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FOREWORD

This report was prepared by General American Reseurch Division (GARD)
of General American Transportation Corporation, TLl9 North NalLchew Avenue,
Nilea. Tllinoils 60648 in tultillment of the work reguired under Contract
No. F08635-69~C-015T7 for the design, developmwent, ana isbricativn of & Yiring
model of & T.62mn nonrotating, externally powered, mulliple~barrel gun. The
program, designabted as GARD Project 1485, was performed under the technical
supervision of the Alr Force Armament Laboratory (DLDG), Eglin ilr Force
Byse, Florida. Work on this program was initiated on 13 April 1970 and
corcluded on 13 July 1971. The program monitor for the Armameni Laboratlory
was Mr. karl Wilson.

T'he assistunce and guidance of Air Force Armument Luboratory personnel,
particularly Messrs. Lale M. Davis and Karl Wilson, is acknowledged.

This technical report has been reviewed and is approved.

LEMUEL D. HORTON, Colonel, USAF
Chief, Guns and Rockets Division
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ABGTRACY

The development of a '(.o2mm gun is described together with drawings,
photographs, a tiring swwiary, uud a serles of disgrams to illustrute the
tlow of rounds. Uhe gun features 4 stationary buarrel cluster. Rotating
around tha harrel clugter fa a nlanetuary mechanisn that feeds and removes
ammunition from the gun. ''he planetary mechanism is supplied by & cortlnu-
ous flow delinker/feeder that accepts linked ammunition. The gun was
designed to use standard 7,62mm mini-gun barrels, Lull assemblies, bolt guide-
ways, and a4 gun rotor whieh is altered for this application. A 2k.volt DC
electric motor 1is used to drive the weapon systen,
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distribution limitation applied August 1971, Other requests for
this document must be referred to the Alr Force Armament Laboratory
(DLDG), Eglin Air Force Base, Florida 32542,
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SECLUION 1

LNURODUCTLON

At the present time the 7.62mm GAU-2/A and the 20mm M6l guns constitute
the prime high rate of tire guns used by the Air Force. Both of these six-
barrel Weapolis Opel'ate on the Cutling principle wherein the barrel cluster
rotates. 'Lhily rotation lmparts a tungentisl velocity to the projectile upon
muzzle exit, the veloelty belng proportional to the rate of rotation of the
burrel cluster, For a varisble rate ot tire gun, i.e., changeable barrel
cluster rotationul velocities, the corresponding varying tangential
velocltles result in difterent impuct coordinuates for euach rate, As a result,
tuctical fighter pilots have compluined of the inherent error induced in
predicting turget dmpact coordinates ut varying rates of fire,

he nonrotating multiple~barrel gwl principle is intended to overcome
the sbove deficlencies of the Gutling-type guns by using & mechanism which
clrculates around the stationary burrels to feed, load, fire, and clear each
barrel in turn, while the mechanism itself is replenished from an smmunition
magazine. This operating principle offers u definite advantage over the
Gatling principle in that the external drive system is not required to
accelerate the relatively mussive inertian associuted with the six rotating
barrels, The anticipated lower inertia wssociated with the rotating squirrel
cuge fecder used with the nonrotating barrel system will result in a more
rapld acceleratlon to full rate of fire. Furthermore, the stationary-barrel
gun should result in a better hit probability at all rates of fire when
compared to a Gatling-type gun where there are coustantly varying barrel
rotational velocities durding the acceleration and deceleration phases as well
as difterent velocities associated with each rate and correspondingly fewer :
rounds out of a given burst placed on the target. j

This effort for a 7.62mm firing gun is a follow-on to a previous effort
during which a hand-operated non-firing model was designed and fabricated.
The results of this earlier effort are contained in Technical Report AFATL-
TR-T0-12, Nonrotating, Externally Powered Multiple-Barrel Gun, dated January i
1970,

Several major changes were incorporated into the design of the firing
gun. The conveyor has been replaced with a delinker/feeder that accepts
belted 7.62mm ammunition, a 2h-volt electric drive motor has been added, and
the gun has been redesigned to use as many 7.62mm GAU-2/A components as 4
possible, including barrels, bolt assemblies, bolt guldewsys, and a gun rotor :
which 1s altered for this application. It has fired bursts of 200 rounds
in length; a peak firing rate of 5400 shots per minute (SPM) has been
recorded during the test phase of this program.
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SECTLON 11

