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SUBJECT: Final Letter Report for Special Study of Firing Pin Protrusion/
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8-WE-600-016-021, Report No. APG-MT-4868

Commander
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ATTN: SARFA-MDS-E
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1. REFERENCES

a. Letter, Frankford Arsenal, SARFA-MDS-E, 30 Jan 75, subject: Test
Program to Determine Firing Pin Protrusion and Misfire Relationship in
M16Al Rifle, with 1lst-Ind, TECOM, AMSTE-IN, 12 Feb 75.

b. Letter, TECOM, AMSTE-IN, 4 Dec 75, subject: Customer Test
Directive for Determination of Firing Pin Protrusion/Misfire Relationship
in M16Al Rifle, TECOM Project No. 8-WE-600-016-021.

c. MIL-R-45587A, 2 Mar 73, Military Specification for Rifle, 5.56mm:
M16 and M16Al.

2. BACKGROUND

a. Frankford Arsenal requested a special study of misfires in the
M16Al rifle via reference a. Reference b assigned the study to US Army
Aberdeen Proving Ground (APG).

b. A prior study was done on the dimensional relationship of maximum/
minimum tolerances in the M16Al rifle and its ammunition which possibly
contribute to occurrences of failures to fire (FFR). This study was part
of a continuing effort to refine dimensioning of existing weapons, in areas
where functional problems are suspected to occur. The results of the study
revealed that FFR's would probably occur if: rifle headspace was at the
maximum, firing pin protrusion was at the minimum, cartridge case headspace
was at the maximum and the primer seating depth was maximum.
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STEAP-MT-I : 2 2 SEP 1976

SUBJECT: Final Letter Report for Special Study of Firing Pin Protrusion/
Misfire Relationship in the M16Al Rifle, TECOM Project No,
8-WE-600-016-021, Report No, APG-MT-4868

¢. The test materiel consisted of:

(1) six M16Al rifles each, with bolt and firing pins modified as
necessary to provide five different firing-pin protrusion lengths over a
+0.004-inch (+0.1-mm) tolerance about the minimum firing pin protrusion per-
imitted by the rifle drawings (See incl 3). Five firing pins of various lengths
were modified for use with each rifle. Bolt modifications were made as
necessary to provide the maximum permissible weapon headspace. Further
details are discussed in this report. Three modified rifles with firing
pins were designated for use with control ammunition, and the other three
were designated for use with test ammunition.

(2) The special test ammunition, provided by Lake City Army Ammunition
Plant, had a short head-to-shoulder dimension (1.4935 to 1.4945 inches or
. 37.395 to 37.960 mm) and a primer intrusion dimension tending towards the
maximum allowed (0.008 inch or 0.2mm). Control ammunition was also provided
from a production lot of cartridge cases, with normal variances in the two
dimensions noted.

d. The purpose of the test was to determine if the M16Al rifle could
be induced to misfire by modifying weapon dimensions within tolerable limits
so as to maximize the dimension between the firing-pin tip and the cartridge
primer. Testing consisted of firing three each modified rifles with test
and control ammunition in 120-round test cycles at conditioned temperatures
of -65°F, +70°F, and +155°F (-54°C, +21°C, and +68°C), at each of the five
firing-pin protrusions. In some cases where it was obvious from the results
of testing already conducted that misfires related to the firing pin
protrusion would not occur certain of the protrusion lengths were not tested,
as noted herein, Testing (weapon modifications) was initiated on 30 Jan 76,
and the test was completed on 29 Jul 76. :

3., OBJECTIVE
The objective was to ascertain if misfires can occur with the M16Al
.rifle due to a stack-up of dimensional tolerances in the ammunition, firing
pin, bolt, and barrel assembly.
4, SUMMARY OF RESULTS
Detailed test procedures and summaries of test data are contained in
inclosure 1. Test data are contained in inclosure 2. Inclosure 3 contains

further details of the test materiel (rifles and ammunition) and the control
ammunition.

Results are summarized as follows:
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SUBJECT: Final Letter Report for Special Study of Firing Pin Protrusion/
Misfire Relationship in the M16Al Rifle, TECOM Project No.
8-WE-600-016-021, Report No. APG-MT-u4868

a. Only one failure to fire (FFR) occurred during the firing of test
or control ammunition with the firing pin within allowable manufacturing
tolerance; this occurred at the minimum allowable tolerance of 0.028 inch
(0.71mm), at -65°F(-54°C) conditioned temperature, with test (i.e., short
headspace) ammunition.

b. -The number of FFR's occurring_-at the lesg—thanfailowablg_firinghpin
‘protrusions of 0.026 and 0.024 inch (0.66 and 0.61mm) increased with
decreases in conditioned temperature.

c. Functional performance, including cyclic rates of the modified
rifles was normal, other than for the induced FFR's.

d. The test for minimum firing-pin indent energy was passed before
and after the firing test when using firing pins equal to or greater than
the minimum allowable protrusion measurement.

e. The occurrence of FFR's predominated during semiautomatic (sa)
fire, as compared to full-automatic (PA) fire. This was probably caused
by the cartridge having more time to seat forward in the chamber during
SA fire, thereby reducing the effective firing pin intrusion into the
primer face to the minimum permitted by the various controlling dimensions
of weapon and ammunition.

