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A COMPARATIVE EVALUATION OF THE 7.62mm
AND 5,56mm, G-3 ASSAULT RIFLES

ABSTRACT

A test was conducted with 7.62mm and 5.56mm, G-3 Assault Rifles to
evaluate and compare the kinematics, reliability, safety featuvres,
phyaical characteristics, reccil impulse, retes of fire, projectile
velocities, muzzle motion and accuracy of the weapons. No serious
problems were detected during the tests and the reliability of the
weapons was comparable,
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LIST OF SYMBOLC

force required on the face of the bolt to release the locking
mechanism, 1b :

force required on tbe connosting rod to releage the locking
mechanism, 1b

forc2 applied by the bolt latch spring, 1b

distance measured vertically from center of bore to center of
tuttplate, in,

moment of inertia about a horizontal transverse axis rassing
through the center of vuttplate, 1b ft sec?

moment of inertia about & horizontal transverse axis passing
through the center of gravity, lb ft sec®

recoil impulse, 1b sec

number of rounds in statistical sample

rate of fire, shots per min (SPM)

velocity of bolt -assembly, ft per sec (fps)
mzzle velocity of projectile, ft per sec (fps)

distance measured parallel to bore from center of buttplate, in,

distance measured. vertically from center of hore to center of
grevity, in,

angle of mating surfaces on bolt and bolt latch, deg

angle of ramp for locking rollers on connecting rod, deg

-standard deviation in measured reccil impulce, 1b sec

standard deviation in rate of fire, shots per minute (SPM)
standard deviation in velocities, ft per sec (£ps)

angle of ramp for locki.g rollers in lovking recesses, deg
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I, INTRODUCTION

The 7.62mm, G-3 Assault Rifle, which fires the M0 NATO round, has
been in use by the German Armed Forces Ior a number of yeu... It is
essentially an improved version of the earlier Spanish CETME Assault
Rifle and has DProved quite reliable. It fires in both the semi-automatic
and automatic modes and is fed from a 20-round, box-type megazire., Most
of the parts of the G-3, with the exception of the barrel and the doit
assembly, are made of gtemped sheet steel, which makes the system easy

to mass- produce,

The increasing interest in small calibers, particularly 5. 56mm,
prompted the development of a scaled-down version of the 7.62mm weapon.
The ncaled-down model, produced by Harrington and Richardsen, Inc., of
Massachusetts, in association with Heckler and Koch, G. M. B. H. of
West Germany, fires the 5.56mm, M193 round. The mechanism of the 5.56mn
weapon differs from the 7.62mm version only i a few minor respects.

The most notable of these are the addition of a catch to keep the bolt
open after the last round of a magezine is fired and the use of a
damping device in the bolt assembly of he 5.56mn weapon.

At the request of U.S,A. Weapons Command, two 5.56mm rifles and one
7.62mm rifle were delivered to the Interior Ballistics Leboratory of
Aberdeen Proving Ground for test and evaluation. Studies of physical
characteristics, kinematics and reliability of the mechanisms, projectile
velocities, muzzle vibration and accuracy of fire were requested.

II EQUIPMENT ArD FROCEDURE

One 7.62m, G-3 rifle and two 5.56mm, G-3 rifies were fired during
the tests. Gun No, HK 2803 was a 7.62mm rifle on which the history was
unknown, but it appeared from the wear of the parts that less than 5000
rounds had been fired from the weapon. The weapcns are shown assembled
and unassembled in Figures 1 and 2. The weapons were fired under
laboratory conditions and in most cases from a machine rest mcunted as

ghowm in Figure 3.
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_‘ 2. FRONT SIGHT 8. FOREGRIP
: 3. BARREL GROUP 9. MAGAZINE
. 4. CHARGING HANDLE 10. TRIGGER ASSEMBLY AND |
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H 8. BOLT ASSEMBLY ;
‘{ 6. REAR SIGHT 1. STOCK
Figure |. 762 MM,G-3 Assault Rifle, Assembled and Unassembled. . ¥
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Figure 2. 556 MM, G-3 Assault Rifle, Assembled and Unassembied.
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Figure 3. 7.62mm, G-3 Assault Rifle in Machine Rest

Much of the data used in the study was obtained with a displacement-
time cumera.l* To take displacement-tim~ records of the bolt carrier
moticn, a cylindrical reflector was threaded into a hole in the top of
the bolt carrier. A slot was cut in the top of the receiver to allow
for travel c® the reflector. A reflector was also bolted to the
receiver so that the motion of the bolt assembly relative to the receiver
could Ve measured. The camera was focused un the reflector and displace-
ment-time records were taken during firing of the weapon. The bolt
assemhly'with the reflector is shown in Figure 4.

