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Chapter 6

BUREAU OF ORDNANCE REVOLVER
CANNON (MARQUARDT)

SECTION 1. HISTORY AND BACKGROUND

After the end of hostilities with Germany in 1945,
the Navy Department sent Frank R, Marquardt, a
naval technician, to Europe to investigate German
aircralt machine gun development.  After review-
ing the status of the German revolver gun develop-
ments, Marquardt became interested m the possi-
bilities of obtaining high firing rates with low weight
by use of a rotating chamber.  He felt that the single
barrel, five chamber, revolver guns under develop-
ment were unnecessarily compromised to make use
of conventional recoil absorbing, gas opcrating, and

mechanical ramming mechanisms as a result of the
German anxiety to meet an urgent requirement.

Upon his return to the United States, Marquardt
decided to investigate the possibilities of a rotating
chamber gun and made the first sketch of his new
approach to a revolver gun on 7 December 1945,
Shortly thereafter, the Navy Department assigned
John J. Sauber to assist Marquardt in the develop-
ment of his ideas.

Numecrous methods of rotating a drum were in-
vestigated for single- and double-barrel versions.

Figure 6-1. 20-mm Gun Mechanism Mk 11 Mod O installed in test frame. In foreground, Frank Marquardt, inventor and
chief design engineer, and John J. Sauber, assistant design engineer.
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One of these designs contained 2 barrcls and 2
drums with 3 chambers in each drum. This design
was later changed to four chambers per drum to
obtain a cooling position for the obturating sleeves
in addition to the positions for loading, firing, and
extracting, In order to decrease the loading dis-
tancc, a design was conceived whereby the projec-
tiles were loaded from the front of the drum and
the incased propellant was loaded from the rear.
This design represented an attempt to obtain a bal-
anced short-stroke rammer with the projectile weight
approximately equal to thc incascd propellant
weight.

Marquardt’s efforts to reduce the rammer weight
included the use of chemical energy in the form of
an electric primer to move the projectile and incased
propellant, thus eliminating the complicated, heavy
mechanical ramming design derived from his at-
tempts Lo use gun cnergy. In order to convince
himself that ramming by chemical means was pos-
siblc, he obtained a package of electrical primers
being developed for the 20-mm ammunition and
started experimenting at his home.

He cut off a 20-mm cartridge case about 1 inch
from its base and soldered this into the end of a
picce of brass pipe, the inside of which he had ma-
chined to fit the largest diameter of a complete
20-mm round. After making a firing fixture, he
attempted thc first projection of a round of ammum-
tion by chemical means. Not knowing what to ex-
pect, he directed it toward the cciling of the base-
ment and was quite surprised to sce the 20-mm
round put a dent in the wooden beam. Carrying
his experiments further, he moved his fixturc out-
doors next to a telephone pole, the height of which
he had determined by measuring the length of a
ball of string he threw over thc horizontal wires.
By standing off at a distance, he noted that the
round of ammunition was projected about two and
one-half times as high as thc tclephone pole and
thus was able to determine the projection velocity.

As a result of these experiments, he changed his
mechanical ramming design to cxplosive projection
of a one-picce round from the rear of the rotating
drum into the drum chambers. He continued the
gun design based on this explasive projector method
of loading, combining the 2 drums with 4 chambers
cach into | drum contaiming 8 chambers. He then
worked out a firing cycle based on the firing of one
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barrcl to start a burst and the firing of the other
barre] to stop the burst.

After the design became firm, two wooden models
were fabricated at the Naval Gun Tactory for
demonstration and to check the arrangement of the
components, Demonstrations were given using
these gun models and a test fixture. On 16 Decem-
ber 1946, a development program was initiated for
a 52-inch Marquardt gun for aircraft turrct usc. As
the work progressed, tasks were set up with both
civihan and Government contractors to carry on
engineering studics and to manufacture components.
Participating contractors included were: Hughes
Aircraft Co., United Shoe Machinery Corp., Rem-
ington Arms Corp., Naval Gun TFactory, and Frank-
ford Arsenal.

Chronolcgical History
194).

7 DEcemBEr. Fust sketch made.

10 DecemBeRr., First preliminary design draw-
ing; five chamber cylinder, single barrel.

26 DeceMmper. Impulse system of operation
investigated.

1946,

21 JANUARY.
using constant retarding force for single-barrel gun
developed.

MAaRCH.
primers.

15 Marcu. First time displacement curve for
double-barrel gun using constant retarding force

First time displacement curves

First rounds projected by electric

devcloped.
SPRING. Investigated gas-driven cylinder.
Jury. First drawing using lever to multiply mo-

tion of recoil to turn cylinder.,

Jurv-Avaeuse. Design of switching of roller
device of cylinder.

1947.

24 FeEpruary. Drawings made on a wooden
mockup of gun to show the action of the gun.

13 MarcH. Drawings delivered to INaval Gun
Factory of mockup.

16 MarcH. Dcevclopment of method for cal-
culating forces, velocities, and displacements of gun
parts by graphical integration.

18 ApriL, First time displacement of gun
plotted.
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21 Aprir. First showing of wooden mockup
and demonstration of its operation.  Demonstration
of projector using live primer to ram round into
gun chamber. CO, used to eject case from cham-
ber. Representatives were present from the Burean
of Ordnance, Burcau of Aeronautics, Naval Gun
Factory, Dahlgren Proving Ground, and the War
Department.

28 ApriL. Demonstration and explanation for
Chief of Bureau of Ordnance, and other officials
of the Burcau. T'hey were interested to know when
manuflacture of a prototype could start and were
told it would take the few BuOrd engincers avail-
ablc about 3 months of unbroken work to finish
layouts and dimensional design drawings.

14 May. BuOrd letter to NGF authorized ex-
penditure of funds for design layouts and mockups
of subassemblies.

24 JurLy. At a conference held at Naval Gun
Factory, it was decided what items of the gun were
to be patented. It was also determined what tests
Naval Gun Factory was to run in conncction with
the devclopment of the TTX 4 gun.

7 Aucust. Work started on CNO memo to
scale up EX 4 gun to 10-mm, 3,500 feet per second
muzzle velocity, high cyclic rate gun.

11 AcveusT. Finished preliminary layout and
computations on 40-mm gun.

14 AvgusT. Task assignment NGF-18-Re8a-
[11-2 assigned to BuOrd letter of 14 May 1947.
$5,000 allotted. To be completed 1 December
1947.

18 AucusT. A complete set of preliminary prints
of EX 4 gun and one sct of photographs of model
were given to BuOrd Chief Engineer who was told
they were not vet covered by patents and didn’t
want anyone else getting patents ahcad of the T/SA.
These prints and photographs were taken to England
for discussion of ship defensc,

19 Avcust.  First results of a series of ramming
tests at 90 fect per second showed that when stand-
ard ammunition was used headspace problems be-
came very significant. That fact was emphasized
because the round was going so far into the cham-
ber that the rifling was engraving the cartridge case.

22 Ocrorer. Design drawings finished.

26 NovemBer. Meccting hcld at Naval Gun

Factory to discuss progress on the EX 4 gun. Prints
of the EX 4 were delivered and branch head of
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Re8 made it plain he wanted an EX 4 manufac-
tured and ready for firing by June 1948.

1 DecemBer. The Mark number assigned to
the EX 4 gun was 20-mm gun mechanism Mk 11
Mod 0. Short barrel, 20-mm gun barrel Mk 9
Mod 0. Long barrel, 20-mm gun barrel Mk 10
Mod 0.

6 DecemBer.  First NGF drawings relcased to
shop for manufacture of first prototype gun.

26 DecemBer. Task NGF-18-Rc8a-111-6.

Engineering detailing and manufacture of subas-

semblies. $50,000 allotted. To be completed 30
April 1948.

1948.

Jaxuary., Manufacture of two aluminum alloy

breech forgings was begun at the NGF.

MarcH. Machining of NGF forging was begun,
- 6 ApriL, Change, task assignment NGF-18—
ReBa—111-6, complction date to be 30 September
1948,

22 ApriL., Kinematic analysis plotted from in-
tegrated mathematical equations.

24 Mav. Design drawings signed.

3 Ju~xe. Task assignment NGF 18 Re8a—
[11-8 assigned for short length Mk 11 Mod 0,
$60,000 being allotted to manufacture five guns.
Completion date, 30 September 1948.

AuvcusT. Procurement of six Alcoa hand forg-
ings initiated.
SEPTEMBER. Predetonations occurred; round

primer detonated during projection.

23 SertEmBeErR. Task assignment NGF-18-
ReBa—111 6. Increase by $10,000 from Re8a—
[11-8 (total $60,000).

24 SEpTEMBER, QCO letter to Remington re-
quested 1,000 N-13 1.5 grain primers be forwarded
to Naval Gun Factory for Mk 11 gun studies.

24 SepTEMBER, QCO letter to Frankford Ar-
senal, discussing Mk 11 gun and projector and test
[ixtures and aluminum cased ammunition.

17 Novemeer. 200 aluminum cartridgc cascs
from Remington Arms delivered to BuOrd.

24 Novemeer, QCO letter 00471.91/36 (c)
dated 29 Nov. 1948 to Frankford Arsenal: (a)
All previous requests for ammunition canceled; {b)
480 clectric primed brass cased ammunition sent to
naval proving ground; (c) 300 clectric primed brass
ammunition incrt charge to be delivered to Naval
Gun Factory; {d) arsenal to conduct development

167



THE MACHINE GUN

and test program on ammunition (brass and alumi-
num ) ; (e) determine possibility of premature igni-
tion of round during projection. Authonized devel-
opment of primer if necessary.

10 DeceMBeR. One test mechanism sent to
Frankford Arsenal for ammunition development.

1949.

10 Janvarvy., OCO letter QO 471.873/102(c)
Attn: ORDTS FA 471.8731/1770-25. (Light
alloy cartridge case. )

4 Fesruary. TFlanged rotating band projectile
designed to decelerate round being rammeced.

10 Ferruary. Re8 memo to Re3 via Re?2.
Practice rounds for Mk 11 Mod 0O discussed.

15 FeBruary. Task assignment NGEF-18-
ReBa-113-1 set up for 20-mm gun mechanism Mk
11 Mod (. Cost $50,000. Completion date 31
December 1949, Date extended to 15 June 1950
by telcon of 15 November 1949, Date cxtended
to 30 June 1951 by telcon of 22 March 1950,

Il MarcaH. Re2 memo to I'Le. Budget re-
quest for development of ammunition for Mk 11
gun.

9 MarcH., Re? conference on ammunition for
Mk 11 gun conference stated requircment for im-
mediate need of 5,000 rounds of practice ammuni-
tion.

22 MarcH. Memo from Re8 to PLe.  Subj:
Aircraft ammunition, responsihility [or research and
devclopment.

I Arrir.  Re2 received $240,000 to be given to
the Army for development of ammunition for Mk
11 gun,

1 ApriL. ReZ memo on allotment of funds.

I Apri. Re8 memo to Re2, Re3, requested
development of ammunition.

153 ArriL. ReZa memo to Reb requesting $240,-
000 to be transferred to the Army for Mk 11 am-
IMunition.,

15 ArriL, Request for contract or fiscal action
to Reb from ReZa on funds for development of Mk
11 gun ammunition,

18 ArriL.  Re2 memo to Re8. Aluminum allov
cases for Mk 11 gun.
3 May. BuOrd letter to OCO referring to

Interdepartmental Order No. 02570 on the devel-

opment and providing of 5,000 rounds practice
ammunition and development of matched familv of
rounds.
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b Mavy. ReB memo to Re3. Information on
ammunition with reference to functioning of gun.

5 May. Letter from BuOrd to OCO. Devel-
opment of ammumtion for Mk 11 gun.

27 May. Mk 11 gun was sent to Naval Proving
Ground and the first round was fired. The alumi-
num hreech failed. The gun otherwise was un-
damaged. The cause of the fallure was due to
many factors: (1) advancing cone in the barrel
was not present; (2) poor material in the hreech
(clongation in 2 inches was 1.5 percent); (3) ex-
ccss pressure rounds were used,

June. Initiated manufacture of one steel breech.

Jury. Initiated machining of Alcoa hand
forging.

SEPTEMBER. Attempt at automatic fire failed.

Mechanical components found to be satisfactory.
Failure found te be due to electrical malfunctions.
These firing attempts done with new steel breech
rather than aluminum because the aluminum forg-
imgs were not finally machined.

27 SEpTEMBER. Salisfactory burst of 5 rounds
out of 8 rounds loaded. - Attempt at sccond burst in
afternoon gave a burst of 4 rounds out of 8. Indi-
catcd rate of fire of the gun with steel breech was
sct at approximately 3,000 rounds per minute.

30 Serremper. One ammunition test fixture
ordered sent to Frankford Arsenal for ammunition
development.  [Due 1 November 1948,

6 Ocroser. Memo o Re2a discussed division
of funds from T117 gun for ammunition for T118
gui.

14 OcroseEr. The new aluminum alloy forged
breech was fired single shot.  Everything was found
to be satisfactory.

21 OcTtoBrr. Previous attempts at eight round
bursts failed. Canse was believed to be that the
loaded rounds were forced forward when the gun
fired, thus moving the primer out of the reach of
the finng pin.  In an attempt to prove or disprove
this, eight rounds were loaded mmto the chamber
while the gun wuas disassembled. These rounds
were then pressed into the chamber four at a time
with a force of 4,000 pounds to give all rounds the
samc hcad spacing tc very close limits and to keep
the rounds from moving into the chambers during
firing. "T'he gun was then assembled using the new
alloy aluminum forged breech. Firing pins were
spaced to give the proper firing contact. A burst
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was attempted. beven shots were fired in anto-
matic fire at a very high rate. The actual rate was
not cbtained because of a disconnected electric
power lead. The eighth round failed due to a jam
on the last cvcle. The roller that was cammed out
of the previous cam track bounced back into the
track as the gun began the next cycle so that there
was a roller partially engaged in each cam track.

26 Octoerer. {Re2Za) WGS: 578-1 (20-mm)

From: Chief, Bureau of Ordnance.

To: Chief of Ordnance, paragraph 2 referred
to target date for T117 gun.

1 NoveEmBER. Gun cleaned from previous fir-
ings., 'The cams were stoned down at points of de-
formation caused by previous firing.  An atlempt
was made to fire a burst. The gun stopped half a
cycle past the starting position. The parts were in
such a condition to bind the revolving and recipro-
cating parts.  After fired case was removed, all parts
worked frecly in mechanism. Therefore, it ap-
pears that the case moved aft under pressure and ex-
panded to a point where it would not return. This
bound the sprocket because of the breech deforma-
tion. After disassembly, it was found that the
aluminum breech was not permancntly distorted.
The above occurred during two attempts Lo fire
automatically. It is also believed that possibly the
rounds were forced into the chamber too tightly
when they were loaded into the chamber.

§ NoveMmerr. The first time an eight round
burst was obtained. (Rounds loaded by hand.)

9. Noveumrer. Burst fired steel breech. Rate
of fire approximately 2,600 shots per minute. In-
vestigation was started into elimination of friction
which was belicved to be causing the low rate of
fire.

10 Novemeer. Burst fired aluminum breech.

Rate of fire approximately 3,480 shots per minute.
7 DrceEMBER. One set of design drawings sent

to Frankford Arsenal.

30 DrcrMBER.

Re2 mema to Re. Referred to

Mk 11 gun, delivery of guns and development of

ammunition.
1950.
Jaxuary. Rough machining and heat treating

of remaining 5 of original 6 hand forgings.
January. Ordered 10 Alcoa hand forgings for

d prototypes and 2 spares.
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Januvary. Requested machining of 5 of 10
Alcoa hand forgings.

8 FEBruary. Four Mann barrels for Mk 11
amnmmition development sent Frankford Arsenal.

MarcH. Machining of second-hand forging of
hrst six.

] Marcu. Task Assignment NPG—18-ReBa—
113--1 allotted $15,000 to be completed 30 June
1950 for test of Mk 11 gun.

JuLy. Initiated procurement of four 30-mm
Alcoa hand forgings.

AvcusT.  Initiated procurement of 30 universal
die forgings.

2 Aveust. BuOrd lctter to OCO forwarding
of EX 2 and EX 3 projectiles [or study in connection
with Mk 11 gun.

4 Aveust. Pamphlets on Mk 11 gun sent to
Franklord Arsenal and Remington Arms.

Octoeer. Rough machining of four final ma-
chining of two 30-mm Alcoa hand forgings.

30 Novemerr. HAC Contract Amendment
No.)> added Task 4, Mk 11 gun.

1951,

FEBRUARY. Requested complete machining of
all four 30-mm breeches.

FEBrUARY. Initiated procurement of three ti-
tanium forgings.

FEBrUuARY. Requested machining of 4 addi-

tional of 10 Alcoa forgings.

17 FEBrUuArRY. BuOrd letter to OCO. Re-
quest for ammunition for Mk 11 gun.

28 Fesruary. DBuOrd letter to OCO. Mod-
ification of letter on Mk 11 ammunition dated 17
February 1951.

29 Novimper. First assembled Mk 11 gun de-
livered to Hughes Aircralt Co. Representatives of
NGF and BuOrd present.

30 Novemeer. Fired first round from gun. Dif-
ficultics encountered.  Gun disassembled at Hughes
Aircraft Co.

4 DeceMBER. Fired first proof rounds in gun at
Hughes Aircraft Co.

6 Drcemierr. Fired first burst of 1 revolver full
| 8 rounds) successfully at Hughes Aircraft Co.

1952,

11 Marcu. United Shoe Machinery Corp.
amendment No. 5 added task 4—30-mm Mk | gun
{ Mk 11 principle).
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22 Arrir. Second aluminum breech failed at
Hughes Aircraft Co. This was the first-hand
forged 7551 aluminum breech to fail.

14 May. Third breech [ailed at Hughes Aircraft
Co.

18 June. Fourth aluminum breech failed at
United Shoe Machinery Corp.

1953.

29-30 Jawuvarv, Tirst coordinated meeting on
20-mm gun Mk 11 and 30-mm gun Mk 1 between
all agencics involved in program.

30 Apri. Mk 11 gun with nonrelinking feed
delivered to Naval Proving Ground, Dahlgren, for
burst firing from belt,

SECTION 2. DEVELOPMENT OF 20-MM

Gun Theory

To arrive at a compact high-firing-rate gun mech-
anism that would bc complete within itself so that
no accessories would be required other than an elec-
trical firing control, the following items were consid-
ered nccessary:

1. Use made of all available gun recoil energy
to increase the firing rate,

2. A high ratin of recoiling weight to total gun
weight to reduce the reaction loads,

3. Weight reduced by use of high-strength alum-
mum  alloys.

4. The gun to contain an integral charging sys-
tem containing its own operating energy.

5. All parts to be tied together mechanically to
climinate the phasing difficulties associated with
high-firing ratcs.

6. No large quantities of highly concentrated pro-
pellant gas to be released rearward if the gun is to
be used in an enclosed turret or gun compartment.
(Recoll operation in place of gas operation must be
used., )

Machine Mechanism

Because of the large losses in energy in standard
reciprocating guns as a result of metal-to-metal
pounding of parts, all initial effort was placed on
arriving at a machinc type mechanism having inter-
mittent revolving mation to accomplish the task of
feeding the cartridges and ejecting the expended
cases which was devoid of impact blows.
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4 May. First attempt to load live round by
primer projection from belt and fire gun in aulo-
matic fire. Two 3-round belts used. Two rounds
fired.

5 May. Two 5-round belts loaded {10 rounds
total) ; 2 rounds fired.

6 May. Two 5-round belts loaded (10 rounds
total). Gun fired out 10-round burst, rounds
loaded and cascs cjected satisfactorily. Rate 2,667
rounds per minute.

13 May. Two 8-round belts loaded (16 rounds
total). Gun fired out 16-round burst. The burst
length was restricted to 16 rounds because that was
the total quantity of projectors available for use.

GUN MECHANISM MARK 11 MOD 0

Various tvpes of mechanism were investigated.

1. Propellant gas driven; multiple piston versus
single piston and cam.

2. Recoil operated:

(a) Short recoil (this stopped most designs .

(b All early methods of multiplying recoil mo-
tion became cumbersome.

(¢) Multiplied motion with cam reciprocating
and rollers on cylinder.

(d) Multiplied motion by use of a Iinkage with
the rollers reciprocating (the most satisfactory).

‘The system to control recoil motion and belt feed-
g by use of cams on the rotating cylinder and roll-
ers in an external guide was chosen because it gave
the lowest reciprocating mass and the simplest parts
construction.

Use of Gun Energy

Rather than use an energy absorbing mechanism
and throw the recoil energy away as heat, a two-
barrcl design was developed that would put the
energy to work in reducing trunnion reactions.

The idea was to allow the gun to frecly recoil for
a sufficient period of time while the pressure in the
barrels dropped to a safe value before the chamber
was rotated away from the barrels. The method
chosen was Lo convert recail energy to rotating en-
crgy by revolving the cylinder and stopping the
gun recoil; then to use the spinning cylinder to drive
the gun back toward the battery position.
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Maximum Rate

Computation showed that the gun rate varied as
a function of recoil distance, mass of the recoiling
parts, and inertia of the revolving cylinder.

Actually, rate was restricted by lack of time to
load rounds and eject fired cascs.

Design rates of fire were calculated to be 4,500 to
3,000 rounds per minute using an aluminum breech.
Actual rates of fire have run between 2,800 (for a
steel breech) and 3,500 rounds per minute {for an
alummum breech). Firings at the Hughes Aircraft
Co. gave rates of 4,400 rounds per minute using top
barrel boosting. Test data showed that rates well
in excess of 4,400 could be attained.

Light Weight

Light weight was accomplished by use of alumi-
num at all points possible, such as in the breech (the
structural member holding the barrels and rotating
cylinder).

The basic idea for the use of aluminum in large
gun components began with the need for guns of
less weight.  Since steel could alwavs be used with
increased weight if the aluminum failed to meet the
load requirements, it was decided that aluminum
should be used in the initial development to prove
or disprove its cflcctive use.

The first firing of the gun was done with a 145T
aluminum breech and resulted in a brecakage of the
breech. It was known prior to the firing that the
properties of the breech as manufactured were very
poor, but it was believed that much information
could be derived from the test even if fracture did
occur.

At this point, a steel breech to the same dimen-
sions was ordered so that additional firing could be
conducted until new 758T aluminum forgings,
which were on order, were delivered and machined.

The first forged 758T aluminum breech frac-
tured during firing on 22 April 1952 at the Hughes
Aircraflt Co. The sccond forged aluminum breech
broke 14 May 1952, and the third 18 June 1952.

During this period, investigations were conducted
to determine the reason [or the short life and the
cause of these breakages. Preliminary evidence re-
vealed extremely high internal stresses in the ma-
terial. This was verificd by metallurgical tests
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conducted on high-strength 755T aluminum. To
eliminate the results of the high internal stresses, and
the short fatiguc life, breeches from other aluminum
alloys were manufactured.  Also breeches of light-
ened steel design were under development.

The aluminum breech which failed 18 Junc 1952,
at the United Shoe Machinery Corp. was replaced
with one manufactured from titanium at the Naval
Gun Factory. United Shoe Machinery Corp. be-
gan cycling the gun on 30 June 1952 using SAE
No. 90 high-pressure lubricant, but the test was dis-
continned due to galling between slider and breech.
Colloidal graphite and molybdenum disulphide
were tried but scizing of parts caused stoppage.
During July, the slider which carries the rollers was
flash chrome plated and the gun was lubricated with
“Liqui-Moly Grease” The gun was cycled a total
of 172 times on 17 July. The gun first failed to
return to battery on the thirty-fifth cycle with a
charger pressurc of 1,350 p. s. 1. The gun was
“freed up” and relubricated with “Liqui-Moly”,
but seizing became progressively worse so that after
172 cvcles testing was discontinued. The slider was
rechrome plated with no improvement in operation.
On 2! July, the work on the titanium breech was
discontinued until some lubricant or surface finish

could be found to alleviate the galling.

Impulse System of Operation

In order Lo eliminate the energy losses from metal-
to-metal pounding inherent in most reciprocating
mechanism, the gun was designed to fire out of
battcry after the first cycle. The reciprocating
parts were free floating during a burst. The top
barrel chamber is fired to start the gun in motion.
Near the end of this first cycle, both barrels are fired
simultaneously to return the gun in recoil before it
reaches the in-battery position. This system con-
tinues until it is desired to stop the gun. The gun is
stopped by firing the bottom barrel chamber. This
leaves the unfired top barrel chamber in a position
to start the next burst without charging.

New Principle of Ramming Rounds

In order to move a round from a belt into a
chamber and maintain a very high rate of fire, a
completely new method of moving the rounds into
the chamber was investigated. Marquardt believed
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that an electric primer of the type that was being
developed for the Army could be used to hlow a
round from a closed end tube into the gun chamber.
These primers had been designed exclusively to
ignite propellant in a cartridge in a manner similar
to percussion primers.

A special test fixturc was assembled from the
chamber end of an M3 20-mm gun barrel and a
closed cnd tube held in line with the barrel section
by a bracket member. The first tube was closed at
one end by the base end of a cartridge case soldered
into place, This allowed an electric primer to be
mserted into the tube. The first test using this
method was conducted during March 1946.

Demaonstrations were given during the spring of
1947 to describe the principle involved.

During the early fall of 1947, the Naval Gun
Factory carricd on the projection investigation and
observed the difficulties of overcrush.

In September 1948, predetonations accurred.
Predetonations are the condition where the primer
in the projector ar ramming tube causes the primer
in the cartridge to detonate. In the case of a live
cartridge, an explosion could have occurred.

In a letter dated 24 November 1948 the Chief
of Ordnance authorized Frankford Arsenal to deter-
mine the possibility of premature ignition of the
round during projection and authorized the devel-
opment of a primer to eliminate this condition if
possible.  During December 1948, a projection test
mechanism was sent to Frankford Arscnal from the
Naval Gun Factory for ammunition development,

Tests using blast deflectors in the projectors were
conducted during the spring of 1949 but were in-
conclusive with respect to elimination of predetona-
tions because of the limited amount of testing.,

During the summer of 1951, rounds were loaded
into the revolver chamber during charging and
this proved a completely feasible principle. In this
test, the incased rounds were strapped to the sprocket
of the feed.

Early in 1952, the first M52A3 clectric primers
were received at the Naval Gun Factory, and a
new series of projection tests were begun. In this
series of tests using no protective shield, predetona-
tions occurred and also there were failures to fire
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the primer of the rammed round due to metallic
particles being blown onto the base of the round
and shorting out the primer buttons.

Ammunition and Chamber Designs

The first ammunition to be used in the develop-
ment was the standard 20-mm MO90 series service
rounds. Considerable difhiculty was encountered in
overcrushing the case during ramming. Rounds
of ammunition were being rammed into a chamber
at velocities of 80} to 100 feet per second. The cham-
ber from the 20-mm automatic gun M3 was used
in the first tests, It was found, after a small num-
ber of tests, that the rounds were going into the
chamber till the case itsclf was being engraved by
the rifling. When the rifling was eliminated, the
projectiles had nothing to stop against and would
completely debullet from the case.

To assist in overcoming this situation and to get
a round that gave a higher muzzle velocity, the
ammunition was changed to the 0.60/20-mm round
being developed by the Department of the Army.
This round gave much hetter performance in hold-
ing the headspace to a more reasonable value but
was not completely satisfactory, because debulleting
was still experienced.

In a further attempt to hold the headspace to
an allowable value, a special rotating band was
developed which had a forward flange of a larger
diameter than the main body of the band. Ram-
ming tests of these rounds gave headspace values
that were much more consistent and prevented
debulleting.

After this initial period development began on
another series of rounds for the 20-mm aircraft
gun Mk 12. When it was known that this series
of ammunition would be mass produced and issued
to the fleet, a decision was reached to start investi-
gating the use of this ammunition in the Mk 11 gun.
If it could be used, it would eliminate a special
series of ammunition for fleet use.

The initial studies using the T130 20-mm round
were conducted at Hughes Aircraft Co. under Bu-
reau of Ordnance contract NOrd 10496. A special
chamber was designed which reshaped the case in
a different manner and to a greater extent than in
previous designs,
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SECTION 3. DESCRIPTION OF 20-MM GUN MECHANISM MARK 11 MOD 0

General Description

barrel Mk 9 Mod 0, and 20-mm gun barrel Mk 10
Mod 0. The gun mechanism consists of the fol-
lowing components: receiver assembly, pneumatic
tank assembly, breech assembly, sprocket assembly,
and cylinder.

This weapon is intended for both air-to-ground
and air-to-air combat. FEach installation {:{“}t‘l‘lpTiﬂEH

20-mm gun mechanism Mk 11 Mod 0, 20-mm gun

General Dara: 20-mm Gun Mechanism Mk 11 Mod 0

Gun length;:
With Mk 9 barrcl, ovcrall: 52 inches.
With Mk 10 barrcl, overall: YU inches.
Gun weight:
With Mk 9 barrel (short) : 162 pounds.
With Mk 10 barrel (long): 170 pounds.

Barrel length, effeciive;
Mk 9 barrcl: 41.25 inches,
Mk 10 barrel: 59,25 inches.
Weight of barrels:
Mk 9: 41.4 pounds {(hoth barrels ).
Mk 10: 57.4 pounds {both barrels).

Rate of fire; Variable by clcetrical contreol of 2-round
bursts. 5,100 rounds/minute, maximum (in-
stantanecous starting and stopping).

Ratc control: Elcetric rheostat.
Barrel removal: Quick disconnect,
Removable barrel length:

Murzle velocity:
Mk 9 barrel: 3,100 feet/sccond.
Mk 10 barrel: 3,300 fect/second.
Chamber pressure: 33,000 p. s. 1.
Svstern of operation: Recoil
Svstemn of locking: Revolver principle.
Svstem of feeding {integral self-fed ) : Sprocket.
Method of loading: Explesive projecting.
Method of headspace: “Belted” ammunition, stationary

Mk 9 barrel: 35.906 inches.
Mk 10 barrel: 51.906 inches.

Bore:
Number of grooves: 9,
Groove depth: 0.015 inch.
Groove width: 0.203 inch,
Land width: 0.068 inch.
Pitch of rounds in belt: 1.579 inches.
Direction of twist: Right hand.

anvil. Form of twist: Progressive; 0 degrees to 7 degrees.
Location of feed opening: Leflt and right rear of receiver; Recoil force (250,000 pounds/inch mount) :
2 belts.

Avcrage: 3,500 pounds.

Peak: 6,700 pounds,
Rotational torque: 7,500 inch-pounds.
Complete round weight, aluminum case: 0.40 pound.
Projectile weight: 1,700 grains.
Propcllant weight: 640 grains.
Cartridge case welght, aluminum: 635 grains.
Length of case: 4.340 inches.
Diamcter of hase of case: 1.163 inches.
Weight of projector and link: 0.125 pound.
Length of round: 7.22 inches, maximum.
Weight of round : 3,000 grams (.42% pound].

