
«11983716E 03
«11842080E 03
«11698913€E 03
«11554235E 03
+11408063E 03
«11260416E 03
«11111313E 03
«10960773E 03
.10808816t 03
«10655462E 03
«10500732E 03
«10344643€ 03
.10187218E 03
«10028475€ 03
«98684326E 02
«97071141E 02
«95445410E 02
+93807341E 02
«92157147E 02

«17355824E 05
«44248149€ 0S5
«46986362E 05
«4696T135€E 05
«444T73513€ 05
«36759356E 05
«26020913E 05
«15592172E 05
«13438669E 05
~«22743052E 04
-+23104521E 04
-« 23463004E 04
-«23818453E 04
~e24170825E 04
~+24520071E 04
~«24866149E 04

~e25209012E 04

~.25548616E 04
-+25884918E 04
~e26217872E 04
-« 26547437E 04
-« 26873570 064
~«27196230E 04
-« 27515375€E 04
~+27830964E 04
~«28142954E 04
-« 28451307E 04
~e28755982E 04
~+29056940E 04
~«29354143E 04
-« 29647552E 04
~+29937127E 04
~«30222E33E 04
-+ 30504632E 04
-+ 20782489E 04
-+31056366E D4
-+31326229E 04
~«31592044E 04
-«31853774E 04
-«32111387E 04
~«32364848E 04
-«32614127E 04
-+ 32859188E 04
~«33100003E 04



Print-Out 4 Continued

Time Travel Velocity Acceleration
(sec) (inch) (in/sec) (in/sec?)
«22500000E~C1 «20765807E 01 «67385900E 02 -.31402313F 04
«23000000E-0C1 « 21098797 01 «65810596E 02 ~«31574897E 04
«23500000E-01 «21423889E 01 «64226T84E 02 -«31743400€ 04
«24000000E-01 «21741042E 01 «62634670E 02 ~+31907799E 04
«245C0000E~-01 «22050212€ 01 «61034461E 02 ~+32068073E 04
+25000000€-01 «22351363E 01 «59426362E 02 ~e32224203E 04
«25500000E-01 «22¢44453E 01 «57810581E 02 ~e323T76167E C4
«26000000E-01 «22929445E 01 «56187329E 02 -+32523945E 04
+26500000E-01 «23206303E 01 +54556812€ 02 -« 32667520€E 04
«27000000E~-01 «23474991F 01 «52919244E 02 ~.32806872E 064
«27500000E-01 «231735474E 01 «51274835€E 02 -+32941983E 04
+28000000E-01 «23987718€ 01 «49623799E 02 -.33072835E 04
»28500000E~-01 «24231691F 01 «4T966349€ 02 -+33199413€ 04
« 29000000E-01 «2446T362E 01 «46302698E 02 ~+33321700E 04
+29500000E-01 «24694699€ 01 «44633062E 02 -+33439679E 04
»30000000E~-0 L «24913673E 01 «4295765TE 02 -.33553336€ 046
«30500000€~01 «25124253€ 01 41276698E (2 -+33662653E 04
+31000000E-01 «25326418E 01 «39590405E 02 -+33767621E 04
.321500000€-01 «25520138E 01 «37898994F 02 -+33868224E 04
«32000000E~-01 «25705389E 01 «36202683E 02 -+33964449€E 04
«32500000E-01 «25882144F 01 «34501694E 02 -+34056282E 04
+33000000E-01 «26050377E 01 «32784508E 02 ~+34926273E 04
«33500000€E-01 « 26209925F 01 «31035636E 02 ~+«35011123E 04
«34000000E~C1 « 26360717 01 «29282659E 02 ~+35091342E 04
«34500000E-01 « 26502734F O1 «27525812E 02 -+35166922E 04
«35000000E-01 «26635957E 01 «25765324E 02 -.35237851E 04
«35500000E~01 «261760370E 01 «24001430E 02 -+35304118E 04
«36000000E-01 « 26875955 01 «22234363E 02 -e35365722E 04
«365C00000E-01 «26982699€F 01 »20464356E 02 ~e35422648E 04
+37000000E-01 + 27080585k 01 «18691645E 02 -«35474890E 04
«37500000E-C1 «27169602E 01 «16916460E 02 ~«35522443E 04
«38000000E-01 «27249735E 01 «15139040E 02 -+35565296E 04
«38500000E-01 «27320980E 01 «13359616E 02 ~+35603448E 04
+39000000€E-01 «27383322€ 01 «11578427E 02 ~+35636893E D4
«39500000E-01 «27436753E 01 « 97957054 01 -+35665624E 04
«40000000E~-01 «2748B1267€ 01 .80116858E 01 -¢35689640E 04
«40500000E-01 «27516858E 01 «62266069E 01 -+35708938E 04
«41000000E-01 « 27543522 01 «44407048E 01 ~+35723511E 04
«41500000€-01 «27561255€ 01 «26542156E 01 ~«35733363E 04
«42000000€E-01 «27570055E 01 «86737560E 00 ~e35738490E 04
«42500000E-C1 « 27569924 01 -+«91957939E 00 -e35738892E 04
«43000000E-01 «27560864E 01 «27064124E 01 -« 35734573E 04
«43500000E-01 «27542871E 01 «44928878E 01 -«35725528E 04
«44000000E-01 «27515946E 01 «62787692E 01 ~«35711763€E 04
«44500000€E-01 «27480093€E 01 «80638205E 01 -+35693272E 04
«450000C0E-01 «27435319E 01 -.98478058E 01 ~+35670059E 04
«45500C00E-C1 «27381628E 01 -.11630486F 02 -+35642133E 04