5. CONCLUSIONS
It is concluded that:

a. The overall test results show that a FFR malfunction can occur only
if all unfavorable extreme dimensional variations of the rifle and ammunition
are present at the same time. Elimination of one or more of these extreme
conditions is sufficient to preclude the occurrence of the FFR malfunction.

b. Revision of the dimensional tolerances of the M16Al rifle or 5.56-mm
ammunition to further preclude the occurrence of FFR's does not appear to be

warranted.
L%///y/) gﬂm

FOR THE COMMANDER:

4 Incl BILLY DS SISSOM
1l. Details of Test Associate Director
2. Test Data Materiel Testing Directorate

3. Dimensional Characteristics
4, Report Documentation Page
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DETAILS OF TEST

L] it 2

Firing Pin Protrusion/Misfire Relationship in the M16Al Rifle
1., DATA ACQUISITION PROCEDURE

Prior to the start of testing, six M16Al rifles were modified by a
skilled gunsmith by machining the bolt and barrel assembly so that the
headspace was at the maximum allowable. Five modified firing pins were
provided for each rifle, so that the protrusion could be varied from
0.024 to 0.032 inch (0.61 to 0.81mm) in 0.002-inch (0.05-mm) increments
by changing the firing pins. The six modified rifles, which were considered
a homogenous sample, were separated into two groups of three, with each
group dedicated to firing either test or control ammunition throughout
the test.

Test ammunition consisted of a special lot of M193, 5.56-mm ball
ammunition which was fabricated by Lake City Army Ammunition Plant.
The cartridge cases were manufactured so that the head-to-shoulder
dimension (0.3017-inch or 7.663-mm datum reference) ranged from 1.4935 to
1.4954 inches (3.7935 to 3,7960 cm). Primer intrusion depth on the test
cartridges tended towards the maximum allowable (0.008 inch or 0.20mm) .

In order that the particular prefiring headspace and primer intrusion
measurements of any test cartridge which failed to fire during the test
could be determined, all test cartridges were subjected to a 100% measure-
ment of these dimensions, which were recorded and kept with the 20-round-
magazines into which the measured test ammunition was loaded. When a FFR
occurred, the relative position of the misfired cartridge in the magazine
was determined, and the headspace and intrusion information could be
determined from the accompanying data sheet.

A control ammunition lot was obtained from regular cartridge case
production at the same time as the test ammunition.

All testing was done in an environmental test chamber at three
conditioned temperatures: +155, +70, and -65°F (-54, +21, and +68°C).
Testing was started at the +70°F (+21°C) temperature with each of the
six rifles being fired with each of the five different firing pin pro-
trusions. A test cycle, which was the amount of firing specified for
each pin protrusion, consisted of six 20-round trials. The first trial
was fired fully automatic (FA) and then alternated with semiautomatic (sa)
fire every 20 rounds. Three trials were fired with each of the six rifles.
Then, starting over with the first rifle fired, the remaining three trials
in the cycle were fired. After completing the cycle, the rifles were dis-
assembled, cleaned, inspected and the firing pins changed. After relubri-
cation and reassembly, the rifles were then ready for the next cycle of
testing because all maintenance was done within the test chamber.

Inclosure 1, page 1



The rifles were removed from the chamber only during changes in the
temperature when firing pin indent measurements were taken prior to the
start of each new temperature. Based on results of the +70°F (+21°C)
temperature firings, the .032-inch and .030-inch (0.81mm and 0.76mm)
protrusion pins were eliminated from the extreme-temperature testing.

Performance of the rifles was monitored throughout testing. Cyclic
rate of fire data were recorded for all FA trials.

Firing pin protrusion is not the only (or necessarily the best)
measure of the predisposition of a rifle to fire a cartridge. Firing-pin
energy is more directly correlatable to cartridge functioning. The energy
necessary to function the cartridge primer is influenced by several factors.
These include the weight and velocity of the rifle hammer at time of_striking
the firing pin, weight of the firing pin and profile of the firing pin tip,
velocity of the firing pin when striking the primer, rifle headspace, firing
pin protrusion, cartridge-case headspace, primer seating depth, primer cup
thickness and hardness, priming compound sensitivity (which may vary with
temperature changes), primer anvil profile and location of the firing pin
indent on the primer cup.

The present method of determining primer sensitivity is described in
pavagraph 3.%:2 of AMEMU=B 716=601FAl, Rasieallv, it econsists of a steel bali
of given mass being dropped onto a firing apparatus containing a firing
pin and primed cartridge case. The distance from the ball to the firing pin
is varied so that the ALL-FIRE and NO-FIRE limits can be determined. This
method, while satisfactory for acceptance testing of ammunition, does not
provide a determination of absolute values of dynamic conditions as they
vary from occasion to occasion during firing. Since no apparatus is
currently available for measuring absolute energy levels of the rifle firing
pin, the firing pin indent in a copper cylinder was used to compare perform-
ance of test and control rifles. TFor uniformity of evaluation, the location
of the round in the chamber at time of firing was assumed to be fully forward,
with the bolt locked and fully seated to the rear against the locking lugs
of the barrel extension. This assumption is validated (at least for semi-
automatic fire) by the presence of a spring-loaded ejector in the bolt face.

2. RESULTS

FFR's occurring during the test are summarized in table 1,

page 2



Table 1. FFR Stoppages Occurring During Test

No, of FFR's bv. Conditi ; opa, b

Fiping Pin. . debpels v Tos Test Ammunition '~~~ ' ‘Control Ammunition
‘Protrusion, In. "'$155 T +70 =65 ~ 'Total ' +155 ' '+70 ''=-65 ‘Total

0.032 S5 0 c. 0 c- 05 teL 0
4+030 c. 0 c- 0 c- 0 c- 0
.028 0 0 1 1 0 0 0 . 0
.026 0 1 8 9 0 0 1 il
. 024 4 15 51 70 0 1 4 5
Totals 4 16 60 80 0 1 5 6

8Test and control ammunition was fired according to the same test schedule,
with a separate group of three rifles being used for each ammunition type.
Each data point represents 360 rounds fired.
Indicates testing was not performed.
Minimum allowable rifle firing pin protrusion.