Location of ejection opening: Right and left side of re-
ceiver; 2 openings.
Method of charging: Integral solennid operated air valve
and air pistons (2, left and right].
Mcthod of cocling: CQO; and liguid coolant,
Projectile travel:
Mk 9 barrel: 37.645 inches (47.83 calibers ).
Mk 10 barrel: 55,645 inches (70.71 calibers).
Recoiling welsht: 120 pounds.
Becoilling distance: 1.01 1nches.
Distance between barrels: 4.125 inches.
Weight of cylinder: 4%.57 pounds.
Mass movement of inertia of cvlinder: 0675 slug ft.”
Cylinder diamecter: 7 inches,
Cylinder length: 7.094 inches.
Number of holes in cylinder: 8,
Velocity of belt:
Average: 3.5%2 feetl/second.
Maximum: 11.18 feet/second.
Projection velocity ammunition: B0-90 feet/second.
Ignition systern: Electric {250 V condenser discharge ).
Velocity of recail (40 percent energy loss): 10.2 [ect/
second, maximum.
Velocity of counterrecoil (40 pereent energy loss) @ 8 {feet/
second, maximum.
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The weapon is a revolver type automatic gun
equipped with two barrels firing simultaneously:
It is served by two belts of ammunition which enter
thc mechanism from opposite sides, and feeding 1s
accomplished by the sprocket assembly which oper-
ates within the mechanism.  The ammunition is
carried to the weapon in projectors which are linked
together and from which the rounds are launched
into the chambers by means of an clectric primer.
The projectors remain belted and continue through
the mechanism, rcceiving the empty cases prior to
emerging from the opposite side.  Clase ejection is
~accomplished by pneumatic power.  Firing of both
the projectors and ammunition is electrical.

Assembled Arrangement. "The pneumatic tank,
one of the nonreciprocating elements of the gun
mechanism, houses the gun chargers, the cjection
and coolant valve assemblics, and the hold [orward
valve and gun switch assembly, The tank 1s pro-
vided with pads for mounting the gun mechanism
and 1s secured to the receiver by two lock pins. The
receiver 1s the nonreciprocating <lement which sup-
ports and guides the reciprocating breech assembly,
supports the aft end of the sprocket assembly, and
houses the entire gun mechanism. The sprocket
assembly extends from the aft end of the receiver, to
which it is attached, into the breech. The cylinder
is supported by the sprocket assembly shaft within
the breech and, therefore, reciprocates on the
spracket assembly shaft together with the breech.

Cooling. 'The firing chambers are cooled by the
passage ol carbon dioxide through the chamber hole
after the cartridge case is cjected,
8 holes in the revolving chamber, 2 rounds are fired,

Since there are
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Figure 6-2.
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2 cartridge cascs are cjected, 2 live rounds are
loaded, and 2 chamber holes are cooled, all at the
same time. There are two shutoft valves that are
controlled by the recoil of the gun in such a manner
that the flow of carbon dioxide is shut off when the
gun is at rest in battery, but resumes when the gun
Since the gun is only in bat-
terv for a short time during a burst, and since the
carbon dioxide contained in the tubc between the
slide valve and the open chamber acts as an inter-
mediate reservoir, a continuous flow of carbon diox-
ide will result during a burst.  The chambers are
cooled to prevent “‘cook-offs™ at the end of a sus-
tained burst because the gun stops firing with a live
round in the chamber alined with the top barrel and
2 live rounds in the holes adjacent to the 2 barrels.
No cooling is ncecssary to prevent “cook-offs™ if less
than 800 rounds are fired per gun, however, cooling
the chambers will greatly increase the life of the
obturating slceves.  T'he gun barrcls are not cooled
bv any means other than normal air flow over the
barrels since the hottest portion of the bullet travel
is contained in the revolving chamber which 1s
cooled by means of carbon dioxide.

Energy Balance. 'The energy imparted to the re-
coiling mass from the firing of 1 round is approxi-
mately 158 foot-pounds, and the energy imparted
to the recoiling mass from the firing of 2 rounds is
approximately 316 foot-pounds. The energy taken
from the gun consists of friction and the energy re-
quired for feeding. If there were no cnergy taken
from the gun by friction and feeding, the cyche rate
would depend upon the time it takes to decelerate
and accelerate the recoiling mass with a total energy

moves out of battery.
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20-mm Machine Gun Mk 11 Mod O mounted in test stand,
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content of 158 foot-pounds by mecans of the cams
cut on the outside of the hring charmber. Computa-
tions show that the gun would have a cyclic rate of
5,100 rounds per minutce under these conditions,
In order Lo obtain a more accurate analysis of the
cvclic rate, 1t was assumed that the energy taken
from the gun by friction and feeding was propor-
tional to the remaining energy. The cyclic rate
was computed with a 7D percent and 50 percent re-
turn of energy, and it was found that the cvclic rate
remained at 5,100 rounds per minute and was not
dependent upon the efficiency of the mechanism or
the belt pull.  This phenomenon is possible because
the energy in the system creates its own balance after
approximately scven cycles of operation.  The hig-
ures for a 50 percent return of energy are as [ollows:

Cycle No. iy e o ey | iy
| 138 79 1
R 237 118 2
B e . 198 99 2
Ao : 217 109 | 2
B 207 104 2
B 212 106 2
Tl 210 105 2
- T 211 105 2

It will be noted that the odd cycles are slow cveles
while the even cvcles are fast cycles, but the differ-
ence diminishes very rapidly so that a constant cvelic
time is reached in approximately seven cvcles, The
summation of the fast and slow cycles gives an over-
all cvclic rate of 5,100 rounds per minute. The
energv taken out of the recoil stroke by the hold for-
ward 1s rcturncd on the counterrecoil stroke.  The
hold forward prevents any automalic operation
through the cams with the energy that is left over at
the end of a burst.

Reversibiity.  The gun is designed so that by
interchanging cyvlinders with roller lifting cams cut
on the left or right hand cnd of the operating cams,
rotation 1 a clockwise or counterclockwise direction
is obtainable, To change from rotation in one di-
rection to rotation in the opposite direction, the gun
18 partially disassembled, the ejection and cooling
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tubes interchanged, the projector firing contacts re-
located, and an apposite hand firing chamber as-
sembled into the gun.  This reversibility gives two
fceding arrangements for the gun so that a better
arrangement ol ammunition chuting is obtainable
for multiple gun installations. The ammunition 1s
fed into the top of the left-hand side and the bottom
of the right-hand side when clockwise rotation is
used and is fed into the bottom of the left-hand side
and the top of the right-hand side when counter-
clockwise rotation is used. Directions are from back
of gun looking forward.

(hturation. The breech is of the revolver clos-
ing tvpe, where the cartridge case forms a gas seal at
the after cnd of the firing chamber and an obturating
sleeve in the forward portion of the firing chamber
forms a seal with the after end of the barrel.

Trunnion Reactions. 'T'he gun has its own re-
coil mechanism to reduce trunnion reactions. The
recoiling mass 18 gradually stopped in the rearward
direction by the cam action of the rollers and is
rapidly stopped in the forward direction by the im-
pulse of the fired projectiles or is gradually stopped
in the forward direction by the pneumatic buffers.
The stopping and returning of the recoil mass by
the impulse from the fired projectiles causes a re-
coll reaction on the mount because the cam [ollower
assembly mass has its direction changed by the oper-
ating levers that arc pivoted at the center of the gun.
This reaction has a peak value of approximately
2,200 pounds. The maximum recoil force occurs at
the cnd of the recoil stroke and is approximately
6,700 pounds. There is no counterrecoil force un-
less two duds occur simultaneously, at which time
the counterrecoil force becomes approximately 4,500
pounds. The charger also causes a counterrecoil
force of approximately 4,000 pounds. In addition
to the recoill and counterrecoil forces, a rotational
torque of approximately 7,500 inch-pounds is
created at the start of rotation of the chamber. This
torque 18 zero when the maximum recail [orce occurs
at the end of recoil and is approximately 6,000 inch-
pounds in the opposite direction when the rotation
ol the chamber is stopped near the end ol a cycle.
The recoil force, due to the firing of the eleciric
primers mn the projectors, occurs when the recoil
force duc to the cam action of the rollers is small
so that the maximum value of 6,700 pounds is not
exceeded,
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Figure 6-3. Ammunition and links for the 20-mm Machine Gun Mk 11 Mod 0. Front view.

Mounting. The pneumatic tank is equipped
with two diametrically opposite mounting pads that
serve as the main support for absorbing the trun-
nion reactions. The after end of the receiver is
equipped with two diametrically opposite T-slots to
support the gun and still allow the recciver to be

Figure 6-4. Ammunition and links for 20-mm Machine Gun
Mk 11 Mod 0. Side view.
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moved aft for loading and clearing ammunition
jams,

Links. The links are of a self-locking wire type
to obtain Aexibility mn all directions and to obtain
maximum strength with a minimum weight.  Any
Iink of a closed-loop type can be used since the
projectors carrying the ammunition are never sep-
arated from the link. The projectors can be manu-
factured with a sclf-connection so that no scparate
linking arrangement 13 needed; however, this
method is more costly to produce and has no particu-
lar advantage. The wire tyvpe hink uscd has a stretch
of one-eighth inch per link with a 100-pound load
so that the belt acts as a spring, thus allowing the
gun to have a pulsating feed motion while the con-
vevor system is operating at constant velocity.

Description of Components

Barrels.  The gun barrels arc quickly detached
by raising a spring-loaded detent and rotating the
barrel through one-sixth of a revolution. The ri-
fling of the barrels 15 machined to engrave the rotat-
ing band with straight rifling and then progressively
increase the twist so that a constant angular acceler-
ation is applied to the projectile for the full length
of the barrel.

Pneumatic Tank. 'The pneumatic tank acts
primarily as a reservoir for the pneumatic ejection,
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Figure 6-5. Z0-mm Machine Gun Mk 11 Mod 0. Side view with receiver removed.

Figure 6-6. 20-mm Machine Gun Mk 11 Mod 0. Three-quarter front view with receiver removed.
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Figure 6-7. Pneumatic tank of 20-mm Machine Gun Mk 11
Mod 0.

charging, bufling, and hold forward. There are two
arrangements for supplying pneumatic pressure to
this tank. The front of the tank contains a connec-
tion for a pneumatic hosc if an cxternal supply of
air 15 available. The tank also contains check
valves go that gas pressure in the barrels, being of a
higher pressure than the tank pressure, will ow mto
the tank, thus replenishing the pneumatic air used
for charging and for ejecting empty cases and duds.
When the barrel gas pressure is used to replenish the
tank pressure, a relief valve must he connected to the
pneumatic hose connection on the front of the tank
to prevent too large a buildup of pressure in the tank.

Hold Forward, The gun is equipped with a
pneumatic piston to keep the gun mechanism from
moving ait of the m-battery position under a force
cquivalent to 214 ¢’s. The buffer pistons keep the
gun from moving forward of the in-battery position
under a force equivalent to 37 g’s.  Side g's do not
affect the in-battery position.

Return Mechanism, 'The recoil distance of the
gun 1= 1.0125 inches and 15 controlled mechamcally
by means of two levers that are pivoted about a shaft
through the center of the gun. Omne end of the
links 1s connected to the recoiling mass, and the
other end is connected to a tie bar that drives the
cam follower assembly. By pivoting the links at the
center of the gun, the cam [ollower assembly is pulled
forward as the recoiling mass moves aft, thus in-
creasing the motion between the cam follower as-
scmbly and the chamber. The firing chamber has a
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series of & elliptical cams cut on 1ts exterior in such
a manner that the 4 forward cams start in the same
plane as that in which the 4 after cams end. At
the end of each cam, there 1s a sloped surface that
raises the driving roller out of its cam track at the
end of a cycle. The cam follower assembly con-
tains lwo rollers that are connected together by
means of a lever so that as the driving roller is raised
out of 1ts cam track, it lowers the other roller into
its cam track, thus changing the drive at the end of
each cycle with the result that the chamber 1s always
rotated in the same direction. The principle of
operation is to transfer the recoil energy of the re-
ciprocating mass into rotational energy of the firing
chamber and then to transfer the rotational energy
of the chamber into a counterrecoil energy of the
reciprocating mass. When this is donc, the cham-
ber 15 indexed through 457 ol rotaton, while the
recoiling mass is decelerated aft and then accelerated
torward,

Charger. There are two chargers built into the
gun. Their pneumatic power source is taken from
the pneumatic tank that is also a part of the gun.
The solenoid-operated valves are of a quick-opening
type being manually operated. The solenoid raises
an inner needle valve that creates a differential pres-
sure with the result that the large plunger is raised
off of the main scat by the high-pressure air in the
pressure tank, thus obtaming quick aopenmg with
a small amount of electrical energy. The end of
the charger shafr is equipped with a leakage valve
that 1s open at low pressures and closed at high
pressures, The purpose of the leakage valve is to
prevent any air that may escape from the pressurc
tank from accumulating in the charger and moving
the gun out of the in-battery position when not
operating,

Operation

Loading. The receiver is unlocked from the
pneumatic tank as described n step 3 under Dis-
assembly and moved rearward approximately 5
inches to disengage the sprocket assembly splines
from the cylinder splines, thus permitting the
sprocket assembly to be rotated independently of the
gun mechanism.  The ends of two belts of ammuni-
tlon are now started into the mechanism and, with
the first round of cach belt resting in the sprockets,

the sprocket asscmbly 1s rotated until the two rounds
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Figure 6-8. 20-mm Machine Gun Mk 11 Mod 0. Cutaway view.

ATE prrnximatﬁl}-‘ 45% from ahmnement with the gun
barrels. The receiver is now returned to its proper
location and locked to the pneumatic tank. As the

recetver i1s being returned, it may be necessary to

turn the sprocket assembly slightly in alternate di-
rections in order to engage the splines of the sprocket
assemnbly shaft with those of the cylinder.

Feeding. The sprocket assembly is driven by
means of a spline located 1n the center of the cyhn-
der. 'The sprockets rotate with, but do not recipro-
cate with, the cylinder, being held from reciproca-
tion by mcans of a double acting radial-thrust
hearing fastened to the after end of the receiver.
The linked projectors serve a dual purpose in that
they arc uscd to carry the fixed cartridge cases and
duds away [rom the gun as well as to carry the
ammunition to the gun,

Projection. The complete round of ammunition
15 contained in the projector, a thin walled wbe
with a closed end contaiming an electric primer.
As thc ammuntition ¢nters the gun, the primer comes

in contact with a firing pin contained 1 the rear

of the sprocket assembly. Approximately 10° be-
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fore the sprocket reaches the at-rest position, the
firing pin contacts the live wiper thus igniting the
primer in the end of the projector. The pressure
created by the 1gnition of the primer rcacts on the
base ol the cartridge, [orcing it out of the projector
and into one of the eight chambered holes in the
cylinder at a velocity of approximately 80 to 90 feet
per seconl.  The rotating band ol the projectle has
a flange on the forward end; as the cartridge enters
the chamber this flange, being shghtly larger than
the tapered hole it enters, causes a drag [orce on
the round, thus decelerating the round and coming
to rest with the flange in contact with the obturating
sleeve in the chamber. If the round stops belore
contacting the obturating sleeve, it is cammed into
position mechanically by the breech face plate when
the cvlinder rotates into the firing position.  This
flange controls the headspace of the gun as well as
assuring a tight scal when the projectile is fired
through the smooth bore of the obturating sleeve.,

Ejeciton. The fired cartridge case is blown from
the firme chamber by means of a 1,500-pound-per-
square-inch air supply contained in the pneumatic
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tank located at the front of the receiver. Since the
cartridge case is enlarged during firing, the in-
creased diameter will cause a force fit in the pro-
jector,  The friction caused by this [orce fiv will
dissipate the energy imparted to the ejected case
and will also act to rctain the case in the projector.
A dud will be ejected in the same manner. The
different weight of a fired case and a dud is com-
pensated for by the different volumes the 1,500-
p-s.i. air expands into. 'When a dud is to be ejected,
only a small volume remains around the dud, thus
higher pressures are created for ejection. When 4
fired cartridge case is to be ejected, the 1,500-p. s. i.
air has a large volume to expand into, thus lower
pressures are created for ejection. The pneumatic
tank contains an automatic valving mechanism that
is operated from the reciprocation of the recoiling
parts. The recail caused by the firing of the first
round pulls the shutoff slecve aft against the force of
a return spring, thus cxposing the 1,500-p. s. 1. air
supply to the slide valve cvlinder. Since the slide
valve piston is aft of the in-battery position when
the shutoff valve is opened, no air will flow into the
shde valve ejector tube until the gun returns in a
counterrecoiling direction and uncovers the opening
m the shde valve. At this time, the fired cartridge
case 15 alined with the ejector tube opening and the
flow of air from the pneumatic tank will blow the
fired case out of the chamber and into the projector.
The gun returns to battery faster than the spring
can return the shutoff valve, so that the shutoff
valve remains open, being carried back cach cycle
until the gun ceases firing in the in-battery position,
at which time the shutoff valve creeps forward and
shuts off the flow of air from the pneumatic tank.
The adapter at the front of the ¢yvlinder has a scal-
ing piston to reduce leakage of the ejecting air at
this position,

Firing. When the gun is loaded by the method
explained under Loading, closing the ready switch
will cnergize the generator which, in turn, will ener-
gize the projector condensers and fire the first two
projector primers, thus loading two rounds into the
firing chambers. Closing cof the ready switch will
also cnergize the charger solenoid relay which will
open the charger electric circuit. The gun switch
13 open when the gun is in battery.  Closing the fir-
ing switch will energize the top barrel relay, thus
closing the clectrical circuit to the top barrel and
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breaking the charger relay circuit.  The charger re-
lay has a delayved pullout of approximately 15 milli-
seconds, after which time the charger circuit is closed
and the charger solenoids are energized. Energiz-
ing the charger solenoids opens the charger valves
allowing the 1,500-p. s. 1. air in the pneumatic tank
to enter thc pneumatic chargers which, in turn,
pushes the recoiling parts aft. As the gun moves
aft the gun switch is closed with the result that the
bottom barrel relay is encrgized, thus closing the
bottom barrel firing circuit and the circuit to the
charger solenoid relay. When the charger sole-
noid relay is energized, it breaks the electrical cir-
cuit to the charger solenoids, thus allowing the
charger solenoid valves to close and cutting off the
supply of air to the charger pistons. At the end of
the charger stroke, the air in the charger is exhausted
to atmosphere. At this time, the cnergy imparted
to the recoiling mass is converted into rotational
cncrgy of the cyvlinder which, in turn, drives the re-
coiling mass back into battery. The cylinder will
have rotated through 45°, bringing the 2 formerly
chambered rounds into alinement with the 2 barrels.
As the gun enters the in-battery position, the two
firing pin wiping contacts on the receiver will allow
the condensors to discharge through the electric
primers in the cartridge cases alined with the barrels.
As the 2 rounds fire, the forward motion of the re-
coiling mass will be stopped and the recoiling mass
sent aft with approximately the impulse of 1 round,
since the chargers impart approximatcly the same
energy to the recoiling mass as the firing ol 1 round
of ammunition. FEach 43° of rotation of the cvlin-
der causes 2 projcctors to be fired with the result that
2 rounds are loaded into the firing chambers. The
gun continues to fire two rounds each time the re-
coiling parts enter the in-battery position until the
firing switch 1s opened. At this time the top barrel
relay is released, breaking the firing circuit to the top
barrel. T'he bottom barrel relay has a delay pull-
out so that the bottom barrel firing circuit remains
closed long enough far the gun to complete the cycle
and fire the bottom barrel round, thus ending the
burst with a live round in alinement with the top
barrel, a fired cartridge case in alinement with the
bottom barrel, and two live rounds loaded in the
chamber holes adjacent to the top and bottom bar-
rels.  VWhen the firing switch is closed again to fire
the next burst, the top barrel relay closes the top
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barrel firing circuit and the top barrel condenser
discharges through the electric primer in the base
of the round alined with the top barrel, thus finng
the top barrel and starting the second burst. The
shortest burst that can be fired is 2 rounds, 1 to start
the burst and 1 to stop the burst. It is possible to
fire these two-round bursts at any rate desired so that
the overall rate of the gun can be controlicd and the
spacing between pairs of projectiles in flight can be
controlled to obtain the most effective arrangement
for hit probabhility. The control can be such that a
low cyclic rate can be used to conserve ammunition
until it 1s determined that the projectiles are hitting
the target and then the control can be immediately
switched over to maximum cyclic rate to destroy the
targct.

One Dud. When one round fails to fire during
a burst, the round that did fire as the gun came into
battery will stop the gun in the same manner a
normal burst is stopped, by firing only the bottom
barrel. The only difference is that the firing switch
is still closed when the gun comes to rest. When
the gun remains at rest with the gun switch closed,
the bottom barrel relay will pull out, thus breaking
the circuit to the charger solenaid relay, which will
then close the clectrical circuit to the charger sole-
noids and the gun will go through a charging cycle
the same as described under Firing. As the gun
returns to battery after this charging cycle, the two
new rounds will be fired, and the dud and empty
cartndge case, having rotated through 45°, will be
ejeccted. The gun will then continue on a normal
firing cycle. If the dud happened to occur in the
bottom barrel after the firing switch was released to
stop a burst, the forward motion of the gun would
not be stopped by the firing of the bottom barrel
and the live round in the top barrel would not be
fired to stop the forward motion because its firing
circuit 1s broken when the firing switch is released.
In order to stop the forward motion of the gun under
this condition, the 1,500-p. s. 1, pneumatic tank is
equipped with two pneumatic pistons that act as
buffers for the counterrecoiling mass when it passes
the in-battery position. The energy remaining in
the counterrecoiling mass is stored in the pneumatic
tank through these pistons, which return the encrgy
to the mass by accelerating it in a recoiling direction.
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As the gun returns to the in-battery position with
the energy now in the recoiling direction, the drive
linkage, through the rollers in the cam follower
assembly and the cams cut on the outside of the
cylinder, transfers the recoil encrgy into rotational
cnergy of the cylinder. The cylinder, in turn, trans-
fers the rotational energy into translation of the
mass in a counterrccoiling dircction.  During this
transter of energy, the chamber is rotated through
45°, bringing two new rounds into alinement with
the barrcls and, as the gun enters the in-battery
pusition again, the round alined with the lower
barrel will be fired, thus stopping the gun.

Malfunctions

Twe Duds.  When duds are encountered simul-
taneously in the top and bottom barrcls, the same
condition prevails as when a dud occurred in the
bottom barrel after the firing switch was released.
(See One Dud, under Operation.) The only differ-
cnce 15 that the firing switch is closed, so that when
the gun returns to the in-battery position after being
buffed in the forward direction and indexed through
the cams, the gun will continue to fire the burst.  In
this case, the two duds will be ejected and carricd
away [rom the gun by the linked projectors. If the
firing switch is relcased when two duds occur, only
the bottom barrel will fire when the gun returns to
the mn-battery position, thus stopping the gun with a
live round in alinement with the top barrel and a
fired cartridge case in alinement with the bottom
barrel. The chargers only operate when one dud
aoccurs during a burst and the firing switch remains
closed.

Projecior Misfire. The projectors contain an
electric primer that 1s tested for shorts and resistance
during manufacture to assure no greater probability
of a misfirc than one 1n a million. "The only other
factor that might cause a misfire would be a failure
of the projector clectrical firing circint. I the firing
circuit fails, the gun, as presently designed to mini-
mize the overall length, will become inoperative.
The gun can be made to continue firing one barrel
in bursts of two rounds with a charging cycle in be-
tween bursts by lengthening the receiver so that a
complete round of ammunition will pass in back of
the breech. In order to obtain this feature, the
overall length of the gun would have to be increased

181



THE MACHINE GUN

approximately 3 inches. This would also increase
the distance the rounds have to be projected and
cjected, which 1s undesirable.

Hang fires. The cartridge case is ignited by
mecans of an electric primer that is void of all the
factors that cause a hangfire with percussion igni-
tion. If, for some unknown rcason, a hangfire
should occur with the electric primer, the result
would be that the round that did fire would stap the
gun in battery, and as soon as the hangfire went off,

SECTION 4.

Prior to proceeding with the disassembly of the
gun, 1t Is neccessary that the gun he located in the
recoll position with the aft roller of the cam follower
assembly in the down position engaging 1 of the 4
aft came grooves of the cylinder. The gun may bc

CONFIDENTIAL

the gun would continue to fire the burst. At no time
would the gun be unsafe because the breech would
be locked and at rest m battery. If twe hanghres
occur simultancously, they would fire while the gun
18 against the pneumatic buffers since the gun is
against the buffers for a period of approximately 16
milliseconds while a hangfire only exists for a period
of a few milliscconds. The gun would not be un-
safe since the breech is locked while the gun is
against the bufters.

DISASSEMBLY

moved manually from the battery to the recoil posi-
tion by inserting a bar between the pneumatic tank
and the breech. Using the bar as a lever, the
breech i1s then moved away from the pneumatic tank
until the roller of the cam follower assembly reaches

Figure 60,
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20-mm Machine Gun Mk 11 Mod 0. Expleded view.

(Barrels not shown.)
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the center position on the cam groove curve.  Mov-
ing the breech may become difficult when the roller
moves 1n the curved portion of the groove, and 1t
mav be nccessary to assist the rearward movement
of the breech by tapping lightly on the rcar face of
the raised roller. If the forward roller is in the
down position, the same procedure is followed with
the exception that as the breech starts to move away
from the pneumatic tank, thc raised aft roller is
tapped down into one of the aft cam grooves. It
will be noted that as the breech is continued to be
moved after the transfer of the rollers, the cyhinder
will rotate in the reverse direction to that of firing.
This is due to the aft roller being lowered into the
cxit end of the cam groove.

The gun i1s now ready for disassembly as follows:

1. Remove the two barrels by pulling out on the
barrel lock with one hand and removing the barrel
with the other. After unlocking the barrel, it must
be rotated slowly until it is disengaged from the
barrel bushing.

2. Disconnect the electrical wiring between the
receiver and pncumatic tank at the chargers and
terminal joints.

3. Disconmect the receiver from the pneumatic
tank by pulling out on the knobs of the two lock-
pins and rotating the lockpins 1807, With the re-

Figure 6-10. Revolving cylinder of 20-mm Machine Gun
Mk 11 Mod O.
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Figure 6-11. Breech of 20-mm Machine Gun Mk 11 Meod 0.

cceiver thus disconnected, it 15 moved rearward and
removed from the mechanism together with the
sprocket assembly and ammunition tracks. Re-
moval of the sprocket assembly will leave the cylin-
der unsupported and it will therefore drop approxi-
mately 0.010 inch to the adjacent surface of the
breech,

4, Tower the forward roller of the cam follower
assembly into a space between two cam grooves.
This space was brought dircctly under the roller
when the gun was positioned prior to disassembly
as outlined above. Place both hands on the cylin-
der, and remove the cylinder from the breech by
rotating it with the upper hand while pushing the
bottom of the cylinder out with the lower hand.
'I'his may be accomphshed from either side. Exer-
cise caution during this operation to prevent injury
to the hand at the bottom of the cylinder as the
cylinder leaves the support of the breech.

5. Move the breech toward the pneumatic tank
(maintaining the cam follower assembly in the for-
ward position) enough to permit removal of the
spring clips and locking segment from the ends of
the chargers, and remove the chargers by pushing
them forward and out through the pneumatic tank.

6. Remove the yoke shaft and push the large
end of the 2 sleeves into the 2 charging chambers.
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With the sleeves and charging chambers thus posi-
tioned, move the breech away {rom the pneumatic
tank until the sleeves and the charging chambers
clear the two pneumatic tank extensions. Remove
the sleeves and charging chambers {rom the breech
by grasping the charging chambers and pulling
outwards. The charging chambers also scrve as
retainers for the ejection and coolant tubes, there-
fore, the removal of the chambers permits the sep-
aration of the breech from the pncumatic tank.

7. After scparating the breech and pneumatic
tank, remove the yoke shoes and position the yokes.
Remove the connccting link pin, yokes, and spacer
block resting in the breech between the yokes where
it dropped upon removal of the yoke shaft described
i 6 above.

8. Remove the upper firing pin contact and
spring clip.

9. Move the cam follower assembly to the rear
of the breech with the aft roller raised until the for-

ward roller stops against the rear scction of the
breech. Push the aft roller down against the sur-.
facc below it and slide the cam follower assembly
out of the breech.

10. Remove the coolant and ejection valve as-
semblies from the pneumatic tank by removing the
securing clips. Caution must be exercised when
removing the ejection valve securing clips to pre-
vent injury from the ejection valve spring which is
released by the removal of the securing clip. The
ends of the two ¢jection valves differ [rom the two
coolant valves in that the coolant valves are pro-
vided with tube fittings.

The foregoing instructions are intended as guides
for the disassembly of the gun mechanism by major
componcents. Disassembly of the components ‘and
the removal and disassembly of minor assemblies
can be accomplished by referring to the applicable
BuOrd drawings.

SECTION 5. ASSEMBLY

1. Install the coolant valve assemblies, the ejec-
tion valve assemblies and the gun switch in the
pneumatic tank locking the coolant and ejection
valve assemblies with the securing clips and the gun
switch with the spring pin. Since the pneumatic
tank bores arc similar for both the ejection and
coolant valves, care must be taken to locate the four
valve assemblies properly.

2. With the hold forward valve, barrel bushings,
barrel locks, firing-pin assemblies, firing-pin spring
asscmblies and lower firing-pin contact and spring
clip assembled in the breech, place the spacer block
in the breech and install the yokes, connecting link,
and cam follower assembly. Follow the procedure
outlined in step 6 under “Disassembly” for pinning
the yokes and connecting link together.

3. Install thc upper firing-pin contact and se-
curing clip.

4. Raise the spacer block and assemble the yoke
shaft through the yokes and spacer block.

3. I the adapter plate was removed, assemble
the adapter plate with its valves relocated.

6. Assemble the yoke shoes.

7. Bring the pneumatic tank and breech assembly
together, taking care that the gun switch rod pro-
truding from front of the breech is properly alined
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with the center hole in the pneumatic tank. Fail-
ure to take this precaution may result in damage
to the rod. Continue bringing the two items to-
gether until they are approximately 20 inches apart
and maintain this position by inserting any suitable
spacer hetween them.

8. With the brcech located 2 inches from the
pneumatic tank as described in step 7 above, move
the two coolant valve assembly tubes rearward from
the pneumatic tank and insert the ends in proper
holes in the adapter plate. Assemble the 2 sleeves
into the 2 charging chambers so that the large end
of the sleeve extends approximately one-fourth
inch out of the chamber. The slecves and charg-
ing chambers are now ready to be mounted on the
breech. However, prior to mounting these items,
the cjection valve assembly tubes must be moved
rearward from the pneumalic tank and their ends
inserted in proper holes in the adapter plate. In
moving the ejection valve assembly tubcs, the spring
pressure in the ejection valve assembly must be
overcome and, therefore, once the ends of tubes are
positioned in the adapter plate, they must be held
in position against spring pressure while the charg-
ing chambers and sleeves are mounted. In mount-
ing the charging chambers and sleeves, slight re-
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positioning of the tubes may be nccessary in order
that the large diameter of the tubes may properly
be located between the charging chamber exten-
si0ns.

9. Moave the cam follower assembly forward in
the breech with the forward roller down. Install
the obturating sleeves in the cylinder and 1nstall the
cvlinder in the brecch. In bringing the cylinder
into the breech, position the cylinder in such a man-
ner that thc lowered forward roller will be posi-
tioned in one of the spaces between two forward
cam grooves ol the cvlinder. Once the cylinder 13
positioned in the breech, lower the aft roller of the
cam follower assembly in the aft cam groove of the
cvlinder.

10. Move the cam follower assembly to the ex-
treme aft position with the lowered rear roller
engaging the cam groove at it open end.  lo ac-
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complish this, it is necessary that the cylinder be
rotated as the cam follower assemblv 15 moved
rearward.

11. Remove the temporary spacers hetween the
piiecumatic tank and the breech and move the tank
toward the breech #s far as the assembly will par-
mit. Install the two charger assemblies and assem-
blc the locking scgments and spring clips.

12, Install the receiver togcther with the
sprocket assembly and ammunition guides, and lock
the receiver to the tank by mecans of the two lock-
pins.