WEAPON BYSTEM Diss LGN

2.1 Busic Design Concept

The gun with the drive motor assewbly and the delluker/fceder mounted
to it Is shown In Flgure 1 and schematically 1llustrated in Figure 2. Iy
conalsts of six barrels egqually spuced on n O-1/2~inch circle, u burrel
support, six bolt assemblies, a recoil udupter assembly, and a berrel clunp;
all of these wre nonrotating components. The muajor rotuting components
include the wain drive cam assembly, the rear cover ussembly, the tranufer
sprovket, and the squirrel cage ussembly which includes the 160-tooth geur,
The drive cam rotutes wround the barrel support one revolution for svery six
rounds fired, or 60° per round. The cam drives the bolt ussemblies forwerd wnd
rearward during operation and locates the bolt head so it can accept an in-
coming rovnd and retain the round during remming and extraction by enguging
the extraction groove. Attached to the drive cum assembly is u 1lhi-tooth yeur.

A squirrel cuge is located on the outside dianeter of the drive cam.
Assembled to the cage are 2U screws equally spaced on a 6.00-inch pitch
diameter. The screw heads are undercut so they engage tae extraction grouvves
of the rounds. This 1s the method used to control the flow of ammunition
through the gun systen.

A six~tooth l-1/2-inch pitch diameter transfer sprocket rotates arcund
the barrel support with the drive cam, Its purpose is to engage live
ammunition in the squirrel cage and place it into the appropriate bolt head.
The transfer sprocket is fitted with three sets of holding pawls that are
cam~controlled to achleve this transfer from squirrel cage to gun., After
firing, the spent brass i1s re-engaged by the transfer sprocket in the spaces
between the teeth containing the holding pawls and replaced in the squirrel
cuge.

The flow of ammunitlon through the weapon can be traced if the motion
relationships are borne in mind. The squirrel cage rotates 20° clockwise
per gun cycle while the transfer sprocket and the drive ceam moves 60° in the
suwme direction per gun cycle. The transfer sprocket also rotates on its own
axis 120° counterclockwise per gun cycle. The system is similar to a plane-
tary gear train where the barrel cluster is the "sun" gear, the transfer
sprocket is the "planet” pinicn, and the squirrel cage is the internal gear.
The mechanics of operation of the weapon system is illustrated in Appendix I.
Flgures T-1 through I-42 show the continuous flow of ammunition during the
first 42 gun cyecles from the time the first round is introduced from the
delinker/feeder into the squirrel cage until expended brass is sjected from
the squirrel cage. Figures II-l through II-1T 1llustrate the major sub-
assepbllies and details of the weapon system.

2.2 Degeription of Gun

The complete weapon system 1s 8-1/2 inches wide, 8-1/2 inches high,
and 32-3/4 inches long when fitted with 22«inch berrels. The total weight is
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LY pounds. A breakdown ol Lhls welght follows;

Wedpght Weight
Homrotubinge Purts (Llb) Ruotuting Parts _ilﬁl_
Burrels (6) 1h Sguirrel Cage (with 1607 gear) 3
Bolt Assemblies (6) 1-1/2 Drive Cam (with 1L4T gear) b
Barrel Support 9-1/2 Rear Cover Assembly 1
pelinker/Moeder g Counterweight 1-1/2
brive Motor Assembly 4 Transfer Sprocket and Guides 1-1/2

3 11

2.3 Gewr 'Irain

The gear train transmits torque and maintains timing during operation of
the weapon system. It is shown in Figure 3 and is composed of & total of
thirteen gears: two in the drive motor essembly, four in the feeder/delinker
assenbly, and seven in the gun.-

When energized, the drive motor traensmits torque through a 2l-tooth
pinion which is attached to the motor shaft and an idler gear which has 24
teeth. ‘The idler gear is in mesh with a 36-tooth gear which meskres with a
1bh-tooth gear attached to the drive cam, A 20-tooth gear is pinned to the
same shat't as the 36-tooth gear and rotetes with it. It meshes with a 160-
tooth gear which is part of the squirrel cage assembly; thus, when the
squirrel cage rotates one revolution, the drive cam rotates twice and in the
same direction.