Figure 4. Bolt Assembly with Bolt Carrier Reflector

*References are found on page 45
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In some instances it was necessary to record the motion of both the
bolt and the bolt carrier, Becausa the reflector on the bolt was
¢ pervendicular to the center line of the reflector on the bolt carrier,
a system of mirrors was used to project the images of the reflectors
into the camera. The reflector used to record bolt motion is shcwn in
Figure 5.
4
4
Figure 5. Bolt Assembly with Bolt Reflector
@ e The displacement-time records were used to calculate the velocity

. and acceleration of the bolt carrier, the rate of fire and vo explain
irregularities of operation. Studies of minute details of functioning,
such as hammer swing or bolt bounce were made when the records indicated
unusual or critical behavior in the mechanism. Displacement-time recorsds

e of the muzzle motion were taken by focusing the camera on a reflector ’

epoxied to the outer wall of the barrel at the muzzle. The records were

used to determine the frequency and amplitvae of muzzle vibrations.

Four lumaline screens were used to determine projectile velocities
e at three points along the trajectory. The times elapscd while the
projectile traveled between screcns were recorded with digital counters.
Using these times and the distances between the screens, the average
velocities between screens were culculated and the velocity at the muzzle
was determined by extrapolating from the plotted data.

‘ oo Some cimulated shoulder firing was done for comparison with the
firing done in the machine rest. For this purpose a frame was built
! which allowed the weapon freedom of movement only along the line of
f recoil and counterrecoil as shown in Figure 6,
«
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Figure 6, 5.56mm, G-3 Assault Rifle in Mount used for
Simulating Showlder Firing

During firing, the operator shouldered the weapon just as he would when
firing without constraints. Displacement-time records of the receiver
and bolt carrier were tsken during firing.

Recoil impulse was determined dy firing the two weapons in a
ballistic pendulum with and without muzzle attachments.2
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A, Physical Measurements

RESULTS

Table I. Weights, pounds

COMFONENTS

Weapon Empty

Weepon and Magezine
Weapon and Magazine + 20 Rounds
Sling

Bayonet

Tripod

Bolt

Bolt Carrier

Connecting Rod

Firing Pin

Receiver and Barrel Group
Trigger Mechanism

Stock

Foregrip

17

7.62mm
9.430

9.740
10.810

5, S6ma
8.16
8.451
8.9
0.27
0.65
1.015
0.200
0.900
0.085
0.015
3.940
i.0ko
1.150
0.370
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Table II, Lengths, inches

Weapon, Length, w/ Muzzie Device
Weapon, Length, w/o Muzzle Device
Barrel, Lergth, w/o Muzzle Device

Table III.

Return Spring
Spring Constant

Free Iength
Length in Weapon
Initial Load

Firing Pin Spring
Spring Constant

Free Length
Length in Weapon
Initial Load

7. 62mm
40.38

39.38
17.4b

Spring Calibrations

7.62mm
2.2 1b/in.

1708 in.
12.4 in,
12.0 b

7.62mm
7.7 1b/in.

1.55 ir.
1.25 in,
23

36.88

35'72
15.54

5. 56mm

2.7 1b/in,
14.5 in.
10,9 in,

9.7 v

5. 56mm
8.3 1b/in.
1.45 in,
1.15 in,
2.5 1b

.
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Table IV, Moment Arms end Moments of Inertia

Weapon + Magazine 7.62tm
h  (in.) 2.304
Iy (1 £t sec?) 0.1485
Lp (W1t sec?) 0.8881
Xog (in.) 18.970.
Yoo (in.) 0.366
Weapon + Magazine + Bayonet .

h (in.) 2.304%
I (> £t sec?) 0.1509
L, (1b 1t sec?) 0. 970k
Xog (in.) 18.94
ch (in.) 0.645
Weapon + Magazine + 20 Rounds

h  (in.) - .-
Icg (b £t sec?) - e
Lp (o1 sec?) .-
Xeg (in.) ---
Yz (in.) .-
Weapon + Magazine + 20 Rounds + Bayonet

n {in.) - -
I (ot sec:) ---
Lo {(1b £t sec®) .-
Xeg (in.) -~
Yz fin.) ---

5. S6mm
2.161

0.1054

0.679
18.280

0.2L6

2.161
0.1422

0.3584
19.620
0.093

2.161
021060
0.7112
18.22
0.361

2.161
0.143
0.888
19.460
0.329

ROTE: Il:,..g is the moment of inertia adbout & horizontal transverse axis

passing through the center of gravity, 1b ft seca.

Ibp is the moment of inertia adout a horizontal transverse axis

passing through the center of the buttplate, 1b ft secg.

h is the distance measured vertically from center of dere to

center of buttplate, in,

19

e Paraye a

PR ——

% ast.‘ﬁ

e

&




&

v center of gravity, in,

P P gravity to the center of the buttplate, in.