Each of the FFR rounds was radiographed. Review of the radiographs
did not indicate the presence of any detectable abnormalities. The next
step in evaluation was to measure cartridge headspace, primer seating depth
and firing pin indent of each of the FFR rounds. These data were compared
with data taken before firing. A summary of the results is given in table 2.
Details are contained in inclosure 2.
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The method of computing the theoretical firing pin intrusion into the
primer is as follows:

The primer intrusion (into the cartridge case) value is subtracted
from the headspace measurement (before firing) of the cartridge case which
failed to fire. This value is then subtracted from the headspace of the
rifle in which it was fired (taking into account as necessary the different
datum diameters used in headspacing the rifles and ammunition; see inclosure
3). This dimension then represents the space between the bolt face and the
primer impact surface. When the firing pin protrusion is subtracted from
this value, the difference (presumably negative) represents the interference
between the primer surface and the fully forward firing pin.

Cyclic rate data from the 20-round burst FA firings are summarized in
table 3.

Table 3. Summary of Cyclic Rate of Fire Data

Test Cyclic Rate, spm
Temp., °F Avg Max Min

Test Ammunition

+155 875 973 807

+ 70 803 893 710

- 65 689 747 630
Control Ammunition

+155 873 9ok 829

+ 70 793 853 737

- 65 701 775 630

Table 4 gives the typical dimensions of the various regulated rifle
components and ammunition used in this test. Further details of the manu-
facturing specifications and tolerances are contained in inclosure 3.

Table 4, Typical Values of Regulated Dimensions
of Rifle Components and Ammunition

Dimensions, inches

Item and Measurement Test Control
Rifle, firing pin protrusion 0.032 Same as test
.030 Same as test
&, 028 Same as test
.026 Same as test
3 .02h Same as test
Rifle, headspace
GO gage 1.506 Same as test
NO-GO gage 1,507 Same as test
Ammunition
Case headspace 1.4940 1.4970
Primer seating depth .006 .003

@Minimum protrusion allowed during manufacture.

brifle headspace measured usin% ammunition headspace-gage dimensions. Subtract
0.0333 inch to convert to rifle gage measurement.

X
Pace 7



Firing.pin copper=cylinder indent data are summarized in table 5.
Detailed data are contained in inclosure 2.

Table 5. Firing-Pin Indent Measurements
in Copper Cylinders

' Copper-Cylinder Firing-Pin Indent, Inch, bv M16A1 Rifle Serial No.

Firing-Pin £ ~ 'Test Rifles : Control Rifles
Protrusion, in. ' '5064358 5077888 5081486 ‘5083911 5084491 5086365
Before Firing

20,032 0.026 0.021 0.022 0.022 0.026 0.025
b 032 .022 .021 .021 .022 .02 .023
b 030 .022 .021 .021 .021 .02 .023
b,c 028 .021 .020 .020 .020 .022 .021
b 026 020 4,018 4 ,019 d 019 .021 .020
b ooy d o019 4,018 4 .o018 d o190 4,019 4 .019
After 1100 rounds of firing
29,032 0.025 0.021 0.022 0.022 0.025 0.024
b,c o028 .021 .020 .020 .020 .022 .022
b 026 .020 d o018 9,018 d 019 .020 .020
b o2y d o019 9,017 9,017 d o018 4,019 4,019

3Control firing pin and bolt (not fired during the test).
bTest firing pin and bolt.

CMinimum firing pin protrusion for rifle in production.
dBelow 0.020 minimum indent required by reference c.
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3. ANALYSIS
Examination of table 1 indicates the following:

a. Only one FFR occurred during the firing of test or control
ammunition with the firing pin protrusion within allowable manufacturing
tolerance; this occurred at the minimum tolerance of 0.028 inch (0.71mm),
at -65°F(-54°C) conditioned temperature, with test ammunition.,

b. FFR's at the less-than-allowable firing pin protrusions of 0.026
and 0.024 inch (0.066 and 0.61lmm) increased with decreases in conditioned
temperature.

Table 2 presents a correlation between firing pin intrusion data based
on measured dimensional values of rifle and cartridge, and the actual
intrusion of FFR cartridges as measured from the primer. These data indicate
that the firing pin was traversing forward more nearly to its full protrusion
position during the firing of test cartridges, but was not during firing of
control cartridges (as was apparently caused by physical resistance of the
primer).

The difference between average cyclic rates of fire for test and control
rifles (table 3) was small, indicating that the effects of short firing pin
protrusion, maximum rifle headspace, and the various ammunition dimensions
did not have any large influence on rifle cyclic rate. Variations in cyclic
rate as caused by changes in conditioned temperature were within the range
normally expected for the M16Al rifle. Functioning performance of the rifles,
excluding the induced FFR malfunctions, was normal. There was a total of
four malfunctions with the three test rifles and ammunition. One was charged
to gunner error and three were charged to the rifle. Two malfunctions were
charged to gunner error during firing of the three control rifles and
ammunition. Details are given in inclosure 2.

The data in table 5 show that firing-pin indent before and after firing
was equal or greater than the 0.020-inch (0.50mm) minimum required for pins
within the normal manufacturing tolerance of 0.028 to 0.036 inch (0.71 to
0.91mm). Only those pins with below-minimum protrusion had out-of-specifi-
cation indent values.