A 28~tooth gear is pinned to the barrel support on the axis of the gun.
It does not rotate. A 1l5~tooth idler gear which is part of the rear cover
assembly is in mesh with it and rotates around its own axis as the resr
cover assembly rotates around the barrel support. 4 li-tooth gear is pinned
to the transfer sprocket shaft and meshes with a 15~tooth idler. This
arrangement causes the transfer sprocket to rotate two revolutions in a
counterclockwise direction every time the rear cover assembly rotates once
around the gun axis in a clockwise directicn. This is the method used to
transfer ammunition from the squirrel cage toc the gun and back again.

Power to operate the delinker/feeder is transmitted by the 160-tooth
gear. It meshes with a 30-tooth gear. Attached to the other end of the
shaft is an 18-tooth gear that meshes with & 6b=tooth gear. This 6L-tooth
gear is plnned to. the center shaft of the delinker/feeder to which is
assembled the sprockets to pull linked smmunition belts into the delinker/
feeder mechanism., A 24-tooth genr is in mesh wlth the 6l-tooth gear. 4
three-tooth sprocket is pinned to the other end of the shaft to which the 2l
tooth gear is pinned. It accepis rounds after delinking has occurred and
feeds them into the proper positions in the squirrel cage.

All the gears have timing marks, as shown in Figure 3. These must be
strictly observed during assembly or the weapon system will Jan.

O ]
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2.4 Dellnker/lFeeder

''he delinker/feeder assembly accepis linked ammunition belts and
strips rounds from links by pushing thewm forward out of engagement with the
links. ‘Che pushers are cam-controlled and travel 1-13/16 inches in & forward
ang rearward dicecilun,  Afver stripping, the linke are sjectad from the
delinker/tfeeder; meanwhile, the rounds are accelerated to a 1.00-inch pitch
distance between rounds from & 0.58-ineh pitch dlstance when in the ammuni-
tion belt. They are then engaged by a three-tooth teed sprocket which accel-
erates them to a 1.57-inch pitch distance. Thils matches the pitch distance
af the squirrel cage and the transfer sprocket and results in a smooth
transitlon since there is no change in velocity.

2.9 Drive Motor Asseumbly

Power to drive the weapon ls obtained from & small, fractional horse-
power electric motor. It is held in pcsition on the gun by an undercut stud

which accepts the assembly front plate and is locked by & single self-=locking
pin.

The motor is a 28-volt DC 7/16 HP, 21 amperes at 8000 RPM. Temporary
overloads as high as T2 volts were applied during firing tests to increase
the firing rate without adverse effects.

2,6 Recoll Adapter Assembly

A single neoprene pad, composed of several 1/L-inch-thick laminations,
is uged to absorb the shock and vibration during firing. The recoil adapter
is mounted to the rear of the barrel support, on the uxis of the gun, .and is
held in place by a self-locking pin. This location permits a minimum of
powder couple. The recoil pad is designed to minimize transmission of
recolil forces to the firing mount by dissipating & portion of the recoil
energy.

~1
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SBCTION LIl

TEST FIRING SUMMARY

The test firing program was initiated at GAKD ou 275 Ceptamber 1070 when
& total of 13 rounds were successfully fired at the contractor's indoor
range. With the lnitlal firing completed, plans were wade for additional
testing at the contractor's Ballistic Yest Station (BIS) near Colorado
Springs where instrumented facilities were uvullable,

A total of 51k rounds were tired ut the Bullistlc Test Stution, the
longest burst attemwpted and completed belng 24 rounds, The Jams that cccurred
indlcated a need for a redesigned squirrel cage that would afford better
control of expended cartridge cases when being placed into the squirrel cage
by the transfer sprocket after firing., High speed motion pictures clearly
show loss of round control at this time. A new squirrel cage was designed
and installed. It has lugs that engage the extruction grooves of the rounds
to aff'ord the necessary control.

During November 1970, test firing continued at GARD and at the Ballistic
Test Station where several belts of 48 rounds and two belts of 96 rounds
wvere fired. An attempt to fire a 200-rcund burst failed due to a jam at the
entrance of the delinker/feeder. The cause of the Jam was rectified and a
200-round burst was fired during January at the GARD range.

