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29 March 1966
INTRODUGTION

As you have observed from our teletype, our discussion today will center around
% . 0

the subject of "Rate of Fire of the XMI6EL Rifle".
To give you some background:

In November of 1965 it was reporied to us from Aberdeen Proving Ground that
they were experiencing an exceptionally high number of malfunctions of all types during
the testing of the XM16El Rifle in the SAWS Program. These malfunctions and some parts
brealkage were attributed to the higher cyclic rates which were encountered when care
tridges using Olin Propellant WC 846 were fired in the weapons. In addition to the
foregoing excessive fouling of weapons when using cartridges loaded with Ball Pro-
pellant was reported by Ft. Ord, California.

Ia order to determine whether oxr not these statements were well founded and
{f these reported conditions represented a present Or potential field problem the Pro=-
ject Manager for Rifles on 25 November 1965 requested Frankford Arsenal to conduct a
test program which congisted of the following:

Two 5.56mm, Ball, M193, Ammuaitien Lots, WCC 6089 (Olin Manufacture)
and RA 5074 (Remington Manufacture) were fired in four XM16EL and two ARL5 rifles.
Physical, chemical, metallurgical and ballistic tests were performed to determine am-
munition characteristics. Each rifle was fired for accuracy and velocity inmitially
and after each 3,000 rounds of firimgs in & 12,000 round test. The rifles were in-
spected after each 1,000 rounds and malfunctions, stoppages and cyclic rates were
recorded. Frankford Arsenal concluded in their final report dated February 1966 that
Cartridge Lot WCC 6089 gave a lower chamber pressure, a highexr port pressure, a higher
cyclic rate, a greater malfunction rate, greater fouling, more variations in handling,
and less bore erosion than did Lot RA 5074. We have copies available for your use
at this meeting; if you wish to obtain one on & permanent basis, please contact USAWECOM
(Office for Rifles, Mr. Pilcharsky). :

During the MIGEL/XM16EL Rifle Technical Coordinating Coumittee Meeting
held at Frankford Arsenal on 12 & 13 Jan 1966 an interim report was made on the re-
cults of the tests. The committee agreed that the malfunction rate was not serious
enough to interfere with combat operations in the field, but enough to warrant correce-
cive action. Corrective actions recommended and approved by the committee were as
follows:

a. Colt's Inc to design 2 new buffer to reduce cyclic rate of
weapon.

b. Frankford Arsenal to continue to investigate the problems
caused by Ball Propellant and determine what changes to the ammunition purchase de-
ccription could be made to define acceptable performance with Ball as well as IMR Pro-
pellant.



INTRODUCTION (Cont'd) 29 March 1966

Since it is the feeling of the Project Manager, Col Yount, that so-
lutions to the problems invoived are dependent on systems analysis supported by sound
engineering computation and test data he agreed to sponsor a confereace of this type
as proposed by Frankford Arsenal. It is our hope that at the conclusion of today's
meeting we will have gained a better knovledge of the dynamics of the subject weapon,
and a more complete definition of ammunition interface problems, and through proper
application be able at a subsequent mceting possibly on 12 April determine the most
appropriate solutions to these problems.



WAL PRESENTATION 29 MARCH 1966

SUMMARY OF FRANKFORD ARS

Frankford reported progress on its “theoretical model" for simulation of the
5.56mm XML6EL rifle system. The model predicts a characteristic curve of rate=of=-
fire of the rifle versus the bolt- belt-carrier velocity, V,, impacted by the ammu=-
nition.

Here V, is the commoun velocity achieved by boit and bolt-carrier as a result of
all forces traceable to the cartridge (viz., gas flow to the bolt-carrier, forces to
extract case, etc.). It is the predominant "ammunition input" to the system.

The corresponding rate-of-fire R is then the dynamic feSponse of the rifle as
determined by its mechanical parameters. This response, with and without buffer com=
pression, has been calculated for a range of Vo. (The system "model" is still idea=
lized," since friction and other emergy dissipative effects such as ammunition feed
have not yet beem included; these will be included in future steps.)