Examination of the detailed FFR data in inclosure 2 indicates that for
the test ammunition, 55 FFR's occurred during SA fire, and 25 FFR's occurred
during FA fire. For the control ammunition, five FFR's occurred during SA
fire and one FFR occurred during FA fire. Testing was evenly divided between
FA and SA fire. These data probably indicate that the cartridge did not
always have time to seat forward in the chamber during FA fire before being
struck by the firing pin.

page 9



Some minor difficulties were encountered in measuring the cartridge

headspace because of the presence of raised areas of the cartridge base
around the headstamp markings. The dial indicati%ﬁ gage used was calibrated
and accurate to 0,000l inch (0.0025mm). Frequently, the maximum headspace
readings were found to be near the rim of the cartridge, as the cartridge
case heads were not perfectly perpendicular to the major axis (typically
the headspace varied by 0.0002 or 0.0003 inch (0.005 or 0.008mm) across
the base of the cartridge). The accuracy of the headspace measurement,
and therefore of the primer intrusion measurement which is derived from
the headspace measurement, is estimated to be 0.0002 inch (0.005mm),
(two standard deviations) based upon the repeatability of the measurements.,
Should a need for additional manufacture of special ammunition for similar
tests arise in the future, it is suggested that if possible, the headstamp
markings be eliminated.
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Table 1. Tabulation of FFR's by Test
Condition and Rifle No.

No. of FFR Stoppages in 120-Rd

Firing Pin Firing Cyc¢le by Magazine and Mode of Fire
Temp, °F Rifle S/N ' Protrusion, In. "~'FA ' 'SA"FA 'SA" FA 'SA ‘Total
Test Rifles B e U

+70 5064358 0.032 0
.030 0
.028 0
.026 0
. 024 2 2
+155 .028 0
' .026 0
. 024 2 2
-65 .028 0
.026 1 1
- . 024 i/ 2 L 13
Subtotal 5064358 - 0 11 0 2 5 18
+70 5077888 .032 0
.030 0
.028 0
. 026 0
.024 1 1 2
+155 ; .028 0
. 026 0
. 024 1 1
-65 .028 X 0
.026 1 2 3
; . 024 2 6 0 6 2 2 18
Subtotal 5077888 - 2 7 1; 7 AL 24

Inclosure 2, page 1



Table 1. (Cont'd)

No. of FFR Stoppages in 120-Rd

Firing Pin Firing Cycle by Magazine and Mode of Fire
Temp., °F Rifle S/N Protrusion, In, FA SA FA SA FA SA Total
Test Rifles ; T T R R
+70 5081486 0.032 0
.030 0
.028 0
.026 1 1 X
. 024 Srs 2t 2D 11
+155 .028 0
. 026 0-
. 024 1 1}
-65 .028 1 L
. 026 2 2 L
. 024 5 1 5 8 1 20
Subtotal 5081486 - 7 6 3 8 10 4 38
Total - Three test rifles g 24 4 A7 - 22094 80
Control Rifles

+70 5083911 . 032 0
: .030 0
.028 0
.026 0
. 024 0
+155 .028 0
. 026 0
.024 0
-65 .028 0
.026 L :
. 024 18] 1 1 L
Subtotal 5083911 - 20 = 0O 5
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Table 1. (Cont'd)

No. of FFR Stoppages in 120-Rd

Firing Pin ' Firing Cycle by Magazine and Mode of Fire

 Temp. °F ' 'Rifle 'S/N ' ‘Protrusion, In. FA SA FA SA TA SA

+70 5084491 0.032
.030
.028
.026
. 024

+155 .028
.026
- 02]+

-65 .028
.026
.024

Subtotal \ 5084491 - 0 057 210 =920 o 0

+70 5086365 . 032
1030
0023
.026 ;
. 024 1

-65 .028
.026
« 024

Subtotal 5086365 - 0 1 0 0 0 0

3 - Control Rifle Total 1 3 0 1 0 1

SA - Semiautomatic Fire
FA - Full Automatic Fire

page23
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Table 2. Summary of FFR's by Test and Control Rifles"

‘Test ey S Contriol it
5064358 '5077888 '5081486 - 5083911 ‘5084491 5086365
Temp. °F “SA TA "SA TA ~SA FA SA TA TSA FA SA FA
0.028-inch firing pin protrusion
+155
+70
-65 1
Subtotal 0 0 0 0 001 0 0 0 0 0 0
.026-inch firing pin protrusion
+155
+70 1
~-65 1 3 21009 il
Subtotal 1 o0 3 0 3 2 1005560 0 0 O
.024-inch firing pin protrusion
+155 2 i, il
+70 2 1 1 7 4 ik
-65 13 1y L 7 13 3 il
Subtotal 17 0 16 5 15 17 3 1 0 0] ; 0
Total 18 0 19 5 18 20 L 1l 0 0 1 0
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Table 3. Functioning Performance of M16Al Rifles,
Exclusive of FFR Stoppages

Test Malf. Cycle Rd. 'of Occurrence Mode Charged
Rifle S/N ~ Temp. °F 'Type  No. "'Mag. "~ 'Cycle ' 'Test ' 'of Fire ito
Test Rifles and Ammunition
5064358 +70 FBR 3 20 100 340 FA Rifle
5077888 +155 BOB 7 L7 767 FA Rifle
FFS 8 23 863 SA Pers.
FCDR 8 45 885 FA Rifle
Control Rifles and Ammunition
5083911 +155 FFS 7 23 743 SA Pers.
5084491 +70 FFA 2 41 161 FA Pers.

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

has been fired.

BOB - Bolt override of base of cartridge case (a fype of feeding failure).

FCDR -

Failure to chamber a round damaged durlng funding (a type of

feeding failure).

FFS~ Failure to fire rifle seimautomatically.