- —re dm— T A gt

. "

Y

g is the distance measured vertically from center of bhore to

X is the distancc measured parallel to the bore from center of

el
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Xeg
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Figure 7. Moment Arms about Center of Gravity and Buttplate

B. Description of Mechanism

the chamber pressure during firing overcomes the resistance of the
locking mechanism in the bolt and drives the bolt assembly out of
battery. Enough momentum is imparted to the bolt assembly during the
blowdack to drive the system through a complete cycle.

¢ is as follows. After the cartridge primer is struck, the pressure in the
! chamber rises sharply which pushes the cartridge case dback azainst the !
- face of the bolt. When the force on the bolt is great enough, the lock- .
! ing mechanism releases and the gas pressure accelerates the bolt assembly

out of battery. The projectile is out of the barrel by the time the bolt ;
actually unlocks because of the inertia of the bolt assembly and the :
resistance of the locking mechanism. The bolt assem.. ., reaches a :
velocity of about 25 feet per sacond as it is blown out of battery. i
Rearvard motion of the assembly is opposed by the driving spring and .
the hammer, After the bolt assembly travels rearward approximately two

inches, the hammer is seared. The cartridge case, which has blown out

of the chamber, is held to the bolt by the extractor. When the assembly

The G-3 system is essentially a blowback operated weapon. That is,

Cycle of functioning The sequence of events during a firing cycle i

PEPTP
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has traveled rearward approximately four inches, the empty case is
eJected., The rearward travel of the bolt assenmbly is arrested at approx-
imately six inches when it strikes the backplate in the stock. The bolt
assembly bounces off the backplate and the drive spring, which was com-
rressed during the rearward travel, accelerates the bolt assembly for-
ward toward the battery position. As the bolt assembly reaches a point
approximately four inches frcm battery, it begins to strip the top round
from the magazine, Stripping is completed after one inch of for-

ward travel and the round bYegins to chamber. At 0.25 inch irom

battery the round is completely chambered anrd the bolt begins to lock.
The harmer is seared off when the boit assembly reaches 0.10 inch from
battery. The hammer strikes the firing pin and drives it into the
primer of the rcund, initiating another cycle. Displacement-time records
of the bolt carrier for typical cycles of the 7.62mm and 5.56mm weapons
are shewn in Figures 8 and 9.

Bolt Assexbly The bolt assembly is composed of two major parts;
the bolt and the bolt carrier. The bolt carrier, which is the larger of
the two, slides on rails in the gides of the receiver and provides a
vehicle for the bolt. The top half of the bolt carrier, .a tubular section,
serves as a guide for the driving spring and as sn extension to the
charging assemdly. The bolt is a hollow steel block which contains two
cylindrical steel rollers in slots on either side. In the locked
condition (in-battery position) these rollers protrude out of the bolt
and press into locking recesses in the sides of the receiver. The
bolt rides on a short rod which extends out of the bolt carrier and
contains the firing pin.

The lLocking and Unlocking Process and the Associated Forces Besides
connecting the bolt and bolt carrier, the connecting rod implements
locking and unlocking. The ramp surfaces on the front of the connecting
rod bear on the locking rollers such that when the rod is pressed into
the bolt, the rollers are forced to protrude. Conversely, when the
rollers are compressed into the bolt, the rod is squeezed out, separating
the bolt and bolt carrier. The locking mechanism is shown in Figure 10,

21

- A A M amen tTame Abie e e see Wy ® LT SO PR —

3




® oo °

‘€-9°'WNZ29'L *481010D 110G jO PI0IBY QWIi] —JUdwedD|dsiG ‘g 9inbi 4

{03SN) amiL

06 a2 oL 09 0s ov os oz ol o

Y | T T T T T | !
—— 'NI OI'C Q35¥313Y HINWVH AN10d SNV -1°

‘NI $2'0 %207 01 SNID3E Nl 82°0 ouxoo.._z:\
41
¢

) ‘NI 061 Q3INJ03 HINMVH 4z

G334 GN3

1
"
(NI} AN3IN3IOVIdSIA

‘Nl 26°€ Q334 NID39

* 1.
v : ‘NI OI'®

: ‘NISP'9 -16

i 31vd NIVE S
| h

. ds
_ 4

. PIPIY P U RN LY it b Pqug

A e

.
. — e —m e =

———- e wreve S—




@ L J L L L - L] o
® o@e ® °
) a [ L a o [ ] -

| '€-9 *WIW 9G'G ‘4914103 {10 JO P10J9Y Sl UBWYOD|ASIQ ‘6 9nby4

(03gN) IniL
o)) oL 09 0S 0% Ot 02 01 0
I T ! T T T j ] !