The rate-of-fire curve of this simple "model" has & minimum R ¢, which is 8
characteristic of each rifle, and is independent of the ammunition; i.e., each rifle
has a (Vo)* corresponding to its Rg:i.,, or the Vo* found for amy rifle will not nec-
essarily produce R s, in another rifie. Ammunition impulses V,, less than the value
Vo* required to produce Ryi,, £all in the "short recoil" or non-rebounding' region.
Ammunition impulses which exceed V* for R . fall in the "rebound region" (i.e., re-

present rebound of the carrier after buffer compression).

Potential causes of weapon or cartridge malfunction, such as insufficient carrier
displacement to extract or to feed; magnitudes of kinetic emergy just prior to rear-
ward buffer impact or just before forward bolt impact; time-phase relations of weapon-
cartridge kinematics; are being surveyed to trace and identify the criteria governing
the specific malfunctions observed in recent test firings. While the study is yet
incomplete, we are proceeding with the hypothesis that many, if not all criteria for
specific malfunctions will correspond with specific regions of the R versus Vg5 curve,
(Case "stiction" and specific dimensional malfunction have been 8o identified).

If malfunction criteria can be thus mapped into "zones" on the R versus Vo dia- .
gram, it may be possible to discern corresponding "zones" of optimum performance for
the ammunition-rifle. We believe this "zone™ of optimum performance will lie in the
rebound region and will have its left edge near the minimum (Ruin).

Frackford presented a tentative scheme for acceptance of ammunition lots in the
event measures are needed to insure their rate-of-fire performance. A group of sel=-
ected calibrated XM16ELl rifles would be chosen. A set of calibration lots would be
supplied, giving a range of impulses Vo. By firing these in the test rifle, it could
then be calibrated in terms of rate-of-fire, including a point at Rmi . By firing
the lot sample, its rate-of-fire Rjs; would be measured. The ratio nj,. = Riot must

pass the acceptance criteria established, ‘Rein

Nmin*s Nlot‘:gnmax
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Frankford also reported on its studie

s of the impulse V. imparted to the XMIGEL
by epecific ammunition lots. This has been don

@ by three methods:

(a) theoretical calculations of gas inputs to the bolt-carrier based on the
port pressure-time data of the ammunition lots in question;

{b) very recently performed pressure-time measurements made near the outlet
of the gas-tube; and

(c) through integration of accelerometer-~time, velocity measurements of the
bolt. (Both (b) and (c) were carried out in automatic fire (20 rounds) ).

The integrated impulscs predicted by all three methods are reasonably self-con-
sistent and so far have ranked the ammunition Lots in the correct sequence to explain
observed rates-of-fire. More of the experimental measurements need to be made, how-
ever before all queations about absolute magnitude and time characteristics can be

resolved.



SUMMARY OF COLT'S INC PRESENTATION ON 29 MARCH 1966

The following is extracted from Colt's Ine. report entitled, "Test of Ezperimental
Propellants for 5.56MM M193 Ball Ammunition in M16 Rifles". Date of report 23 March
1966. These items are particularly pertivent ©o the subject meeting.

At the request of the M16/XKMI6EL Rifle Technical Coordinating Committee, Colt's
Firearms Division carried out some tests on 5.56mm ball ammunition containing samples
of two experimental propellants. The samples available were small, and the tests were
not exhaustive, or intended to be definitive by themselves. They were intended in-
stead to supplement other tests being carried out simultaneously, under Army auspices,
at Frankford Arsenal and at Aberdeen Proving Ground.

The test material consisted of two samples, of 2000 rounds each, containing re=-
spectively a Dupont propellant designated EX8208~4 (from packaging labels) and Her-
cules HPC-11. Propellant EX8208«4 ig an extruded tublar-grain type, reported to be
of single~base composition. Propellant HPC-1l is an extruded tubular-grain type,
reported to be of double~base composition. The ammunition containing EX8208-4 employed
cartridge cases of Federal manufacture. The averapge charge weight in five rounds
containing EX8208~4 was 25.3 grains, aand the corresponding figure for the sauple con-
taining HPC-11 was 22.8 grains.