13. Connect the wiring from the recciver to the
pricumatic tank.

14. Install the two gun barrels.

This will completc the assembly of the gun
mechanism,
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Chapter 7

BUREAU OF ORDNANCE GAS-OPERATED

AIRCRAFT CANNON (SE

RGUN)

SECTION 1. HISTORY AND BACKGROUND

Note. The present chapter on the Shirgun con-
tains results of development and testing in much
greater detail than the other chapters of this vol-
ume, The reason for this lles in 1ts present status
with the Burcau of Ordnance of being neither ac-
cepted nor rejected.  In the event that consideration
of the weapon is resumed, the information assembled
m this chapter would provide valuable background
material for development engineers.

History of the Program

The United States Navy in 1942 became inter-
ested In an automatic firing mechanism that was
under development by the Shirgun Corp. of New
York City. The principal personality in the com-
pany was Henr Schirokaucr, a well-known Tuaro-
pcan cngineer, who has since changed his name to
Henry Allen Sherwood., He was educated in Ger-
many and studied engineering at the Umversity
of Charlottenburg and Mittweida, from which col-
lege he obtained his mechanical and industnal
engineering degree in 1933, s experience befare
coming to America in 1940 included research and
development engineering on industrial products and
automatic weapons for Swedish industry and gov-
ernment. 'The chief engineer at Shirgun was Ernest
5. Rosmarin, a graduate of Stevens Institute of
Technology, who has had engineering and designing
expericnce with ordnance, electronic and industrial
equipment.

The company submitted a caliber .30 light ma-
chine gun in the Army competition of 1941. The
weapon had bcen made in small machine shops
around New York City. Army records indicate that
it was not fired during that competition. All en-
trants to the test were rejected, and the Army used
its Browning gun throughout World War I1.

CONFIDENTIAL

The light machine gun submitted by the Shirgun
Corp. resembles another gun with which Sher-
wood had earlier been associated. From 1937
to 1940 he had been an engineer with the Industrie
Akticbolaget Svensk Automat Vapen, of Stockholm,
Sweden, This (irm is best known for its production
of the L. H. 33, or Knorr-Bremse, gun. It is inter-
esting to note that Sherwood attended the Uni-
versity of Charlottenburg (Germany ), and Char-

Figure 7-1. The designer of the Shirgun, Henry Allen

Sherwood.
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Figure 7-2.

The codesigner of the Shirgun, Ernest Rosmarin.

CONFIDENTIAL

lottenburg was the residence of Hans Lauf, designer
of the L. H. 33 gun. ({See vol. 1, p. 469.)

In July 1942, the Bureau of Ordnance initiated
a project to develop a 20-mm aircralt gun to have a
low silhouette for use in thin wing aircraft then
being planned. Weight was not considered an im-
portant characteristic. The original design char-
acteristics were based on utilization of Oerlikon
ammunition.

In 1943 the Navy Department contracted with
the Shirgun Corp. for the development of such a
gun. During that year the company worked on the
prehminary designs, and certain changes were 1in-
corporated as suggested by the Bureau. It was de-
cided early in the discussions to change the chamber
to use Hispano ammunition instead of Oerlikon,
and to make allowance for longer projectiles.

The earliest correspondence between the Navy
and the Shirgun Corp. indicates that the company’s
name was spelled “Schirgun.” However, the name
was changed to the “Shirgun Corp.” and this spell-
ing is used throughout this chapter in connection
with the company and the mechanism itsell.

By 28 February 1944, the work had progressed
to a point where the Bureau of Ordnance forwarded

AT SR Lk e el TP b L ean sal ey

Figure 7-3. The Caliber .30 Machine Gun entered by Sherwood in the Army tests of 1941.
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Figure 7-4. Drawing prepared by the Shirgun Corp. to show the prototype of the proposed EX 1 Type O.

drawings ta the Naval Gun I'actory and requested
the manufacture of two gun mechanisms, to be
designated EX 1. The letter requesting this manu-
facture was very broad in the technical sense in that
no specifications were outlined.

On 15 March 1944, the Supcrintendent of the
Naval Gun Factory returned the request and pointed
out that although the Gun Factory could do the
development, it would not be possible to continue
the work if mass production was desired at a later
date. Since any facility engaged in producing such
a new weapon would need the technical knowledge
acquired in the development stage, it was suggested
that the job be given to a contractor who had ca-
pacity to mass produce the gun in case it was adopted
later. The suggestion was accepted, and an official
withdrawal of the request was madec.,

CONFIDENTIAL

288070 —ad 15

Shortly thereafter, 2 companies were approached
as possible contractors in the making of 2 prototype
guns, the Oldsmobile division and the Pontiac divi-
sion, both of the General Mators Corp.  Pontiac
was overloaded with work, and Oldsmobile agreed
to take the job on a net cost basis. It was decided
to make one gun plus spare parts.  The price quoted
was $32,389.15. This was accepted by the Bureau,
and manufacture got undcr way.

About this time, the Shirgun Corp. asked pay-
ment of $30,000 as a true cost under 1ts contract,
claiming that this represented the cost of developing
the caliber .30 gun, “unique features” of which had
been carried over to the 20-mm gun. In reply, the
Bureau noted that the patent application for the
caliber .30 gun design was dated 12 February 1942,
while the contract with the Navy was dated 6 March
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COMPARISON GHART

! SCHIRGUN| SCHIRGUN
NAME HISPANG | giNGLE | DOUBLE BROWNING
ZOMM| 20mMM | EONM | 37T MM 3T MM |37 MM
| GALIRER ARCRAFT| AIRCRAFT | AIRCRAFT| 4 A A A AIRCRAF T
MUZZLE uEanw%c 2850 | 280b |zeo00 |2600 |2050 |2000
WEIGHT OF PROJECTILE LBS| 300 300 300 1.340 1900 1.340Q
FIRING RATE
ROUNDS MIN €50 950 (1900 12 O 120 .;5-3
RATE QOF MUZZLE
T4 51 4 453 3177
ENERGY  HP 5 104 O 2089 |
WEIGHT OF FIRE
LBS/ MIN. 193 285 570 161 228 200
KINETIC ENERGYGhunp (37800 | 36000 36,100 |141,000 125000 |83,200
FT-LBS.
STRIKES PER -
SEGOND 0.8 1Y) 31.6 20 20 z2.5
TRUNNION REAGTION 3500 2300 :JEQQ
- LBS.
| REGOI. STROKE
| ey 118 2.00 200 | 10.7T5 1075 9.75
WEIGHT OF POWCER o1 o7 o1
LOADING LBS. -
WEIGHT OF GOMPLETE 56 56 56 262 312 193
ROLUND LeS.
WEIGHT OF DISINTE —
GRATING LINK  LBS. I 4 4 14 32 32 32
"BELT RESISTING
¢ ORGE LBS. 40 450 640
| LENGTH OF COMPLETE 1
ROUND N T23 T2l ! T23 | 3.0 13.01 9.7 5
LENGTHOF BARREL ' 5
IN. 675 675 G675 7T8.0 TBO 650
WEIGHT OF BARREL
GHT arts 475 415 119.0 119.0 $5.0
LAS,
WEIGHT CF GUN E3T 136 130 190 365 365 Z13
LBS. L
TOVERALL LEMNGTH 04 . 87 | o8 104 89
OF GUN IN. -
WEIGHT OF RECUCILING
PARTS EST. LBS, ] ”_E jﬂ )20 |
CARTRIDGE TRAVEL+LOCKING | 90+ 06 + | S 28+0.688( 10004065
STROKE+ BUFFING STROKE + 05+07T= u_&nrﬁﬂ- | OD+000
| BUFFING CLEARANCE N, _ 10.860 0A69=0.375 |- il. & i
WEIGHT OF RAaMMING e o I
PARTS LBS. '
GAS
TYPE OF OPERATION GAS GAS OR RECOIL | RECOIL | REGCOIL
RECOIL
i Fl '.ﬁ.LITll]_ F - 3
TYPE OF RECHARGING HYDRAULIG L ULL-AUTO
- | ELECTHIG |ELESTRIG B B
TYPE OF LOGKING LOCKING | SMIS.E | DOUBLE | VERTICAL|VERTICAL |VERTICAL
LEVER WEDGE | WEDGE | SLIDING | SLIDING | SLIDING
SILHOQUETTE Bx13 6.75x 725|700 x 7.50
INCLUDING FEED
MUZZLE BRAKE 35 %
GAS: 2800 b3
' SO0 R PM
| BECOIL: 2a¢allu.
v 400 RPM
J400 |bs
* ITOORPM )
RANGE |
;
| _
JUNE - 1044

Figure 7-5. Chart prepared by Shirgun Corp. to show estimated
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[ o SCHIRGUN
SCHIRGUMN  SINGLE SCHIRGUNM D OUBLE BOFORS
37 MM 2T MM LT MM 37 MM 37 MM ITMM G M
A4 | 8a | AIRGRAFT | A &, A A AIRCRAFT | A.A. T
2600 | 2050 2000 2600 2080 2000 2850
1.340Q 1. 800 | 240 1.240 1,900 1.340 2 000
600 600 600 1200 1200 1200 180
2570 2285 1520 =1 40 4530 3080 1370
804 1140 BO4 1610 2280 1610 360
#0000 (125000 | 83,200 (141,000 125,000 |83,200 (250,000
0.0 0.0 100 200 200 20.0 30
4700 | €330 4280 4150
5.00 5.00 5.00 500 5.00 8.00 7.25
65
260 312 193 262 32 .93 457
az az .32 3z 32 32
1301 1209 STh P 2,01 150 | 375 I7.62
TE.O 78.0 65.0 76.0 78.0 680 8858
119.0 1190 550 2380 2380 100 | 2950
| 1190
105 105 90 144
200 200 130 500
18.00+.00 1800400 | 15004100 CARTRIDGE
He+ 0TS [#1L.254075 | +1.25+0.75 TRAYEL
{=21.0D "~ |= 2. =1 8.00 27 00
15 15 15
RECOWL RE G CHL REGORL RECOIL REGOIL HE L FECOIL
FULL-AUTO] FULL-AUTG| FULLAUTO. | FULL-AUTO | FULL-AJTO | FULLAUTG | MANUAL
| ELEGTRIC | ELECTRIC| ELECTRIC | ELECTRIG |ELEGTRIC |[ELECTRIC |
DOUELE | DOUBLE | DOUBLE | ODUBLE |DOUBLE DOUBLE | YERTICAL
RISING RISING RISING RISING RISING RISING
WECGE | WEDGE | WEDGE | WEDGE | WEDGE | WEDGE SLICING

SGHIRGUN CORF. NEW YURK, N.Y. £ 2

performance of its proposed designs us compared with standard weapons.
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Figure 7-6. Breech of the original Shirgun. Cover open lo show feedway.
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Figure 7-7. Left side of original Shirgun.
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Figure 7-9. The original 20-mm Shirgun mounted cn a

CONFIDENTIAL

Closeup view.

test stand. Lelt side view.
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1942 and further that there was no relationship be-
tween the caliber .30 gun and the proposed 20-mm
design.  Since the contract granted to the Govern-
ment the rights to all invenuons made during the
term of the contract, the claim was disallowed.
On 26 August 1944, the gun built by Oldsmobile
was test fired at its plant at Lansing, Mich. Eighlt
rounds were fired when a breechblock failure stopped
the Ltest. A new contract between the Navy and
Oldsmobile provided for the manufacture of more
parts. This added $10,000 to the manufacturing
cost, exclusive of development costs.  The gun was
shipped to the Shirgun Corp. on 26 September 1944,
Shortly thereafter, Oldsmobile, at the request of the
Bureau of Ordnance, shipped all remaining castings,

CONFIDENTIAL

forgings, and unfinished parts to the Shirgun Corp.

In 1944 a separate task was imtiated with the
Shirgun Corp. for the development of the double
barrel gun to mcct the same characteristics as the
original project.  Preliminary drawings were sub-
mitted of the mechanism design to feed 20-mm am-
munition to the two barrels.

On 24 February 1947, the Shirgun Corp. re-
quested permission to change the company’s name
from the Shirgun Corp. to Industro-Matic Corp. of
America. 'This request was granted, and a short
time later the Navy bought from this concern all
manufacturing rights to produce this weapon, with
the result that all following development was done
at the Naval Gun Factory. Considerable difliculty

Figure 7-10. Original 20-mm Shirgun.
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Top of receiver removed.
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Figure 7-11.

was experienced in function firing the first versions
of the low profile type, the main difliculty being the
breakage of breech locks in a comparatively few
rounds.

The Shirgun program was discontinued in 1949,
However, the preject was revived as the 20-mm
machinc gun mechanism EX 5, and i the fall of
1953 1t was in the blueprint stage. Along with the
EX 5, a program of converting the Mk 13 Mod 0
to 30-mm was iniiated and given the oflicial desig-
nation Mk 3 Mod 0.

Various Models Based on the “Shirgun”

The Shirgun, as it was known in 1941, repre-
sented the Navy Department’s first attempt to de-
velop an aircralt machine gun mechanism. Be-
causc of the experimental nature of the project, it
was decided that the use of the conventional “Mark
and Mod™ svstem ol marking might be misleading
in the early stages of the work, Accordingly, a new
method of designation was applied, with “I'X" and
“Type” roughly corresponding to “Mark” and
“Mod.” "Mark” and “"Mod” designations were
assigned to models which advanced in design suffi-
ciently to warrant it. The accompanying Llable
shows Navy and Army designations of the models.
[t 1s interesting to note that the Ordnance Corps
identified several models as simply 155, thus violat-
ing the precedent of adding E numbers to the basic

CONFIDENTIAL

The feed of the original 20-mm Shirqun.

number to indicate variations of the basic design.
The following paragraphs summarize the develop-
ment work on the vanous models,

Designations
Caliber
Army Navy Navy
20-mme. L. EX 1, ... ...,
20emm .. .. T55, .. EX 1, type 0. . ..
20-mm. ... . T55.... EX 1 tvpel......
20-mm. ... T55.... EX1,tvpe2......
eman . TTRA L EX L repe 30000 L ME 9 Mod 1D
emm. ... L. ... EX 1, recaoll oper-
ated.,
20-mm. . ... TI28. .. o e ME 9 Mod 1
20-man. ... T129. | oo oo oo o] ME 13 Mod D
-nmn. L To4. ...l EX 3, ... MK 10 Mad O
, (Double barrel
| | version)
20 mm | L EX 5L
30-mim.. ... .. . | ; Mk 3 Maod 0

20-mm Machine Gun Mechanism EX 1. In the
earliest stage of design, two versions were proposed,
both of which were to use Qerlikon ammunition
from a closed, disintegrating link. They were to be
gas opcrated and to cmploy a rising wedge lock.
One was to be rear seared and was designed to fire
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Figure 7-12. The feed of the original 20-mm Shirgun.

at an estimated rate of 715 rounds per minute. The
other, the forward seared version, had a calculated
rate of 950 rounds per minute. However, no guns
were made to these specifications, this design never
getting beyond the mock-up stage.

20-mm Machine Gun Mechanism EX 1, Type 0.
This s a single-barrel, automatic, gas-operated,
belt-fed, ar-cooled weapon firing standard 20-mm
ammunition.

This was the prototype gun. It was actually con-
structed at the Oldsmobile factory by subcontract.
The existing Hispano-Suiza ammunition was to be
usced In this gun and the rate of fire was given at
800 rounds per minute. The complete unit weighed
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Bottom view, showing belt of ammunition in posilion.

175 pounds and had an overall length of 86 inches.
An clectric charger was in the original plans, and
the weapon was forward seared. Open disintegrat-
ing links were used in an integral, reversible fced
having a maximum pull of 450 pounds. Only one
gun was made to this design.

20-mm Machine Gun Mechanism EX I, Type I.
In this experimental version, the feed was redesigned
to emplov the standard M8 link then in service with
the Hispano-Suiza ammunition. The charger was
hand operated, and a pneumatically controlled de-
vice was used for actuating the sear. The weight
was the same as that of EX | Type 0. Five of these
guns were fabricated at the Naval Gun Factory and
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one, somewhat different, was built by the Shirgun
Corporation. The differences in the latter model
grew out of results of firing tests of the guns made at
the Naval Gun Factory. The tests were conducted
at the Naval Proving Ground at Dahlgren, Va.

20-mm Machine Gun Mechanism EX 1, Type 2.
This developmental type had redesigned operating
parts. The silhouette was accordingly flattened out,
and the wcight was reduced to 160 pounds. The
charger was ol the double-acting pneumatic type,
and an inertia type firing pin was fitted. The work
was donc at the Naval Gun TFactory. Five guns
of this type were made.  This model was commonly
known by the testing personnel as the T55.

20-mm Machine Gun Mechanism EX I, Type 3.
It was proposed to assign this designation to the
EX 1 until a model saitable for mass production
was developed. No gumn of this type was ever made.

20-mm Machine Gun Mechanism EX I, Recoil
Operated. In 1918, an experiment was conducted
at the Naval Aviation Ordnance Test Station at
Chincoteague, Va., to test the feasibility of con-
verting the IXX | Typc 0 gun to recoil operation.
The gun was modified with components manufac-

 SHIRGUN

tured at the test station, but firing was done by single
shots only to prove the principle. Only one gun
was produced by modification of the prototype,
EX 1 Type 0.

20-mm Machine Gun Mechanism Mk 9 Mod 0.
This model was developed from the EX 1 Type 2;
the weight was reduced to 113 pounds, and the pro-
file was smaller. 'T'here were improvements in the
pneumaltic system, and the firing pin was seared.
With the 52V;-inch barrel, a muzzle vclocity of
2,680 feet per second was obtained and a rate of
fire of 1,247 rounds per minute was reached (the
highest ever recorded for this type of automatic
cannon). There were two guns of this type built
at the Naval Gun Factory. Both guns were suc-
cessfully fired at thc Naval Proving Ground at
Dahlgren, Va.

20-mm Machine Gun Mechanism Mk 9 Mod 1.
This model was modificd from the Mk 9 Mod 0. It
uses Hispano-Suiza type of electric primed ammuni-
tion and has been fired at a rate of 1,100 rounds
per minutc. The feed is operated by a camway on
the bolt extension. The pneumatic scar was re-
moved. Two guns of this type were produccd by

Figure 7-13. 20-mm Shirgun Mk 9 Mod Q. This model represents an intermediate stage in the development of the 20-mm
Shirgun.
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Figure 7-14. 20-mm Shirgun Mk 9 Mod 0. Two rear views showing the weapon with and without feeder.

modifying Mod 0 units. Thesc wcapons were fired
at the Naval Proving Ground at Dahlgren, Va., but
no conclusive test has been completed.

20-mm Machine Gun Mechanism ME 13 Mod ().
This gun resembles the Mk 9 Mod 1 but is cham-
bered for the short 60,20 round of the Army Ord-
nance Corps. The 60-inch barrel gives a muzzle
velocity of 3,300 feet per second. There is no driv-
g spring, and the ignition is electric. Only two
of this model have been built, both at the Naval Gun
Factory.

Function firing tests had been conducted in which
the average rate of fire has been 1,000 rounds per
minute, with over 1,200 rounds per minute having
been obtained. Kinematic studies have also been
madec.
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The Army designation for this model is T129.

20-mm Machine Gun Mechanism I'X 3.  'This
was a proposed twin barrel gun to feed from a single
belt. Early design work by the Shirgun Corp. was
based on the Hispano-Suiza round.

The Naval Gun Factory later made gun design
and layout studies based on various rounds. TFix-
perimental design drawings were prepared based on
a caliber 60/20 clectric primed round of ammuni-
tion, and plans were made for fabrication of a pro-
totype gun. The Navy indicated funds would be
made available for development of the link for the
T54 gun and contract action was initiated with Roy
S. Samford and Co. for this work. Only a wooden
model has been made.

The Army designation for this model is T54.
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Figure 7-15. 20-mm Shirgun Mk 9 Mod 1, also known as the T128. This weapon is a conversion of the Mk @ Mod 0 to electric
ignition.
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Figure 7-16. The 20-mm Shirgun as fully developed for electric ignition and high-velocity ammunition. This version is called
the Mk 13 Mod G,

Figure 7-17. Drawing prepared by the Shirgqun Corp. to show the prototype of the proposed EX 3 or Mk 10 Med O,
double-barrel version. '
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SECTION 2. TESTS AND DEVELOPMENT OF 20-MM MACHINE GUN MECHANISM
EX 1 TYPE 1, GUN NO. 1

Tests at Naval Proving Ground,
30 October 1946 to 15 April 1947

This gun, made at the Naval Gun Factory, was
delivered to the Naval Proving Ground on 30 Oc-
tober 1946, More than 4 weeks werc uscd by the
firing ofhicers in studying the weapon’s construction
and many peculiarities. The discussion of tests as
given here is substantially as given in ofhcial re-
ports. No editorial comment has been added.

During the month’s time interval just mentioned
the longest burst was 16 rounds before a malfunc-
tion or serious breakage brought the tests to a halt,
The most prevalent malfunction was a “faint strike”,
and, accordingly, solving this problem was given
the highest priority. The “faint strike” was caused
by an error in design. The cocking lug on the bolt
extension could get directly in the way of the firing
pin on its forward travel and had to be advanced
enough by the time the sear mechamisin released to
avoid colliding with the firing pin lug.

All things that could cause this retarded move-
ment forward of the bolt extension, on which the
above mentioned lug was located, had to be eventu-
ally traced down one at a tme and corrected be-
fore automatic fire could be accomplished. The
various things found that aided in bringing about
the “faint-strike” were then listed with the method
used in preventing their recurrence:

1. It was observed that, while the bolt extension
had more than ample speed and power on its recail
stroke, cven with the strongest driving spring ob-
tainable, it was returning to battery so slowly that
many types of malfunction resulted. The ever-
present “‘faint-strike™ still headed the hst. High-
speed photography revealed that the barrel return
spring, while returning to its normal position after
recoil compression, could shift so that the coils
rubbed the bolt extension. After a 15° cut was
filed V4-inch decp along the entire length of the
forward upper left-hand part of the bolt extension,

R D R B

Figure 7-18. Comgplete disassembly of the original 20-mm Shirgun.,
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Figure 7-19. The barrel extension of the original 20-mm Shirgun.

this friction was climinated and the number of light-
struck primers was cut down noticcably.

Imn an effort to reduce this prevalent mallune-
tion further, a heavy single spring (taken from an-
other gun} with a weighted insert was used in licu
of the three-spring firing pin assembly that was
originally 1ssued. ‘The three-spring assembly hav-
ing repeatedly failed to firc the first round, this
weighted position in the firing pin and single spring
fired every round when there was no obstruction of
the cocking lug in the finng pin’s path. It was
used during the test until a similar single spring was
designed by the Naval Gun Factory. The experi-
ment proved conclusively that the remaining “faint-
strikes” were happening in the last %, inch of
travel of the bolt extension, in other words, from

the pomt of the release of the firing pin to its farthest
travel forward.

The weapon was delivered with a set timing of
D01 from battery, and the holt extension required
a speed of no less than 8 feet per second during
this interval in order to carry the cocking lug out
of the path of the faster traveling firing pin lug.
Because of this arrangement, it was believed that
by changing the timing, allowing the bolt extension
to go farther forward before searing off the firing
mechanism, continuous automatic fire could be
accomplished and the remaining malfunctions could
be picked up by close observation. Through the
process of gradual refinement, high rates of fire
and longer bursts would result.

Five sear plungers were taken to the machine
shop to bc altered and numbered in the following
manner. In lieu of the original 45° angle plunger
that made the sear disengage the firing pin when
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the bolt extension was 0.001 inch from battery,
scar plunger No. 1 was made with a 27715 angle.
By placing gages inside the bolt recess and in [ront
of the bolt extension, holding back on the sear re-
leasc, and shoving the entire assembly smartly for-
ward, 1t was found that plunger No. 1 released at
0.307 inch out of battery. Sear plunger No. 2 was
given a 20%15" angle, and released at (1.272 inch out
of battery. Sear plunger No. 3 was cut at 17 and
released at 0.190 inch; sear plunger No. 1 was cut
at 137 and released at 0.140 inch; scar plunger No.
D was cut at 77 and released at 0.087 inch.

2. Removing the original scar plunger with the
45° angle as delivered to the Naval Proving Ground
by the Shirgun Corp., secar plunger No. 1 was used
in an attempt to fire. After a short burst, a “faint-
strike” resulted. Sear plunger No. 2 was next used,
and a longer burst was accomplished. A *laint-
strike” also stopped this attempt. However, when
the “faint-strike” of sear plunger No. 2 was com-
pared with No. 1, it was found that while still most
definitely a “faint-strike”, the indentation in primer
from plunger No. 2 was noticeably deeper. No. 3
sear plunger was then tried with the result that 42
rounds were fired, although the rate of fire was very
slow and was likewise stopped by a “faint-strike™.
However, the indentation in the primer was much
decper than the one from sear No. 2. No. 4 gave a
51-round burst and was stopped only by a broken
extractor. All primer indents were perfect. Modi-
fied sear plunger No. 5 gave a “‘faint-strike™ by fir-
ing too close to battery, making the bolt extension
rebound which caused the cocking lug to collide
with the bottom of the firmg pin.
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3. Firing was continued using the heavy finng
spring and weight, combined with the modified
sears, until it was certain that the many malfunc-
tions and consistent breakage that still plagued the
weapon were from sources other than “timing” and
weak firing pin springs. It was hoped by the firng
officers that by close observation they could detect
the remaining faulty components.

The worst performance at this point was coming
from the gas cylinder group; whether by accident
or intent, the weapon was deriving roughly 90 per-
cent of its operating power from the impact of the
gas piston on the face of the bolt extension. This
terrific blow broke pistons and sct every tvpe of
return spring in the designated space in as little as
five rounds of automatic fire. The length of the
“throw” of the original piston was 214 inches when
the shoulder bottomed at the rear of the gas cylinder.
It was decided at this peint to try an experiment in
order to take some of the shock from the gas piston.

4. A piston was cut back from the shoulder to
the lower end of the head. This incrcased the
“throw™ to 44 inches after five Belleville washers
for final cushioning effect were placed under it.
Splines were cut in the gas cylinder guide to break
the vacunm under the piston, and an adjustable de-
vice was then made to govern the forward clearance
in order to lesscn the travel between the end of the
piston and the [ace of the bolt extension. The pur-
pose of cutting the piston back was to allow it to con-
tinuc to push on the bolt extension, after the breech
lock was raised. This let the piston dissipate its
energy on the face of the bolt extension by a long
thrust movement in lieu of a short impact stroke.
This not only ended for all time the gas cylinder
troubles, but brought to light onc of the most needed
changes in the gun’s design.

5. Apparently the weapon was purposely de-
signed so that the breechlock was held down until
the firing pin was carried rearward far enough to
engage the sear or, in other words, completely cock
before the breechlock was raised into the bolt to
unlock. However, it was [ound that if the breech-
lock was allowed to remain down that long there was
a retarded unlocking with the result that most of the
operatmg power was lost. This hesitation also con-
tributed to a great extent in the breaking of gas
cylinders, pistons, cocking lugs, bolt extensions, and
other parts.
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6. The holt extension lug was modified by remov-
g metal from the rounded part which cams the
breechlock down. “T'his change resulted in earher
and smouother unlocking and an appreciable reduc-
tion in parts breakage.

The firing pin is cocked by the holt striking the
recar bufler.  This method has proved highly suc-
cesstul, since it eliminates some of the initial shock
by a smooth thrust movement rearwuard. After
continued automatic firing was accomplished, the
cocking lug proved to be inadequate.  ‘The cocking
lug recess in the bolt extension was enlarged from
threc-sixteenth-inch to three-eighth-inch in diam-
eter. A cocking lug of that dimension with one-
fourth-inch face and an overall length of three-
eighth-inch was installed. In order to prevent the
bottom of the firing pin lug from camming the cock-
ing lug down and out of engagement, it was brazed
on the bottom. This modification held up success-
fully throughout the remainder of the test.

After a suitable cocking lug was installed, the base
of the firing pin was being torn through in compara-
tively few rounds.  Mr. Middlebrook of the Bomb-
sight Shop at the Naval Proving Ground, Dahlgren,
designed a gagc to check the firing pin tunnel. It
was found that therec was a bulge in the wall directly
in front of, and caused by, the upper cam on the rear
of the breechlock, the unlocking impact bending the
thin (0.073 inch) wall at this point. The impact
of the lock being coincidental with the retracting
movement of Lhe firing pin created a resistance that
allowed the cocking lug to tear through the base of
the pin.

To correct this weakness, the breechlock cam was
ground down until the breechlock in the unlocked
position did not contact the thin wall portion.  This
odd malfunction was detected and remedied early
and never made a reappearance in over 3,000
rounds. However, since all locks still were made
with the cam of like dimensions, it was suggested
that Middlcbrook’s gage be used frequently during
future tests as a preventive measure against this
malfunction.

In this serics of tests, it came early to everyone’s
attention that the driving spring was inadequate in
that it took a permanent set sometimes beginning
with 1 round and no later than 5, the last 4 coils
being telescoped and distorted beyond repair.
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Figure 7-20. Components of the bolt of the original 20-mm Shirgun,

While it was still possible to fire the weapon, this
disfiguration cut its operating power by an unknown
amount. Many unsuccessful attempts were made
to overcome this.  Without going further into fail-
ures, Mr. J. C. Weaver, of the Naval Proving
Ground, Dahlgren, Bombsight Shop, found the solu-
tion in modifying the original spring by inserting a
brass bushing at the rear and under the exposed coils,
thus preventing distortion. Following this modifi-
cation, the gun fired more than 1,500 rounds. No
setting was cvident, and the modified spring was
used satisfactorily throughout the remainder of the
test.,

It is obvious that the perfect operation of any
sell-loading weapon 1s dependent to a great extent
on the limitations of its feed system, the feeder of any
automatic wcapon being in many respects analogous
to the carburctor of a motor. It must allow the
“fucl” to flow evenly and be proportioned perfectly,
regardless of the variable speeds.

The initial check of its performance during auto-
matic firc is first to be able to work it manually, for
in this simple manner all points of undue friction
can be located and removed. It was found with the
Shirgun, on the first attempt to charge a round
through, that in the last three inches of rearward
travel the belt feed lever operating post located on
the bolt extension excrted so much strain on the belt
feed lever it would result in various types of mal-
functions, the most serious of which are listed here.

204

1. Belt feed lever after a few rounds would loosen
and fall off, it being sccured by an Allen screw
one sixty-fourth of an inch in diameter.

2. Bottom plates on floor would bulge down,
striking operating arm and causing everything from
a jammed feeder to a “[aint-strike”.

3. The incoming round would practically lurch
into position and somctimes hit the spent case being
ejected. This would prevent the bolt from going
all the way rearward; and, upon returniag to bat-
tery, the rammers on top of bolt would strike the
sides of the incoming round, gouging out long slivers
of brass and jamming it in such a manner as to make
it very diflicult to remove without doing permanent
injury to the feeder.

4. The few rounds attempted while this situ-
ation existed showed that there was a snatching
movement on the belt that under ordinary condi-
tions would separate the average 20-mm links.

The blueprint of the bolt extension was consulted
to determine whether a mistake had been made in
the fabrication. It was [ound that the bolt exten-
sion conformed in every detail with the manufac-
turing drawing. It was decided to remove enough
material from the bolt [eed lever operating post to
accomplish smooth feeding manually. Beginning
at the centerline of the feed belt lever post, a hack-
saw cut was made 0.087 inch to the right and angled
in 15° as it came aft. This allowed only one point
of contact with the belt fecd lever slot, thereby re-
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ducing friction to a minimum and permitting the
weapon to be charged manually, Other feeder ad-
justments and minor changes also found necessary
are listed here:

1. First assemble the gun with all parts in battery,
remove driving spring, then pull the retracting as-
sembly rearward until the incoming round enters
the feeder mouth. Since there is no driving spring
to drive the belt and bolt extension back to battery
upon release of the charger handle, measurements
can be made with the round properly positioned in
the fecder mouth.