— 'NIOI'0 03SV33Y YINNVH 4KI0d ONIYId =~

‘NI €2°0 X007 Ol SNI93e 'NI 82°0 0aNJ0IMN

‘Nl 8671 GIND0D YIANNVYH

‘N 22 Q334 aNa

‘NI 26°€ g334 Ni936 ‘NI 88°E

‘NI £8°S
31V NOVE SLIN

o~ m - ' B e e e e et Wt U V]

(NI} ANINIOVIESIO

C reaw

A eV S0 v

. - -y e

eeem Ay v aee

L3 P

—m YR e gt aP

e




® ®
¢ ) . )
® : e e ®
® 1 @
® ] ®
e )
™ BOLT
Y , \ /mme PIN &)
: OLLERS
. ! C .
M 4
d 1
——CONNECTING ROD ?
¢ ~—}—BOLT CARRIER s »
i
, z
| 5 LOCKED UNLOCKED >

Figure 10. locking Mechanism

The sequence of events in the locking and unlocking process is =3

L L foliows. When the bolt assembly comes into battery, the bolt is stopped ‘ ) o
by the face of the breech., The forward momentum of the bolt carrier i
thrusts the connecting rod into the bolt, closing the separation between .
the bolt and bolt carrier and forcing the locking rollers into the !
e recezses in the receiver, As the bolt and bolt carrier come together, a ' »

spring loaded latch on the bolt carriér clips onto a 1lip of the bolt, i
holding the assembly -ecurely locked in battery. Operation of the bslt ;
latch is illustrated in Figure 11. i
!
i

TP A A Y D AR Rl LA RO S, e B b e )

When a force is applied to the face of the bolt, the load is
¢ l taken by the rollers and the locking recesses. The walls of the ]
e recesses are angled so that the load tends to compress the r llers into :
. the bolt and squeeze the corn cting rod out. The bolt latch, however,
‘ opposes any movement by the connecting rod which tends to separate the -
° ] bolt and bolt carrier. The bearing surface between the bolt and bolt »
f latch is angled slightly though, so when enough pressure is applied to

j
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Figure 11. Operation of Bolt latch

the connecting rod, the latch will release and the bolt will unlcck.
The net result is that the force on the face of the bolt acting througn
the rollers and connecting rod must be sufficient to overcome the
resistance of the bolt latch.

The mechanical advantage or disadvantage of the system depends on
the angles of the locking recesses and ramp surfaces on the connecting
rod, Figure 12 shows free body diagrams of the components of the lock-
ing mechanism., Fricticnal forces were not considered. If we sum the
forces on the compcaents in each direction we arrive at ’2 * F) tan g/
tan § + tan @. Where F, is the force on the face of the bolt, F, is the
net force on the connecting rod, and 6 and ¢ are the angles of the con-
necting rod surfaces and locking recesses respectively. To unlock, Fa

nust be great enough to force the bolt latch to release., That is Fa tan o
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Figure i2. Components of Locking Machanism
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must be larger than Fs, vhere l~“5 is the force applied by the bolt latch
spring, and o is the angle on the lip of the bolt latch.

The angle 6 measured 60° on each of the weapons tested., The
angle § could not be measured accurately but was between 302 and 40°.
The engle @ was approximately 30°, If we assume @ to be 35 , then
Fy=TF) (0.288). Thus if F, 15 50 pounds, then F, must be 174 pounds
to wnlock the bolt,

Experimental values for Fl and Fa were determined with an Instron
Testing Machine. Force F2 was determined by latching the bolt and
bolt carrier together in the lock position and recording the force
reguired to pull them apart in the Instron Testing Machine. Force Fl
was determined by locking tne bolt assembly in the receiver without the
drive spring and recording the force required to unlock the assembly by
pushing on the face of the bolt with a rod in the bore., The forces

obtained are shown below,

F F.
G-3 Weapons (b} _(_Jil
5.56mm (newer) 33 89
5.56mm (worn) 166 50

NOTE: Fl i3 the force required on the face of the bolt to reiease the
locking mechanism, 1lb.
is the force required on the connecting rod to release the

locking mechanism, 1lb.

Fy

The variation in Fl and F2 was caused by wear on the lip of the
bolt latch and difference in the strength of the bolt latch spring.

In actual operation the load on the face of the bolt exceeds 3000
pounds at the peak chamber pressure, The bolt is not completely
unlocked, however, until the pressure in the chamber has past its peak,
because of the inertia and friction of the mechanism. A lower value of
Fa allows earlier unlocking, resulting in a higher rate of fire because
the velocity of the bolt assembly is increased moving out of battery.

27

-~ agma westsse e -, .. = . T memam ane e s LR DL R R Y Gy N Sy

LT G Y

-

B L LI SCRD SN RPURIYY Wy

~ap




:
H
i
'
i
i
4
T
H
[
i
!
i
H
i

T R L

P LT LI

R W g - § gt . = (S g e &

P i) gt

L

Bolt Assembly Gap When the bolt assembly is locked in battery,
there is a slight gup between the beolt and bolt ~arrier. The gap
measured 0.014 inch on the newer 5.56um weapon but only 0,008 iach on
the worn 5.56mm weapen because wear in the locking recesses allcwr’

more roller protrusion and more connecting rod penetration. The 7.62mm
weapon has & gap of 0,012 inch., This gap is designed to keep the bolt and
bolt carrier from impacting with esch other. If they were allowed to
impact, two problems would arise, First, on coming into battery the

bolt carrier would bouwi'ce off the bolt and might unlock the bolt assembly.
Secondly, the initial force on the face of the bolt would be transmitted
direccly to the bolt carrier rather than through the rollers and con-
necting rod.