40



Print-Out 4

Continued

Time Travel Velocity Acceleration
(sec) (inch) (in/sec) (in/sec?)
«46000000F=-01 «+27319026E 01 ~.13411628E 02 -+ 35609495E 04
+46500000E-01 «27247521E 01 -«15190994E 02 -+35572143F 04
«4T7T0CO000E-0Q1 «27167128BE 01 -.16968353€ 02 -+ 35530095E 0%
«+4750000GE-01 « 27077853E 01 ~+18743469E 02 -« 35483346FE 04
«48000000E-01 « 26979708 01 -+20516107E 02 ~+35431904E 04
+48500C00E-01 « 268T2708E 01 -e22286032E 02 ~+35375775E 04
«49000000E-01 « 26756863F 01 -.24053010E 02 ~+35314971E 04
«49500000E-01 « 26632192 01 ~+25816808E 02 -+ 35249500E 04
«500G0000E-01 «26498712E 01 -e27577T192E 02 -«35179366E 04
+50500000E~-01 «2635643TE 01 ~-e29333931F 02 -« 35104580F 04
+51000000E-01 «26205389E 01 -«31086791E 02 -+35025152E 04
«31500000FE~-01 « 26045586 01 -+32835540E 02 -+ 34941093E 04
«+520C0000E~-01 «258T7119E 01 -¢34540383€F 02 -e33722797E 04
«52500000E~-01 « 257002128 01 -+36223831E 02 -+«33632692E 04
+53000000F-01 +25514902E 01 -—+37902646E 02 ~+33538285E 04
«53500000E-01 «25321207€ 01 —e39576612E 02 -+ 33439586E 04
«54000000E-01 «25119154E 01 -«41245514E 02 ~¢33336609E 04
+54500000E-01 « 249087T71E 01 -e42909137E 02 ~e33229367E 04
«55000000E~-01 « 24690082E 01 ~«4456T7271E 02 ~+«33117873E 04
«55500000E-01 « 24463116E 01 ~e46219704E 02 ~«323002141E 04
«56000000€E-01 «26227903E 01 -4 TB66225E 02 ~+32882187E 04
«56500000E~01 «23984473E 01 ~+49506622E 02 -¢32758026Et 04
+57000000E-01 + 231732857 01 -«51140682E 02 ~¢3262967SE 04
«S5T7T500000E-01 +23473087€ O1 -e52768202E 02 ~-¢ 32497149 04
+58000000E-01 +23205194F 01 -«54388969E 02 ~e32360464E 04
+58500000€E~-01 «22929217E 01 -«56002780E 02 ~+32219640FE 04
«59000000E-01 «22645189E 01 ~e57609424E 02 ~e32074694E 04
«59500000€E-01 «22353147€ 01 ~+59208698E 02 ~+31925645E 04
«60000000E-01 «22053126E 01 -+.60800396E 02 -.31772510€ 04
«60500000E-01 «+21745166E 01 ~«62384314E 02 -«31615311€E 04
«61000000E-01 «21429306E 01 -+63960252E 02 ~+31454066E 04
«61500000E-01 «21105588F 01 -.65528008E 02 -+ 31288798E 04
+62000000F-01 « 207764049E 01 -+.6T087381E 02 ~+31119525& 04
«62500000£-01 « 20434736E 01 ~«68638169E 02 =-+30946272E 04
«63000000E-01 «20087692€ 01 -«T0O1BOL77E 02 -+ 30769059E 04
«63500000E-01 «19732960E 01 --7T1713205E 02 ~-.30587T910E 04
«64000000E-01 « 19370585 01 ~.73237059E 02 -+30402847TE 04
+64500000E-01 +19000614F 01 -« 74751543E 02 -«30213895€ 04
«65000000E-01 « 18623096E 01 ~«T6256466E 02 -«30021077€ O4
«65500000€E-01 » 18238077 01 -« TTT51630E 02 ~-e29824418E 04
«66000000E-01 «17845606E 01 ~«79236848E 02 - 29623944 04
«66500000E-01 « 17445734F 01 -«80711926E 02 -« 294 196T8BE 04
+67000000E-01 «17038514E 01 -+B2176679E 02 -+29211650E 04
«67500000E-01 « 16623996E 01 ~-.83630918E 02 -+ 289998B84E 04
«68000000E-01 «16202232€E 01 -+85074457E 02 -+ 287864407TE 04
«68500000E-01 «15773279E 01 -«86507110E 02 -+ 28565248 04
«69000000E-01 «15337189E 01 -.87928698E 02 -« 2B342434E 04
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Print-Out 4 Continued