(a} The travel of the feed pawl carrier assembly
was 1.809 inches.

(b) In order for the belt feed lever arm to clear
a step on the bottom of the floor plate, there Eh::uulliﬁ
be, when assembled, a minimum clearance of 0.0%
inch.

(c} When the incoming round is properly alined,
using the projections on the belt feed lever pawl as
a reference point, the distance should be 2.70 inches
to a straight line across the rear of the feeder.

(d) In order that the ejector will be brought
to bear on the rim of the spent cartridge case so
that it is knocked down in time to clear the feeder
mouth for the incoming round, the forward face of
the ejector should be a minimum of 0.263 inch to
the rear of the feed frame floors.

(e) The feed stop can be cut back or spacers
put in front of it to bring it forward after the proper
throw has been established. In order to get the
desired position, the feed stop was cut back 0.080
inch.

(f) When pushing through rounds by hand or
manually charging, the belt holding pawls would
consistently bind on the ears of the link. Tt was
decided that no amount of alteration could make
this arrangement reliable. A substitute arrange-
ment was made, and the original pawls were not
used in the entire test.

{g) High-speed movies of the first firing showed
that the twe small studs that held the feeder latch
in place were bending on the recoil stroke. These
bolts were giving to the extent of causing friction
between the floor plate and the feeder lever. Two
supporting posts were made and put under the
feeder at this point.

(h}) The studs that held the ejector housing were
undercut, making the outside diameter only one-
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quarter inch. When the threads stripped during
firing, the holes were reamed to three-cighths of an
inch and tapped for a heavier stud,

(1) If, in the belt feed lever slot, the last eight-
tenth inch of travel of the actuating post on the
bolt extension rubbed the sides upon entering bat-
tery, the forward movement of the bolt extension
was retarded and a “faint-strike” was partly ac-
counted for. A relief cut was made to insure free-
dom of movement at this critical point.

2. After these modifications were made, the gun
was considered ready for tests and subsequently was
fired over 5,000 rounds without one failure which
was traccable to the feeder. There was no parts
replacement during the entire test; in fact, the gun
was not disassembled from the time of its modifica-
tion in November 1946, After each day’s firing it
was washed thoroughly with boiling soapy water
to remove the residue of the primer salts, and oiled
lightly. No other maintenance was nccessary to
keep 1t in perfect order. One reporting oflicer
stated, “It is by far the most outstanding single
piece of ordnance equipment I have cver tested.”

It is impossible to overemphasize the importance
of correct timing in automatic weapons; especially,
the relationship of high rates of fire and longevity
of component parts, There is first a timing range
that merely permits the operation of the weapon.
As the rate of fire increases, a more definite point
of release of the searing mechanism must be estab-
lished.

As the rate of fire increases, this factor becomes
more and more critical. In modern design demand-
ing licht weight and very high rates of fire, we find
the trend toward the system whereby the firing pin,
powered by a spring, is released by a scar. This
arrangement has largcly replaced the antiquated
method of inertia firing, whereby the firing pin is
ridden home by a forward motion of the firing pin
assembly after thc breech lock has dropped. The
latter system, while more reliable than anything
known and from which equally high rates of fire
can be obtained, is withoul a means ol timing.
Every round fired causes metal to metal contact,
as the weapon’s functioning is dependent on the
whole mechanism being ridden forward after the
bolt has come to a complete stop.

Any weapon designed to firc anywhere near the
approximate speed of 1,000 rounds per minute
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Figure 7-21.

using the inertia firing system must have an ab-
normally large firing pin, firing pin key or post, and
searing device. A shuttling mass cannot be stopped
with delicate components.

Shirgun No. 1, as designed, apparently attempted
to incorporate both features in its firing system.
It utilized the spring loaded firing pin and scar, and,
as if to undo this very excellent system, it also had
a sear release located on the bolt extension operating
in the manncr of incrtia firing systems.

To further complicate matters, on the same bolt
extension that housed the sear release was located
the cocking lug whose position had to be taken into
consideration in order that the sear be tripped when
the cocking lug was out of the path of the firing
pin. This latter fact gave Shirgun No. 1 the dubi-
ous honor of being the only weapon known that re-
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The bolt of the original 20-mm Shirgun.

quired the timing of an appendage of the bolt (the
bolt extension) and not the bolt itsell in order to
make it fire. A major contributing force that drove
the bolt extension home after the breech lock
dropped was the driving spring.  Fven the con-
dition and surges of the driving spring were a factor.

It was suggested that this abortive method of
cocking and searing be removed [rom Shirgun No. 1
as soon as possible.  The sear release could be syn-
chromzed so that the breech lock’s dropping into
locked position removed an obstruction [rom the
firing pin’s path. 'This held the firing pin “'safe”
until the weapon was securelv locked.

In the original cocking system, the firing pin
spring set alter a few rounds of high rates of fire
from the terrific impact of the cocking lug. The
slow camming method of firing pin compression, a
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design which employs over 7 inches of recoil move-
ment In compressing the firing pin springs the small
amount necessary to allow the sear to engage, was
proposed. It was pointed cut that therc arc many
other machine guns that cock by slow retraction and
their firing pin springs have a life expecdtancy of
thousands of rounds and function at rates of fire
higher than that demanded of the Shirgun;

There was listed in the original nomericlature of
Shirgun No. 1 a part called the “throttle.” This
device metered the amount of gas from/the barrel
port through the gas cylinder bracket/and finally
onto the face of the gas piston. The speed of the
weapon was regulated by merely turning the
“throttle™ the necessary number of turns in the de-
sired direction. However, it was found that the
“throttle™ had only two settings, “‘too little” or “too
much.”  As it was imperative that this critical fea-
ture be definitely under control before any great
amount of firing be attempted, it was locally modi-
fied to waorkable condition.

After sustained bursts were accomplished, how-
ever, this modification was droppcd altogether in
favor of graduated orifices, resulting in a stepped
adjustment for rate of fire depending on the size of
orthce used. Shirgun No. 1 had the port in the
harrel one-half inch out of position, and, to com-
pensate for this mistake, a recess was cut from the
abnormally large barrel opening leading to the port
in the gas cylinder bracket. This made the gas come
through the orifice in the barrel, turn right 90° for
onc-half inch, then make a 90° left turn upon
reaching the port in the gas cylinder bracket. In
other words, the gas made two turns before acting
on the piston,

It was pointed out that it was inconcelvable to
think that thec location of the (0.250-inch barrel ori-
fice not be changed to aline with the gas cylinder
bracket port and reduced in diameter to 0.125 inch
as the cxisting size was beyond all reason for the
amount of work expected.

With a simple device on the side of the frame and
the rear of the buffer to measure barrel extension
and buffer recoil, a series of experiments was run
to determine the point at which to unlock to get
maximum buller compression with a minimum
amount of gas pressurc working on the piston. It
was found, with a five-eighths turn on the modi-
fied gas port working in conjunction with all the
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other modifications {such as cutback piston, 0.035-
inch clearance between breechlock and bolt exten-
sion, etc.), that the breechlock rose into unlocked
position after the barrel and barrel extension had
recotled six-tenths inch and that the bolt and bolt
extenslion continued rearward with such force as to
comprcss the buffer springs until the back of the holt
was striking the buffer housing. Ewven with this full
compression, the rate of fire was only 700 to 750
rounds per minute

The continued mutilation of the bolt and the In-
ability to raise the rate of firc madc it ncecssary to
discard the original springs. The work required for
the changeover and the various springs employed
were as follows.

I. The barrel return spring of the 20-mm T31
cannon was used for the outer spring. It fitted the
bufter housing without alteration.

2. A rccoil spring from the Edgewater adapter
of the British Mark IT 20-mm cannon was cut to
proper length and turned down to nest in the outer
spring.

3. To strengthen the assembly further, a rear
bufler spring of a 20-mm M2 was placed inside the
second spring. T'wo horn fiber inserts were put fore
and aft of the spring assembly to prevent metal to
metal contact.

The addition of the third spring gave the strength
required. For a makcshift arrangement, it gave
satisfaction beyond all expectations. Bursts of up
to 200 rounds and at various rates of fire, up to 900
rounds per minutc, or only 45 rounds slower than
Shirgun’s oil bufler, were fired without buffer fail-
ure, Shirgun’s liquid spring arrangement was con-
sidered an outstanding buffer, but the three spring
buffer was considered a reliable alternate.

In helping stop the barrel and barrel extension on
the recoil movement, there was, besides the barrel
return spring, an oil filled tube also called the “oil
buffer.” If the gas was cut complctely off from the
piston so that the weapon made no attempt to un-
lock, then the barrel and barrel extension recoiled
as much as 174 inches. However, when the gas was
bled into the gas cylinder in sufficient quantities to
cause unlocking and automatic fire, the recoil of the
barrel and barrel extension was interrupted by the
act of unlocking, the travel rearward of the barrel
and barrel extension being in direct relationship to

the spced employed in unlocking. For example,
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with a 0.161-inch orifice and a speed well above 850
rounds per minute, the barrel and barrel extension
recolled only six-tenths inch rearward before being
returned home by the barrel return spring.

Shirgun No. 1 was fired well over a thousand
rounds with the oil buffer less than 14 full, with
noticeably smoother performance. It was suggested
that a similar test be carried on by Shirgun, and
further suggested that a flat barrel return spring be
designed (in lieu of the round type) that would
compress relatively easily the first one-half inch and
then build up load rapidly. This would allow the
gun to unlock while the barrel and barrel extension
were still traveling rcarward at high spced, mate-
rially increasing the rate of fire,

The designers of this machine gun overlooked the
fact that when the earlier 20-mm “blowback” ac-
tion speeds of 600 to 650 rounds per minute were
left behind and 1,000 rounds per minute and above
were attempted, there should be some provision
made for initial extraction whereby the empty car-
tridge case still under high gas pressure would he
“Jacked” back gradually a few thousandths of an
inch, breaking the gas seal and freeing the empty
brass beforc the main snatching movement of ex-
traction took place, Unless this very important
feature is incorporated in high-speed weapons it is
mmpossible to get long bursts without a very notice-
able “stuttering’ effect.

As a future “yard stick” for experiments that
would be run on other Shirguns and their compo-
nent parts, the following information was offered on
longevity of parts, rates of fire, and length of bursts:

Highest rate of firc with modified (coiled spring’

buffer: 900 rounds/minute.

Highest rate with Shirgun “liquid spring” buffer:

906 rounds/minute.
Of a total of 6,721 rounds, it was possible to fire
the following length bursts:

1 burstof 200rounds . . . .. ... ... 200
9 bursts of 100 rounds . . .. ... ... 900
5 bursts of 75rounds . .. ... ... .. 375
35 bursts of 50 rounds . . . . . ... ... 1, 750
55 bursts of 25 rounds . . . . ... . ... 1,375
Total . . ... ... ... ..... . 4, 600

Barrel assembly over 6,000 rounds: Original part.
Gas cylinder over 6,000 rounds: Original part.
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Gras piston over 6,000 rounds: After being modi-
fied 13 November 1946.

Breechblock over 6,000 rounds: Original part.

Oil buffer aver 6,000 rounds: Orignal part.

Feeder over 6,000 rounds {Has not been disas-
scmbled mm over 6,000 rounds): One broken
part (ejector housing) occurred at 5,753
rounds.

Bolt 4,753 rounds longest life.

Firing pin 1,053 rounds longest life. (Shortest
life 50 rounds.)
Firing pin spring 1,053 longest life. (Shortest

life 25 rounds.)
Modified buffer over 5,000 rounds.
Bolt extension 2,016 longest life.
Sear 3,565 rounds. (Removed and modified by
mistake.) |
Driving spring with Weaver modification 1,605
rounds longest life, ({Shortest life 10 rounds
without modification. )
Cocking lug: Average above 1,500 rounds.
Conclusions. Since the type 1 gun was to be
followed by the type 2 gun which more nearly re-
sembled the final design, no conclusions were sub-
mitted on the type 1. The latter appeared to have
sound operating characteristics but it was felt that
many more tests and much more firing was required.
Work continued, and subsequent reports both

formal and informal were submitted as progress was
made. Reccommendations that were eventually
made for improvement of the type 1 gun follow,

Recommendations. As a result of the test firing
done at the Naval Proving Ground before 15 April
1947, it was recommended that the following steps
be taken to improve the operation and functioning
of the gun:

1. That the Naval Proving Ground be supplied
with thc latest type twisted coiled wire driving
springs and firing pin springs as used at that time
by the Shirgun Corp. Considcrable investigation
work should be done in the functioning of these
springs and the recoil spring, as the test firing to date
indicated that surging or bottoming due to surging,
of all of the springs had a detrimental effect on the
gun operation and the life of the springs.

2. That the Naval Proving Ground be supplied
with o1l spring typc rear buffers to replace the coil
spring rear buffers.
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3. That the Naval Gun Factory continue its very
effective and productive studies and design changes,
particularly in the improvement of the metallurgy
of gun parts, and the manufacture of spare parts.

4, That a preduction-type feeder and receiver be
supplied in place of thc mockup-type feeder and
extra-wide recciver insialled on the gun at that time.
It was suggested that in case the production type
feeder was not available, the feeder in use at the
Naval Proving Ground should be supplied with
properly hardened link guides, floors, and stop pawls,
as then in use at the Shirgun Corp.

5. It was stated that the following gun assemblies
and parts required redesign as a result of the test
firing, and the Naval Proving Ground would for-
ward sketches of suggested improvements, which are
described below.

(a) Firing Pin.
cone with round end.

(b) Ejector. Face angle of prongs made closer
to perpendicular (approximately 10°) instead of
43° to reduce the upward thrust of the spent case
on the fceder and the breakage of the extractor stop.

(c) Sear. Angle of contact with front face of
firing pin lug changed to give a positive full release
ol the firing pin and not an angular rclease.

(d) Scar Plunger. Change to a pivoted type in
place of sliding type in order to reduce breakage and
to cut down resistance to the bolt extension on its
forward travel.

(¢) Gas cylinder. Enlarge front section so that

threads cut both inside and out do not weaken the
side wall thickness.

‘f) Feed opcrating lug on bolt extension.
Change to roller bearing type to reduce wear.

Tests and Development Work at NAOTS,
Chinceteague, Va.

Tip made as a straight sided

On 26 November 1947 an aviation ordnance
conference was hcld at the Naval Gun Factory for
the purpose of setting up the development program
of the low profile aircratt machine gun.  (The low
profile gun is another name for the EX 1 type 2.)
One outcome of the recommendations of this con-
ference was the initiation of a project at Naval Avia-
tion Ordnance Test Station, at Chincoteague, Va.
The purpose of this project was to perform develop-
mental and [unctional firing of the 20-mm single
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barrel gun EX 1 type 1, to improve the operating
principles, rehiability, and parts hie.

Summary of Farlier Development at Dahlgren.
During functional firing of the weapon at the Naval
Proving Ground, Dahlgren, described earlier in this
section, it was observed that the method of cocking
then employed resulted in such an impact force as
to permanently sct and deform the firing pin spring
to the point of uselessness in as few as 2 or 3 rounds.
It was decided then that the gun could not be given
a fair test until the cocking action was improved.
One mcthod of accomplishing this is to use a slow
camming action in the process of cocking the
weapon.

A “quick-fix” was attempted at the Naval Prov-
ing Ground by cutting the bolt extension away so
that it allowed the breechlock to rise before the
weapon was cocked, and the bolt to go rearward to
the buffer before the bolt extension compressed the
firing pin heyond the sear. In addition, long belts
of ammunition were used so that the greater pull
could help slow down the action and reduce the
impact on the firing pin spring. This crude method
not only raised the life of the firing pin spring but
definitely singled out the cocking system as being
the “‘bottle neck™ in future testing of the weapon.

Chronological Record.

8 DEceMBER 1947, Tate of project directive.

11 DecemBER 1947 1o 8 Jaxuary 1948. Five
guns were received at Chincotcague,

5 Jaxvary 1948. Moudilication of cocking sys-
tem and breechlock was commenced.

20 January 1948. Commenced proof firing of
madified cocking systemm and breechlock in gun
No. 4.

2 FEsruary 1948, Commenced firing gun No.
1 with modified cocking svstem and breechlock.

18 MarcH 1948. Demonstration firing of mod-
ificd gun for the Bureau of Ordnance.

9 AprriL 1948. Demonstration firing of modified
gun for the Burecau of Ordnance and the Ordnance
Corps.

Conduct of the Test. To attain the objective it
was planncd to conduct the test in the following
ITYATITICY |

I. Determine the cause of malfunctions oc-
curring in previous test firing at the Naval Proving
Ground, Dahlgren, Va. Specifically these malfunc-
tions were:
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(@) The firing pin spring was being permanently
set and deformed.

(b} The breechlock was also deforming to such
an extent that it had to be replaced after firing a
fcw rounds,

2. Make modifications as required to overcome
these malfunctions.

3. Conducr test firing to prove the above modifi-
cations and to determine if any further improve-
ments could be made to the gun.

Physical Equipment. The 20-min single barrel
gun EX | type 1 s a low-profile, automatic, gas-
operated, belt-fed, air-cooled weapon finng standard
20-mm ammunition and utilizing 2 caliber .50 type
feeder.

O peration of the Gun. 'The gun was sct up for
firing on a rigid ground mount on an outdoor range.
The belted ammunition was fed to the gun through
a Hexible ammunition chute attached to the feeder.
The gun was initially charged and fired manually
since no automatic charging and firing mechanisms
were furnished with the gun for this test.

Tests Conducted and Discussion. It was deter-
mined from wvisual nspection that the firng pin

spring malfunction was being caused by the nearly
instantancous cocking action ol the firing mecha-
nism. The cocking system was such that the firing
pin spring was compressed and cocking accom-
plished in the first 0.483 inch of bolt extension rear-
ward travel during recoil.  The recoil motion of the
bolt extension, derived from the high pressure pro-
pellant gas acting on a piston, resulted in an impact
force on the firing pin lug and a ncarly instantanecous
compression of the firing pin spring.

To correct this situation, it was deemed desirable
to modify the cocking system so that the cocking
action would be a gradual motion. This was ac-
complished by utilizing an elbow linkage joining
the bolt and firing pin, cammed by a surface of
the barrel extension,  As mstalled, the linkage and
cam surface required 7% inches of bolt recoil to
retract the firing pin lug one-sixteenth inch beyond
the rear face of the sear, thus allowing a compara-
tively gradual compression of the firing pin spring.
In order to install the linkage and cam arrangement,
the following alterations to components were nec-

cssary:

Figure 7-22. Partial disassembly cf the original 20-mm Shirgun.
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1. A portion of the upper lefl side of the barrel
extension was cut away to permit mounting of the
camming surface.

2. The breechlock was reduced in width o allow
clearance for the linkage system.

3. A lug was silver soldered to the left side of
the fliring pin in order to connect it with the linkage.

Mutilation of the breechlock in previous firing
tests of thiz gun was determined to be caused by
the bolt extension lailing to clear the breechlock
before unlocking took place. This fault was cor-
rccted by removing mctal from the alter face of
the breechlock until there was 0.035-1nch clearance
bctween this face and the bolt extension. This
clecarance 13 mcasurced in the lollowing manner:

1. Remove firing pin and spring from bolt.

2, Placc bolt and brecechlock on bolt extension
and slide forward into recciver until brecchlock is
hall covered by [riction plate.

3. Hold bolt and pull bolt extension rearward
unti] it strikes rear of bolt housing.

4. With the assembly positioned as above, check
for 0.035-inch clearance between after face of
brecchlock and bolt extension.

No further modifications to this gun were found
to be necessary, in order to fulfill the task objective,
during the test conducted.

A total of 2,900 rounds was fired through the
experimental weapon for test and demonstration
purposes. [Trings ranged from single shots o sev-
cral bursts of 75 rounds.

Summary of Results.,  After the above modifica-
tions were incorporated in the subject weapon,

approximately 2,600 rounds were fired to the com-
pletion of the test without stoppage or parts failure.
Inspection of the gun after this firing revealed no
undue wear on any part.

Conclusion. 'The operating principles, reliabil-
ity and parts life of the gun have been improved in
that:

1. The life of the firing pin and firing pin spring
has been increased indefimtely through the incor-
poration of a locally designed cocking system, which
for the period of this test {about 2,600 rounds) func-
tioned satistactorily.

2. The breechlock, as modified locally, performed
satisfactorily during the period of this test without
showing evidence of wear.,

3. The weapon, as a whole, after modifications
above had been made, satisfactorly fired about
2,600 rounds including several bursts of 75 rounds,

O pintons Formed. None,

Recommendations, That the modifications
made on the gun during this test be studied and
refined by a competent engineering agency for pos-
sible incorporation into future guns of similar design.

Conversion to Recoil Operation

Subsequent to the tests and development work
on EX 1 type 1 gun No. 1, which were held at
NAO'TS, Chincotcague, Va., between January and
April 1948, an cxperiment was commenced to re-
place the gas operating principles of the Shirgun
with a recoil system. This experiment is described
in section 7 of this chapter.

SECTION 3. TESTS AND DEVELOPMENT OF 20-MM MACHINE GUN MECHANISM
EX 1 TYPE 1, GUN NO. 3

In October 1946, the Bureau of Ordnance di-
rected that the Naval 'roving Ground conduct proof
firing tests of five 20-mm machine gun mechanisms
EX 1 tvpe 1. In addition, the Bureau dirccted
that experimental ground firing tests be conducted
on 3 of the 5 guns; the other 2 guns were to be
shipped to the Shirgun Corp. upon completion of
proof firing.

The experimental ground firing was for the pur-
pose of obtaining functional firing data on all com-
ponents of the guns, life of parts, etc.  Specific data
were requested on the belt pull, rate of fire, trunnion
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reactions and muzzle velocities with a 67.5-inch
and a 52.5-inch barrel length.

The Naval Proving Gronnd was also requested to
conduct whatever tests scemed necessary in connec-
tion with the above work and was to keep the Bu-
reau of Ordnance, the Naval Gun Factory, and the
Shirgun Corp. informed of the firing data obtained.
In addition, regular conferences were to be held
as the work progressed.

The tests were conducted at Dahlgren between
15 October 1946 and 15 April 1947. The follow-

ing malerial was used:
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1. 20-mm service aircraft ammunition AP-T,
M95, of various lot numbers.

2. 20-mm calibrated standard ammunition,
MS97, inert loaded, Lot PA 47-1.

3. 20-mm proof ammunition (120 percent nor-
mal powder pressure. Lot 22349-3.

4. Audio-Velograph equipment for obtaining
rates of fire.

5. Electronic resistance type strain gages, record-
ing oscillograph, and drum-type camera for obtain-
ing time-force displacement curves.

6. Hydraulic equipment for testing springs and
rear buller.

During the test work various officers and civilian
personnel of section Re8 of the Bureau of Ordnance,
the Aviation Ordnance section of the Naval Gun
Factory, and the Shirgun Corp. witnessed the firing,
The conduct and results of the tests appear here in
substantially the same form as in official reports
prepared in conncction with the projects.  No edi-
torial comment has been added. The body of the
report pertains to gun No. 3.

Description of Material Tested

The 20-mm Shirgun EX | typc | (prototype) is
an automatie, gas-operated amreralt weapon, with a
semiintegral feed mechanism. The overall length,
with the 67.5-inch barrcl, 15 89.5 inches; the maxi-
mum  height, with the feeder installed, is 7.25
inches; and the maximum width of the receiver is
7 inches. The addition of a pneumatic or hand
operated firing mechanism which was supplied with
the guns, on the side of the receiver, increases the
maximum width to 8 inches.

The barrel is the same as is used in the 20-mm
AN-M2 aircraft gun with the addition of inter-
rupted threads on the chamber end of the barrel to
make it quickly dctachable, and an enlarged gas
port (14 inch diameter;. The Shirgun bolt is posi-
tively locked in bartery at the time of firing by a side-
mounted lock which is cammed into the locked posi-
tion against a lock plate mounted in the barrel ex-
tension by action of the forward movement of a
bolt extension. The bolt carries an internal spring-
loaded firing pin which is seared to fire, by a sear
plunger mounted in the bolt extension, when the
bolt extension is 0.501 inch out of battery.

The initial recoil force of the gun is absorbed by
a hcavy recoil spring mounted on the barrel. The

212

final recoil force is absorbed by an oil-filled orifice
type recoil buffer mounted on the upper left side of
the gun, in addition to the spring.  All the counter-
recoll foree is absorbed by the above oil buffer. The
bolt recoil is absorbed by a coil spring near the
bufter.

The gas system has a screw-type adjustable vent
between the barrel gas port and gas cylinder. Belted
ammunition is fed into the feedway above the path
of the bolt on the recoil stroke by action of the bolt
extension on the feeder, the bolt extension being
driven to the rear by the gas piston. The bolt exten-
sion, in addition, unlocks the bolt on its rearward
travel stroke.

The ammunition used was service issue 20-mm
aircraft ammunition for the AN-M2 or M3 (T31)
guns, belted with M7EJ links {Army Ordnance
drawing No. D-7230014). These links are re-
quired by the Shirgun feed mechanism.

Description of Tests

Upon receipt of the first four guns, a measure-
ment check was made of all the parts against a com-
plete set of Shirgun drawings that were furnished by
the Naval Gun Factory. All springs were cali-
brated at the lengths specified by the drawings and
recorded. Barrel rifling and chamber measure-
ments were also made. A sct of drawings was main-
tained throughout the test for each one of the guns
and any substitution or change in the parts of the
gun was rccorded on the sct of drawings for the gun
or on a new drawing inserted in the set.

The four guns were proof-fired as directed by the
Burcau of Ordnance, by using J single shots.  The
proof ammunition used was obtained from Aber-
deen, lot 22349 -3, calibrated to produce 120 per-
cent of normal chamber pressure at 70° F.  During
the proof firing, the guns were completely assembled
and the barrel gas valve was closed. The guns were
disassembled and inspected after each prool round.
The requirement for the firing of two 10-round
bursts of standard ammunition as part of the proof
firing was attempted on all guns.  This could not
be accomplished on any of the guns during the proof
firing and was waived in the case of the gun that
was earmarked for shipment to the Shirgun Corp.
by direction of the Bureau of Ordnance. This gun
was shipped to the Shirgun Corp. on 29 October
19446.
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The 3 guns that remained at the Naval Prov-
ing Ground were test fired to obtain functional firing
data of parts and components, life of parts, both of
the original design and of ncw or moedified design
developed during the test as a result of studies made
of the firing results.  All firing was done with service
issue 20-mm M9 APT ammunition, except when
a particular test, such as obtaiming rates of fire, ve-
locities, etc., warranted the use of calibrated stand-
ard ammunition,

Both ailed and waxed cases were used during the
test. Although the use of ceresin wax is standard
for use on this ammunition at the Naval Proving
Ground, viled cases were used in order to duplicate
closely the test being conducted by the Shirgun
Corp., in New York. All firing was conducted at
ambient temperatures from rigid mounts.  Although
all the test firing conducted up to 15 April 1947 is
included in this report, the complete life of many
parts had not been determined. Parts that broke
or otherwise failed during the firing have been re-
placcd with spare parts on hand of original design
or with modified or newly designed parts. The
modified or newly designed parts were manufac-
tured almost entircly by the Naval Gun Factory
and wcre designed by that activity, the Naval Prov-
ing Ground, or the Shirgun Corp., as provided by
Bureau of Ordnance directives.  As specifically di-
rected by the Burcau, the following functional data
was obtained : maximum belt pull, rates of fire at
various bclt loads, and muzzle velocities with the
67.0-inch barrel. The short, or 52.5-inch, barrel
had not been received when this report was written.
Trunnion reactions had not been obtained. In
addition to the data specifically requested by the
Bureau, time-travel studies of the recoiling parts
and force-displacement studics of the hvdraulic re-
co:l buffer were made. Generally, one gun was allo-
cated to firing with parts and assembhes of the
original design, one gun was allocated to the test-
ing of modified or newly designed parts, and Lhe
third gun was used for functional studies. Time-
travel data were obtained by using a drum type re-
cording camera with light reflectors mounted on
the recothng gun parts, the movements of which
were recorded. Force-time data were obtained by
using clectronic resistance type strain gage equip-
ment and a recording oscillograph.
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The fifth Shirgun was received from the Naval
Gun Factory on 30 January 1947. The gun, al-
though originally destined for shipment to the Shir-
gun Corp., was retained at the Naval Proving
Ground with the approval of the Bureau of Ord-
nance, and the second gun reccived was delivered

to a represcntative of the Shirgun Corp., on 5 Fcb-
ruary 1947.

Commencing on 1 November 1946, the Naval
Proving Ground issued weekly test firing notes cov-
cring all phases of the fining cach weck, which were
forwarded to the Bureau of Ordnance, the Naval
Gun Factory, and the Shirgun Corp. These notes
were not issued after 6 February 1947, At this time
there was a reduction in the amount of test firing
conducted as a rcsult of the completion of the first
phase of the firing on 1 February 1947,

Up to this time, four conferences had been held
as follows: 29 October 1946 and 21 November
1946 at the Bureau of Ordnance, 10 December
1946 at the Naval Proving Ground, and 3 February
1947 at the Naval Gun Factory. These conferences
wcre for the purpose of reporting progress by all
of the agencies involved in the test, the Naval Prov-
ing (Ground, the Naval Gun Factory, and the Shir-
gun Corp. The conferences proved very beneficial.

Discussion

Considerable difficulty was cxperienced during
the carly stages of the test and also to a lesser degree
throughout the test, in regard to maintaining a
complete set of approved gun drawings. As a result
of discrepancies in and changes made to the original
drawings a standard skctch list of drawings was
cstablished as of 1 November 1946, Due to the
many changes made in gun part design by all agen-
cles engaged in the test work it was not possible to
maintain an accurate approved list of sketch num-
bers and drawings. As a result, it was difheunlt to
determine exactly what was and what was not ap-
proved or proven.

The guns as received from the Naval Gun Fac-
tory were prototypes. Some of the parts did not
adhere strictly to the drawings in regard to finish,
tolerances, and heat treatment. As a result, prior
to firing, each gun had to be carefully checked and
all rough spots or finish of moving parts removed.
A limited amount of stoning was required in order
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to get the moving parts, particularly in the fecder,

to operate freely.

An accurate analysis of the life and function of
ecach standard part and replacement parts of
changed design wag not included in the report.

Changes 1n manufacture and redesign work was
done during the test by the Naval Gun Factory on
the following assemblies and parts. The life of these
parts and the reasons for redesign were covered in
the weekly firing notes submitted by the Naval Prov-
ing Ground:

1. Gascylinder piston: Change in heat treatment.

2. Breechblock extension: Redesign for greater
strength.

9. Cacking lug: Redesign for greater strength.

4. Driving spring: Redesign for increased life.

3. Firing pin spring: Redesign for increased hife,

6. Firing pin: New material and different heat
treating to increase life.

7. Extractor: Redesigned for better operation.

Successful Part Changes Made.