Continued test firing indicated a need for a redesign of the transfer
sprocket holding pawls. The present pawls did not enguge enough of the
circumference of rounds belng transferred from the squirrel cage to the guu.
The redesigned pawls were fabricated and installed in the transfer sprocket,
and 185 rounds in three bursts were fired at the indoor range to check the
function of the holding pawls. The belt lengths were 35, 50, and 100 rounds.

Firing tests were resumed at the Ballistic Test Station during May 1971
when the following majJor bursts were fired:

2 of 200 rounds
1 of 198 rounds
2 of 100 rounds
5 of 50 rounds

The following results were observed with a voltmeter and an ammetexr
installed in the power supply cable:

Pesk Average
Belt Length Voltage Amperage Firing Rate Firing Rate
(rounds) (SPM) (SPM)
50 48 90 4800 3530
50 60 105 5100 4200
50 12 115 5400 L9s0

On 8 July 1971 the gun was demonstrated to interested personnel at

8



Eglin AFB by firing the following bursts:

1 ot O rounds
1 of 18 rounds
L of 50 rounds

To dute, 3836 rounds have been fired frow the gun. The maximum recorded
firing rate was 5400 shots per minute., The longest burst attempted and
suceesstfully fired was 200 rounds.

O Y U A T
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SECLION LV

CONCLUULONS AND RECOMMENDATLONG

Thlis eftfort hus edgtublishied the practlicul feusiblility of the nunroteting
welti-burrel gun. Bursts of 200 rounds and rates up to SU00 shots per minute
were recorded. As cummun wilh guis i Lhilc ctuge of developuent | the reline
bility was low with severul Jams occewrring in the t'eed system. 'he majority
of Jaus or stoppages were dus to poor round control belween the squirrel cage
and the trunster sprocket. 'The present slngle sprocket design was selected
for Lftus simplicity, but any future model should revert back tuv o three-
gprocket deslgn (us contuined fn the non=firing model) which uffords much
better round control.

This tiring model, together with the previous non-firing model, clearly
L1llugtrates the soundness ol design., This concept is recommended for
conalderation In uny future high performance system. 'his Lype gun should
egpeciully be effective in lurge culibers where the power required to rotute
g conventlional heavy barrel Uutling would be excessive., 'The gtlatlionary
barrels of this design will ulso result in lmproved wccurucy.

10



APPENDLX 1

AMMUNITLION FLOW DIAGHAMS DEPICTING 'I'HE
MECHANLCE OF OPEMATION OF 'Ll WEAPON USYSTEM

Yie welhod of vperailon ol Lhis weupun sysiem cau best be desciibed

by & series of schematic illustrallions,

Thls appendix is composed of the

irst forty-two gun cycles sturting with the first round about to enter the

syulrrel cuge (see Figures I-1 through 1-42),
amnunition flow during operation.
nunber and has no significunce.

It 1y intended to show the

The number of gun cycles shown is & random
It may be noted that, although rounds are
fud into the gun in a consecutive manner {i.e., 1, 2, 3, 4, 5, 6, T, 8, ete.),

they wre tired in the tollowlug sequence starting with the transfer sprocket

in the position shown:
6 5 4
12 11 10
18 17 16
2 23 a2

Election from the gun

WO w

o oo =
o

5
1
1
3

o

1l
2

[

3
9
15
2l

is

6
12
18
24

2 1, (Figures |
8 1, (I"dgures
14 13, {(Figures
20 19, etec. (Figures

in another sequence:

X X, (Figures
1 2, (Figures
T 8, (Figures
13 1b, ete. (Figures

I-18
I-24
I-30
I-36

In both firing and ejection sequences a serles of six

This is due to the gun having six barrels.

It enables ane

location of any individuanl round at any time, when it will

will be ejected.