There was furnished also & 2000-round sample for control purposes, containing
Olin WC 846 spherical-grain propellant. This sample employed Remington cases, and
the cartons bore the identification number 223-163. The average charge weight, de-
termined from a sample of five rounds, was 28.2 grains.

Ten M16 rifles were employed for cyclic-rate tests, using a Watchmaster cyclic
timer. One 20-round burst was fired with each rifle, with each of the test samples
aand with the control sample of awmunition. This schedule was fired first using the
standard action-gpring guide assembly (buffer), corresponding to Colt's Drawing 62119.
Each rifle had installed its original and different specimen of the standard buffer.
From each of the rifles in turn, the standard buffer was removed, and repiaced by one
(the same) specimen of Colt's ezmperimental buffer assembly (Drawing 62339), and the
cyclic-rate test was repeated. A summary of these results follows:

e



CYCLIC RATE, EDS/MIN

Standard Buffer Experimental Buffer
WC846 EX8208  HPC~1 WC846  EX8208  HPC-11

b

Trial 1 912% 803 681 789 726 645
Trial 2 934 =857 7438 797 752 687
Trial 3 891 - 773 663 S 708 647
Trial & 867 740 638 773 697 600
Trial 5 93 8%% 838 740 800 757 673
Trial 6 950% 905 786 823. 765 689
Trial 7 905 800 689 745 728 608
Trial 8 851 738 642 731 651 575
Trial 9 942 823 697 §97 750 665
Trial 10 905 784 717 786 738 681
Average Rate 910 806 700 781 . 727 647 ,{O R
//vrﬁ/é{_.
Higheet Rate 250 205 786 823 765 689 ﬂgﬁ‘é ‘
oy ‘(7/
W
Lowest Rate 851 738 638 731 651 575/////;;@,>
; / S niw
REMARKS: %Bolt failed to remain rearward after last round was fired. /// “Uaaékf
*%0ne failure to eject occurred. Wew ey 1s
% "if'/. >
g ALl
The foregoing table permits the following further comparisoné of diffc@g;ces,[“e1

in respect to average cyclic rates, obtained with the three regpective ammunition sam-

ples, and with the two designs of buffer: — = _>< A vt
« s g
. HPC-11 \ ouetOpY
Average difference of test sample AN
from control sample (WC846):
With standard buffer: «104 rds/min =210 rds/min
With experimental buffer: ~54 rds/min ~134 rds/min

Average difference of experimental
buffer from standard buffer:

With control sample (WC846): =129 rds/min
With EX8208 sample: '~ =79 rds/min

With HPC-11 sample: =53 rds/min



FOULING TEST:

Only one Mi6 rifle was used for this test, because the aumunition samples were
not large enough to obtain meaningful results on a larger number of weapons. This
weapon was thoroughly cleaned beforxe firing each type of ammunition. Each ammunition
sample was fired in turn. With each sample, 1000 rounds were fired. The schedule
of firing was 80 rounds semiautomatic and Z0 rounds automatic, with cooling after each
100 rounds, which is the schedule prescribed for standard endurance testing of M16/
XMI6EL rifles.

With the control sample, containing WC846 propellant, there were no malfunctions
during the 1000-round schedule. Upon completion of firing, there was evidence of bore
fouling in the region from the fromt-sight position to the muzzle. The amount of
fouling visible in the vicinity of the bolt, barrel-extemsion, and upper receiver was
noted for later comparison.

With the test sample containing HPC-11 propellant, the weapon functioned normally
and without stoppages for 700 rounds. Upon commencement of the eighth 100-round cycle,
the first eight rounds failed to give full recoil of the bolt. The weapon thus re-
quired manualicharging 8 times. The weapon then resumed normal functioning. After
cooling, upon commencement of the ninth cycle, the weapon behaved in the same way, and
ten kounds were charged manually before normal functioning was resumed. Performance
was exactly similar at beginning of the tenth cycle ten rounds being marnually charged
before normal functioning resumed. Upon completion of the 1000-round schedule, the
visible accumulation of fouling in both bore and mechanism was remarkably small, being
much less than that observed after the firing of the control sample.