FFA - Failure to fire rifle automatically.

page 5



Table 4, Cyclic Rate of Fire Data
for 20-Round Bursts, spm

M16Al Rifle Serial No.
Test Firing A LD e P e e Control

Temp. °F ° Cycle No. 5064358 5077888 5081486 ‘5083911 ‘5084491 5086365

+155 6 8u7 891 825 836 869 863
883 913 883 863 895 897
877 912 829 851 883 883
7 863 904 82U 829 873 851
973 agos 857 863 904 883
873 ag33 832 855 897 887
926
8 853 899 807 836 883 861
871 ags7 857 863 0L 887
887 agy7 820 863 0L 883
926

Avg 6. =8 881 908 837 851 890 877
+70 1 731 793 710 737 762 752
749 8u7 762 762 813 780
743 8314 749 _ 752 803 770
2 775 856 767 791 827 811
811 869 773 791 8l 836
775 8Ll 755 753 801 791
3 815 836 788 778 840 815
825 864 761 762 853 813
788 825 756 . 741 791 770
4 818 873 794 832 849 820
834 893 808 801 838 791
786 8Ll 752 776 791 762
5 agg7 851 784 773 816 781
a’l aga2 a7y 780 808 788
799 ages a77s 762 791 767

775 851 b73g

b799

b7g9
Avg =i 792 849 768 773 815 790

spm - shots per minute

3:D These rates in a cycle total 20 rounds of firing.
© No rate recorded.

2
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Table 4. (Cont'd)

Test Firing N R R R R e R Control

Temp. °F ' 'Cycle No.' ' '5064358 5077888  '5081486 ' '5083911° '508u4u491 " "5086365

-65 9 686 716 " 670 630 T4l 682
730 723 ag77 705 ymn 716
708 703 289 679 706 690
663
10 c. 673 ag21 658 730 684
747 726 4638 695 775 Thl
710 694 2662 666 726 698
693
684
1 et 666 - 638 715 706
690 642 S 684 719 717
705 668 C - 673 707 690
Avg 711 690 666 670 730 703
2
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Table 5. Firing Pin Indent Measurements in Copper Cylinders,
Using Gage No. 8440219(A)2

Cumulative Measure-~ Firing Pin Indent, inches, by
No. of Rds ment Firing Pin Protrusion, inches
Rifle S/N Fired "° No. 0.032b 0,032 0.030 0,028 0,026 0,024
- Test Rifles
5064358 0 : 0.025 0.022 0,023 0.021 0.020 0.019
2 .026 .022 .022 ,021 .020 .019
3 .026 .023 .022 ,021 .,020 .019
Avg. .026 . 022 .022 ,021 .020 .019
600 1l .025 - - .022  ,020 .018
2 .025 - - .021 .020 .019
3 .025 - - .021 .020 .020
Avg .025 - - .021 .020 .019
960 d: . 025 - - .021 ,020 .018
2 .025 - - .021 .,020 .019
3 . 025 - - .021 ,020 .019
Avg . 025 - - .021 ,020 .019
1100 1 .025 - - .021 .,020 .018
2 .025 - - .021 .020 .019
3 .025 - - .021 ,020 .019
Avg . 025 - - .021 ,020 .019
5077888 0 1 .022 .021 .020 .020 .,018 .017
2 .021 .021 .021 .020 .,019 .019
3 .021 .021 .021 ,020 ,018 .018
Avg .021 .021 .021 ,020 .,018 .018
600 1 .021 - - .020 .019 .016
2 .021 - - .020 ,018 .018
3 .021 - - .020 .020 .018
Avg .021 - - .020 .019 .017
960 1 .021 - - .020 .019 .017
2 .021 - - .020 .020 .017
3 .021 - - .020 .019 .017
Avg .021 - - 4020 .019 ,017
1100 1 .021 - - .020 .018 .018
2 .021 - - .020 .018 .017
3 .021 - - .021 ,018 .017
Avg . 021 = - .020 ,018 .017
2
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Table 5. (Cont'd)

Cumulative Measure- Firing Pin Indent, inches by
No. of Rds - ment ' ' ‘Firing Pin Protrusion, inches"
Rifle S/N “prtFivediy o 0 No. "'0.032D70,032770,030 0.028 0.026 0.02k4

Test Rifles

5081486 0 1 0.022 0,021 0.021 0.020 0.018 0.018
2 2028 - L0021 U021 0201 <019 - v018
3 022 - 50215021 J0218. ¢ ,0X9 1i.018
Avg -022 G021 114021 0200 .019 - .018
600 1 .022 - - 0205 . ;018 '..018
2 .022 - - 2020)" ,018 1 .018
3 .022 - = .020 .018 .018
Avg .022 - = «020}. ,.018 .018
960 1 .023 - - 020511 038" :.017
2 .022 = - .020 ,018 .018
3 .022 = - .020 ,018 .018
Avg .022 - - s0203% ' <018 .018
1100 1 .022 - - 40207, 018 '1..017
2 .022 = - < 020081, 017 ¥ 4017
3 .022 - - J02155 0 019 1,017
Avg .022 2 - <0205 1,018 +,017
Control Rifles
5083911 0 1 «022  4022.:0,021 07 502000 .019 " 019
2 -022 7,022+ 02T 000200 019 ‘1.019
3 «022 5022 1,021 -.020' .020 .018
Avg <022 022 02150200 2019 =019
600 3 «021, = - ~02345 = 5020 1,020
2 .022 - - SP208E"., 0001 01
3 .021 &, - <0201 2020: " ;018
Avg .021 - - .020 ,020 .019
960 o .021 = - L0208 ,020. 018
2 .021 = = S0208% 1 019~ 1018
3 .022 - - $0200% 019 1,618
Avg .021 - - 0204 94,019, 11018
1100 1 .022 = - 402011 029 018
2 .022 - - .020 ,019 ,018
3 022 - - <0205+ 019 - 018
Avg .022 - - .020 ,019 ,018

2
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Table 5. (Cont'd)

Cumulative Measure- . - Firing Pin Indent, inches, by
No. of Rds .. ment.- Firing Pin Protrusion, inches '
" Rifle ' S/N ' 'Fired’ oo '0.032D°0.032 0.030 0.028 0.026 0.024