Special Features Some speclal features »f the G-3 system are an
open bolt catck and a demping device in the bolt assembly found only on
the 5.56mm weapon and a fluted chamber and an unusual charging assembly
found on both the 5.56 and 7.62mm weapons.

Tha open bolt catch 13 designed to hold the bolt assembly back
after the last round of a magazine is fired. This notifies the firer
that the magazine is empty and makes charging easier after the next
magazine is inserted., The gun is charged by simply pushing the bolt
release, located just forward of the trigger.

The daurping device consists of lead filings in a cavity within
the bolt carrier as shown in Figure 13. The tubular section of the bolt
carrier is made of two thin-walled concentric cylinders with a space
between for the filings. The lead filings help to damp the bounce of
the bolt carrier when it impacis. The lead filings accounted for 0.12
pound of & total weight of 1.20 pounds for the bolt assembly.

The fluted chamber reduces rriction between the cartridge case and
the chamber walls allowing che cartridge case to be extracted from the
chamber easily.

The charging assembly of the G-3 system is forward on the weapon
and rides in a cylindrical channel above the barrel. It consists of a
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Figure 13, Bolt Assemblv with Lead Filings for Demping, 5.56mm, G-3

heavy metal tubde, which butts on the tubular section of the bolt carrier,
and a charging handle as shown in Figure 14. The charging handle pro-
vides the initial leverage needed to unlock the bolt assembly when
charging.

Figere 14, Caarging Assembly and Bolt Assembly, 5.56mm, G-3

C. Maifunctions

A malfunction is defined as any abnormality of operation, or failure
of any component of the weapon system, either structural or kinematic.
A serious malfunction is one that produces a stoppage.

In 859 rounds fired (243 rounds with the 7.62mm; 515 rounds with
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the newer 5.56mm; 101 rounds with the worn 5.56mm) there were no
malfunctions that produced stoppages except those which were induced by
modifying the mechanism. A table of malfunctions is given below, foi-
lowed by an explanation of each type of malfunction.

Table V. Malfunctions
No. of No. of

G-3 Weapons Condition Malfunction Malfunc. Stoppages
5.56m (newer) Oiled Failvre of open bolt catch 10 0
5.56mm (newer) Dry Failu-e of open bolt catch 2 0
5.56mm (worn) Oiled Failure of open bolt catch 3 0
5,56m (newer) Dry Short travel 4 ]
7.62mm Dry Excessive delay 5 0
7.620m 0iled Excessive delay 3 0
5,56mm (newer) Oiled Broken drive spring washer 1 0
5.56mm (worn) Ciled Broken drive spring washer 2 0
5.56mm (worn) Oiled TFailure to eject 2 2

w/modified mech)

Failure of Cpen Bolt Catch The open bolt catch failed to operate
15 times out of roughly 80 chancen. There were no instances of the
open volt catch working before the last round of & magazire was fired
however, 80 the malfunctiondid not cause a stoppage. The open bolt
cetch, which is part of the trigger mechanism, is activated when the
magazine follower trips a sear which allows the bolt catch to spring
into position. The sear is not always tripped off because of the
lack of guidance of the magazine follower.

Short Travel A cycle was defined to have short travel if the bolt
assembly did not reach the backplate after firing the round. To cerry
out all the functions of a cycle the bolt assembly must travel at least
3;§§ inches from battery in the 5.56mm weapon. The shortest travel
recorded was 5.60 inches. Four short travels occurred during the test,
all with the newer 5.56mm weapon in the unlubricated condition. The
stronger spring in the locking mechanism of the newer rifle, the lack of

lubrication, and the softness of the gun mount combined %o cause the
30

LS SR

- — - &

Pe——

r




short travels. The movement of the weapon in the mount subiracts from
the velocity of the bolt ussembly as the first round fires, but in suc-
ceeding cycles the weepon motion adds to the velocity of the assembly
moving out of tattery, Figure 15 shows the displacement of the bolt
carrier and the receiver. Notice that on the first vound, the dbolt
assembly does not reach the buffer. Ten bursts were fired from the
shoulder with the mechanism lubricated and no short travels occured.
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i Figure 15. Displacement-Time Record of Bolt Carrier, 5.56mm, G-3,
without Iubrication.
Excegsive Delay After the bolt assembly comes into battery there
is a delay before the round is fired. The hamuser is releassd just before
] the bolt assembly reaches the battery position and normally takes about
31
BE e moSenint AN mmteten e - - hniehentishuioaseiebe A Eand o R L¥ LE SR T P s Mans on s il
] ® L ® o ® o