With the test sample of EX8208-4 propellant, there were no malfunctions during
the 1000-round schedule. The visible accumulation of fouling was less than that of
the control sample, but more than that of the sample containing HPC-11 propellant.

OBSERVATIONS :

CYCLIC RATE:

The cyclic rate of fire, using the standard buffer assembly, and the control
sample of ammunition, was much too high. None of the ten rifles met the criteria of
650-850 rds/min, based on a single trial, with this combination of buffer and ammu-
nition sample. Three malfunctions occurred which might reasonably be ascribed to
high cyclic rate of fire. '

Using the test sample containing EX8208 propellant, and the standard buffer as-
sembly, two of the ten rifles exceeded the upper limit of 850 rds/min in cyclic rate
of fires The mean cyclic rate with the group of ten rifies was 56 rds/min above the
nominal design rate of 750 rds/min for the Ml16.

Using HPC-11 propellant, the cyclic rate was much lower tham with the other sam-
ples. Withothe standard buffer assembly, two of the ten rifles failed to meet the
lower limit of 650 rds/min, and the mean of the group was 50 rds/min below the design
rate of 750 rds/min. Rates of fire below 650 rds/min, especially with the standard

e e I e N N e e I R R Ol Sy s AL WS TR s vl



weight of recolling parts (buffer), is indicative of marginal operating energy, and
indicates risk of short-recoil malfunc 22 under adverse conditions. However, no
such malfunctions occurred in this limited firing, with clean well lubricated weapons,

Using the experimental buffer assembly, all of the rifles met the cyclic-rate
criteria of 650-850 rds/min, with both the control sample of ammunition (WC8%46) and
the test sample containing EX8208. However, with this buffer agsembly and HPC-11
propellant, five of the ten rifles failed to meet the lower limit of 650 rds/min. No
alfunctions occurred in this limited firiag, however, with any of the smmunition

samples.

gJ

FOULING AND FUNCTIONING:

In the 1000-round fouling test, the control sauple (WC846) gave the greatest
amount of visible accumulation of residue, and the test sample contailning EX8208 gave
the next greatest visible accumulation. However, no malfunction occurred during the
firing of these two samples.

The sample containing HPC-11 gave the least amount of visible fouling during the
1000-round test, but short-recoil malfunctions occurred after 700 rounds, and per=
sisted thereafter whenever the rifle was allowed to cool before resumption of firing.
It therefore appears that the relatively locw operating energy which the HPC-11 provides
for the Mi6 gas system (as was apparent from the low cyclic rates) as insufficient to
overcome even the resistance of the small accumulation of fouling which results from
use of this propellant.

CORCLUSIONS

it must be emphasized that the following conclusieons are limited to the extent
that the respective samples of ammunition furnished are representatijve of the propellant
types employed. They ave limited also to the characteristics which could be inves=
tigated with the rather small samples available, and do not take sccount of such char-
acteristics as chamber pressure, port pressure, environmental conditions, ete., which
are being investigated separately in the more comprehensive programs of government

testing agencies.

In these tests, the test sample containing EX8208 propellant gave generally sat-
ifactory performance in M16 rifles, both with the present standard buffer and with
the experimental buffer now being evaluated for use in the M16/RMI6EL. With the
standazd buffer, however, the uppcr limit of 850 rds/min is occasionally exceeded.

In these tests, the test sample containing HPC-11 propellant gave evidence of
producing insufficient operating energy for reliable gun functionimg. In all other
respects, its performance was very satisfactory.