Control Rifles

5084491 0 1 0.026 0,023 0.023 0.022 0.020 0.019
2 20267 <0245 02 L0221 w0211 019

3 025 024 . 024 022  .023 - .019

Avg <026 - g02U . s028: .022°, “.02) - .019

600 1 .026 ~ - +022:F 021 L 41020
2 .026 - - <022 .,5.020° 5020

3 .025 - - (0221521091 5020

Avg .026 = - 5022 L0217 5,020

960 i1 JO25 7 s - .022  ,021  .020
2 S025) s = - J023LE 021 B0 019

3 .025 - - J0225 % ., 020/519-.019

Avg .025 - - L0220 021 Br019

1100 1 .025 - - 5022805020, 307019
2 .025 - = <0221 .020: " .019

3 . .025 = Hice J0225 5 020115010

Avg .025 = x 2022 020 019

5086365 0 1 S025 L 028 1520987502120 | K020 ;018
2 <026 5023 2 s 028 5 e.0214% 50204405019

3 +025 55402802 021910 5021 5 .. 019

Avg 2025 EL028% 023470215 0204 . 1019

600 1 .025 - L 2022 020/ 019
2 .025 - - N2 021019

3 .026 - - S 0205 021, = iv01g

Avg .025 - - L0215 002]1 = 019

960 1 .025 = - S 0215001 0207 E Y019
2 .025 - - 502005 020 15019

3 .025 - - OO0 T 000 (019

Avg .025 - - S021, 7 02014 7,019

1100 1 . 024 = = L0220 1410020 019
2 . 024 = - 10228 ;020" ., 019

3 . 024 = i 0225 4 J020° " <019

Avg . 024 = - <022 ' 020 019

aThere are two gages used for firing pin indent in copper cylinders:

Gage No. 8440219(A) is used for recording indents caused by hammer fall on
the firing pin with the bolt in the locked position. This is the gage used

in this test. The other gage, No. 8440220(A) is used to record inertia indent
of the firing pin caused by releasing the bolt from the bolt stop position
onto a chambered round.. This gage was not used in this test. _

bcontrol firing pin and standard bolt. All others were test firing pins,

and bolts modified to produce maximum headspace. SO



*(*eTp umyBp
soﬁnupﬂoM.ou wm,mﬂ sen odhq a898F TEUSSIY PIOINUBILI *SS9T YOUI-TO0'0 ST Butpeax 9588 , 0D, °9888 0D ON, g

L00* £L00° Eeon 1. 9900° = - HoW'T  LLS

800° 9900° 626h°T- : 2Loo* Ohbh'T  €LG

G00° ~ L900° HE6R T 9900° 6T 646

600" €L00° HE6H T 6.00° ERoN°T LGS

L00* €L00° 0E6H" T 9L00° héh'T  6£G

600° TL0O® HE6H" T G900°* ot T  TES

L00* cloo* - GEoH'T #L00° CHEH'T 028

900° . 8900° Geon" T €L00° ShoH'T  TIS

800° 0L00°* Lebh T 6900° OH6t°'T 906

g00° 6900° GE6H T T900* GE6H'T  H0S

800° L900° Geon'T 6900° oE6H"T 206 #20°

900° 8L00° Q6" T G900°* 02bh°T 0ff QIO0° 920° 906°T 98HT0S

600° LG00* TEOH'T €900° CHoR°T LGS

L00* 2900° Geon'T 0900° gE6H'T  Hed gIo°* #20° 906" T 888,04

900° . €900° hebh T H900° THOH'T  9ES

600° 6500° 6264 T 9900° QE6H'T  2IS

600° | 1200 TE6H T - €900° . EH6H°T  OTS

600° 2900° 926h° T 2900° T CEBh T L6 6I0° #20* L0S°T QGEH90S 0L+

800° 8900° L2641 . 6900° LE6H°T  Lhb QT0° 720° 906°T 98HTR0S _

L0o" ~ GLoo* 926"t . 6L00° onéH'T 916 LTO® #20° 906" T 88805

L00* #,00°* gIeN" T - ©L00° Enon°T  LL8 . . :

600°0 080070. Geon'T €,00°0 #h6H'T 2lg 6T0°0 120°0 LOS'T 8GEHQ0S  GGT+

UOT3TUNUWIyY pu® S8TITH 3So

quepur yade Jurq®aS 20&ASPBOH yadeg o0edspesq °ON 3JUSPULl UOTSNIJQOX] ROedspeal. Z\m Io

SjusmaINS BaW JIDWTLIJ © Burqesg JISWIIJ 310 utd Butatd 9TJTYH ‘dmag,
qdweq9y SUTITS I99JY 9dme9y SUTITS 81039g 1sog

SOUOUL ‘squswSJINSES)| UOTHTUNIUY _ S9UOUI ‘squsweInses)] aTIIY

SEOCIYM V) ¥dd 40 SOIISTMEIOWIVHO TVOISAHd °9 HIAVL

page2ll



L00"® 600" hebh" T T600° oH6H'T  €92T

.,00° GL00* 9E6N* T .£,00° HoR'T  9fet

800° relolols choR"T 2g00°" 646%°T  GEST

100" 1,00°* R T 9900° LE6H°T  geeT

Loo* GL0o0o" ghbh" T 8900° En6h'T 922t

900°* €,00° gEGH T €L00° THoH'T  Heel

900° 2loo* THOR T €L00°" GhoR'T 222l

L00°* TL0OO® Oh6N° T glLoo* Ly6h°T  glet

8§00° 6900° 6E6H°T Tgo0°* 616%°T  gocL H20°®

Q00° 9.00° Qe T H800° héh'T  L6TT

900° #L00° GEOH'T 2lLoo® o T H6TT \ :