Gas Cyrinper Grour. Due to fallure of the
gas cylinder piston early in the test, steps were taken
as follows to improve a Rockwell hardness of C52
to G534 throughout (Sk 1943323, This effectively
reduced the peening of the piston rod on contact
with the forward face of the bolt extension. In ad-
dition, the manufacturc was improved by replacing
undercuts, at the juncture ol the rod and shoulder
and the shoulder and the piston proper, with fillets
(Sk 194532, Records showed earlv in the test
that the gas cvlinder piston spring was inadequate
to withstand the high impact forces of the piston and
return it to the forward position. The springs sct
rapidly and high-speed pictures showed that the pis-
ton was not being returned.  As a substitute for the
spring, a nest of five Belleville type washers was tried
(Sk 194357). These worked satisfactorily but
transmitted the shock loading to the gas cvlinder
which broke at its thinnest section, the threads on the
forward end. T'wo steps were taken in an attempt
to absorb or dissipatc the impact encrgv of the gas
piston.  These were not proven, but apparently
were satisfactory,  First, an adjustable plug (NPG
Sk 235017 was made for mnsertion in the forward
end of the cvlinder in order that the free travel of the
piston prior to its contact with the bolt extension
could be reduced and controlled, thus reducing the
contact impact. The best or correct clearance to
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be used between the piston rod and the bolt exten-
sion was not determined exactly but was between
0.000 inch and 0.006 inch. Secondly, the shoulder
on the gas piston rod was removed to accommodate
a heavier gas cylinder spring. It was found that
without this spring the longer stroke of the piston
apparently was beneficial as it allowed the piston to
follow the bolt extension on its rearward travel, dis-
sipating the energy over a longer travel. High-
speed motion pictures were planned for this last
action. It was reported that the Shirgun Corp. con-
firmed this improved action. Further investigations
were planned at the Naval Proving Ground on this
and the subject of return of the piston to its forward
position by use either of a bypass gas type cvlinder
[ NPG Sk 235010) or back pressure developed by
leakage past the piston. Both made a gas cvlinder
piston spring unnecessary. One gas cylinder tested
was drilled to allow gas that leaked to the rear of
the piston to escape. High-speed motion pictures
showed that this piston, when no spring was used,
staved extended and was returned to its forward
position by contact with the bolt extension. This
did not appear advisable due to the fact that the bolt
extension should be allowed to return to battery as
smoothly as possible.  The screw type gas vent con-
trol on the guns was not proven adequate for close
adjustment, and a small amount of preliminary
work was done on the use of small ortfice plug tvpe
vent controls to meter the gas from the barrel to the
gas piston.

Drving SPRING (GROUP. It was apparent from
the first of the test that the coiled wire driving springs
(two nested) were inadequate to withstand the im-
pact forces of the heavy recoiling holt and bolt ex-
tension assemblics. The coils at the rear of the
spring were damaged by a few rounds of firing.
This was assessed as due to surging ol the spring
under heavy loads. High-speed motion pictures
taken by the Shircun Corp. showed that the rear
of the spring left its scat due to surging. A driving
spring assembly with a felt washer at the rcar (Sk
194287 ) was tried; this produced an improvement
in the life of the spring but was still unsatisfactory.
In an cffort to guide the rcar unsupported coils of
the spring when the bolt extension was in the for-
ward part of its travel, a 15" chamfer was cut on
the rear of the bolt extension inner circumference in
order to prevent any enlarged cols from being
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caught as they entered the bolt extension.  Also 32
coils of the inner spring were removed in order to
install a 3-inch guide sleeve in the rear of the spring
assembly to kcep the rear coils of the outer spring
from distorting (NPG Sk 235019). This met with
success as far as it was tested but was considered a
secondary improvement in view of the success re-
ported by the Shirgun Corp. with the use of twisted
wire driving springs (Sk—347-20}. Nonc of these
latter springs had been received at the naval proving
ground.

Rear Buffer Group. The first time-travel data
obtained at the Naval Proving Ground and reports
rcecived from the Shirgun Corp. indicated that the
coil spring rear buffer supplied with the guns was
of low efliciency in storing and returning the encrgy
of the bolt assembly. A rear huffer employing
Belleville type washers was received from the Naval
Gun Factorv, and this gave an increasc of approxi-
mately 10 percent in the rate of fire. A rear buffer
was assembled at the Naval Proving Ground using
ring springs taken from other 20-mm guns, and thas
also gave an increase in the rate of fire. Further
improvements in these two types of rear buffers,
although possible, was nat undertaken as a new hy-
draulic oil spring type of rcar buffer was received
from the Shirgun Corp. which was of high cfficicncy
and gave higher rates of fire than any of the other
types. Steps were taken to obtain two more of this
type of rear buffer so that all Shirguns at the Naval
Proving Ground could be equipped with them.

BoLt ExtTENsiox Asseumrry.  Malfunctions of
the bolt extension occurred as follows: lransverse
fracture across the rear tube section, fracture of the
bolt cxtension at the cocking lug hole, fracture of
the cocking lug, fracture of the web section at the
sear plunger slot, and breakage of the sear plunger.
This assembly was the source of the most trouble
in the gun. Bolt extensions were very difficult to
manufacture; as a result, replacements were hard
to obtain. Changes and modifications were madc
in attempt 1o prevent these breakages, some success-
ful or partially successful. The cross section of the
tubular section of the bolt extension was increased
and the form changed by the Naval Gun Factory.
Cracking at the cocking lug hole was reduced
frequency by brazing the cocking lug at the bottom
to hold it in place rather than using a tight press fit,
which apparently was the cause of the fracture at
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this point. Breakage of the cocking lug mounted in
the bolt extension was very [requent, having oc-
curred in some instances during manual charging
of the gun. Some improvement in the performance
of the lugs resulted from enlarging and strengthen-
ing them (Sk 194354 and by unproving the qual-
ity of the metal and heat treatment. The cause of
the breakage was found to be duc to contact of the
rocking lug with the right side of the bolt cocking
lug slot at the instant of unlocking. Contributory
causcs were believed to be excessive clearance be-
tween the bolt extension and the receiver side wall,
which is accentuated by an elastic deformation of
the receiver wall under the stress produced by the
lock thrust on the bolt extension.

BoLt AssemBLy. The three nested coiled wire
tvpe firing pin springs supplied originally with the
gun were repeatedly proven inadequate. This was
another indication that unusually high rcsistance or
impact forces were present in the firing pin-cocking
lug assembly. A single coil wire spring of higher
strength was used with moderate success, but one
twisted wire spring supplied by the Shirgun Corp.
proved more successful and apparently was ade-
quate. In conjunction with the spring changes, the
firing pin spring bayonet plug supporting the rear
of the spring was strengthened by adding more
mctal throngh the center section, and breakage
ceased. Improvement in the type of metal used and
increasing the hardness of the firing pin apparently
effectively reduced malfunctions of this picce, which
occurred frequently early in the test.  The malfunc-
tions werc broken firing pin tips and wear on the
rear bottom lug on its front face which contacted the
cocking lug. The extractor claw was modified dur-
ing the test by cutting metal off the claw tips and
modifving the contour of the claw face. It was
found that lubricated ammunition cases were blown
out of the chamber and ejected from the gun in
automatic fire without an extractor installed on the
bolt, which indicated that this gun opcrated partly
by blowback of the residual chamber gases and that
the extractor, while still required, did not need the
positive grip on the case originally designed in 1t.
The modifications just described aided the ejection
by allowing the ejector to roll rather than lift the
case out over the extractor claw,

PrELIMINARY INVESTIGATION AND FRiNnG Done
oN ApjusTiNG THE TivMixe oF THE GUN. This
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work was closely tied in with the investigation of
the proper gas vent size and the rate of fire. The
original timing of the guns, as delivered to the Naval
Proving Ground, was set for firing 0.501 inch out of
battery. The highest rate of fire obtained on any
of the three guns indicated that this was the correct
timing for the gun when it was firing at approxi-
mately 1,000 rounds per minute,

(zeneral Data

Comparative Dimensions. The dimensions of
the EX 1 Type 1 as compared with the AN-M3
20-mm gun are as follows:

EX 1

[Hmension Type 1 | AN-M3

Maximum overall length (inches) . H91L 774
Length of barrel (inches). ... . 67Y 521
Maximum hcight with feeder '

(Inches).... ... ... ......... 7Y 1115
Maximum ‘l.udth (lncht‘ﬁj N 67 59
Maximum width with ﬁrmg =

mechanism (inches). .. ... ... 8§ |...

1 M2 feed,

Comparative Weights. A comparison of weights
of the EX 1 type |, the AN-M3, and the T34 20-
mm gun 1s as follows:

Total weight EX 1 type 1 with feeder:

pounds.

Total weight AN-M3 (T31) with M2 feeder:
118.5 pounds.

Total weight T34 with M2 feeder: 119.5 pounds.

Weight of EX [ type 1 bolt assembly, bolt exten-
sion, lock, ctc., minus driving spring assembly
(bolt recoiling parts): 9.18 pounds.

Weight of AN-M3 bolt assembly complete with
slides and lock (bolt recoiling parts}: 6.74
pounds.

Weight of T34 bolt assembly complete with slides
and lock (bolt recoiling parts}: 5.36 pounds.

Functional Characteristics of the Shirgun EX [
Type 1.

VeLociTy. Measured as 2,767 feet per sccond
with the 67.5-inch barrel using ammunition lot PA-
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194.0

47-1, which is assessed at 2,780 feet per second
for the 20-mm AN-M2 barrel.

Rate oF FIRE. The average of the three highest
rates of fire obtained with the standard nested coil
spring rear buffer was 739 rounds per minute.
‘T'he average of the three highest rates of fire obtained
with the Naval Gun Factlory type Belleville washer
rear buffer was 797 rounds per minute, The aver-
age of the three highest rates of fire abtained with
the Shirgun Corp. type solid oil rear buffer was
922 rounds per minutc,

Belt Pull. The belt pull was determined to be
45 pounds. The limiting factor in this was not the
ability of the feeder to pull, but the strength of the
belt links (M7E5). 'The measurement was taken
using a direct weight attached to the ﬂmmumtmn
belt by a cable suspended by one pulley.

Time-Displacement of Remzfmg Parts.  Findings
were obtained on EX 1 type 1, gun No. 3 under
the following operating conditians: (zas system open
two complete turns, oil spring rcar buffer, single
firing pin spring. = Standard calibrated waxed am-
munition at 70° F. was fired. A three-round burst
was fired with the first round in the chamber. The
data were obtained by mounting reflectors on two
recoiling parts of the gun, that is, bolt and barrel
extension. Light directed on the reflectors recorded
their travel on sensitized paper in a drum-type cam-
era. The average bolt recoil velocity was very high,
whereas the bolt counterrecoil velocity was com-
paratively low. Ewen when using the o1l spring type
rear buffer the return of energy to the counterrecoil
of bolt group was very low—approximately 47 per-
cent. This loss of energy at the rear buffer was a
critical point. Tt was believed that the lost energy
from the recoiling gun should be used to preload the
rear bufler prior to being struck by the recoiling bolt.
If this were done, bolt counterrecoil velocity could
be greatly increased with resulting higher gun cyclic
ratcs. If the time required for bolt group counter-
recoil equalled time required for bolt group recoil,
the gun cyclic rate would be approximately 930
rounds per minute.

Data Representing Average of Three Round
Burst.

Bolt travel to unlocking : 0.4976 inch.

Time required: 0.004366 second.

Average velocity: 9.28 feet/second.
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Bolt travel from unlocking to striking rear buffer:
9.6283 inches.

Time required: 0.011274 second.

Average vclocity: 71 feet/second.

Bolt travel from rear buffer to battery position:

10.125 inches.

Time required: 0.02518 second.

Average velocity: 33.5 feet/second.

Gun recoil: 1.75Y inch.

Time required: 0.01175 second.

Average velocity: 5.38 feet/second.

Gun counterreceil: 0.759 inch.

Time required : 0.01946 second.

Average velocity: 3.25 feet/second.

Time between rounds: 0.00375 feet/second.

Total time required for 3-round burst: 0.225

second.

Cycle rate: 799.99 rounds/minute.

Force Dusplacement of Recoil Buffer. These
data werc obtained on EX 1 type 1, gun No. 3, at
the same time as the data on time displacement
of recoiling parts, under the same operating con-
ditions. Two resistance type strain gages were
mounted on the barrel extension yoke. These strain
gages were calibrated statically in a hydraulic test-
ing machine.

Total Rounds Fired

As of 15 April 1947, the following total rounds
were fired on the guns:
Gun No. 1: 6,721 rounds.
Gun No. 2: 998 rounds (shipped to the Shirgun
Corp.).
Gun No. 3: 255 rounds.
Gun No. 4: 5 rounds.

Gun No. 5: 1 proof round.
Total: 7,980 rounds.

Conclusions

Since the type 1 gun was to be followed by the
type 2 gun which more nearly resembles the final
design, no conclusions were submitted on the type

1. The latter appcared to have sound operating
characteristics but many more tests and much more
firing were requircd.

Recommendations

As a result of the test firing done at the Naval
Proving Ground on the 20-mm Shirgun EX 1 type
1, it was recommended that the following steps be
taken to improve the operation and functioning of
the gun.

. Ifiring pin. Tip made as a straight sided
cone with round end.

2. Ejector. Tace angle of prongs madec closer to
perpendicular (approximately 10°) instead of 45°
to reduce the upward thrust of the spent case on the
feeder and the breakage of the extractor stop.

3. Sear. Angle of contact with front face of fir-
ing-pin lug changed to give a positive full release
of the firing pin and not an angular release.

4. Sear plunger. Change to a pivoted type in
place of sliding type in order to reduce breakage and
to cut down resistance to the bolt extension on its
forward travel.

5. Gas cylinder. Enlarge front section so that
threads cut both inside and cut do not weaken the
side-wall thickness,

6. Feed operating lug on bolt extension. Change
to roller-bearing type to reduce wear.

SECTION 4. DEVELOPMENT OF 20-MM MACHINE GUN MECHANISM EX 1 TYPE 2

Gun Failures Due to Lock Breakage

At the outset of the testing program for EX 1 type
2, there was lock breakage with every round fired.
Accordingly, in June 1948, the Chief of the Bureau
of Ordnance authorized the Naval Aviation Ord-
nance Test Station at Chincoteague, Va., to conduct
functional and developmental tests of this gun for
the purpose of correcting troubles being experienced
in attempted firing of the low-profile weapon.
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Modification and Test at NAOTS,
Chincoteague, Va:

A report dated 29 July 1948 from the command-
ing oflicer of NAOTS, Chincoteague, Va., indicates
cause and cure for the many malfunctions that
plagued the first attempts to fire the weapon.

If the ;in had been fired as it was delivered with-
out modification, it would have been completely
wrecked in from 1 to 3 rounds.
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Figure 7-23.

Early versions of the 20-mm Shirgun.

In the foreground: EX 1 Type 1.

In the rear: EX 1 Type 2, which is also

known as the TES,

This weapon’s bad reputation of wrecking itself
preceded 1ts armval at Chincoteague by months.
since the part breakage had been so high at cach
attempt to make it function, it was decided to give
the weapon a very thorough visual check and make
modifications belore any attempt was made to firc.

The following things were noted and correction
made:

1. Gas cylinder piston lacked three-eighths inch
of meeting [ace of bolt extension. The gas cvlinder
piston was machined back until there was 0.005-
inch clearance between the face of the holt extension
and the end of the piston.

2. With cartridge in chamber positioncd for fir-
g, the face of the bolt was 0.028 inch shori.  This
amount was added to the redesigned firing pin so
that it could make contact with the primer and ridc
home with the crush ol the I::art;ridg&

3. That the firing system was inadequate, When
the bolt extension thrust rearward to unlock the
piece, it withdrew the firing pin 114 inches, This
rcmoval of the firing pin from the hole in the face
af the bolt allowed small particles of brass and car-
bon to blow into the firing-pin tunnel.  The original
pin had to have close bearing surface duc to hoth its
small dimensions and length of stroke.

Any foreign matter getting into the firing-pin
tunnel, rcgardless of how small, would cause hend-
ing ol pins, “faint strike” primers, etc. A floating-
type firing pin was designed that did not retract be-
yond Hush with face of bolt; and, while it was spring
loaded, it was also cammed rearward by the raising
of the breechlock in the act of unlocking.

The hole leading from the barrel to the gas cylin-
der was checked and found to be 0.131 inch. A
series of plugs with gradual orifices from 0.048 to
0.159 inch were made at test facilities machine
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shop, and the gus cvlinder sleeve was tapped at a
point where the gas could be metered to the face
of the piston. The intention was to allow the
weapon to have just enough power to barely operate
and then gradually increase it until the part or parts
giving trouble could be located. The first orifice
used was 0.048 inch, with single-shot firing that
unlocked the weapon but did not allow the bolt to
strike the buffer. The orifice was then increased
until 15-inch buffer compression was obtained with
the feeder on the gun and a 50-round belt in position.
The orifice that gave most satisfactory results was
0.085 inch.

Feeder. 'T'he feeder sent to this activity had
bronze floor plates and locking lugs, which repre-
sents a new low in feeder design.  This soft metal
bent with each round fired, causing bind on bolt,
feceder arm, etc. The lugs broke as soon as burst
firing was accomplished.

The link guide rails had an opening that after
the ear of the link entered, there remained only 0.010
mnch clearance on either side, Unless the ammuni-
tion was calibrated absolutely correct, the ear of the
links would strike the sides causing all kinds of
trouble, such as friction bind, erratic speed, [aini
strikes, ear of link under rail, etc. This part was
modified at test facilitics machine shop, expanding
the opening by 1Y% inches inside, link guide rail and
one-fourth inch both horizontal and vertical on right
and left sides. This allows the ammunition to be
belted out of calibration one-fourth inch either right
or lett of what was heretofore demanded. The
angles in the feeder mouth will cam the ears into
exact calibration upon being pulled into position.
This self-calibrating feature is considered very im-
portant in successful [eeding,
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The link guide rails were placed in this feeder in
such a manner that by unsnapping a metal top
cover, they could be removed by hand and reversed,
for changing feedmg from right to left or vice versa.
This 1= a very desirable feature on paper, but when
the weapon started to fire full automatic, the loose
rails lnrched from the heavy rounds heing pulled
at high speed and allowed the ears of ejected links
to hit the solid frame of the feeder, causing erratic
fire. Tlad 1t not been detected and carrected by
bolting down securely to floor of feeder it would,
in time, have wrecked all inner working parts.

Buffer. The oil buffer as sent out with this
weapon violated a basic law of gun design by using
weld to hold any part subjected to high operating
pressure, After firing a total of 106 rounds the weld
failed and oil reservoir cap blew off, going 200 feet
in the air.

In order to continue test of the weapon, a make-
shift air buffer was improvised that proved satis-
factory as far as allowing the continuation of the
test.

Fixtra precaution was taken, due to the fact that
no spare parts were sent with this weapon and if
a part breakage was cxperienced, the test was over
until the piece could be manufactured locally.  Out-
side of the weld failurc of the oil buffer cap, the
only actual part breakage was the stud on the breech-
lock stop and the feed actuating post on top of the
bolt extension. The latter was caused by an ex-
perimental camming shoc, the use of which was
discontinued after repair of the stud and no further
trouble was experienced.

Rebounding Brass. SiX stoppages were experi-
enced in this test by rebounding brass that was
thought at first to be caused by empty cartridge cases
failing to clear the opening in the firing stand and
bouncing back into the mechanism. However,
when the stand was modified so that this was 1m-
possible, this malfunction still continued. Further
investigation showed that the trouble was coming
from the weapon iself. The opening in the floor
was of such close dimensions that unless the empty
case was cammed down in perfect alinement, brass
could hit the side and fail to clear the opening. By
watching the condition of the ejector and the ex-
tractor closely, this could probably be remedied for
stand testing. However, it is quite a different thing
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when tried 1 air firing, as a sudden mancuver of
the plane could bring about this malfunction. This
could be corrected by opening up the ejection slot.
However, this would weaken the barrel cxtension
bearing at this point, where the part might fail.

Investigation and Development at Naval
Proving Ground, Dahlgren, Va.

The first partial report on the functional investi-
gation and development of this gun at Naval Prov-
ing Ground was dated 22 March 1948. In this
report LX 1 type 2 is identified by the Army desig-
nation which had been assigned to the gun, 155
\type 2).

Although the directive stated that 5> guns would
be made available for the investigation, only 2 were
rcceived by this activity, the first in July 1947 and
the second in March 1948. The progress of the
investigation was seriously delayed by lack of suffi-
cient guns and by modifications made to the guns
in order to overcome functional failures encoun-
tered. Considerable progress was made mn over-
coming certain of these failures but little or no prog-
ress was possible in overcoming others.

Background. The 20-mm aircraft gun TH5
(type 2} is a modified 20-mm aircraft gun EX 1
(type 1} formerly referred to as the “Shirgun.”
The 'TH5 (type 2} gun differs from the EX 1 (type
1) gun in the following major changes.

1. Addition of double acting prieumatic charger
with pnenmatic searing,

2. A seared holt extension in place of a seared fir-
Ing pin.

5. Lower profile height.

Description of the Gun. The 20-mm aircraft gun
TH5 (typc 2] is an cxperimental single barrel gas
operaled percussion inertia fired gun. It has a pro-
file height of ¢4 inches and a width of 8.6 inches.
‘The gun weighs 159 pounds.

The basic components of the gun are: (1) Re-
ceiver consisting of upper housing and lower hous-
ing; (2) barrel with chamber and hore the same
as the 20-mm automatic gun AN-M2; {3} barrel
cxtension; (4) barrel recoil spring; (5) barrcl re-
coil buffer (hydraulic); (6) gas bracket assembly
with cylinder and piston; (7) bolt assembly with
lock and firing pin; (8) bolt extension; (9) rear
buffer, hydraulic or pneumatic; (10) drive spring
assembly and drive spring guide; (11) pneumatic
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Figure 7-24. Closeup view of the TS5 (EX 1 Type 2} Gun with its leed mechanism removed.

charger, double acting; {12} pneumatic safety sear
and ready sear; (13) feed mechanism assembly.

The following accessories are required for gum
operation: (1) Compressed air or other suitable gas
at 1,500-pounds-per-squarc-inch  pressure;  (2)
three electropneumatic valves with control switches
and relays; (3] pneumatic tubing.

O peration of the Gun. When the gun 1s fired, the
propelled projectile passes a gas port located in the
barrcl 16.562 inches forward of the rear face of the
barrel, and propelling gases metered through a vent
plug orifice enter a gas cylinder mounted on the
right side of the gun.  This gas pressurc drives a gas
piston 1n the cylinder to the rear.  The rear of the
piston shaft, in turn, drives the bolt extension to the
rear. A projection on the bolt extension extends
through the bolt body; when the gun is in battery,
this projection holds the bolt lock in the locked
position.  The rearward motion of the holt exten-
sion resulting from firing moves the projection to
the rear clear of the lock. The firing pin in the bolt
body is connected to the same projection and is
drawn to the rear inside the bolt also as the projec-
tion moves rearward. The movement rearward of
the projection relative to the bolt body is stopped
by contact of the rear of this projection and the in-
side rear wall of the bolt body. After this contact
1s made, the bolt body and bolt extension move rear-
ward together. With rearward movement of the
bolt body, the lock is retracted into the left side of
the bolt body by the camming action of the angles
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on the rear locking surface of the lock and the for-
ward surface of the lock plate mounted in the left
side of the barrel extension.

The empty cartridge case 1s extracted from the
barrel chamber by the spring-loaded extractor
mounted in the bottom lower face of the bolt body.
The case is carried rearward with the bolt until its
top rear contacts the spring cjector mounted on the
rear frame of the feed mechamism above the bolt
body. The case is rolled over the extractor claw by
the continued rearward movement of the bolt and
ejected out of the bottom of the gun rteceiver
through the ejection slot.

As the bolt extension moves rearward from the
battery position, it also actuates a feed operating
lever by means of a lug and roller mounted on the
top of the extension. The fced-operating lever has
a cam slot in its underside in which the roller and
lug of the extension move. This cam slot and the
position of the lever are such that the straight rear-
ward motion of the bolt extension moves the feed-
operating lever across the gun to the nght, moving
the pawl carrier and pawls in the feed mechanism
across the feedway and carrying the ammunition
to the feeding position over the feed mouth. Two
cam blocks then force the next round downward
out of its belt link and into position to be picked up
and chambered by the bolt body moving forward.
The empty belt link is forced out of the feeder by
the movement of the round moving into the feeding
position.
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" The gun barrel is mounted in a recoiling barrel
extension which moves rcarward in the fixed re-
ceiver. This movement is independent of the bolt
and breechblock extension movement. The recoil
of the barrel and the barrel extension compresses a
coiled recoil spring. They are then brought to rest
by a hydraulic recoil buffer mounted in the left
upper housing of the receiver. The recail spring
returns these components to battery during the
counterrccoil stroke. The rearward movement or
recoil stroke of the bolt and bolt extension is stopped
by a stationary bufler mounted on the rear of the
receiver. The rear face of the bolt body contacts
a buller plunger. The rear bufler furnished with
the pun 1s either hydraulic or pneumatic. The
hydraulic buffer has a replenishment chamber to
maintain a constant velume of fluid in the main
bulfer chamber. The pneumatic buffer has an air
hose fitting for connection to the gun’s pneumatic
supply of 1,500-pounds-per-square-inch pressure.
A stop valve at the rear ol the buffer seals the air at
full pressure within the bufTer,

During the forward, or counterrecoil, movement
of the bolt and bolt cxtension, the feed operating
lever is moved in the opposite direction to the feed-
ing stroke and in turn moves the feed pawl carrier
over the ammunition into position to pick up the
next round. The ammunition in the feedway is
held stationary by two pawls. During this counter-
recoil stroke, the bolt which contacted the rear buffer
carries the bolt extension forward keeping the firing
pin retracted. The live round of ammunition is
chambered and the bolt body stopped against the
barrel extension below the barrel rear face. The
bolt extension continues forward under inertia and
the projection of it through the bolt body cams the
lock into the locked position and holds it there. The
final forward movement of the extension carries the
firing pin forward and fires the round. A driving
spring inside the bolt extension is provided to fire
the first round.

The operation of the pneumatic charger and
pneumatically operated safety and firing sears is as
follows: The safety sear in its normal position drops
down in front of the bolt extension, holding the
extension 934 inches from battery. The bolt and
firing pin are also held out of battery. When the
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safety sear is raised pneumatically, air pressure is
applied at the same time to the rcar side of the
charger piston. This together with the driving
spring drives the bolt extension forward until it is
again stopped by the finng or “ready” sear, if 1t
is down in front of the extension. A round of am-
munition is fed into the chamber on this stroke,

The hring sear stops the bolt cxtension five-
eighth-inch from battery in the *“‘ready” position.
In this position the bolt body is home against the
barrel extension and the bolt lock is cammed into
the locked position. The firing pin with the exten-
ston is five-eighth-inch from firing the round.
When the firing sear is lifted pneumatically from in
front of the extension, air pressure is applied to the

rear side of the charger which togcther with the
driving spring forces the halt extension into battery,

and the firing pin strikes the primer, firing the round.
During the last one-eighth inch of this firing stroke
the charger lug, which has been in contact with the
bolt extension, is cammed out of the way. This lug
does not engage the bolt cxtension again until air
is applied to the forward face of the charger piston,
moving 1t to the rear. The complcte charging cycle
stopping the gun on safety and ready prior to firing
requires 9 cubic inchces of air, mimmum.

The pneumatic retraction of both sears results
in automatic firing. The scars arc prevented from
dropping and dragging on the bolt extension by a
“telltale’ rocker assembly located in the upper hous-
ing of the receiver.

Ammunition. The 20-mm aircraft gun T55
(type 2) is designed to fire service issue 20-mm air-
craft ammunition belted with either M7 or M8
metallic belt links.

Conclusions.

1. The 20-mm aircraft gun T35 (type 2) did not
meet the Burean of Ordnance specifications [or a
20-mm aircraft machine gun.

2. The following changes are necessary Lo im-
prove the functioning of the T35 (type 2) gun.

(a) Increase firing pin energy to prevent “light
struck” primers.

(b) Use steel feed mechanism floors to prevent
bending of bronze floors.

(¢) Change contact angles of breechblock lock
and lock stop plate to insure reliable unlocking and
to increase the rounds life of the lock.
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(d) Use rotating and nonrotating holt extension
feed lug shoes to insure against breakage of rollers
and feed lugs.

(¢} Strengthen and taper the extractor projec-
tion and incrcasc the chamfers on the forward and
rear edges of the extractor claw to prevent sheared
extractor flanges and cxcessive crush up of car-
tridge cases.

(f) Increase the life of the driving spring and
driving spring guide.

g) Use the pneumatic rear buffer in place of
the hydraulic rear buffer which was too weak in
construction.

(£) Use dumping valves on the pncumatic
safcty sear, and rcady sear lines to insure positive
action of the sear.

() Chamfer the feed mechanism link ear guides
to permit easicr entry of the link into the feeder
and 1improve the action of the link retaining and
feed pawls.

(7) Design and manufacturing tolerances should
be carcfully controlled to prevent such accumula-
tions of talerances as occurred 1n this gun.

(k) Moadify the breechblock to prevent seating
of the breechblock lock adjacent to the firing pin
tunnel.

(11 Modify the gun in order to increase the cyelic
rate of firc to 1,000 rounds per minute.

It was rccommended that:

I. No further investigation be conducted on the
20-mm aircraft gun TH55 (type 2).

SECTION 5. DEVELOPMENT OF 20-MM MACHINE GUN MECHANISM MARK 9
MOD 0 FIRING PERCUSSION AMMUNITION

Functional Investigation

Synopsis. On 26 September 1949, the Naval
Proving Ground issucd a partial report on the {unc-
tional investigation and development of the 20-mm
aircraft gun T35 {Mark 9). As dirccted, the pro-
cedure followed in this investigation was in accord-
ance with that established by the Aircraft Guns Test
and Evaluation Procedures Manual.

During the period covered by this partial report,
1,820 rounds of percussion ammunition were fired.

In the investigation and development of the TH)
(Mark 9) gun, 243 malfunctions and stoppages
occurred. The longest length burst fired was 20
rounds.

It was concluded that:

1. The 20-mm aircralt gun TS5 {Mark 9] in the
statc of development existing at that time was not
satis[actory, due to the large number of malfunctions
and excessive dispersion patterns,

2. I'he cvelic rate of fire of the gun was satis-
factory.

General Data: 20-mm Machine Gun Mechanism Mk 9 Mod 0

Gun length: 116 inches.

Gun weight: 113 pounds.

Rate of firc: 1,247 rounds/minute. (This is the highest
rate of fire officizlly recorded during test.?

Muzzle velocity: 2 680 feet/second,

System of operation : Gas unlock, blowback.

Systemn of locking: Swinging lock.

System of feeding: Lever actuated by recoil of holt.

Method of headspace: Governed by tolerances ol operat-
Ing components.

Location of feed opening: Top of recciver, cither right or
left sidc.

Location ejection opening: Bottom of receiver.

Method of charging: Air and hydraulic,

Mcthod of cooling: Air.

Barrel length: 52V: inches.
Barrel weight: 26 pounds.
Rate control: None.
Barrel removal: Quick disconnect {by means of French
threads).
Bore:
Number of grooves: 9,
Groove depth: 0.015 inch,
Groove width: U.205 inch.
Pitch: 7 degrees (equals 1 turn to 23,587 calibers and
| turn to 20.137 inches}).
Direction of twist: Right hand.
Form of twist: Uniform.
NoTe: This represents the most improved version that
was actually put under test.
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3. Even though the rcliability of many parts was
improved during the investigation, the following
gun components were unsatisfactory: extractor
spring, cjcctor springs, hring pin spring, feed mecha-
mism, gas cylinder, “stop fire” pawl, firing pin, and
firing pin automatic sear.

4. 'The methods ol cocking and secaring the firing
pin were unsatisfactory and resulted in light struck
primers similar to those which occurred in the two
guns investigated earlier.

It was rccommended that no further investiga-
tion be conducted on the 20-mm aircraft gun 1'H5
. Mark 9) percussioni gun in view of conversion of
this gun to an clectric fired TS5 (Mark 9) gun,
which was then being investigated.