11

through I-15)
through I-21)
through I-27)
through I-33)
through I-23)
through I-29)
through I-35)
through I-bl)
repeata occurs.

to predict the
fire, and when it
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Figure I-1, Position 1: Round 1l Entering Sguirrel Cage
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Figure I-2. Position 2: Round 2 Entering Squirrel Cage
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Figure I-4. Position 4: Round 4 Entering Squirrel Cage
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sosltion T: Round 7 Entering Squirrel Cage

Figure I-7.
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Figure I-8. Position 8: Round 8 Entering Squirrel Cage
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Figure I-10. Position 10: Round 10 Entering Squirrel Cage,
Round 6 Fired
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Flgure 1-12. Position 12: Round 12 Entering Squirrel Cage,
RPound 4 Fired
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d 13 Entering Squilrrel Cage,

nd 3 Fired

Rou

Figure I~13. Position 13: Roun
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Figure I-14. Position 14: Round 1) Entering Squirrel Cage,
Round 2 Fired
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Figure I-15, Position 15: Round 15 Entering Squirrel Cage,
Round 1 Fired
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Figure I-16. Position 16: Round 16 Entering Squirrel Cage,

Round 12 Fired
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1 Cage,

Figure I-1T7. Positicn 17: Round 17 Entering Squirre

und 11 Fired
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Figure I-18., Position 18: Round 18 Entering Squirrel (sge,
Round 10 Fired, Round 3 Belng Ejected
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Figure I-19. Position 19: Round 19 Entering Squlrrel Cage,
. Round 9 Fired, Round Y4 Being Ejected
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cted

nd 20 Entering Squirrel Cage,

Round 8 Fired, Round 5 Being Eje

Rou

Flgure I-20. Positlon 20:
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Figure I-2l. Position 21: Round 21 Entering Squirrel Cage
6

Cage,
Round 7 1™ired, Round 6 Being EJected
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Figure 1-22. Position 22: Round 22 Entering Squlrrel Cage,
Round 18 Fired
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Position 23: Round 2

Figure I~-23.
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Round 2k Entering Squirrel Cage,

Figure I-24. Position 2k:

Round 16 Fired, Round 9 Being Elected
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Flgure [-25, Posltion 25: Round 25 Entering Squirrel Cage,
Round 15 Fired, Round 10 Being Ejected
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ijon 27: Round 27 Entering Squirrel Cage,
Round 13 Fired, Round 12 Being EJected

Figure 1-27. Poait
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Kound 28 Entering Squirrel Cag
Round 2k Fired, Round 1 Being EjJected

Figure I-28. Position 28:
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Rouad 23 Fired, Round 2 Being Ljected

Figure I~«29. Position 29: Round 29 Entering Squirrel Cage,
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Round 22 Fired, Round 1% Being EjJected

Figure I-30. Position 30: Round 30 Entering Squirrel Cage,

1



Figure I-3l. Position 31: Round 31 lntering Squirrel Cage,
Round 21 Fired, Round 16 Being Ejlected

L2



d 20 Fired, Round 17 Belng Ejected

Flgure I-32. Position 32: Round 32 Entering Squirrel Cage,
Roun
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Figure I-33. Position 33: Round 33 Entering Squirrel Cage,
Round 19 Fired, Round 18 Being Ejected
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30 Fired, Round T Being Ej)ected

ound 34 Entering Squirrel Cage,
und

R
Ro

34

Figure I-34. Position

5



el Cage,

ound 29 Fired, Round 8 Being Ejected

ure I-35. Position 35: Round 35 Entering Squirr
R

Fig
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Figure I-36. Position 36: Round 36 Entering Squirrel Cage,
Round 28 Fired, Round 21 Being Ejected
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Round 27 Fired, Round 22 Being Ejected

Figure I-37. Posaition 37: Round 37 Entering Squirrel Cage,
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Figure I-38, Position 38: Round 38 Entering Squirrel Cage,
Round 26 Fired, Round 23 Being Ejected
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Figure I-33. Position 39: Round 39 Entering Squirrel Cage,
Round 25 Fired, Round 24 Being EJected
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Round 36 Fired, Round 13 Being Ejected

4o: Round 40 Entering Squirrel Cage,

Figure I-40. Position




ing Squirrel ‘Cage,

4 Bei

Figure I-Ll. Position 41: Round 41 Enter

ng kElected

1

s Round

Round 35 Fired
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Round 34 Fired, Round 27 Being Ejected

Figure I-42. Position 42: Round 42 Entering Squirrel Cage,
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SUBASOEMBLLIEDS ANDL DETALLL OF PHL WEALOR CTOTEN

A serles ol photographs are presented in this uppendix Lo illustrute Lie
wajor subsssewblics and detully of the weupon system. (Sec Figures [1-]
through 11-17.)
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Barrel Support

Figure II-1T.
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