Time Travel Velocity Acceleration
(sec) (inch) (in/sec) (in/sec?2)
«69500000E-01 «14894020€ 01 -+89339034E 02 ~+28115994F 04
« T0000000E-01 «14443830€ 01 ~-+90737942E 02 ~+27885959E 04
« T0500000E-01 «139866T3E 01 -e92125240€ 02 -+ 27652354 04
«7T1000000E-01 «13522607E 01 -+93500753E 02 -« 27415211F D4
«71500000€E-01 «13051693€ 01 ~+94864302E 02 - 2T174560E 04
«72000000E-01 «12573993E 01 -296215714¢ 02 -e26930433E 04
«72500000E-01 « 12C89568E 01 -+97554817E 02 -« 26682861E 04
« T3000000E-01 «11598477E 01 ~-+98881440E 02 ~+26431875E 04
«73500000E-01 «.11100784E 01 -.10019540E 03 -~ 261 T7506E 04
«74000000E-01 «10596553E 01 -+10149651E 03 -e25919789E 04
«T4500000€-01 «10085850E 01 ~-.10278464E 03 -.2565BT56E 04
« TS000000E~-01 « 95687349 00 -+.10405961E 03 ~e25394438E 04
- 7T5500000E=-01 +90452775E 00 -+10532127E 03 ~.25126871E 04
« 76000000E-01 «+B85155456E 00 -.10656946E 03 -+ 24856089E 04
« 16500000E-01 « 7T979606BE 00 ~-.10780400E 03 ~-e24582127TF 04
« T7T000000E-C1 « 14375296E 00 - 10902476E 03 -e24305021E 04
«77500000€-01 «68893835€E 00 -+.11023156€ 03 ~e24024804E 04
«78000000E-01 «63352384E 00 -.11142426F 03 -+23741515E 04
«78500000E=-01 «5T751655E 00 -e11260271E 03 -+ 23455187E 0%
« T9000000E-01 «52092363F 00 - 113766T5E 03 -+23165860E 04
«79500000E-01 « 46375233 00 -—.11491624E 03 -e22873568E 04
«80000C00E-01 «40600996E 00 -«11605103€ 03 -.22578350€ 04
«80500000E-01 « 34770389 00 -«11717097E 03 ~e22280243E 04
«81000000E-01 « 28882426E 00 ~-+.11839113F 03 -e25809738E 04
«81500000E-01 «22930806E 00 -+.11967087E 03 -e 25452454 04
«+82000000€-01 « 16815648 00 -.12093263€ 03 -« 25091345E 04
.8250000CE=-C1 +10837854E 00 ~«12217623E 03 -e24T2646TE 04
«83000000E~-01 +469833676~-01 -e12340146E€ 03 -+ 243578BT74E 04
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APPENDIX D
FRANKFORD ARSERAL