Background. The 20-mm aircraft gun T55
{ Mark 9) iz an experimental weapon developed
from two previous experimental guns, the T55
(type 1) and the T3S {type 2) 20-mm aircraft guns.
[n this chapter, these two guns arc also designated
20-mm machine gun mechanisim EX 1 type 1 and
20-mm machine gun mechanism EX 1 type 2,
respectively.

The design of the T35 [Mark 9) gun incorpo-
rates improvements or changes in an attempt to
remedy the deficiencies of and to improve the earlier
weapons. The basic design fcatures of all these
guns have been directed at obtaining an aircraft gun
with the following features:

1. Lowest possible profile height, and not in ex-
cess of 4 inches.

2. Highest possible cyclic rate of fire, and not
below 1,000 rounds per minute.

3. An intcgral fced mechanism easily changed
from right- to left-hand feeding.

4. Capable of using present service issuc 20-mm
aircraft ammunition of the M90 scrics.

5. Anonrecoiling receiver and quickly detachable
barrel.

Descrifition of Ttems Under Test. The 20-mm
aircraft gun TH5 (Mark 9) is an experimental,
single barrel, gas opcrated, percussion fired gun with
the following dimensions: height, 4 inches; width,
6.3 inches; length, 72 inches. The gun weighs 111
pounds.

The description of the components and the opera-
tion of the I'H5 (type 2) gun contained in section 4
are applicable to a large extent to the Mark 9 gun.
The TH (Mark 9) gun, however, contains the fol-
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lowing important changes from the T55 ({type 2)
gun.

. Reduction in the profile width from 8.5 inches
to 6.3 mnches.,

2. Reduction in weight from 159 pounds to 111
pounds.

3. Reduction in length from 88 inches to 72
inches.

4. Replacement of the barrel recoil spring and
barrel hydraulic buffer by a recoil ring-spring as-
sembly, similar to that uscd in the caliber .60 T17E3
machine gun.

5. Pneumatic charger assembly madc intcgral
with the reeciver housing.

6. Scared, spring-loaded firing pin replacing the
inertia type firing pin.

7. Replacement of the firing sear, which acted
on the bolt extension, with two sears: an automatic
sear and a “stop-fire” sear, both acting on the firing
pin. ‘The automatic scar is operated by a cam on
the bolt extension, while the “stop-fire” sear is oper-
ated by a pneumatic piston in the upper housing.

8. A redesign ol the boltlock to change the lock-
ing angle from 10° to 13° and to shift the point of
contact between the lock and bolt, aflter unlocking,
from the firing pin tunnel area to an area below the
firing pin tunnel.

9. Separation of the barrel and gas cylinder group
s0 that the barrcl may be removed independently.

10. Reduction in bolt assembly recoil travel dis-
tance from 1074 to 944 inches,

The 155 (Mark 9) gun requires a source of air
pressurc at 1,500 pounds per square inch to operate
the pneumatic charger, rear buffer, and the sears.

It was determined on the lirst T35 type gun (type
1) that the “impact” or rapid method of firing-pin
cocking was not practicable because it either com-
pressed the spring to solid directly or crcated surges
which allowed the coils to go solid.

Eleven firng pins and six automatic scars were
used during the firing. As with the first tvpe T35
gun tested (type 1), wear developed at the points
of contact between the firing pin and the automatic
sear to the extent that premature firig-pin releases
would occur. Variation of scar and firing pin metals
and hardnesses, as well as amount of engagement,
had little effect on this wear., It was not possible to
perform any modification during firing, to prevent
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this wear without a complete redesign of the firing
pin searing actions.

Poor dispersion patterns in general were believed
due ta:

(a) Looseness between the upper and lower re-
ceiver housings, and between the barrel ring spring
assembly and the upper housing. The barrel was
designed to derive most of its stability throngh the
ring spring asscmbly and the upper housing. Rivets
between the upper and lower housings had to be
continually reset, while nothing could be done about
the increasing looseness which developed in the ring
spring assembly upper housing threads.

(b) Rapid accerclations and decelerations of
relatively large offcenter masses in the gun.

Motion (barrel whip} of a point on the forward
end of a standard original barrel was photographed
by high-speed cameras.  (lameras were mounted at
right angles to cach other, on opposite sides of the
barrel and 45° abovc a horizontal plane through
the axis of the barrel.  Unfortunately, ring-spring
assembly and receiver motions could not be recorded
by this means.

Five dispersion patterns were lired during mves-
tigation of an externally ribbed, uniform bore bar-
rel. Three patterns were fired with the original
barrel (No. 433) with an 0.082-inch vent plug. and
two were fircd with the ribbed barrel under the
same conditions. Patterns obtained with the ribbed
barrel were superior to those with the standard.

Because of the loose upper housing and ring
spring assembly, and because sufficient bursts were
not fired, it was impossible to determine if the im-
provement was duc to the added barrel rigidity
produced by the ribbing or by the increase in mass
of the barrel (29.5 pounds for the ribbed barrel and
26.7 pounds for the standard).

Of the 223 rounds fired with barrel No. 433, for
which patterns werc obtained, 35 percent of the
rounds showed evidence of vawing up to a maxi-
mum of 0.88 inch across the major diameter of the
target punching. With the ribbed barrel, only 6
percent of the rounds fired showed evidence of yaw-
ing. The following must be considered in regard to
the rough yaw determination:

(a) The standard barrel had a bore that was
oversize.

(b) Service ammunition was used.
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(¢} Yaw may have been affected by barrcl whip
and cyclic rates.

First rounds of bursts fired were consistently high
and to thc rnight of the bore-sight point (approxi-
mately 6 inches high and 2 inches to the right).

10. Cyclic rates of firc at the designed rate and
above were possible with this gun. Highest rate of
fire recorded was 1,247 rounds pcr minute for 13
rounds of a 20-round burst. A correlation table of
vent plug sizes and rales obtained is shown in an
accompanying tabulation.

l Rate of fire |

7 a * Viir :
P e
minute) miinute)
0. 052 | 464—- 474 469
0.070 ' 390~ 715 664
0.082 | 661- 923 801
0. 098 ‘ 7871, 043 947
0.110 | 931-1,125 997
0. 127 873-1, 247 . 1,115
0. 157

As vent plug size was incrcascd, a trend toward
increased parts breakage was observed.

Six cartridge case cjections during a burst are
tabulated bclow:

Ejection ‘lumble :;':;ij:

Case No. ! an.glu distanee (ootf

ftltfgl‘{:l:':s:] ‘ {ln{:hl‘.ﬁj F..::E:{Jnd'}
1o 21 ‘ 11 24
2 12 28 30
. JUU 21 | 15 28
4....... e 21 10 | 30
S T 30 | 11 28
6 0 e

|

Ejcction angle equals angle between an imagi-
nary chord through the first 30 inches of the center-
line of casc motion and a vertical plane through the
transverse axis of the ejection slot. Angles of all
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cases considered (except case No. 6] were 1n a
quadrant forward of the vertical plane,

Tumble distance equals distance along the path
centerline for the case to complete one rotation.
All cases tumbled with the neck of the case dropping
first and the flange moving forward over the neck.

Average velocities were determined by consid-
ering the portion of the path centerline for each
case, from 15 to 30 inches.

Rate of fire for the burst was 793 rounds per
minute with an 0.098-inch vent plug.

All ejected links followed the same general path
and had a fairly consistent velocity, The average
velocity of one ejected link during the first 914
inches of travel was approximately 414 feet per sec-
ond. All links came out of the feeder in an un-
canted position and in a horizontal plane.

A program was initiated to determine the prac-
ticability of shortening the overall length of the gun
to 52 inches by shortening the barrel. The program
was begun with a barrel having fired less than 100
rounds and when the receiver had approximately
1,600 rounds fired. Cyclic rates, velocities, and dis-
persions were to be obtained for each b-inch mcre-

ment of shortening. Because of the high malfunc-
tion rate of the gun, the program was discontinued.

Exccessive gas system leakage was observed early
in the firing. Leakages occurred around the gas
ring on the barrel and back into the recoil ring-
spring housing. This developed temperatures with-
in the housing high enough to melt the ring-spring
packing grease. Leakapge was also present around
the gas piston, depositing carbon on the face of the
receiver, but was not serious,

Cycle of Operation

To load this weapon, the bolt has to be all the
way forward when the operator places the first
round in thc fecdway ahead of the belt holding
pawl. He then pushes in the air charger button.
The pneumatic piston-actuated charger starts to the
rear after placing great force on the bolt extension.
When the holt extension moves to the rear, it com-
presses the firing pin spring and at the same time
causcs the lug on the extension to be remaved as an
obstruction to the breechblock lock. It raises as
soon as it is uncovered, allowing the brecchblock to
swing into the bolt body and go to the rear as a unit.
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By the time the bolt and its extension have reached
the bufler, the feed post (located in the bolt exten-
sion ) by riding in a curved slot in the feed arm has
cammed the feed pawls over the space of one round,
putting the incoming cartridge in position to be
picked up and shoved forward by the bolt returning
to battery. When the charger has completed its
cycle, the operating parts start inte counterrecoil.
As the bolt face starts under the rear of the position-
ing slot in the feedway, two projections on the top
of the bolt engage the rim of the cartridge pushing
it ahead into the chamber.

The bolt body comes to rest first, while the bolt
extension continues on for approximately three-
quarter inch. The swinging lock, which is now over
its recess in the receiver, 1s cammed by the locking

lug on the bolt extension until it rests mn front of
its abutment.

To fire the weapon, the operator pushes the com-
pressed air trigger actuating device which raises and
engages the spring-loaded lever arrangement that
pivots cut of the way of the firing pin, allowing it
to fly forward and ignitec the powder charge.

The barrel, barrel extension, and boll all remain
locked together until the projectile has passed the
port in the barrel; at this time, gas is metered to
the face of the piston. By the time the projectile
has cleared the muzzle and a safe operating pressure
exists, the backward thrust on the bolt extension
has compressed the firing-pin spring and the raising
of the breechlock begins. The first movement rear-
ward of the bolt after being unlocked starts extrac-
tion of the empty cartridge case where it is held to
the bolt face by the extractor claw. Further move-
ment rearward of the recoiling holt causes the rim to
collide with the ejector, knocking it down through

the ejection opening in the bottom of the receiver.
By the time the bolt reaches the buffer, the belt

feed lever has been moved over, positioning the next
round and the air buffer has been struck, putting
the bolt assembly into counterrecoil. The bolt on

the way home picks up the indexed round and cham-
bers it; at the same time, the lip of the extractor
snaps over the rim into the cannelure of the cart-
ridge. If the firing switch remains depressed, the
advancement of the bolt extension after camming
the lock into its recess causes the sear to pivot auto-
matically, releasing the spring-loaded firing pin to
repeat the cycle.
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Disassembly

To disassemble the Mk 9 Mod U gun, remove the
feeder by pushing in on two latches and lift off;
then push in on the driving spring guide and turn
onc-quarter turn counterclockwise. Pull guide and

spring to rear. Lift buffer assembly up; with a
finger, push rearward on feed post of the bolt ex-
tension until the whole assembly comes out of the
alt end of the receiver, then separate lock from bolt
and bolt from extension.

To assemble, reverse the procedure.

SECTION 6. FUNCTIONAL INVESTIGATION OF 20-MM MACHINE GUN
MECHANISM MARK 9 MOD 0 FIRING ELECTRIC PRIMED AMMUNITION

Tests of This Weapon

The Naval Proving Ground at Dahlgren, Va,,
conducted tests of two Mk 3 Mod 0 guns which had

becn converted to fire electric primed ammunition.

Synopsis of the Functional Investigation
ond Develcpment .

The final report on the functional investigation
and development of the 20-mm aircraft gun T55
(Mk 9) was dated 31 October 1949,

During the period covered by this report, 1,103
rounds of electric primed ammunition were fired
from two electric fired T35 (Mk 9) guns which had
been converted from percussion fired guns.

It was the opinion of the Naval Proving Ground
that, even though the T55 (Mk 9} gun had not been
developed to the reliability of a service issue weapon,
valuable technical knowledge was gained, which was
applicable to future aircraft gun design.

It was concluded that the 20-mm aircraft gun
T55 (Mk 9) electric fired was not suitable for serv-
ice use in its existing stage of development.

Background

The 20-mm aircraft gun T55 {Mk 9) 1s an ex-
perimental gas opcrated blowback, belt-fed, pneu-
matically charged weapon developed from previous
experimental guns, the T5) (type |} and the TH5
(type 2). This report covered the investigation of
two 1'55 (Mk 9) guns which had been converted
to fire electric primed ammunition.

Description of Item Under Test

The 20-mm aircraft gun T55 (Mk 9) was an
experimental single barrcl gas opcrated blowback
gun, which was modified to fire clectrically primed
ammunition. The profile dimensions of the gun
were as follows: Height, 4.1 inches; width, 6.3
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inches; length, 72 inches.
pounds.

The main design features of the gun were:

1. Low profile height (4.1 inches).

2. Cyclic rate of fire of 1,000 rounds per minute.

3. Integral feed mechanism capable of being
changed rapidly from left- to right-hand feed.

4. Lmployment of present service issue M 90 serics
20-mm aircraft ammunition and service issue belt
links.

3. A nonrecoiling receiver.

6. A quick detachable barrel.

The detailed description of the operation of the
T3 {type 2} gun contained in section 4 of this chap-
ter is applicable to the T35 {Mk 9} gun. The
changes in the components between the type 2 gun
and the Mk 9 percussion fired gun are enumerated
in section 5.

The Mk 9 electric fired gun contains the follow-
ing modifications to the percussion fired gun.

1. Replacement of the spring-loaded firing pin
with a twa-piece spring lnaded electric pin in wire
spring, pin core, locknut, rear-housing, tip insulator,
corc insulator, contractor squid and squid setscrew.
The spring, positioned between the housing and the
tip, keeps the tip in the forward position during all
parts of the firing cycle.  "The rear portion of the pin
is keyed to the holt extenszion projection; thus the
spring tension on the tip varies as the bolt extension
maves relative (o the bolt assembly.  'This cnables
the round being picked up from the feeder mouth to
clear the pin tip by camming it rearward when the
tension is least. FElectrical contact between the
squid and the barrel extension contactor is com-
pleted or intcrrupted as the bolt extension moves
relative to the barrel extension.

2. Addiuton of a contractor on the barrel exten-
sion and a connector on the receiver to complete the
firing circuit to the firing pin.

The weight was 112
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3. Removal of thc stop-fire sear from the barrel
extension and the stop-fire piston from the upper
housing.

The Mk 9 electric fired gun requires the following
external sources ol power.

1. Air at 1,500 pounds per square inch for the
pncumatic double acting charger and pneumatic
rear buffer.

2. Source of 250 volt e. m. f. to fire the am-
munition.

Hesults and Discussion

Two guns were modified [rom percussion to elec-
tric and were uscd for the evaluation,  The first gun
(gun No. 1}, had been fired 1,820 rounds prior to
the conversion; the second (gun No. 2) had been
fired 62 rounds.

As electric guns, the following number of rounds
were fired and attempted:

Gun No. 1. 1,223 rounds attempted, 644 rounds
fired.

Gun No. 2. 726 rounds attempted, 459 rounds
fired.

At the time of conversion, a new barrel {No. 136)
with uniform twist rifling, standard chamber and
ribbed exterior was installed in gun No, 2. Other
barrels used during later firing with this gun were:

No. 433.  Umiform twist, standard chamber and
standard exterior,

No. 434. Gain twist, standard chamber and
standard exterior.

No. 435. Uniform twist, standard chamber and
ribhed exterior.

No. 434{a). Gain twist, fluted chamber and
standard exterlor.

The following barrels were used during the firing
with gun No. 1:

Barrel No. 436. Uniform twist, standard cham-
ber, ribbed exterior.

Barrel No. 434. Gain twist, fluted standard di-
mension chamber and standard exterior {same
as Barrel No. 434 above with chamber modified
by fluting}.

Firing with both guns revealed, among other
things, that the firing pin hole in the recoil plate,
as originally received, was too large (0.160 inch
diameter). This opening did not offer sufficient
support for the primer; consequently, the primer
of the first proof round fircd ruptured. Gas pres-

CONFIDENTIAL

sures damaged the mctal portions of the pin and
completely shattered the fiber insulators. A new
firing pin was installed with a redesigned tip which
permitted reduction of the recoil plate opening to
0.125 inch. No further primer blowbacks were
experienced with the reduced opening in cither gun.

The firing pin, as designed and [abricated, had
many weak points. The pin was designed to con-
vert from percussion to clectric without major bolt
asscmbly modification.  Weak points could best be
eliminated by a bolt assembly and firing pin rede-
sign.  Among the weaknesses were:

l. Difficulty in securing the firing-pin squid. The
setscrew that secured the squid would work loosc,
allowing the squid to back out.  This was remedied
by silver soldering a threaded section onto the squid
so that it would screw into the core.,

2. Fatigue rate of the firing-pin spring was high,
After 300 to 400 rounds on each spring used, no
force would be exerted on the tip with the housing in
the rear position, even though force was maintained
in the forward position.

3. 'L'he rear core and tip, as originally received,
had an undercut to provide a seat for the spring
ends. Fractures of both components at the under-
cuts occurred.  Elumnation of these undercuts,
which were found to be unnecessary, eliminated the
fractures,

4. Frequent shattering of the original type fiber
insulating sleeves {between the core and the hous-
ing ) occurred,

3. The firing pin housing was provided with a
lug that mated with a groove in the holt extension
projection. Frequent shearing of this lug occurred.
A reduction of the mass of the housing had no effect
on the tendency to shear. At the time testing was
concluded, sketches had been drawn up for a pin
housing whose lug thickness was increased.

Moaore difhculties during electne firng were due
to the feeder than to any other gun component.
Difliculties included: Failures to feed, failures to
strip, incomplete ejections, structural failures, diffi-
culties In securing and removing the feeder and
feeder cover,

The cause of failures to feed, failures to strip,
and incomplete ejections were traced to an mcor-
rectly designed feeder arm or feeder arm cam on the
bolt extension.
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An attempt to ensure stripping by shortening the
feeder connecting link failed since doing so added
to the incomplete ejection tendencics.

Failures to feed, in which the bolt assembly
would return to battery without a round and with-
out a round being in the feed mouth, was also
caused by insufficient feeder arm travel. The
rounds were not being moved inboard far enough
for the link ears to be retained by the holding pawls.
When this happened, the belt would back out with
the pawl carrier assembly.

Two barrel modifications were tried during elec-
tric firing; namely,. a gain twist rifled barrel and a
fluted chamber barrel.

Velocities with the gain twist barrel were about
16 feet per second {average), which was lower than
for two umform twist barrels. Ihispersions were
not compared.

The fluted chamber corrected numerous failures
to extract encountered during percussion and elec-
tric firing. Extractor marks on the case flanges were
barely visible; whereas before, many flanges wcre
stripped or partially stripped. However, the flutes

allowed excessive gases to pass back around the case
into the receiver. Secondary explosions of these
gascs occurred frequently when using the Huted
chamber with the larger vent plugs. One explosion
was severe enough to spread the feeder guide rails.
Although some fluting appcared nccessary to aid
extraction, a reduction in the number ol [lutes,
length of flutes, or depth of flutes may be possible
to reduce danger of secondary explosions while still
permitting proper extraction.

Sufficient rounds were not fired with either the
{luted chamber or the gain twist rifling to deternine
effects on erosion, barrel life, etc.

Conclusions

It was concluded that the 20-mm aircraft gun
155 (Mk 9 electric fired was not suitable for service
use in the existing phase of development.

Recommendations

In order to improve the functioning of the 20-mm
aircraft gun T55 (Mk 9), modifications in several
components were recommended.

SECTION 7. CONVERSION OF 20-MM MACHINE GUN MECHANISM EX 1 TYPE 1
TO RECOIL OPERATION

Background

In July 1948, an experiment was commenced at
NAOTS, Chincoteague, Va., on the 20-mm EX 1
type 1 to replace the gas operating principles of the
Shirgun with a recoil system which has proved reli-
able in previous machine-gun designing, so that the
weapon will perform functions of unlocking, cock-
ing, extracting, loading, and lacking from recoil
force in lieu of gas pressure.

Conclusions

The conclusions reached were stated as follows:

1. That operation of the 20-mm Shirgun by the
short recoil principle 1s feasible.

2. That a “mockup” gun so modified at NAOTS
has successtully performed the function of unlocking,
extracting, cocking, loading, and locking by recoil
and counterrecoil force,

3. Principles involved in changing this weapon
to a short recoil system in lieu of gas operation are
basically sound.
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4, The mcthod employed in pinning down the
breech lock on a cam insures positive zero hcadspace
at all times.

General Discussion

The 20-mm experimental type 1 aircraft machine
gun {Shirgun) was the prototype of a low-profile,
gas-operated machine gun. The object of this ex-
periment was to change this weapon from gas opcra-
tion to recoil operation.

The gas operating system used on all 20-mm
machine guns had such an excessive gas discharge
rearward from the blowback features which had to
he incorporated in guns of this design that it was
extremely hazardous to install them in any type of
jet-propelled plane. Becausc of the tremendous
speed of the “jets,” a constant negative pressure 1s
built up in the gun bays during flight. With each
shot fired, a considerable amount of inflammable
gases are pocketed in the bay until a high cnough
concentration is reached to produce an explosion.
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Because to the date of this work it had been neces-
sary for all known 20-mm cannon to use externally
lubricated ammunition, hot oily cases further
created an explosive hazard, since all empty brass
must be rctained in the fuselage of jet planes.

As gas operation is impractical under these con-
ditions and since the short recoil principle has
proved successful in guns of smaller caliber, it was
decided to adapt it, if possible, to the 20-mm.
Short-recoil operation utilizes the encrgy of the re-
coiling parts 1o perform the cycle ol unlocking, load-
ing, and locking at high speed. Unlocking is
usually accomplished in less than an inch from bat-
tery. The caliber .50 machine gun was the largest
gun as of July 1948 to employ successfully this oper-
ating principle. Many times during World War
II, the question was asked, “If the caliber .50
machine gun is so successful, why not build a 20-mm
mcchanism like it?””  Only one thing prevented this.
The caliber .50 when charged retracted the barrel,
bolt, and the barrel extension three-fourth inch be-
fore unlocking. TJpon unlocking the rearward
movement of the barrcl extension compressed the
oil buffer spring. It rcmaincd compressed during
the major part of the recoil and counterrecoil of the
bolt. When the accelerator holding the oil buffer
to the rear was rclcased by the forward movement
of the bolt into battery, the oil buffer spring (re-
Icased from compression; assisted the forward move-
ment of the parts into battery. In the 20-mm, a
spring taking the place of the oil buffer spring would
have to be so much heavier because of the heavier
barrel and barrel extension that charging the gun
manually would be almost impossible, while a mc-
chanical charger would have to be so large as to be
impracticable.

Another drawback to the present 20-mm gun is
the terrific blast and flash. The 20-mm high-speed
machine gun is ideal for night fighters since it can
carry a high-explosive projectile. However, the
flash of the guns, according to pilots who used them
in combat, was so bad that some method of flash
control had to be worked out. The blast also has
been such a problem that in planes where the in-
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stallation places the muzzle close to the body of the
ship, considerable damage has becn experienced.

For the recoil-operated 20-mm, it was decided to
make an adapter which would screw into the barrel
housing and fit over the last three inches of the bar-
rel. In the adapter, a chamber was designed in
front of which was an orificc slightly larger than the
bore. The purpose ol this device is to allow the
chamber to catch the explosion and hold the gases
long cnough to allow the piece to unlock while a high
pressure is on hand to blow empty brass and bolt
rearward. This not only gives a reserve of energy
for operation, but in trapping the blast after the
projectile clears the bore and by literally working
the gases over again, flash is practically climinatcd
as 1s the danger of gun hay explosion.

The Naval Proving Ground at Dahlgren, Va., has
proved that if a 20-mm can be held to a hcadspace
of 0.001 to 0.006 inch, externally lubricated am-
munition is not necessary. To accomplish this, a
new form of lock which would allow the gun to go
fully into battery was designed. The most advan-
tageous mcthod would be to have a pin encased in
the bolt extension which would slide home on a cam.
This would not only allow the gun to be charged
manually but would give zero headspacing with cach
shot. The importance of this latter feature should
not be overlooked. The mechanism of the new
locking device on this weapon utilizes the momen-
tum of the bolt extension [orward, to pin the breech
lock down. An added 0.005 inch has been added
to the measurements computed for the cam to com-
pensate for wear and (o insure zero headspace at all
times.

An accclerator had to be designed that would
give the bolt cxtension a considerable thrust rear-
ward ahead of the other recoiling parts { bolt, bar-
rel, barrel extension ). In designing the accelerator,
considerable attention was given the control over
the unlocking and timing so that it could be syn-
chronized with a high residual pressure in the barrel
adapter. Also, an added impetus given the bolt
extension would add matcrially to the rate of fire.
An accelerator was produced which accomplished
controlled unlocking.
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Chapter 8

ARMOUR AIRCRAFT AUTOMATIC CANNON
AND RELATED MODELS

SECTION 1.

Design of the 20-mm automatic gun T33 was in-
itiated by the Oldsmobile division of General
Motors Corp. in 1944 under a contract with the
Ordnance Corps to produce a high cyclic rate 20-
mm aircraft weapon. 'The first line of endeavor
was to modily the 20-mm automatic gun T19 that
was being devised by the Draper Corp. of Milford,
Mass.

The Draper weapon featured a compact cross-
feed mechanism with a star wheel which straddled
the bolt and held the link while a round wasstripped,
fired, and returned to the link for ejection.

The ratc of firc as specified by the Army for the
origimal T33 was 750 rounds per minute, but Olds-
mobile found it theoretically impossible to synchron-
ize the feeder star wheel and bolt at rates in excess of
300 rounds per minute.

The reason was that the Draper scheme of having
the star wheel straddle the bolt did not allow enough
tume [or the feeder to operate while the bolt trav-
cled between the feeder and buffer and back again
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Figure 8-1.

CONFIDENTIAL

20-mm Automatic Gun T33.

BACKGROUND AND EVOLUTION OF THE T33

to pick up the next round.  Accordingly, Oldsmo-
bile stopped work on the original version in April
1945 and initiated a project on an improved design
to climinate the objections to the ecarlier weapon.
The later gun incorporated a feeder driven by
springs wound by gun recoil and counterrecoil. The
teeder star wheel was located off center to clear the
bolt. Cases were ejected out of the bottom and
links out of the side. Thc bolt had a lock on cach

side and was patterned after the German 30-mm

automatic gun MK 103.
were used 1n cither model.

The T33 was a combination blowback and gas-
operated weapon designed to fire electrically primed
ammunition. It was also made for mounting as a
fixed gun in the wing or fuselage of aircraft.

At the end of World War II, the Oldsmobile de-
velopment of the 20-mm antomatic gun T33 was
terminated before the design of the improved model
had been completed. In the spring of 1946, the
Ordnance Corps revived its interest in this develop-

No bolt drive springs

Wooden mockup.
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Figure 8-2. Comparison of 20-mm guns. On left, T31; on right, mockup of T33.
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Figure 8-3. Comparison of 20-mm guns from the rear. On left, T33; on right, T31.
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Figure 8-4. 20-mm Gun T33.

ment and negotiated Contract No. W-11-022—
ORD-11053 with Armour Research Foundation
(ARF) for its continuation. All Oldsmobile draw-
ings, layouts, and design data were turned over to
the ARF for this task.

This development program was conducted in
several phases and resulted in the design, construc-
tion, and test firing of a prototype weapon desig-
nated Gun, Automatic, 20-mm, T33E3, Model A,
and the design and construction of a succeeding
wecapon designated Gun, Automatic, 20-mm,
T33E3, Model B. The contract with ARF was
terminated December 31, 1949, and progress of the
work performed in this contract period was sum-
marized in a final report and submitted to the Ord-
nance Corps in July of 1950.
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Closeup view of front mounting.

Development was continued with ARY, however,
in January of 1950, under Contract DA11-022—
ORD-14. This contract was canceled in March
1952, prior to its termination date of 30 September
1952. Progress of the work performed during this
contract period was reported in detail in 26 monthly
Progress reports.

Section 3 of this chapter is excerpted from the
ARYF final report for the period of the contract, 1
January 1950 to 26 March 1952,

This report describes the various design details of
the model B and modified model B weapons, sum-
marizes the results of kinematic analysis, and reviews
the results of limited firing tests.

The accompanying table serves as a mecans of
identifying the Armour aircraft automatic cannon
and related models,
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Armour Aircraft Automaric Cannon and Related Models
Model Built by Tested by Date Remarks

T35, e Oldsmobile. .. ... ... T 1944 ‘ 20-mumn.  Action based on MK 103.
-~ Used large cartridge.

T33E1 ... oo .. Oldsmobile. . .......|........ 1945 20-mm. Same as T33 except for
- 0.006 chrome-plated bore and

| ' chamber.

T33E2. . e, Oldsmobile. ........0........ 1945 | 20-mm. Same as T33 except for
| 0.010 chrome-plated bore and
| chamber.

T33E3 Model A, ........ Armour............ 1946-49  20-mm. Pivot locks in barrel ex-

' tension.  Change in cartridge.
133E3 Medel B... ... ... Naval Gun I'actory. .| Armour rotary lock
1950 20-mm. Two versions { drop - type
' lock.
20 L 1948 | 20-mm. Barrel shortened from 63
. inches to 40 inches.
Mk 5 Mod O (also called | Naval Gun Factory...|........ 1950 30-mum. version for British cartridge.

the T120).

Figure 8-5, Large ammunition and links for 20-mm Gun T33 compared with normal-sized Hispano-Suiza ammunition.
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SECTION 2. RESEARCH AND DEVE]

Phases of the ARF Project

The ARF development was conducted in five
phases which overlapped with respect to time.

Phase I consisted of a study and survey of pre-
vious development work. The Oldsmabile design
was studied, and Oldsmobile engineers were con-
sulted concerning design details and plans they had
for completing the design. Various weapons of
similar construction were studied and a preliminary
dynamic analysis was made.

Under phase 11, the Oldsmobile design was used
for a basis, and a weapon was designed for use with
the 20-mm casc TH and a 2,000-grain projectile.
An entircly new feeder which utilized energy from
propellant gascs was incorporated in the latter de-
sign. In March 1948, the Ordnance Corps decided
that this weapon should use the same ammunition
as that which was being developed for the 20-mm
automatic gun T74.

Under phase 111, the weapon was redesigned for
use with the 20-mm case T7 and projectile TOTILMT.
The redesigned weapon was designated T33LE3
model A. Onec model was built and tested.

Fiqure 8-6. Boalt of the 20-mm Gun T33L3, showing parls in
the locked position, This bolt is the pivot-locking type.
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Figure 8-7. Bolt of 200mm Gun T33E3, showing exiractor.

Under phase IV, an entirely new model was de-
sicned which incorporated the new bolt and rotary
locks, a rammer actuated by bolt recoil, a gas-op-
erated feeder utilizing feed pawls instead ol sprocket,
and design features which greatly simplificd manu-
facture, assembly, and servicing. One model was
made by the Naval Gun Factory but was not de-
livered for testing during the period of this contract.
This model was designated Gun, Automatic, 20-mm,
T33E35, Model B,

Under phase V, design of alternate components
for the model B was initiated. These alternate de-
signs included a bolt having a different method of
locking, a pneumatic buffer, a hydraulic rammer,
and a spring-loaded ejector. Towever, designs were
not completed during the period of the contract.