G




NS

PP S

rose

LA T A

PPN AANT S S pa e

’

¥ L pnead fpue- et T AL A4 . e we

11 milliseconds to complete its swing., A delay of longer than 15 milli-
seconds was considered excessive, indicating either the hammer did not
release at the correct time or the hammer wes interfered with during i4s
swing. The excestive delays averaged £9.4 milliseconds. It seems most
likely that the hammer wes not released at the proper time. Since this
malfunction did not show up on the 5,56mm weapons and no stoppages
resulted, & thorough investigation was not made and the cause of exces-
sive delsys was not determined. Figure 16 shows the bolt carrier displace-
ment with a normal and excessive delay.

HAMMER
RELEASED HAMMER
\f\’/ \/\ RELE\ASED J
NORMAL EXCESSIVE
CELAY DELAY
] | L i 1 1
o 10 o 10 20 30

TIME (MSEC)

Figure 16. Bolt Carrier Displacement with Normal and Excessive Delays,
7.62mm, G-3
Breskege of Drive Spring Washers The drive spring of the 5,56mm weapon

is held st either end by nylon washers and the flanged ends of the spring
guide. Although the washers are not absolutely necessary because the
flanges of the spring guide alore will hold the spring, they cushion the
ends of the spring and keep them from deferming. Breakage of the washers
did not csuse & stoppage, but had & plece of the washer fallen into a sen-
sitive area of the mechanism, a stoppage could heve regulted.

Failure to Eject The two failures to eject cannot de counted as
legitimate malfunctions because they were a result of modifications made
in the mechanism to study the effects of increasing the rate of filre,
Modifications increased the velocity of the bolt assenmbly causing the
ejector lever tc punch through the rim of the empty cartridge ca.se-
rather then ejecting it.
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D. Firing Data

In order to investigate possible problem areas, much of the firing
of the 5.56mm weapon was done with modifications in the mechunism. The
modifications included removing the lead filings from the bolt asserbly,
adding a steel shim between the bolt end bolt carrier, and interchanging

parts from the newer and worn weapons.

The lead filings vere removed

for two reasons; to reduce the mass of the bolt assembly and hence
increase the rate of fire, and to increase the bounce of the bolt carrier

upon impact by eliminating the demping.

A shim was used between the bolt

and bolt carrier to ease unlocking and to further increase the bounce of

the bolt carrier upon impact.,

The ghim eliminates the gap between the

bolt and bolt_carrier sc that the initial motion of the bolt after firing
is transmitted directly to the bolt carrier through the shim rather than
through the rollers and connecting rod. The worn and newer bolt ussem-
blies were used interchangeably with each of the §,.56mm receivers to
determine which components are subject to extreme wear, and what effect

this wear has on functioning.

tions were used simultaneously.

In some instunces all of these modifica-

Rate of Fire Table VI gives the rates of fire for the three
weapons tested with no modifications on the mechanisms. The weapons
were fired from the machine rest unless otherwise stated.

Table VI. Rates of Fire

G-3 Weapons Cordition Rate R
G-3 Weapons Lorcivion G i)
7.62mm Oiled-Clean 601 Lo
7.62mn Oiled-Dirty 604 43
7.62m Dry-Clean 593 Lo
7.62mm Dry-Dirty 580 36
5.56mm (newer) 0iled-Dirty 775 6
5.56mm (worn) Oiled-Dirty 879 13
5.56mm (newer) Dry.-Dirty 7h2 i5
Shoulder Fircd

5.56mm (newer) 0iled-Dirty 755 9
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NOTE: K is the number of rounds in the statistical sample L ¢

Op 1s the standard deviation in rate of fire, shots per minute ~
R (spN) ’ %)
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First round cycles were generally slower than cycles of succeeding
‘ ! i rounds in a burst. The first rcund cycles of the newer 5.5.mm weapon, ) » ‘
' when fired dry, were especially slow because of a number of short bolt
assembly travels, This is attributed to reduced crush.up of the car-
tridge case on the first round because it is chambered only with the
) energy of the driving spring from the sear position. As a result, the
¢ clearances in the locking rollers are reduced causing unlocking to be more ’ ¢
difficult and the velacity of the bolt in recoil to be d~creaved. Kkates
of fire of first cycles and succeeding cycles are given in Table VII,
Ratas are given in shots per minute (SPM).