In these tests, the control sawple containing WC846 gave excessively high cyclic
rates of fire, when the standard buffer was used. With the experimental buffer as-
sembly, the cyclic rates of fire were satisfactory. The accuracy of the coantrol sam-
ple was also unsatisfactory for testing of rifles, but the uncertain influence of im~
portant uncontrolled variables (especially the quality of bullets employed in this
sample) prevents making any meaningful comparison among the propellant types in res-
pect to their respective effects on accuracy.



tions,

s

Mre. Lentz ' discussed BRL studies as background tc our Rate of Fire considera-

Prediction Formulas:

@ In considering the dispersion of the normal 3 shot target pattern in

| automatic fire, if the total time involved is less than man's resction time
(0.14 to 0.20 seconds), the contribution of tha first shot to the target

! dispersion for the second shot, f?z, can be computed from the prediction

f formula (for the standing mode of fire): *

G2 = A [Lx (h+a+bh+8h)-Ld(1ﬂ

Lo s @)

among individuals,

! L. R
i '
% ; G2 angle between first and second shot,
: Ly impulse of rifle (without brake or compensator).
f? ' Lg counter impulse due to compensator, etc. |
% : h lever arm (‘é,OE bore to %éof butt).
t a effective lever arm ( é_to butt to c.g..of "man-weapon',
& 1 lever arm for counter impulse,
© ph variation in butt-plate shoulder positions for individual.

“"" i sh 9 i L 5] i "

I mevement of ineftia of rifle.

R cyclic fate of rifie,

When colinter impulses (muzzle brake, compensator) are available, it nay

be possible that

Ly (h +a) ~Lg . 1 =0

Then the prediction formulsa becomes

G2 = Ay E‘x (oh + sy ]
I.R

= )

SRS ()

It is again emphasized that this relation holds oanly if the time re-
preseanted in going from first to second round is less than the reaction time of

the individual.




2. Typical Values

From many tests, subject to a computer-smoothing program, the value of

re
a2 "= 3100.
o Z
Ly = 1.18 to 1.30 1lb., secs. (without brake)
= approximately 2/3 of this with brake.
Ah = o 40,3%; 5h - e Yo 2t

For a three round burst from the M16 Rifle, the total spread from the first
shot may be as much as 100 - 120 ?u or gbout 30-40 @ between the first and second

shot.

This is to be compared with the value of the aiming error, which is about
3'4,F£ and the normal "'weaving" error, which is about SJyﬁ

In general, for the quick fix situation, where a short burst is desired, it
appears desirable to keep R up. This is typﬁcAi of the assault situation. On the
other hand, usually at longer ranges, where time is not critical aand where a very
long burst of searching fire is desired, we may want to lower R. IHere the individual
will have time to gain control of the weapon and redirect and compensate its aim.

The situation becomes much more complex, when man's reactions have time to
assert contrxol over the weapon pattern. These may be voluntary or involuntary;
for example, in the standing position, the left arm becomes a Yispring®.

3. Rate of Fire Experiments.

The BRL has been exploring the extreme spread obtained in one to three
round bursts, which are delivered in times less than man's reaction time, over
ranges of fire from single shot and semi-automatic to about 600 rpm, and from
1100 rpm to about 2800 rpm. In the low rate of fire regime, the extreme spread
approaches asymptotically to the value of the “weaving” dispersion at zero rate
of fire. The dispersion then rises with rate of fire.

, On the other hand, in the higher regime (from 1100 to 2800 rpm), extreme
spread decreases with rvate of fire. In the centwval regime (600 to 1100 rpm) not
yet covered by experiment, it may have a maximum.



4, Control Pattern

Considerations have also been given to achieving & contxol pattern for
coping with certain field situations such as “human wave tactics”. Here the
idea is to sweep the weapon across a broad linear distribution of targets with
initial values of horizontal and vertical velocity. The values of R and choices
of initial velocity which will then lead to a controllable and effective shot~
pattera are being studied,

5. In the subsequent discussions, it appeared that the BRL experience
indicated that the present M16 rate of fire could be lowered from the 900 rpm
level to some lower value, probably with significantly beneficial effects on
the extreme spread of shot pattern in both the. short burst situation, and in
the long burst search situation.



Major Pfanzelter (USACDC) offered the following:

The user will accept the lowest rate of fires that will function the weapon
properly in automatic fire. Lower rate wiil permit the soldier to get back on target
and not waste ammunition.

In general all attendees agreed that a lower cyclic rate of fire in the XMI16El
rifle would be desirable and beneficial. The optimum rate, considering all factors
discussed, appears to be between 575 and 850 rpm.
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