PROPELLANT Engineering Proof Testing Record AMMUKNITION
TYPE TEST Velocity, Piezo Pressure and Function|[LOT 1.C-12304
APMY LOT TYPE  M-193
CHARGE SPEC/AUTH  PartI CALIBER 5.56 mm
BULLET Ball
OBJECT Investigate gas leakage in bolt CASE Brass
carrier
REC/UNIV ¥O BRL NO TRFD STORED °F
REC/nHy-40 694387 BRL NO 1 TRFD 456 PERIOD
REC/UNIV HO BRL NO TRFD FIRED AT *E
REC/UNIV NO BRL MO TRFD
Bolt Cyclic
SHOT MO | Bolt Carrier Bolt No. Rds.| Function Pressurg Rate
| With Pres, Sta. Std., 1 Sat. 2300
2 W/o Pres, Sta, Std. 17 BOB 943
3 W/o Pres, Sta. Std. 11 A Replaced old buffer & buffer
4 spring with new ones to reduce
5 cyclic rates
6 ‘W /o Pres, Sta, Std, 20 Sat. 894
fi With Pres. Sta. Std. 1 Sat. 2400
8 With Pres, Sta. W/o rings 1 Sat. 1600 Bolt did not remain
9 in rearward position
10 W /o Pred, Sta, W /o rings 20 FF
11 W /o Pred, Sta. W /o rings BOB
12 W/o Pred., Sta. W /o rings BOB
13 With Pres. Sta. W /o rings 4 FF 1500 Very weak ejection
14 |With Pres. Sta. W /o rings 1 FE 1450 Replaced new buffer
15 & buffer spring with
16 old ongs
17 With Pres. Sta. W /o rings 1 FFE 1400
18
19
20
TOTAL
_MEAY
LOE
COR'D
EX VAR
_STD DEV
—_____Kistler Gage Model 603A SN 3090
CASUALTIES REF RD DATA
L AUTH
_REMARKS BOB = Bolt overrode base of next cartridge CASE LOT
__A-Bolt caught case in process of ejecting BULLET LOT
__FF = Failure to feed next round in magazine. PROPELLANT
__Silver paper covered styrofoam screens placed 50 ft. and 75 ft. | JAR CHG
PROOE TECHNICIANS MeGuinn & Gardner from muzzle |IVEL VAL
e ICP_ VAL
_FOREMAN X,0, 03810-06-005 PP_VAL
DATE 29 Sept, 1970 CHIEF BALLISTICIAN

SMUFA-U Fe 10, 28 Mar 66
(Formerly Sﬁg}f.ﬂ Form 931) 43




FRANKFORD ARSERAL

PROPELLANT Engineering Proof Testing Record AMMUNITION
TYPE TEST Cyclic Rate & Function LOT TW-18056
APMY LOT TYPE XM200
CHARGE SPEC/AUTH Part II CALIBER 5,56 mm
BULLET --
0BJECT Investigate gas leakage in bolt CASE Brass
carrier
REC/UNIV 80 BRL NO TRFD STORED °F
REC/UNIV MO BRL NO TRFD PERIOD
REC/UXIV HO BRL NO TRFD FIRED AT it
REC/UNIV &0 BRL MO TRFD
Riock Is_la:,lﬁ Cvclic Rglte [
SHOT KO | Bolt No. ds/min Commenits
1 1 549 HS 1,466 inches =5
2 1 592 FPP 0,033 inch ==
3 1 683 FPI 0.021 inch ==
4 1 697 FMR 5.4 --
5 1 719 -—
6
7 2 - HS 1,499 inches Failure to feed
8 FPP ,0B1 inch 16 shots|were fired
9 FPI .022 inch in an attempt to cycle the
10 FMR 3, rifle
11 3 o= HS 1.499 inches Double feed
12 = FPP .031 inch 2 rounds failed to leject
13 - FPI ,022 inch 16 roundis BOB
m FMR 2.9
15
S| 115y
17
18
19
20
TOTAL
MEAH
CF
LOR'D
_EX VAR
STD DEV
FF = Failure to feet next round in magazine
_CASUALTIES BOB = Bolt overrode base of next cartridge in magazine REF RD DATA
Double feed - two cartridges from magazine AUTH
_REMARKS CASE LOT
M16 Rifle SN 823793 BYLLET LOT
PROPELLANT
JAR CHG
_PROOF TECHNICIANS Reynolds VEL VAL
CP VAL
FOREMAN X.0,.03810-06-005 PP_VAL