In December 1949, the Ordnance Corps decided
to terminate the contract and to continue the devel-
opment of the 20-mm automatic gun T33L13 under
a ncw contract with ARF. Progress during the
period of the contract, from 1[5 May 1946 to 31
December 1949, was reported to the Army in detail
i 48 progress reports.

The time schedule set up for the Armour Re-
scarch Foundation project 1s given in the accom-
panying table,
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Research and Development Time Schedule of the ARF Project
I T33% T33E3 mode]l A T33E3 model B
Work Schedule
Start Finish =lard Fimish Slart Finish
Study and Survey....... May 1946. .| Auz. 1946. . Aug. 1946. y Feb. 1947...| Feb. 1946.. .| Apr. 1947,
Design................. Aug. 1946, .| Mar. 1948 | Apr. 1948, .| July 1948...| June 1948. .| Apr. 1949,
Manufacture. .. .. .. ... .| ... ... ..\ . June 1945 | Mar. 1949 | June 1949 .
Test and Modification.. . .. .. .........|..... ... Mar. 1949, | Dec. 1949 . EEIEE

{11131 TR

;UE{-;. j

Figure 8-8,

Phase 1. Study and Survey of Previous
Work by Oldsmobile

At the time the Oldsmobile development of the
20-mm automatic gun T33 was terminated, a num-
ber of design details of the weapon had not been
worked out. ARL enpgincers, after studving the
drawing prepared by Oldsmobile, discussed the de-
sign with Oldsmobile engineers and obtained their
ideas on how they had intended to solve some of
the remaining problems. As a part of the prelimi-
nary survey work, ARF personnel assigned to the
project studied 20-mm automatic guns M1, M2,
and the T31, in addition to the German 30-mm
automatic gun MK 103. Firing of a 20-mm auto-
matic gun 131 was observed at the Oldsmobile
range. Various weapon installations in aircraft
were examined and discussed at Wright Field, A
study of the Oldsmobile drawing as submitled (o
ARV indicated the following major design problems.

1. Redesign of the tube support to support the
tube for one-quarter to one-third of its length.

2. Redesign of the feeder to provide greater
rehability and ease of manufacture.
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20-mm Automatic Guns, T33 {(above) and T31 (below).
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Right side views.

3. Provide means of charging the weapon.

The feeder design was subjected to an extensive
study and was found to contain a number of func-
tional faults which could result in jams or inter-
ferences of the rounds in the feeder and of the links
with the bolt,  1ts design was such that accumulated
tolerances could cause difficulty in chute and feeder
sprocket alinement and in accurate axial location
of the linked round in the feeder throat and on the
feeding ramp, The design also required the bolt 1o
strip the round from its link at the expense of boit
energy and cvclic rate.

After a survey ol various feeders and links was
made, a feeder was devised which utilized two sets
of pawls instead of a sprocket for feeding the belt.
Coil springs, which could be loaded by recoil energy
or by pneumatic or gas pistons, were used for oper-
ating the pawls. In this feeder design, the belt is
advanced by the retraction of a set of pawls when
the cocked springs are tripped by the bolt on its for-
ward travel after removing a round from the feceder
throat. When the gun fires, the other set of pawls
are retracted, and their actuating springs are cocked
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by gun recoil or gas pressure. A feeder incorporat-
ing these features appeared to have the following
advantages ovcr cxisting feeders:

1. It could be designed to handle greater belt
pulls.

2. 'T'he number of parts could be reduced.

3. The gun silhouette could be reduced.

During the survey period, an analysis of slide and
bolt motion and of gun recoil and counterrecoil was
made for the 20-mm automatic gun T31. Since the
T31 and T33 weapons were similar, it was believed
that such an analysis would be of value in the calcu-
lation of forces and motions in the T33 when design
data becamce available. In this analysis, the equa-
tions of moton were derived, and velocities and

travel times of bolt, slide, and recoiling parts were
computed. These values were compared with
measured values from a time displacement record.

Phase 2. Design of Gun, Automatic,
20-mm, T33

Design and Description. In asteering committee
meeting held 27 November 1946, it was deaided to
incorporate in the T33 design the gas-operated
duplex pawl feeder briefly described carlicr. At the
same meeting, the desire for an overall height limita-
tion of 4.75 inches was expressed. In designing
such a feeder to meet this reduced overall hcight
iimitation, difficulty in devising a reasonably simple
control mechanism was not overcome. Therefore,

Comparative Data: 20-mm T33 and T33E3 Automaric Guns

20-mm "1I'33E3
Gun Characteristic 20-mm ‘[33 i |
: - Estimated
Madel A I Modcl B - Modified modcl B potential
! | characteristics
Gun length. . .. inches. . B119g,0 . ..., B1' o v BOMW ., o B A3,
Gun weight. .. pounds. . 177 ...... ... .. 177 130, ... oL 158 . .. .... ... 140,
Rate of fire i
rounds/minute. .| 900-1,200  (com- | 900 (approximate). 1,200 (computed). | 780 (approximate).| 1,000 (approxi-
puted). mate}.
Muzele velocity i
[eetisecond . .| 3,500-3,775 (com- @ 3,775 (approxi- 3,775 (approxi- | 3,775 (approxi- 3,800 {(approxi-
puted). mate). mate), mate), marte).
System of operation. . . . Gas unlocking, Gas unlocking, Gas unlocking, [.... ... ... ... ..., |
blowback, blowback. blowback, |
System of locking. ... ... Rotarv locks. .. ... Pivet locks........ Droplocks. . . ..... .. i, :
system of feeding. ... ... Buffer actuated. .. .| Bufler actuated. . .. Buffer acruated . ... . |
Method of headspace...| Factory cstah- | Factory estab- Factory cstab- .. ... ...........
lished : could not lished: could not lished: could not |
be adjusted. be adjusted. be adiusted.
Location of feed open-  “l'op of receiver. .. .| Top of receiver. .. .| Top of receiver. . [ ... ... .. ...,
in.
Locatiaon  of ejection  Boltom of receiver.| Bottom of receiver.| Bottom of receiver. ... ..
opening.
Method of charging. . . .. MNoneeverdesigned. Nonecverdesipned.! Noneeverdesigned . - . . . ... ...
Method of cooling . .. .. .| Air. ... .. ... Ajr, AN, e e _
Barrel length . Jinches. .| 63.............. 63, . 3 63. ...l | 63,
Barrel weight. .pounds. . 58.. ... ... ... .. . . e 36 (approximate). . . ...
Rate control........... None........... JNone Lo NOMC . L i
Barrel removal. ... ..... Quick disconnect | Quick disconnect | Quick disconnect ...
type. Ly e Lype.
Charnber pressure
=T T 49000, ...

! Figures are higher because of experimental arrangement of weapon,
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Comparative Data: 20-mm T33 and T33E3 Automatic Guns—Continued

20-tnmm TI3ZE3

Gun Characteristics 20-mm T33 '

Estimatcd
Model A Model B Modificd model B potential
characteristics
Bore:
Number of grooves. . 9. ... ... ... ... £ P b
Groove depth (inch),] 0.01540.002. . . .. DS+ 002, 0.M5 40002, . . .. R 1 X1 1 B T ;
Groove width (inch},| 0.205+0.010...... 0.205 4 .010.. .. 0.2054+0.010. . ... L0205, . ...,

Pitch............. | 7¢ slope=1 turn in
25,587 calibers ‘
andd 1 tarm in |

20,137 inches.

Direction of twist, . . .| Right hand. ...... Right hand. ...
Form of twist....... Constant. . ....... Constant. .....
Diamceter across |, ... 0o eieoonn | 0817 .. ... ...
grooves (inch.)
Width of lands [........civvvives 0068 L ...,
{inch).
Diameter across [.......oovevnnsnn, 0.787. .. ...._.
lands (inch).
Gun width, overall |......c.veven e 1484 .
{inches). |
Gun height, overall [... ... . iiiiesnn. 3. . oL,
(inchcs). ,
Distance from muzzlc to |......... vermaraas [
face of chamber
(inches}. .
Distance of pas orifice ..., 113%q.........

from breech {inches).

7% slope=1 turn in
25.587 calibers
and 1 turn in
201137 inches,

7% slope=1 tum
an 25.587 cali-

72 slope =1 turmn in
25.587 calibers

79 slope=1 turn in
25.587 calibers

anaa 1 mrn in and 1 turn in bers and 1 turn
20.137 inches, 20.137 inches, in 20.137 inches.
.... Righthand..... .. Right hand . ...... Right hand.
... Constant. ........ Constant. . . ...... Constant,
L0817 0.817............
N B X 111 0068, ... . e,
R B TS 7 0.787 .. ... . ...,
| 14 14760 iiiinnnans 1474
B O & 5 . L T T 474
N O . T [ T 63
|
o 19%

Complete round characteristics

Projectile model

To61El] Tol1E1 | T61E1]

Projectile weight (grains). ................. 1,600, ........... 1,600. .. ....... .. L,600 ... ....... |
Cartridge casemodel. . .................... T7E2. ........... ' TTE2. ...t T7E2. ...........
Cartridge case weight (pounds). ............ 0.45. ... ... ..., D45, . '
Primer, electric, i e i i e M&B2AZ. ... ... MB2A2 . ME2ZAZ L L.
FPropellant type. .o vviiveiiinen i iinnnannns 2, IME. 6052, ..... 2, IMR 6052, .. .. 2, IMR 6052, ...,
Propellant weight (grain}, .. ............... 900, ... . 900 ... 201 .

Complete round weight (pound}. .. ......... 0.8. . DB DB .
Complete round length (inches). ... ......... T80 DT L T2 s
Weipht of Lelt link, T46 (pound) ... ......... 008, ... ..., 0.08 008 ...,

this feeder design was abandoned in favor of a sec-
ond feeder design utihizing a gas-operated sprocket
in conjunction with a pawl for stripping the round
from the link.

Detail drawings of the design had been completed
and manufacture of parts was about to be started
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when the Ordnance Corps decided, in April 1948,
that this weapon should be redesigned for use with
the same ammunition being developed for the
20-mm automatic gun T74. The T33 weapon was
designed for use with the 20-mm case 15 and a
2,000-grain projectile, whereas the T74 weapon was
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designed for use with the smaller 20-mm case T7
and the 1,600-grain projectile T61E]. Therefore,
development of the 133 model was discontinued.

Analytical Studies. During the period the T33
design was being produced, the following design
calculations and analytical studies were reported:

1. Decsign calculations of gun tube.

2. Design calculations of buffer springs.

3. Procedure for calculating recoil characteristics

of a gun application of the procedure to the
T33 weapon.

The presentation gives the derivations of equa-
tions used and a method of constructing a bore pres-
sure-time curve. Results of calculations for the T33
weapon with a 6,000-pounds-per-inch recoil spring
WCLe:

Recoil travel: 0.899 inch.

Recoil time: 0.013 second.

Total trunnion reaction: 5,890 pounds.

asdbEntHn AL
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4. Method for determining characteristics of

“motion of gas piston, bolt unlocking slide, and bolt,

and application of the method to the T33 weapon.
As a result of the calculations just mentioned, a
cyclic rate of 820 rounds per minute was computed.

Phase 3. Design and Development of
Gun, Automatic, T33E3 Model A

Design and Description. The T33E3 model A
weapaon consists of a redesign of the 133 weapon for
use with ammunition using case T7 and projectile
T61E]. Most of the drawings of the T33 model
were used by making revisions as required by the

new ammunition. Assembly and subassembly

drawings of this weapon and photographs of the
engincering model which was built for testing were
presented to the engineers in charge for further
study.

¥ LN "#':‘ s

4 Lk B8 e, 1 EF HILEET L 11T
srel P i ol et i b e T T
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Figure 8-9. 20-mm Automatic Gun T33E3. Four views showing leit side, bottom, top, and right side.
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The T33E3 model A weapon was designed for
mounting flat on its side to keep the height within
434 inchcs. Therciore, the feeder extends from the
lelt or right, depending upon whether the weapon
is mounted for feeding from the left or right =ide.
Feeding from either side is permissible by reversing
certain parts in the feeder.

sun recoill and counterrecoll are absorbed by
double-acting ring springs mounted concentrically
with the barrcl.

The bolt 1s an inversion of the bolt in the German
30-mm automatic gun MK 103, The bolt locks,
instead of being parts of the holt, are located in the
tube extension and enpage abutments in the bolt
when the bolt is in its locked position. An inertia
slide in the bottom of the bolt contains cam slots
which engage extensions on the locks and cam the
locks into engagement when the bolt is stopped in
battery position. The gas piston, operated by gas
piped from an orifice in the barrel, forces the slide
rearward after firing and unlocks the bolt. Drive
springs are not provided, and the bolt is returned
to battery by the bolt buffer.

The double-spring buffer is mounted on top of
the receiver and receives the energy of the bolt
through a pivoting arm, the lower end of which is
struck by the bolt.

The gas operated [eeder positions the incoming
round at the same time it indexes the round to be
picked up. The next round to be fired is then put
under engagement with the feed pawls. The bolt
is in battery position. When firing occurs, gas from
the bore enters the gas cylinder and forces the mamn
slide toward the feeder throat where it is latrched in
place against the compression drive spring. The
main slide, acting through a spring, carries the feed
pawl slide with it. The feed pawls strip the next
round from 1ts link and position 1t against the stops
in the feeder throat just above the path of the bolt.
As the bolt passes under the feeder throat on its
rearward travel, it trips the stops and allows the feed
pawls, under pressure of the compressed feed pawl
springs, to continue advancing a round into the
feeding ramp.  After the round passes through the
stops, the stops spring out of their latched position
again and prevent the round from reentering the
feeder when the bolt contacts the base of the round
and carries 1t forward into the chamber. When
the stops in the feeder throat open up and allow the
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feed pawls to push the round onto the ramp, the
feed pawl slide trips the main slide latch. The
main slide then moves back under pressure of its
drive spring, carrving the [eed pawl shde with 1,
and, by means of an overrunning clutch between
the slide and sprocket, causes the sprocket to rotate
and position the next round in front of the feed
pawls.

Analyticaf Studies. The {following design and
analytical studies were made in connection with de-
velopment of the T33E3 model A weapon.

1. Calculation of the rifling twist for the barrel.

Assuming forward fire at a muzzle velocity of
3,900 fect per second from a planc traveling at 650
miles per hour, the calculations determined that a
rifling twist of one turn in 34.8 calibers was neces-
sary to provide stability.

2. Analysis of powder gas operated feeder.

The analysis was made to determine the necessary
charactenstics of the two feeder springs, the peak
gas pressure required to compress the springs, and
the effect of heat transfer on pressure loss in the
gasline between the barrel and the feeder. The
results of this analysis indicated that cach feeder
spring should have a spring rate of 1,000 pounds per
inch of deflection, and an operating range of 134
inches minimum deflection to 374 inches maximum
deflection. 'L'he peak force requirement was deter-
mined to be 1,440 pounds corresponding to a peak
gas pressure of 3,300 p. s. 1. iIn a gas cylinder of
34-mch diameter. The analysis ndicated that heat
transfer from the gas through the gasline walls may
produce a pressure drop of several thousand p. s. 1.
under favorable conditions which may exceed con-
siderably the pressure drop due to pipe friction.

3. Calculation of pressure-travel and velocity-
travel curves for purposes of gun design.

This analysis was made to determine the type of
powder, the weight ol powder charge, and the web
thickness of the powder grain to produce a muzzle
velocity for a 1,600-grain projectile of 3,800 to 4,000
feet per second at a maximum chamber pressure of
23,000 p. s. L |

A solution of the problem was obtained by con-
sidering the powder charge and the web thickness
as the only unknown quantities in the ballistic equa-
tions for the pressure-travel and velocity-travel rela-
tions. A mecthod derived 1n the analysis makes 1t
possible to solve these equations for the powder

241



THE MACHINE GUN

CONF

ENTIAL

charge and web thickness. This procedure was car-
ried out for various available powders. It wasfound
that an 840-grain charge of IMR powder with a
0.020-inch web thickness would produce a muzzle
velocity of 3,900 feet per second at a maximum pres-
sure of 54,500 p. s. 1. Pressure-travel and velocity-
travel curves for IMR powder with 0.020-inch web
thickness are found to be satisfactory.

Difficulties Encountered During Tests. 'Lhe
initial firing tests were conducted to determine the
minimum s1zes of ortfices for the feeder and for the
bolt unlocking cvlinder. Orifices of 113-inch and
Le-inch diameter were tested in the feeder gas svs-
tem. - Gas delivery with the I4-inch diameter ortfice
was sufficient to operate the feeder when the gas
cylinder was not vented. Orifices of 354-inch and
*g4-inch diameter were tested in the bolt unlocking
gassystem. The bolt failed to cycle with the 3§ 4-inch
orifice but cvcled satisfactorily with the %4-inch
artfice.  Orifices larger than five sixty-fourths of
an inch caused the bolt to cycle too fast to permit
the feeder to feed the next round in position for ram-
ming. During the firing tests, following difliculties
were encountered.

BorT BurrFer. The buffer lever, of brazed two-
picce construction, failed at the brazed joint, and
the lever pivot pin bent. After a one-piece lever
and stronger pivot pin were made and installed, no
further failures occurred. However, study of the
offset buffer revealed the following disadvantages.

1. An excessive amonunt of holt energy is lost be-
cause of the mass of the lever which must be moved
in compressing the buffer springs.

2. When the bolt strikes the lever, the force of im-
pact, which 1s transmitted to the trunnions, is greater
than the recoil force.

In order to minimize these effects, a pneumatic in-
line buffer, similar to the buffer of the 20-mm auto-
matic gun Mk 9, was designed. "L'his buffer is con-
nected to an air supply which maintains the pressure
in the buffer through a check valve in the buffer.
During the firing tests of the buffer, good perform-
ance was obtained at an initial pressure of 1,500
p.s.1. Because of a defective check valve, there was
insufhcient buffer force during one test, which per-
mitted the bolt to strike the bufler housing and re-
sulted 1 damage to the bolt.

Freper. During the imitial firing tests, bursts of
several rounds could not be fired because the feeder
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failed to deliver the next round into the feeding ramp
in time for the belt to engage it on its forward travel.
The following changes were made to overcome this
difliculty.

l. The combined rate of the feed pawl slide
springs was increased from 30 pounds per inch to
50 pounds per inch.

2. The cam faces on the feed pawl slide, which
trip the toggle for latching the main shde in its ex-
tended position, were moved back one-fourth inch.
This allowed the main slide to remain locked a
longer period of time, which in turn allowed the

feed pawl slide a longer time for pushing the rounds
into the feeder throat.

3. The main slide-drive springs were shortened
one-half inch. This caused the main slide to be
retracted from its forward latched position at a
slower rate and thus allowed the fced pawl slide still

more time for pushing the round into the feeder
throat.

4. The end of the buffer lever which is struck by
the bolt was machined back three-sixteenths inch to
increase the time of bolt travel before the bolt picks
up the next round.

5. The orifice in the feeder gasline was increased
[rom one-eighth inch to three-sixteenths inch.
With this orifice, the feeder operated with the
cylinder erither vented or unvented.

During subsequent tests, the feeder failed to index
because of gas Icakage at the joints in the gasline.
The gasline was redesigned to eliminate this
difficulty.

During further tests in which attempts were made
to fire bursts, more than two rounds in a single burst
could not be fired because of failures to feed. A
study of the problem mdicated the following reasons
for failure to feed during bursts. '

1. Insullicient gas pressure at the feeder.

2. Binding of the feeder mechanism due to flex-
ing of the feeder frame.

3. Intcrfcrence between the feeder throat locks
and the round because the fecder throat locks were
not tapcred to exactly match the taper of the case
and thus caused the rear of the round to be held back
in the locks out of the path of the balt.

Modifications Resulting From These Tests.  'The
following modifications wcre made to overcome
these difficulties.
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1. The three gas ports in the tube were increased
in diameter from one-eighth inch to fifteen sixty-
fourths mch.

2. A new feeder frame, designed for greater
rigidity, was made.

3. The throat locks were tapercd to match the
taper of the case.

During tests conducted after these modifications
were made, no further major difficulties were experi-
enced with the feeder. However, the feed pawls
failed once, requiring replacement, and the gun
jammed occasionally because the nose of the round
being rammed struck the face of the tube.

Bort. The bolt frequently failed to lock upon
returning to battery, because the inertia slide in the
bolt moved forward past the retaining detents into
its locking position before the bolt reached battery
position. The bolt was modified as follows.

1. The detents for holding the slide rearward
until the bolt returns to battery were replaced with
a positive spring-loaded laich.,

2. A trip was installed in the receiver to trip the
latch and allow the slide to move forward just as
the bolt reaches battery position.

3. The shde was spring loaded into its forward
direction to assist the force of inertia moving the
slide forward.

High-speed motion pictures taken during firing
tests of the modificd bolt showed that this latch also
failed to positively hold the slide rearward.

A new type of slide lock was then devised, con-
sisting of two disks which engaged cam slots in the
sides of the rcceiver.  After the slide is forced rear-
ward by the gas piston, the disks are cammed in-
ward bctween the end of the slide and the shoulder
of the bolt and hold the slide rearward. When the
bolt rcturns to battery, the disks are opposite their
cam slots in the receiver and are cammed into these
slots as the slide moves forward to actuate the holt
locks,

A new bolt, mcorporating the disk-type slide locks,
was made and tested in the weapon. No failure of
the bolt to lock accurred during the firing tests,
However, a crack occurred across a thin section
at the front end when the pneumatic bolt buller
bottomed because of insufficient air pressure. The
crack was repaired by welding but failed repeatedly
duning subsequent tests.
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One {failure to extract occurred, and the next
round was picked up by the bolt and rammed into
the unextracted case. The cause of this malfunc-

tion was not determined.

EjecTor. During the firing tests, some bursts
were 1nterrupted because the next round to be
rammed was barely engaged by the bolt, resulting
in a jam. High-speed motion pictures indicated
that the expended casc being ejected might be strik-
ing the round to be fed and preventing it from seat-
ing fully into the feed throat under the locks. In
an attempt to get faster ejection, the springs were
removed from behind the ejector and replaced with
a solid block. This appeared to eliminate the diffi-
culty during subsequent firing tests.

Performance Data.

Muvzzie VevLocrty. Instrumental muzezle ve-
locities for five rounds of lot PA-E2293 were re-
corded as follows: 3,700, 3,782, 3,765, 3,782, and
3,782 feet per second.

Cycric RaTte. Cyclic rates were deterrmmned
from high-speed motion pictures, taken during two
GO-round bursts with a 25-round belt load, Lo be
approximately 900 rounds per minute.

Bout VEerocimies. Bolt velocities were deter-
mined from high-specd motion pictures, taken dur-
ing a single round, as follows:

Rear velocity, approximately 40 feet per second.

Forward velocity, approximately 22 feet per
second.

Summary. ‘The study and test of this weapon
indicated the following major design faults, which,
though serious, could be overcome in a redesign,

1. The weapon design does not lend itself to easy
manufacture.

2. Thc bolt 1s inherently weak because excessive
stock must be removed to provide space for moving
parts.

3. Control of the round in the feed throat is in-
adequate, as the round being rammed occasionally
strikes the face of the chamber.

On the other hand, this weapon, with the navel
features of its bolt, gas-operated feeder, pneumatic
buller, low silhouette, and absence of drive springs,
demonstrated considerable potentiality of being de-
veloped into a high wvelocily, high cyclic rate
weapon.
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Phase 4. Design of Gun, Automatic,
T33E3 Model B

Design and Description. While the model A
weapon was being manufactured, an alternate de-
sign, the model B, was initiated. This model, like
the model A, was designed for mounting flat on its
side to keep the height within 434 inches, and for
feeding from left or right by reversing certain parts
in the feeder. However, the model B design 1s much
simpler and easier to manufacture. It features an
entirelv different bolt with rotary locks instead of
gate-type locks, a gas-operated fceder of much
simpler construction than that ol the model A, a
rammer actuated by bolt recoil, double acting recoil
springs arranged in two sets at each side of the
receiver instead of concentrically with the barrel,
and a receiver made of a number of parts for ease
of manufacture.,

The bolt 1s locked in firing position by rotary locks
mounted in the receiver on each side of the bolt.
Lugs on the nertia slide extend out through each
side of the bolt and under the locks, and hold the
locks in engagement with lugs on each side of the
bolt.

Unlocking is accomplished by a gas piston which
forces the inertia slide rearward and from under the
locks. The locks are then frec to rotatc and are
cammed downward out of engagement with the
bolt lugs as the bolt moves rearward.

No drive springs were provided, and the baolt is
returned to battery by the bolt buffcr.  When the
bolt returns to battery, it strikes projections on the
locks and rotates the locks into engagement with the
bolt locking lugs. The bolt is fully forward and the
locks are up, the mertia slide, assisted by a spring,
moves forward under the locks and wedges them
into position. The inertia slide is held rearward by
a latch until the bolt is in battery position. The
front projection of the latch then strikes the tube
extension and causcs the latch to rotatc out of en-
gagement with the slide and thus allows the inertia
slide to move forward to engage the bolt locks. 'The
electric firing circuit is completed by contacts when
the slide is forward.

The gas-operated feeder consists of a single slide,
two shide rcturn springs, two gas pistons which fit
in cylinders machined in the slide, two feed pawls
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which are attached to the slide and strip the round
from the link, and a feed sprocket which is connected
to the slide through a ratchet and lever arrangement.
As the gun fircs, gas tapped from the barrel to the
feeder’s gas cylinders moves the slide against its re-
turn springs to a position forward, and the feeder
pawls push the round ahead of it from its link into
the feeder throat. On its return stroke, the slide,
acting through the ratchet, causes the feed sprocket
to rotate and place the next round in feeding posi-
tion ahead of the feed pawls.

The round deposited in the feed throat in front
of the rammer is held in place by retaining fingers
which engage the rim extractor groove. When the
bolt moves rearward, it strikes the spring buffer and
rammer slide and actuates the rammer through a
lever. The round, upon being struck by the ram-
mer, slides forward through the feed throat which,
being inclined at an angle toward the chamber,
guides the round into the chamber.  The bolt then
picks up the round on its forward travel and cham-
bers it,

With this fceder, acccleration of the ammunition
belt is low, since most of the cycle time is available
for feeding of the belt, and since the belt is fed by
the energy of compressed springs on the return stroke
of the feed slide instead of by the energy of propel-
lant gascs on the forward stroke of the shde.  There-
fore, belt links can be constructed of light material.

Analytical Studies. The following analytical
work was performed in connection with the design
of the T33E3 model B weapon.

KineMATIC ANALYSIS. A cyclic rate of 1,230
rounds per mimite was calculated for the T33L3

model B weapon.

Anacvsis oF Borr Lock.
made to determine the most suitable wedging angle
on the top face of the bolt inertia slide, which slides
under the lock lugs and wedges the lock 1n locked
position. A steep angle could allow premature un-
locking under the setback force of the chamber pres-
sure. A flat angle could offer excessive resistance
to unlocking. On the basis of this analysis, a 3°
angle was selected.

STRESS ANALYSIS OF TUBE SuppOrT. In this
analysis of the action of the bolt locks on the tube
extension. the interrelation between the bolt locks,
inertia slide, bolt, and tubec extension was consid-

This analysis was
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ered. The maximum chamber pressure of 55,000
p. s. 1. produces a setback force of 62,200 pounds on
thc bolt. The static analysis indicated that this
force produces bending stresses in the tube extension
of 2,230 p. s. i. tension in the outer fiber above the
bolt lock trunnion and 4,150 p. s. 1. compression n
the outer fiber below the bolt lock trunnion. These

computed stresses were low enough so that the sec-
tion was considered structurally safe, notwithstand-
ing the recognized inaccuracies involved i1n thc
analysis.

Manufacture and Test. 'The model B weapon
was manufactured by the Naval Gun Factory, but
was delivered to ARF for testing.

Phase 5. Alternate Designs of
Components

While the model B was being made, alternatc
designs of the following components were conceived.

Beifl. A bolt with a different type of lock was
designed. The locks form parts of the bolt and en-
gage abutments in the tube extension when the bolt
is locked in battery position. When the inertia slide
mn the bolt is moved rearward by the gas piston, the
locks are cammed up into alinement with the bolt
guide grooves by cam tracks in the slide which en-
gage trunnions on the locks. The bolt is then free
to move rearward. When the bolt returns to battery
position, the bolt slide moves forward under the
force of inertia and of the coil spring and cams the
lock down into engagement with the abutments
the tube extension.

This bolt appears to have the following advan-
tages over the rotary lock bolt.

1. The locks, traveling in the bolt guide grooves,
hold the inertia slide rearward and, therefore, re-
quire no auxiliary latching device.

2. The locks are cammed into position by the in-
ertia slide. This action is much gentler than the
action that occurs with the rotary locks, which arc
ratated Into position after receiving a sharp blow
from the bolt.

3. Thec incrtia shde has some free travel after
closing the locks, which will permit the slide to
bounce rearward a certain distance without starting
to actuate the locks,

Rammer and Buffer. In anticipation of wcar and
possible breakage of parts in the mechanical linkage
rammer, development of a hydraulic rammer was
Initiated in conjuncticn with the development of a
pneumatic buffer. A test device incorporating a
pneumatic buffer and a hydraulic rammer was de-
sighed and built for determining the practicability
of such an arrangement.

The buffer consists of a piston and a cylinder
which is charged with air through a check valve.
The rammer consists of a bolt-actuated hydraulic
piston and a hydraulic rammer piston. When the
bolt strikes the hydraulic piston, oil is displaced into
the rammer cylinder and causes the rammer piston
to strike the base of the cartridge to be rammed.
A coll spring in the rammer cylinder restores the
system to its initial position.

Laboratory tests prove this development to be
quite promising,

Spring-Loaded Ejector. On the basis of the re-
sults of tests of the model A weapon, it was consid-
ered desirable to incorporate a spring-loaded ejector
in the model B weapon. It was found that such an
ejector readily could be a part of the feeder throat,
and an mitial layout was prepared. A finished de-
sign was not made, however, because the design is

~ dependent upon the method of ramming to be em-

ploved.

SECTION 3. RESEARCH AND DEVELOPMENT WORK OF ARF, 1 JANUARY 1950
TO 26 MARCH 1952

Phases of the Development Program
The development program in this period was con-

ducted 1n five phases, as shown 1n the accompany-

ing table. FPhase 1 was initiated with the rececipt

of the 20-mm automatic gun, T33E3, model B, from
the Naval Gun Factory on 20 February 1950, The
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gun was assembled and test fired using a rotary-
lock type bolt of two-piece body construction.

In phase 2, part of which was conducted in par-
allel with phase 1, the design and manufacture of
replacement and alternate component parts for the
model B were completed.
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Design and Development Time Schedule for Project
T33E3 model B
Phase | Development program Design Manufacture Test fire
Start Finish Start Finish Start Finish

1 Test firing of the T33E3 |.........ovr vurnnnnn... O] (1) Feb. 1950. .. .| Nov. 1950.
model B with 2-plcce ro- [ .. i e e Feb. 1950, .. . ............
tary-lock-tvpe bolt. ' :

2 | Design and manufacture of Mar, 1950, ..| June 1950, . . May 1950...| June 1951.. .. ......\uu...
replacement and  alter- | Nov, 1950, .. Dec, 1950.... Dec. 1950....| Feb, 1951.,..! ...... ciar e
nate component parts for
133153 model B, ! .

3 | Test firing of T33E3, model ............. R July 1951... .| Oct. 1951.
B with 1-piece rotary- '
lock-Lype bolt. ;

I —
Modified T33E3 model B
Phase |  Development program Design | Manufacture Test [ire
Start | Finish Start Finish Start Finish
|
4 | Moedification and redesign | Oct. 1951....| Jan. 1952.... Nowv. 1951... Feh.1952. ... .. ...........

ol various components of
made] B.