600°* 2800° H26h° T €800° Gh6H°T  9TIT ALATO* 920° L0G°T 888L.L0%

800° 9900° e 1T €900° 9E6h°T  QIET

900° 6900° 6E64°T €L00° Ghbh'T  TIET

[00°* TL0O* GEGH T €L00° QE6H'T  LOET o
9o0° TL0O® 9E6N" T #800° EN6H"T  GOET Ny
800° 8900° ceon T LL0O* 6E64°T  LleT &
goo° TLOO® 2e6H T 2900° #E6H°T  0LeT =
Loo* #,00° TEOHT 6800° SHEH'T  OfeT

Loo* 9900° LEOH'T 2g800° gE6H T  gtel

800° L900° 6E64°T 9800° CHoR*T  heel

800° 6Loo" ohébh" T £g00° QE6H'T  Ofel

g00° €Loo" Lebh T Gg00* EH6H°T  geeT

g00° 6900° CEGH'T €L00° €E6R°T  9eel

L0O0* T.LOO® THOH T | 1800° Chbh'T 222l 120°* L0OG'T

600° T900* LEOH'T 900° TH6K°T 002T 6T0° . 920° LOS°T QGEH90S 69~
avspul  ygqdeq Surgeds ededspeeq yzdsq 80'dspesy “°ON 4quUepuUl UOTSNIJ0Id 90edspesH N/S EN
SIusweansesl JIoWTIJ 7 Juryeeg JsWTIJ 3810 utd SutItd 9TITY ‘dmag,

qdwe43y SUTITI I93JY

qdweq1y Sutatd axojeg

sayoul °‘squsweanses) UOTH [UNIIY

189%

SoyoUI °‘sjusmeInses| oTJIy

SEOATYTEYY ¥dd J0 SOIISTHAIOVIVHO TVOISAHd 9 TIFVL



800° 6Loo" ohbh*T 9.00° héh'T  88et =

L0o* " 4L00° QE6H T 6900° Th6H'T €82t

L00* 0L00° HE6H'T L900° oH6H°T =~ gleT

g00° €900° GE6N T - 6900° - Labh°T  Llet

800° £900° 2EOH T 9900° oh6w'1T  Glet

500° £500° geon T 8500° GhoR'T  Tlel

g00° 0900°* HEGH'T €900° OW6h*T Q92T

100° 0L00°* obh° T 0800° ghon*T  LEeTL

100°* 6900° 0E6H°T €L00° Hh6h'T  9Tet

.00° cloo’ LE6H"T HL00° EH6H'T  HICL

600° L900° Ge6Nn T 9L00°* 6461°T  2Iet

600°* 7L00° THOH T 0L00° GhoR'T  602T :

800° 9900° LE6H T H400° #héh'T  902T f20°

100" 8L00"° onbH" T QL00°* OhbH"T  e6TT

800° TQ00* geon 1 6900° " On6*T  06TT

800° £600°* Qebh T 0L00°* LE6H'T  E€60T

800° 6800°* HE6H°T LL00* ThH6R'T Q80T 9¢0°

0T1o* 0800° L6 T G900°* Enéh'Tt  SIOT  QTO” g20° L0G°T ogHTEOS  69-

900° TLOO® 9E6h" T 8L00°" on6h'T  QOET

.,00° 6900° HE6H " T LLOO*® , héh"T  2OET

1,00° 6L00-* Théh° T H800° © 6hen'T  egel

200° 2loo* cE6n T €L00° 6c61°T  Tget

L0oo* 6L00°* Enbéh° T 9L00°" LE6H'T  glet

100° 6L00° 2E6H"T Tg00* L6 T Hlet

900° 1100° HE6H"T €L00° GhoR' T alel

900° - LLOO® QE6H'T GLoO". THOH'T  TiST

100° 9900°* Qe T 9.00° En6h°T  Olel

1uspul y3de( Suty®eg 90EdSpBaH gjdaq 20edspeal °‘ON AQUOPUIl UOTSNIQOIJ Sdedspesy N/s I

SqUSWRINS BON JISWTLIJ ; Sutaees JIsWLIJ 810 utd JuTITJd STJITH ‘dusf,
7dwe33y SUTITd I93JY 4dwe33y SUTITd dI10J8g 9897,

soyoul ‘sjusweINSes)] UOTJTUNWY

soyouI °‘squswoanses) oTJITH

SEOATIIMYD ¥dd J0 SOTISTHEIOVIVHO TVOISXAHd °9 TIAVD

page 13



g€00°*

1T0° L6 T = “ EOET
T10° 9200° LE6H°T = - Toct
gro* g€00° €964 °T- = 5 HeeT
600° 6200° L964°T = = TOcT gTo* #20*
TI0°* #H00° 664" T = - GOTT 6TO"* 920" LOG°T TI6EQOS  69-
Goo* T.,OO® Gab4 T G = GTS 610° #20° L0G°T G9€9805 0L+
UOTITUNUUY Pu®' SSTITY TOIJUOD
600° G900° OnbH° T TLOO® gnbh"T 02ET
100° €L00° HE6H" T Tg00* 6h6h°T 662
600° €900° 6260 T 9L00° EHoN T 62t
00" 2Loo* €E6R'T TLOO® Oh6h'T L62T
800° 8900° GHEN T 1900° 6H6h°T 62T
100° L00* geen T 6,00° Ghoh"T T62T
800° 900° 6E6H° T £800° 6H64°T 682t
JWspul ygdeq Furyseg 9oedspeeH qaydsq 20wdspesH ‘ON 4JuUepul UOTSNIq0Id 2S0EdspBel Z\m Iy
S1USWRINS B JISWLIJ : Surqeas JewWLId 319 urtd Surard OTJTY  ‘duag
3dwe43 Y SUTITL I933Y 9dweq4y SUTITI 8I0Jag 9897,

soyoul ‘sjuswWeJINSEI{ UOTSTUNIIY

soyoul ‘sjusmaanseal] o9TIIY

SHOATUMYD ¥dd 40 SOIISTHHLOVIVHO TVOISAHd °9 TIdVL

page 14



DIMENSIONAL CHARACTERISTICS
OF STANDARD MLAAl RIFLES AND 5.56-MM CARTRIDGE CASES

The tolerable dimensional variations of components of rifles and
ammunition which influence FFR-type stoppages were taken from the drawings
of those items and are shown in the following figures and tables. The
hammer spring (Dwg 8L448611) for the rifle (which is not shown) can also
contribute to FFRs should the radial torsion type spring weaken (i.e., falls
below 6.0 1b/in. (10.5 N/cm) within the range of 170° + 14° from an untorqued
position,