SgUFA-U Form 10, 28 Mar 66
(Formerly SMUFA Form 981)
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FRANKFORD ARSENAL

PROPELLANT Engineering Proof Testing Record AMMUNITION
TYPE TEST Velocity, Pressure & Function LOoT
APMY LOT TYPE
CHARGE SPEC/AUTH  Part III (cont'd) CALIBER
BULLET
OBJECT Gas leakage in bolt carrier CASE
REC/UNIV N0 BRL NO TRFD STORED °F
REC/UNIV MO 694387 BRL NO 1 TRFD 522 PER 10D
REC/UNIV HO BRL NO TRFD ‘F REDC AT °F
REC/UNIV 10 BRL MO TRFD
Type [No. Bolt Velocity! Cyclic
SHOT MO | Bolt Carrier Bolt Ammo, [Rds, Functign Pres, fls Rate
. (| With Prels, Sta, 2 M-200 1 Sat,
22 3 With Prels, Sta, 2 M-200 1 Sat,
3 W/o Pres, Sta, 2 M-200 |20 Sat,
23§ With Pres., Sta. 2 M-200 1 Sat,
24 5 With Pres, Sta. 2 M-200 1 BOB
25 6 With Pres, Sta. 3 M-193 1 Sat. 3135
26 7 With Pres. Sta. 3 M-193 1 Sat. 3125
27_8 |W/o Preb, Sta, 3 M-193 [20 Sat, 3106% 731
28 9 With Pres. Sta. 3 M-193 1 Sat. 3095
29 10 With P Sta, 3 M-193 Sat. 3125
30 11 With Pres, Sta, 3 M-200 1 FF
31 42 Wi Pres, Sta, 3 M-200 1 FF
32008 With Pres, Sta. 3 M-200 1 BOB
33 14 With Prels, Sta. 3 M-200 1 FF
15 W/o Pres. Sta. 3 M-200 1 FF
16 W/o Pres, Sta, 3 M-200 1 FFE
17 W/o Pres, Sta, 3 M-200 1 FF
18 W/o Pres, Sta, 3 M-200 1 BOB
L 19 With Prels, Sta. 3 M-200 1 FE Miss
2 20 With Pris. Sta. 3 M-200 1 FFE Miss
3 With Pr%. 3 M-200 |1 BOB
4 With Pres, Sta, 3 M-200 1 BOB
TOTAL
_MEAR
CF
COR'D
EX VAR
STD DEV
CASUALTIES REF RD DATA
A AUTH
_REMARKS BOB = Bolt overrode base of cartridge CASE LOT
FF = Failu BULLET LOT
% =" Avg velocity of burst. PROPELLANT
- JAR CHG
PEOQE TECHNICIANS VEL VAL
CP_VAL
FCREMAN X.0. PP VAL
PATE CHIFF BALLISTICIAN Sheet 2 of 2

SMUFA-U Form 10, 28 Mar 6
(Formerly SMUFA Form 981)

']

46



DISTRIBUTION

Commanding General
U.S. Army Weapons Command
Rock Ialand, I1l. 61201

1 Attn: AMCPM-RS

1 Attn: AMSWE=RES
Commanding General

U.S. Army Munitions Command
Dover, N, J, 07801

1 Attn: Director, Research, Develop-
ment, Engineering

1 Attn: AMSMU-QA

1 Attn: AMSMU-LN-MC

4 Attn: AMSMU-LN-CD
Commanding Officer

Harry Diamond Laboratories
Attn: AMXDO-TIB
Washington, D. C. 20438

Commanding Officer

Lake City Army Ammunition Plant
Attn: SMULC-IE, Mr. Geo. E, Ellis (2)
Independence, Mo. 64056