: Table VII. Rates of Fire with Modifications
H Comparison of Initial & Succeeding Cycles

G-3 Weapon Lubrication First Cycle Succeeding Cycles
Rate [+] Rate N L]

(sP) (B (em) sBn)
7.5Zm OITed 538 20 601 18 26

]
9

7.62m Dry 57 8 21 585 16 25
2
5
6

5.56em (newer) Oiled 757 785 N
5.56em (newer) Dry 664 28 788 10 16
5.56mm (worn) Oiled 862 20 894 7 29

O A S ppp Py, P WY

The mechanism modifications made on the two 5.56mm weapons affected
their rates considerably., Table VIII shows the rates of fire obtained
: under various conditicns, F:rom Table VIII we see that substituting. the
worn bolt assemdbly in the newer weapon increasas the rate of firs from
i ; 775 to 866 shots per minute. The increase was expected because the » ¢
‘ locking mechanism of the worn bolt assembly is much weaker than that of /
| ] the newer one, as explained earlier.

i 1 Removing lead filings from the newer bolt asserbly changed its
wsight from 1.20 to 1.08 pounds. The yeduction in weight increazed the ® ‘
rate of fire from 775 to 36 shots per minute,
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The wear of the receiver did not seem to affect functioning sppre-
cisbly. For instance, when the newer bolt assembly was used in the worn
weapon the rate of fire was comparadle to that with the newer bolt assem-
bly in the newer weapon,

The shim, which was 0,018 inch thick, caused the rate of fire to
increase only 10 to 50 shots per minute.

Bolt Assembly Velocity The velocity of the bolt assembly and rate
of fire are proportional, That is, the faster the bolt assembly moves
through the cycle, the higher the rate of fire will be, The velocity
of the bolt assembly musi be within certain bounds however, For
instance, if the velocity of the Lolt assembly is too high when it
reaches the ejector lever the empty case myy be punctured rather than
ejected. On the other hand if the velccity just out of battery is too
low a short travel may result. Velocities of the bolt assembly are
shown in Table 1X under different firing conditions. The values given
represent the mxim veloci.ty‘ Just out of battery.

Table IX. Bolt Assembly Velccity

Velocity Cv

G-3 Wespons  Iubrication Condition (£ps) ¥ (fps)
7.62m Oiled  Fired from Machine Rest k.2 20 0.9
5.56am (newer) Oiled  Fired from Machine Rest ___ _
5.56mm (worn) 0i)2zd  Fired from Machine Rest 25.0 6 1.1
5.56mm (never) Oiled  Fired from Shoulder 24.6 9 1.2
5.56am (newer) Dry Short Bolt Travel 22.0 4 L
5.56m (worn) Oiled  Failed to Eject 39.7 2

NCTS: o is the staniard devistion in velocity, ft per sec (fps)

Figure 17 shoxs & plot of the displacement snd velocity of the bolt
assembly versus ‘ime, for & typical cycle of the 5,56mm.

Bolt Carrier Bounce Bolt carrier bounce is of interest because it
could conceivahbly cause failure to fire *f excessive. As the bdolt
assembly comes into battery the bolt hits the face of the breech and
rebounds, Before the dolt can bounce very far. however, the incoming
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bolt carrier drives it back against the face of the breech., When the
bolc is completely locked, the bolt carrier itself bounces back somewhat.
If the bolt carrier were to bounce bacik excersively, the bolt asgembly
would partially unlock. Hence the bolt assembly could be out of b-ttery
when the hammer strikes, causing a misfire, Figure 18 shows & displuce-
ment-time record of the bolt and bolt carrier near the battery position.

3r EGINS LOCKING
g .2 o '
; n: | BOLT CARRIER
£ RN
w O+ i
- |
4 er ROUND
a | FIRES
9— ' - '
e - BOLT

J
° T

3 1 i 1 1 1 Lo -
0 2 4 6 8 10 12 14 & 18

TIME (MSEC)

Figure 18, Bolt and Bolt Carrier Bounce

In order to cauée unlocking, the bolt carrier must bounce back at least
0.)2 inch from battery on both weapons. Table X shows the size of the
bounces obtained under the various conditicns tested. Removing the lead
filings from the worn bolt assembly causad the bounce to increase from
0.067 +o0 0,091 inch.

The shim, which was used to eliminate the gap between the bolt and
bolt carrier in battery, increased the rate of fire as shown earlier,
but did not increase the bounce as expected. In fact the bounce was
reduced copsiderably because the shim was too scft and acted as a
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cushion between the bolt and bolt carrier.

Recoil Impulse The recoil impulse of the 7.62mm and the newer
5.56mm weapons was measured in the ballistic pendulum. As snhown in
Table XI, the recoil impulse varies with the lot of ammunition used.