Figure 1 and table 1 illustrate the important headspace dimensions of
the M16Al rifle barrel-bolt interface using, and comparing, the results
obtained with rifle and ammunition headspace gages. Firing pin length is
presented in figure 2 and table 2. Figure 3 and table 3 give these data on
the bolt body and extractor. Figure U and table 4 present the characteristics
on the 5.56-mm cartridge case. :

Inclosure 3, page 1
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Figure 1: M16A1 Rifle Barrel Assembly

TABLE 1.

- « d =
Barrel Chawmber and Barrel ExTension

(Ref Drawing No. 8448649 and 10524200)

CONTROLLING DIMENSION LIMITS OF HEADSPACE USING
WEAPON AND AMMUNITION DATUM DIAMETER REFERENCE POINTS®

Measurement, Inches

Range Type Of
Dimension Basic Tolerance Lower Upper Headspace Gage Used
a 1.4646 +0.006 1.4646 1.4706 Rifle
b 1.6206 + .,003 1.6206 1.6236 Rifle
c 1.Lko79 + .006 1.4979 1.5039 Ammunition
d 1.6539 + .003 1.6539 1.6542 Ammunition

_ &Datum diameter is 0.3300 inch for weapon chamber and 0.3017 inch for cartridge

case. To convert weapon headspace measurement to ammunition dimensioning, add

0.0333 inch.
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Figure 2: MI16Al Rifle Firing Pin
(Drawing No. 8448503)

TABLE 2. CONTROLLING DIMENSICN LIMITS
OF FIRING PIN PROTRUSION

Measurement, Inches

Range
Dimension Basgic Tolerance Lower

Upper

a 2,707 40.002 2.705 2.709

page‘3
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BolT Body and ExtTracTor

Figure 3. ML6AL Rifle Bolt Body and Extractor /
(Ref Drawing No. 8448510 and 8u4L8512)

TABLE 3. CONTROLLING DIMENSION LIMITS OF
HEADSPACE AND CARTRIDGE POSITIONING

Measurement, Inches

Range Measured
Dimension Basic Tolerance Lower Upper Item

a a. a. 2,524  2.519 Bolt

b 2.675 +0.002 2.677 2.673 Bolt

c .156 _.003 .156 .153 Bolt

da .719 + .002 TLT . 721 Extractor

e .06k + .002 .062 .066 Extractor

£ &_ aa .00k .016 Bolt/Extractor
g 665 + .002 .663 667 Bolt

@Not given directly on the drawing. The dimensional range was computed based
on limits specified in the drawings.

page L
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Rim Co mp lefe Case , Primen Pocket

Figure 4: 5.56-MM Cartridge Case and Primer Assembly

(Drawing No. 10524200, 10534013 and 10523632)

i R—

TABLE 4. CONTROLLING DIMENSION LIMITS OF HEADSPACE

AND PRIMER SEATING DEPTH

Measurement, Inches
Range
Dimension Basic Tolerance Lower Upper

Description
Of Measurement

Standard (Control) Cartridge Cases

e 1.500 ~0.006 1.kok 1.500
b .045 - .007 .038 .0l45
c .000 - ,008 .000 .008
a .008 - ,008 .000 .008
e .118 + .00k .118 .122
Test Ammunition (Where Different)

a - - 1.4935 1.4945

a .008

a e -

g
Primer seating depth tended towards the maximum in the te

Page 5

Case Headspace
(Ammunition Gage)
Rim Thickness
Primer Height
Primer Seating
Depth

Primer Pocket
Depth

8t ammunition.
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firing pins for each weapon were each modified so that the firing pin pro-
trusion varied about the minimum specification value in increments of 0.002 inch
(0.05 mm). Test ammunition, which had the headspace at the minimum allowable
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value and primer intrusion near the maximum value, was fired in three of the
weapons, and conbtrol ammunition with cases from a regular production lot was
fired in the other three rifles., Each rifle fired 360 rounds with each of the
five firing pins, at conditioned temperatures of -65, +70, and +155°F (-54, +21,
and 689C). Only one failure to five (FFR) occurred during the firing of test or

control. ammunition with the firing pin within allowable manufacturing tolerances| -

this occured at the minimum allowable tolerance of 0.028 inch (0.71 mm), at

-65°F (-54°C) conditioned temperature, with test (i.e., short-headspace) ammuni-|

tion. FFRs occurring at the less than allowable firing pin protrusion of 0.026
and 0,024 inches (0.066 and 0.061 mm) increased with decreases in conditioned
temperature., Functional performance, including cyelic rates, of the modified
rifles was normal, other than for the induced FFRs. It was concluded that the
overall test results show that a FFR malfunction can occur only if all
unfavorable extreme dimensional variations of the rifle and ammunition are
present at the same time (elimination of one or more of these extreme COnditionQ
is sufficient to preclude the occurrence of the FFR malfunction);’revision_of,
the dimensional tolerances of the MLAAL rifle or 5.56-mm ammunition to further
preclude the occurrence of FFRs does not appear to be warranted. i
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