Commanding Officer

Picatinny Arsenal

Attn: Scientific & Technical
Information Branch

Dover, N, J, 07801

(2)

Commanding Officer (2)
Technical Library, Bldg 313
Aberdeen Proving Ground, Md. 21005
Commanding Officer

A.F. Armament Laboratories

Attn: DLOS

Eglin AFB, Florida 32542
Defense Documentation Center (2)
Cameron Station

Alexandria, Va. 22314

47

Frankford Arsenal:

1 Attn: Commander's Reading File,
H1210/107-1

1 Attn: Technical Director

A2000/107-1

1 Attn: Objectives Analysis Br.

U1000

1 Attn: Reliability Engineering Br,

Q3100/219-3

1 Attn: Patent Branch, H4000/519

1 Attn: Geo. White, L1000/64-4

1 Attn: Chief, Q1000/235-3

2 Attn: Library, H1300/51-2
(1 - Reference copy
1 - Circulation copy)

1 Attn: Chielf, J7000/219-2

1 Attn: Chief, J7700/110-3

1 Attn: Chief, J9000/219-2

1 Attn: Director, J1000/110-3

15 Attn: A, J. Grandy, J7700/110-3

1 Attn: John A, Duffy, J7700/110-3

1 Attn: M. H. Horchler, J7700/110-3

1 Attn: Project File, J7700/110-3

6 Attn: Technical Publications Br.

L3300/64-3

Printing & Reproduction Div,

FRANKFORD ARSENAL
Date Printed: 5/27/71



UNCLASSIFIED

Security Classification
S e

DOCUMENT CONTROL DATA-R&D

(Security classification of title, body of abstract and indexing annotation must be untered when thes overal! repert is classified)

1. ORIGINATING ACTIVITY (Corporate author) 28, REPORT SECURITY CLASSIFICATION
FRANKFORD ARSENAL Unclassified
Philadelphia, Pa. 19137 Zb.RCROLE

N/A

3. REPORT TITLE

INVESTIGATION OF BOLT/BOLT CARRIER CLEARANCES IN THE M16Al RIFLE

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)
Technical Note

5. AUTHORIS) (Firet name, middle initial, last name)

ANDREW J. GRANDY MARTIN H, HORCHLER
JOHN A, DUFFY PAUL EHLE (USAWECOM)
8. REPORT DATE 78, TOTAL NO. OF PAGLES 7h, NOC. OF .?t:.“f:m
May 1971 47 Seven
88, COMTRACT OR GRANT NO. 948, ORIGINATOR'S REPORT NUMBERI(S)
AMCMS Code 4420.16.0312.2.19 :
Ty Frankford Arsenal Technical Note
TN-1159
c. ob. :?Ja"ﬁ?mf:f PORT NO(S) (Any other numbsve thai may be assigned
d.

10. DISTRIBUTION STATEMENT
Distribution limited to U.S, Government agencies only - Test and Evaluation;
April 1971. Other requests for this document must be referred to the Commanding
Officer, Frankford Arsenal, Philadelphia, Pa., 19137, Attn: SMUFA-J7700.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

U.S. Army WEAPONS COMMAND

13. ABSTRACT

A brief series of tests and evaluations was made to provide experimental and
analytical data to the U.S. Army Weapons Command in support of the M16Al Rifle Bolt
Dimension Investigation. Both firing tests and a mathematical model confirmed that
bolts with diameters 0.0075 and 0.010 inch below specification do not give reliable
performance because of excessive gas leakage between the outside bolt shaft diameter
and its mating diameter in the bolt carrier, Normal rifle function occurred with
bolts 0.0004 and 0.0005 inch below specifications.

W
DD 147 REPLACES DD FORM un 1 JAM 04, WHICH IS
Lol | OBSOLETE FOR ARMY U UNCLASSIFIED
i Security Classification




UNCLASSIFIED

Security Classification

KEY WORDS

LINK A LINK B

LINK C

ROLE

wWT ROLE wWT

ROLE wWT

M16Al1 Rifle

M200 Blank Ammunition
M193 Ball Ammunition
Bolt-Carrier

Cycling

Simulation

Blank Magazine

Gas Leakage

Gas Seal

UNCLASSIFIED

Security Classification




	_cover
	_i
	_ii
	_iii
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	046
	047
	049
	050