Table XI. Recoil Impulse

G-3 Weapons Condition J XN SJ Lot of Ammo
1b sec, 1b sec.
7.62um w/ muzzle device 2,638 5 0.0199 WCC-6007
7.62mm w/o muzzle device 2.595 6 0.0107  WCC-6007
5.56am (newer) w/ mizzle device 1.269 6 0.0140  RA 5072
5.56mm (newer) w/o muzzle device 1,206 6 0.0081 RA 5072
5.56mm (newver) w/ muzzle device 1,328 8 0.0088 RA 5089
5.56mm (newer) w/o muzzle device 1,272 6 0.0010 RA 5089

NOTE: J 1is the recoil impulse, lb sec
6J is the standard deviation in mcasured rzcoil impulse, 1b sec
Muzzle Vibration Muzzle vibration was not appreciable, The
muzzle resched its maximum amplitude after the third round of a burst.
The displacement-time record of vertical muzzle vibration shown in
Figure 19 was obteined with the newer 5.56mm weapon.

Projectile Dispersion Targets were placed 63 feet from the muzzle.
Figure 20 shows the couparative dispersion patterns obtained when firing
five, ten-round bursts from both the 7.62mm and the newer 5.56mm weapon.

Projectiie Velocity Projectile velocities at the muzzle are given
in Table XII for the 7.62mm and the newer 5.56mm weapons. Values are
given witn and without muzzle devices,

Table XII. Projectile Velocity

G-3 Weapons M B cJ Lot Of Ammo
fys fps

7.62mm 2709 8 33 WCC-6007
7.62m 2689 12 35 RA 5055

5. 56mm 2newerg 3021 5 42 RA 5072
5.56mm (newer 2998 1 61 RA 6089
NOTE: V, is the muzzle velocity of the projectile, ft per sec (fps)
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HORIZONTAL DISPERSION-MIL.S

Pigure 20, Dispersion Patterns of Five, 10 Round Bursts
IV. DISCUSSION

A. Rellsbility

In automatic weapons, stoppages are most likely to occur during &.cycle
that is slower or faster than average. Therefore it is important that
cycles be uniform from round to round. It is equally important, however,
that the weapon have a margin of flexibility in cycling so it can continue
to fire even if conditions force a higher or lower rate of fire.

The results of this study indicate that the G-3 system is quite
reliable, Table IX, giving velocities of the bolt assembly of the
5.56m weapons under different conditions, demonstrates the margin of
flexibility in the firing cycle. The initial velocity of the bolt
assermtly is normally 24 to 25 feet per second with 5.83 inches of
travel, By reducing the weight of the bolt, the velocity was increased
to 4O feet per second, This produced a marginal condition causing
failures to eject on some rounds. By completely removing the oil from
all parts of the mechanism in the newer wespon, the initial velocity was
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reduced to a minimum of 22 feet per second with s minimum travel of
5,60 inches., Only 3.60 inches of travel is required for feeding and
stripping indicating the weapon will function with a bolt assembly
velocity considerably less than 22 feet per second. Compared to other
automatic veapons, the variations that can be tolerated in the cyecling
of these weapons is extremely large. The weapons should continue to
fire under adverse environmental conditions and with large variations
in the interior ballistic performance of the ammunition.

The weapons fire equally well whether dirty or clean as illustrated
by the rates of fire given in Table VII. This 1s significant since the
mechanisms become heavily coated with carbon after only a few rounds
are fired, beceuse of the blowback operation and the fiuted chamber. A
lack of lubrication reduces the rate of fire only 10 - 20 shots per
minute, '

B. Performance

The relatively short barrel of the G-3 Assault Rifle limits the
projectile velocity that can be obtained from the 5.56mm cartridge.
The 5.56mm, G-3 for instance, has & barrel length of about 16 inches
which is approximately three inches less than that of the M-16,

C. Bolt Latch

The bolt latch, which locks the bolt and bolt carrier together in
battery, is a key component in the functioning of the mechanism. As .the
1lip of the bolt latch wears and the bolt latch spring becomes weaker,
unlocking becomeée easier and the rate of fire increases.

D. Bolt-Bolt Carrier Gap

The gap between the bolt and bolt _arrier decreases with wear. The
gap measured 0.014 inch on the virtually new 5.56mm weapon and 0,008
inch on the worn 5.56mm weapon. This variation had little or no
effect cn functioning. If the gap were eliminated altogether however,
the unlocking process would be altered, as described earlier.

E. Possible Changes
The open bolt catch should be redesigned. As it is now the magazine

h3
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! ! follower does not always make contact with the sear and release the catch, 1 » a

Do The charging handle might also be changed. It tends to bind when
charging, especially with the worn 5.56mm weapon.

x

F. Damping Device

The damping device in the bolt assembly seems to work quite well, ® 4

" It reduces the bounce of the bolt carrier considerably. The bounce did .

not reack & serious level though, even when the lead filings were removed
from the bolt eassembly.

G, Weight ) . ¢
Both the 7.62mm and the 5.56mm weapo.s are slightly heavy when :
1 compared to similir weapons as can be seen in the table of welghts. The ;
: weight could be reduced by meking the stock and foregrip vut of fiberglas :
" and perhaps making the trigger mechanism out of aluminum. A simpler

.y

} charging assembly might also reduce the weight. » e
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