5 | Inmitial test firing of the ... ... .00 liiiiinnneas

modified T33E3, maodel
B.

1 Weapon reccived from Naval Gun Factory.

Development in phases 1 and 2 progressed at low
efficiency. 'This was due to the necessary meetings
between ARF engineers, the Army Ordnance Corps,
and the Navy Bureau of Ordnance regarding the
manufacturc of gun componcnts and the time re-
quired for the manufacture and delivery of replace-
ment and alternate component parts by the Naval
Gun Factory.  In June 1951, a contract supplement
for additional funds and extension of the contract
termination date was negotiated which permitted
fabrication of weapon components by ARF on a
less limited basis, thereby accelerating the develop-
ment activity in the succceding phascs of the pro-
grau.

Under phase 3, test firing of the T33E3 model B
was conducted to study the performance of the
major working units both individually and in con-
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junction with each other in the overall gun cycle.
The efTects of subsequent modifications incorporated
in various components of the weapon were observed
and evaluated, and the nature of additional rede-
sign and modification requirements was determined.

In phase 4, a modification and redesign program
was launched involving modifications to the feeder,
feeder throat, and receiver, and redesign of the
ejector, rammer, buffer, and both rotary-lock and
drop-lock type bolts. Provisions were made to per-
mit axial adjustment of the buffer for experimental
determination of the optimum buffer location, and
for the incorporation of bolt drive springs in the
succeeding series of firing Lests,

In phase 5, test firing of the modified T33E3
model B was initiated and progressed to the stage
of successful burst firing. The effects of modifica-
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tion and redesign of various major working uniis
was observed and evaluated, and the nature of addi-
tional minor modification requirements in various
component parts was detcrmined,

The target requirements and specifications at the

ARF CANNON

inception of the program as compared with the ac-
tual performance characteristics achieved with the
modified model B and potential characteristics be-
lieved possible of the T33E3 weapon are shown in
thc accompanying table.

Comparative Table of Desired, Atrained, and Potential Characteristics of Weapon

Attained in ARFE de-
) e Desired requirements velopment program | Estimated potential
(haracteristic of weapon of modified T33E3 of weapon
model B

Weight. . ..... .. e e e pounds. . | Mimimum........ ' 158 | 140
Length. .. .... ... .. ... .. ... .. inches. . ... . do. ... ... .. 934 84
Height. . ... ... ... o o L do.... 4%, . .. ... . ... ... ! L 4716
Width. .. .., do.... Minimum........ 14 144,
Approximate muzzle velocity . . . ., festfsecond. . 3,775, ... . ... 3, 800
Approximate rate of fire. . . . rounds/minute. . 1,200, ... ... ... T80 1, 000

Phase 1. Test Firing of the T33E3 Model
B With Two-Piece Rotary-Lock Bolt

Development of the T33E3 model B gun was mni-
tiated upon the receipt of components from the
Naval Gun Factory on 20 February 1950.

A general description of the overall design, kine-
matic and stress analysis, and characteristics of this
madel was recorded in the final report on contract
No. W-TI-022-ORD-11053 dated July 1950,
after the termination of the contract. To maintain
continuity, however, in describing the succeeding
phases of the development, a description of the
overall design and its major working units is pre-
sented here.

Design and Description.  "The model B weapon,
like the model A, was designed to be mounted flat on
its side to keep the height within 434 inches, and
for feeding from left to right by reversing and replac-
ing certain parts in the feeder. However, the model
B design 18 simpler m arrangement and in many
respects easier to manufacture. Itfeatured a rotary-
lock type bolt of two-piece body construction, a gas-
operated feeder, a fixed ejector, a rammer actiated
by holt motion, a dual recoil spring arrangement,
and a two-piece receiver.

Bort. The bolt 1s locked in firing position by
the rotary locks mounted in the tube extension on
cach sidc of the bolt. Lugs on the inertia slide ex-
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tend out through each side of the bolt and engage
the locks to prevent their rotation when firing occurs.
Unlocking i3 accomplished by a gas piston which
forces the inertia slide rearward and out of engage-
ment with the locks. When the inertia slide reachcs
1its rcar position in the bolt and the bolt begins to
move rearward, the inertia slide latch 18 actuated by
a spring to sear the inertia slide. The locks are then
free to rotate and are cammed out of engagement
with the bolt lugs as the bolt moves rearward toward
the buffer. No drive springs are provided, and the
bolt 15 returned to battery by the bolt buffer. When
the bolt returns to battery, it strikes projections on
the locks and rotates the locks into engagement with
the bolt locking lugs. When the holt is fully
forward, the front projection of the inertia slide
latch strikes the tube cxtension and releases the iner-
tia shide. The inertia shde, assisted by a spring,
then moves forward under the locks and wedges
them 1n position.  The clectric firing circuit 15 com-
pleted when the shde 1s fully [orward.,

Ejrcror. The ejector consists of an abutment
machined in the feeder throat. It is struck by the
extracted case, which pivots abeout the cxtractor
and is ejected through the side of the gun.

FEEDER BUrFreErR anp RaMyEer. The gas-oper-
atcd feeder consists of a single-slide, two-slide re-
turn springs, 2 gas pistons which fit in cylinders
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machined in the slide, 2 fecd pawls which are
attached to the slide and which strip the round [rom
the link, and a feed sprocket which is connected to
the slide through a ratchet and lever.arrangement.
Asthe gun fires, gas bled from the barrel to the [eeder
gas cylinders moves theslide against its return springs
and the feeder pawls push the round ahcad of it
from its link into the [eeder throat. Om ils return
stroke, the slide, acting through the ratchet, causes
the feed sprocket to rotate and place the next round
i feeding position ahead of the feed pawls.

The round deposited in the feed throat in front
of thc rammer is held in place by retaining fingers,
which engage the nm extractor groove. When the
bolt moves rearward, it strikes the spring buffer
and rammer slide, which actuates the rammer
through a lever. The round, upon being struck by
the rammer, slides forward through the feed throat
which, bemg inclined at an angle toward the cham-
ber, guides the round into the chamber. The bolt

then picks up the round on its forward travel and
chambers it.

Acceleration of the ammunition belt is low with
this fceder, since the belt is fed by the energy of
compressed springs shortly after firing, leaving most
of the cycle time available for indexing the belt.
Therefore, belt links can be light.

Tests and Modificaiions.

Two-Piece Rotary-Locx-Tyre Borr. Test-
ing was initialed to determine the strength of the
bolt and locks, using ammunition which contained
a reduced charge of 840 grains ol IMR 6052 pro-
pellant in a T7E4 case.

The bolt fractured at the locking lugs upon firing
the first round.

Investigation showed that the components had
not becen heat treated as specified, and therefore did
not contain the proper strength characteristics, The
stress conditions in the bolt and locks were reevalu-
ated and the components were modified as follows:

1. The radu at the base of the holt lugs were
increasecd.

2. The size of the screws that held the two halves
of the bolt together was increased.

3. The bolt and locks were properly heat treated.

A new two-piece bolt and a set of rotary locks
incorporating the above modifications were manu-

factured by the Naval Gun Factory and tested n
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the weapon. Gomplete failure of the bolt and both
rotary locks occurred at the firing of the second
round.

Examination of high-speed motion pictures indi-
cated that disintegration of the components was
initiated by a sequence of failures in the bolt and
was followed by failurc of the rotary locks as full sct-
back load was applied first on one lock and then
the other.

It was concluded that a bolt of two-picce body
consiruction was inherently weak, and a design study
of a one-piece bolt body was initiated,

MEecHANICAL BUFFER. With the rammer and
feeder removed, tests were conducted to determine
buffer performance by using the fractured bolt and
a vented pressure bomb as a source ol energy to
operate the gas piston. The results of these sep-
arate cycling tests are tabulated in an accompany-
g table.

RaMMER, The damage to the bolt which was
incurred in the buffer tests was repaired, and tcst-
g was conducted to determine rammer perlorm-
ance,

With the feeder mstalled and one round i the
feeder throat, the bolt was actuated by the pressure
bomb at a velocity of 34 feet per second. The
round in the throat was rammed and tightly cham-
bered. The contacting surfaces of the rammer slide
and bell crank were badly upsct and the bell crank
was cracked about its pivot hole and external radii.

PneuMmaTic BurFErR. With an initial pressure
of 1,500 p. s. 1. m the buffer and the pressere bomb
adjusted to produce a rearward bolt velocity of 34
feet per second, two separate cycling tests showed
the pneumatic buffer to be approximately 60 per-
cent efficient.

Gas Priston, The gas piston as originally de-
siened tended to bind in the gas cylinder. This was
due to the cccentric location of the axis of the gas
piston extension with respect to the gas piston body.
In subsequent tests the cxtension failled completely
at its junction with the gas piston body. A new
piston was made in which the cxtension was changed
from a round to a rectangular section. A 3g-inch
diameter extension was also added to the front end
of the piston body to reduce the initial impact force
on the bolt after unlacking.  In further tests, the
performance of the gas piston was satisfactory.
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Results of Mechanical Buffer Tests Using Vented Pressure Bomb

Rearward

Peak gas Buffer |
Test Pressure _bU]F _ cfhcieney Remarks
nurmber o 5. L) velacity - | (percent)
I - A (£ p. 5.} per

1 3,219 18 . ......... Bolt returned to within 1% inches of bhreech face.

2 5, 885 200 | ..o Bolt returned to within ¥ inch of breech face, gas piston tight in
cylinder.

3 21, 000 34 64 | Bolt returned to within }4 inch of breech face, gas piston tight in
cylinder, inspection of bolt showed cracks in back scction con-
tacted by slide.

Phase 2. Design of Alternate and
Modified Replacement Components

A major part of the design work in this period was
performed in parallel with the testing activities con-
ducted in phase 1. Alternate designs of the ram-
mer, buffer, bolt and tube extension assembly were
completed, and the new rammer and buffer as-
sembly was manufactured. The design of replace-
ment parts, containing modifications in accordance
with the evaluated results in the initial testing phase
of the modcl B, was also completed.

Drop-Lock Bolt and Tube Extension Assembly.
The new design of the drop-lock bolt employed a
different method of locking. The bolt consists of
a one-piece bolt body, locks, nertia slide, inertia
shde spring, extractor, and firing-pin assembly.

The locks, which are contained in the bolt, engage
abutments in the tube cxtension when the bolt is
locked in battery position. When the inertia slide
in the bolt is moved rearward by the gas piston, the
locks are cammed upward into alinement with the
bolt guideways in the tube extension by camways m
the slide which engage cam followers in the lock.
The bolt is then free to move rearward.  The inertia
slide is held rearward in the bolt by the bolt locks
as the holt travels to the buffer and forward again to
battery. As the bolt stops in battery, the inertia
shde continues its forward motion aided by the in-
ertia slide spring camming the bolt locks down into
their locked position in the tube extension abut-
ments.  Further forward motion of the incrtia shde
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closes the firing circuit to the finng pin, and the
action 1s repeated.

This bolt possesses the following advantages over
the rotary-lock bolt:

1. The locks hold the inertia slide rearward in
the bolt and require no auxiliary latching device.

2. The locks are cammed into position by the
inertia shide. This action is smoother than the ac-
tion of the rotary locks, which are rotated into posi-
tion after receiving a sharp blow from the bolt.

3. The inertia shde has some free travel alter clos-
ing the locks, which permits the slide to bounce rear-
ward a small distance thereby providing greater
msurance against prematurc unlocking,

Hydraulic Rammer and Pneumatic Buffer. In
anticipation of wear and possible breakage of parts
in the mechanical linkage rammer, the design of a
hydraulic rammer in conjunction with a pneumatic
buffer was completed and manufactured.

The buffer consists of a piston and cylinder which
is charged with air through a check valve. The
rammer consists of a bolt actuated hydraulic piston
and a hydraulic rammer piston. When the bolt
strikes the hvdraulic piston, oil is displaced into the
rammer cylinder, causing the rammer piston to ram
the cartridge. A coil spring restores the system to
its initial position.

Preliminary tests of the pneumatic buffer were
conducted in phase 1 with satisfactory results.

One-Piece Rotary-Lock Bolt.  Following the sec-
ond [ailure of the two-piece rotary-lock bolt, a new
bolt was dcsigned to provide greater cross-sectional
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avea in the highly stressed zones. The bolt body in
this design was of one piece. Although modifica-
tions were also mncorporated in the design of the
ineriia slide, extractor and finng pin, the overall
arrangement was essentially like that of the preced-
ing two-piece bolt design.

Gas Piston.  Along with the redesign of the in-
ertia slide in the new one-piece bolt, a maodification
was made mm the design of the gas piston and gas
piston plug. The gas piston extension was made
shorter and 1its cross-scctional shape was repropor-
tioned.  The result was a more compact design hav-
Ing increased strength.,

Phase 3. Tests and Modifications of the

Iﬁdudel B Using One-Piece Rotary-Lock
olt

Test firing of the model B was resumed upon the
reccipt of the new one-piece bolt and rotary locks
mannfactured by ARF. Tests in this period were
conducted to study the performance of the bolt,
feeder, cjector, rammer, and spring buffer, in the
overall gun cycle.  The ammunition used contained
a reduced charge of 735 grains of IMR 6052 pro-
pellant in a T7T:4 case, prodicing a maximum
chamber pressure of approximately 30,000 p. s. i.

In this phase of development, modifications wcre
made to various components of the bolt, feeder, and
rammer. Their effects were observed and evalu-
ated, and the nature of additional medification and
design requircments were determined.

Orifice Size Investigation., Firing tests to deter-
mine feeder line and gas cvlinder line orifice sizes
were conducted with all gun components in opera-
tlon. A variety of orifice combinations was used in
a series of 17 tests, A Lg-inch diameter feeder ori-
fice and a Yg-inch diameler gas cvlinder orifice were
found to be adequate to cvcle the feeder with an
accompanyinyg bolt velocity of approximately 44 feet
per second.

Spring Buffer Investigation. The helical spring
buffer was used for a good number of cycles and its
performance was satisfactory.

Data computed from time displacement records
showed that the overall buffer efficiency, obtained
by squaring the ratio ot the bolt velocity leaving the
buffer to the bolt velocity approaching the buffer,
varied from 29 to 39 percent, depending upon the
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amount of energy lost when the moving bolt struck
the buffer.

It was noted, however, from the study of high-
speed motion pictures and ume-displacement rec-
ords that the buffer was compressed almost com-
pletely solid 1in tests where the bolt velocity ap-
proached 45 [eet per second.

Feeder Investigation, FExcessive gas leakape oc-
currcd between the gas manifold and the piston re-
tainer plate, which spread apart under gas pressure.
These parts were replaced with wider ones and were
mare. adequately supported by an additional lug
welded on the feeder frame.

In further tcsts, the fceder gas pistons scized in
the slide cylinders alter the firing of a few rounds.
This condition was caused by the accumulation of
carbon deposits on the cylinder walls. An annular
groove was machined at the end of each cylinder,
and a series of annular grooves were machined in
the gas pistons. Seizing did not occur after these
changes were made.

In attempts to ram the round in the feeder throat,
it was found that the timing between ramming and
feeder indexing was such that a round was indexed
into stripping position before the round being
rammed had moved far enough forward to be out
of its path. This condition was corrected by spacing
the feeder sprocket away from the feeder throat.

Al the end of 37 single-shot feeder cyeling tests,
the two Fabreeka impact pads which stop the feeder
slide were badly frayed. Larger pads were designed
and 1nstalled.

In further attempts to ram, it was found that the
positioning of the round and the link prior Lo
stripping was inadequate. Guides were attached to
hoth ends of the radial link guide n the feeder, pro-
viding the axial control necessary for proper
stripping.

It was found also that the spring guides, located

on each side of the feeder throat, were not strong
enough to prevent the stripped round from bouncing
back out of the throat nor to control the round in
the throat during ramming, Steps were taken to
correct these conditions by increasing the strength
of the guides.
The me-
chanical rammer, as first designed, was proved too
weak 1n prior tests using a vented bomb as a source
of energy.

Mechanical Rammer Performance.
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Calculations based on time-displacement records
of the bolt motion indicated that a rammine velocity
of 50 feet per sccond would be necessary in order to
place the round in front of the bolt in the existing
gun. Since the original design provided for a higher
ranmuning velocity, the rammer linkage was modified
by relocating the rammer pivot pin and by adjusting
the rammer slide length to provide the required
ramming velocity. It was realized that a ramming
velocity of 50 feet per second would probabiy result
in debulleting; howcver, a series of tests was con-
ducted in order to obtain data on all the individual
components under complete cycling conditions in
the shortest possible time.

In none of 17 tests conducted using this modified
rammer was the round rammed with sufficient
velocity to place it ahead of the balt returning to
batterv. The cause of the insuflicient ramming
velocity was not determined; however, it was felt
that a ramming mechanism free of impact phenom-
ena would be desirable. Therefore, the study of the
design of an accelerator-type rammer was initiated.

Ejector Performance. Examination of ejected
cases showed very severe extractor marks beginning
to appear at bolt velocities of 40 feet per second.
It was felt that the high cjection load could be re-
duced considerably by thc use of a spring-loaded
ejector; consequently, a study to incorporate such
a design in the gun was also initiated.

(Ine-Piece Rotary-Lock Bolt.

InerTIA SLipeE.  After 18 rounds were fired, ra-
dial cracks appcared at the threaded hole in the
forward part of the inertia slide body. The part
was salvaged by grinding out the threads and cracks
and welding the hole closed.  After six additional
rounds, the slide Talled completely at the fillet be-
tween the inertia slide extension and the slide body.

A new slide was made 1dentical with the onginal
part, but the threaded hole was omitted.  After two
rounds, cracks appeared at the fillet where complete
failure had occurred in the original slide. These
cracks were ground away, giving a larger fillet at
this section, and the part was inspected by magna-
flux. TFourmore rounds were fired, and a new crack
appeared in the same region.

Fxamination revealed that the bolt bodv was
sprung open at the forward section by a wedging
action of the cvlindrical scction of the slide in the
bolt body. To improve the support of the slide in
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the bolt, guideways wcre cut in the bolt body for
engagement with two lugs incorporated into the
modified incrtia slidc.

INERTIA SLIDE SeAR. Examination of inertia
slide sear action in high-speed motion pictures
showed that the sear did not alwayvs act to lock the
inertia shide to the rear position of the bolt during
bolt unlocking but thar this action was accomplished
when the bolt contacted the buffer, "The cause of
the crratic sear action was not determined.

Extractor. On round No. 50, the extractor
failed at the pivot hole. A stronger extractor was
made, and its performance in the remaining tests
was satisfactory,

Firing PiN.  In all the rounds fired, the primers
were upset because the firing-pin hole in the face of
the bolt was not small cnough to provide adequatce
support for the primer. Otherwise, the firing pin
performed satisfactorily.

BoLt Bopy. Failure of the bolt body at the left
locking lug occurred after the firing of 84 rounds.
Steps were promptly taken to increase the strength
of the bolt body in a ncw design for a rotary-lock
bolt.

Modified Components.

Dror-l.ock Boit ano Tuse LExTrnsion As-
sEMBLY. The drop-lock bolt and tube extension
components were received from the Naval Gun Fac-
tory m June 1931. Inspection of the components,
however, showed the parts to be unusable because of
distortion caused by heat treatment and welding re-
pairs. It was also learned that a similar lock used
in the Navy 30-mm version of this weapon had a
tendency to unlock under sctback load. It was fel
that any attempts at salvage by annealing, straight-
cning, and heat treating would probably lead to
further difliculties and would be impractical from a
time and cost point of view. Therefore, it was de-
cided to make thc nccessary modihications i the
locks, and manufacture new components of this
assembly.

PneumaTic Burrer anp Hypravric RAMMER.
Calculations involving the pneumatic buffer showed
that its energy absorption capacity was limited to a
bolt velocity of approximately 35 [eet per second.
Since testing in this period was conducted with
bolt velocities upward of 40 feet per second, the
air buffer was not uscd.
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In hand actuation tests of the hydraulic rammer,
it was found that the rammer piston returned too
slowly to its original position after being actuated.
Modification in the cylinder body would have been
rcquired in order to incorporate a stronger return
Spring.

Since the hydraulic rammer and pneumatic buffer
were incorporated into one intcgral design, it would
have been necessary to separate the rammer and
adapt it for usc with a spring buffer if further tests
were to be made.  This did not scem practical, and
the hydraulic rammer was abandoned in favor of an
improved mechanical rammer.

Conclusions. The bolt travel in the original
T33E3 model B gun, excluding buffer action, was
8 inches. With bolt velocities of 44 fcct per sccond
rcarward and 25 feet per second lorward, a ram-
ming velocity of 50 feet per second would be re-
quired in order to position the rammed round for-
ward of the bolt returning to bartery. Experience
had shown that ramming velocities in excess of 35
feet per second could result in debulleting.

It was decided, therefore, to modifly the gun and
incorporate an accclerator type rammer which
would ram at 30 fect per sccond with an accompany-
ing bolt velocity of 50 feet persecond. A bolt veloc-
ity mm the 50-feet-per-second velocity range was
selected because of the increased probability of parts
breakage associated with higher impact velocities.
To compensate for the slower ramming velocity, it
would be necessary to move the buffer rearward so
that the bolt would not return soon enough to jam
the round being rammed. Preliminary calculations
indicated that moving the buffer about 3 inches rear-
ward would accomplish this purpose. The cyclic
time would not be appreciably incrcased by moving
the buffer rearward, since the bolt would move at a
higher average velocity.

Phase 4. Modification and Redesign of
Various Components of Model B

Tests conducted in phase 3 yielded considerable
mformation. Evaluation of these data rcsulted in
the initiation of an overall modification and rede-
sign program involving modifications to the feeder
throat, tube extension, and recciver, and redesign
of the ejector, rammer, buffer, and both rotary-lock

and drop-lock type bolts.
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An analysis of the cyclic function of the modified
weapon was made and debulleting tests were con-
ducted to verify assumptions made in the analysis
regarding allowable chambering velocities.

The program was directed toward bringing the
dcvclopment of the weapon to a stage where the
evaluation of its potential, n terms of cyclic rate,
estimated weight, and performance, could be deter-
mined 1n reasonably carly firing tests.

Specific modification, analytical, redesign, and test
activities conducted in this period were as follows:

Rotary-Lock Bolt. The rotary-lock-type bolt was
redesigned. Modifications incorporated in this new
design were as follows:

1. The locking lugs were made heavier to provide
greater strength.

2. T'he contour and mcthod of machining the
locking lug bearing faces were changed to insure
identical machining of the two lugs and therefore
equal loading of the 2 lugs.

3. The radius of the fillet at the junction of the
locking lug with the bolt body was increased.

4. The inertia slide sear was redesigned for opera-
tion by the rotary locks. This change resulted in
the elimination of the opening in the bottom of the
bolt.

5. Greater support was provided for the inertia
shide. '

6. The firing-pin hole in the bolt face was re-
duced to 0.124 inch in diameter, and the firing pin
design was patterned after one which had performed
successfully in the caliber .60 T'130 gun.

7. Provisions were made on the bolt body for the
use of bolt drive springs.

Drop-Lock Assembly.

Dror-l.ock Tyre Borr. In view of the failure
of the rotary-lock-tvpe bolt, modifications toward
strengthening the drop-lock bolt were considered
desirable. Consequently, the drop-lock holt was re-
designed, and a new bolt was made. The following
modifications were included in the redesign.

1. The separate buffer contact plate at the rear
of the bolt was eliminated by the use of a one-piece
bolt body construction.

2. The axially clongated, machining-clearance
hole at the top forward portion of the bolt was
removed.

3. The drop-lock pivot holes at right anglcs with
the axis of the bolt were removed.
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4. A 7° locking anglc was incorporated in the
lucks o prevent premature unlocking.

5. Modifications to the inertia slide were made to
facilitatc machining.

6. A firing pin similar to that used on the caliber
.60 T130 gun was provided, and the hele in the bolt
face was reduced to (0.124 inch in diameter.

TuBe EXTENsION rFor Use WriTH Dror-Lock
BorLt. Modifications necessary to make the tube
extension manufactured by the Naval Gun Factory
usable were found to be impractical from a time and
cost point of view. A design change aimed at in-
creasing the strength of the load-carrying insert sec-
tion was made, and the gas piston and gas piston
plug were redesigned to be interchangeable for use
with the rotary-lock tube extension.

Axarysis ofF Cycric FuncrioNn oF WEaPOX.
Together with the redesign of the rotary-lock bolt,
drop-lock bolt, and tube extension assembly, a study
lavout of the overall gun action was initiated. This
study incorporated new designs of the rammer,
cjector, and buffer, and provided for the adjustment
of the buffer location in the receiver and the optional
use of bolt drive springs.

A companion analysis was made in which the
effects of the redesighed components in the overall
kinematic action of the weapon were determined.

SPrRING-LoapEp EJrctor. The spring ejector
consists of an ejector, anvil, guide rods, and springs,
and is mounted to the feeder throat.

When the spent case contacts the ejector, the
anvil and guide rods are moved rcarward, com-
pressing the springs. The rearward motion is
stopped when the anvil contacts the abutment, and
the assembly is then returned to its original position
by the springs.

AcCELERATOR RammEer. The accelerator-type
rammcr, which employs a different method of ram-
ming and is mounted on the feeder throat, consists
of a reset spring, lever, links, and accelerator.

After ejection of the spent case has been initiated,
the actuating cam on the holt contacts a lever, and
through links rotates the accelerator, ramming the
round. The linkage is returned to its original posi-
tion by the reset spring.

The timing of ejection and the initiation of ram-
ming was so related that with a ram velocity of 30
feet per second, ejection of the spent case would
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be completed in time to prevent interference with
the round being rammed.

Three accelerators were made, to ram rounds at
calculated velocities of 30, 35, and 40 feet per
second, respectively. This was done to guard
against kinematic inadequacies which might occur
in the system through inefficient operation of the
linkage, and to observe the effects of higher ramming
velocities with respect to ejection,

Recerver.  (Clomputationsin the analysis showed
that it would be necessary to move the buffer rear-
ward 3 inches in order to compcensate for lower
ramming vclocities. The receiver was extended,
therefore, to provide for the new buffer location.
Further modifications were incorporated to make
the buffer location adjustable in the receiver, in the
forward direction, in five increments of one-half
inch each. This was done in order to adjust the
ramming and bolt velocities for experimental deter-
mination of optimum ramming conditions and max-
imum cyclic rate.

BurFFEr. A two-stage spring action, providing
for the compression of a coil spring and a ring
spring in successive steps, was incorporated into the
design of a new buffer. The buffer was also de-
signed to satisfy the following requirements:

1. To provide rear housings for the bolt drive
springs.

2. To adapt the buffer for adjustable location
in the receiver,

3. To provide a greater capacity for the absorp-
tion of energy in the buffer springs.

FeEepErR THROAT. Gate-type guides were de-
signed as an alternate means for controlling the
round in the feeder throat during ramming. The
new design was also intcnded to check the tendency
for the round to be raised back out of the feeder
throat by the action of the rammer,

DepuLLETING TrEsTs. The allowable round-

chambering velocity, which is limited by the danger
of debulleting, was not known. Consequently, a
series of tests was conducted to determine the cham-
bering velocity at which debulleting would occur.

Tests were conducted using a bolt testing device
which was modified to chamber rounds at 30, 35,
and 40 feet per second. Tests were made at veloci-
ties of 30, 36, and 39 feet per second, at which time
the test bolt broke. Since none of the rounds tested

debulleted more than one thirty-second inch, it ap-
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peared that chambering velocities in the order of 40
feet per second were permissible.

Phase 5. Tests of Modified T33ES
Model B

Details of Tests. In this phase, 106 rounds were
fired with the modified 20-mm T33E3 model B
gun 1n a series of 59 separate firing tests, bringing
the total number of rounds fired to 190. "L'est firing
was conducted in two phases in which the new
rotary-lock bolt asscmbly and the new drop-lock
bolt and barrel extension assembly were used con-
secutively with the new spring-loaded ejector, ac-
celerator rammer, and modified fceder throat and
receiver.,

Testing was initiated with the use of ammunition
containing a rcduced charge of 735 grains of IMR
6052 propellant in a T7E4 case, which produced
a maximum chamber pressure of approximately
30,000 p. s. 1. The ammunition used in the last 14
tests contained a reduced charge ol 840 grains
which produced a maximum chamber pressure of
approximately 42,000 p. s. . The normal charge
of 900 grains produces a pressure of about 49,000
p. s. i. {copper crusher gage). Tesls were con-
ducted to study the performance of the bolt, feeder,
ejector, rammer, and buffer in the overall gun cvcle.
The effects of modifications and redesign incorpo-
rated in the feeder throat, ejector, rammer, bufler,
and both rotary-lock and drop-lock bolts were ob-
served and evaluated, and the nature of additional
modification requircments was determined.  All
activities were brought to a halt on 26 March 1952
at the request of the Ordnance Corps.

Test results in this phase were as follows:

Rotary-Lock Type Bolt Performance.

BoLT Bopy. Failure of the bolt body at the left
locking lug occurred at the firing of the third round.
High-speed motion pictures of this test showed that
the bolt failed before unlocking.

INERTIA SLIDE, INERTIA SLIDE SEAR, EXTRACTOR,
Firing PiN, AND RoTary Locks. Examination of
thesc component parts after firing tests showed no
evidence of damage. Therr performance in the
bolt cycle as seen through high-spced motion pic-
tures was satisfactory, and all difficulties experienced
in the old rotary-bolt cycle appeared to have been
corrected.
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Concrusions. The fracture of the locking lug
on the bolt body in this series of tests was the second
consecutive failure of this section on the rotary-lock
holt of one-piece body construction. It was then
apparent that this structural weakness was inherent
in the design and could be overcome only by increas-
ing the proportions of the load sustaining sections.
Although the testing of the rotary-lock type balt was
short-lived, there was sufficient evidence in its satis-
factory performance in the gun cycle to indicate that
the overall design was generally sound. However,
in view of the modifications necessary to bring the
bolt up to strength and the related extensive changes
which would be required in the overall gun design,
it was decided to abandon the rotary-lock-type bolt
in favor of the drop-lock bolt at that time.

Drop-Lock Bolt Performance. With the use of
the new drop-lock bolt, test firing of the modified
T33E3 model B gun progressed to the stage of suc-
cessful burst firing. One hundred and three rounds
were fired with this bolt in this phase in a serics of
56 separate firing tests. Average rearward bolt
velocities were in the 50-feet-per-second velocity
range. Both locks of this bolt failed at the firing of
the twenty-fifth round and a resultant rearward
holt velocity of 115 feet per second was recorded.
A new and slightly modified set of locks was installed
and their performance in subsequent tests was
satisfactory.

The performance of the drop-lock bolt compo-
nents in the bolt cycle was as follows.

Bort Bopy. The performance of the bolt body
in this series of tcsts indicated that the design was
within strength requirements with respect to buffer
impact loads. Magnafluxing of the bolt body after
the lock failure showed no signs of fracture and there
were no indications of undue strain or dcformation
resulting from the lock breakage or from the bolt
striking the buffer housing on the ensuing 115-fcct-
per-second bolt cycle.

BorLT Locks. Failure of both locks occurred at
the firing of the twenty-fifth round, The exact cause
of the failure was not determined. However, it was
felt that the initial fracturc of both locks occurred
at the section above the cam followers and was fol-
lowed by the fracture in the left lock across the
principal load-sustaining section. There was reason
to believe. that the initial failure was duc to inter-
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ference and impacting of the lock cam followers
against the inertia slide camways during the bolt
unlocking action. Steps taken to correct this condi-
tion and to improve the locks were as follows.

1. Material in the inertia slide camways was
removed to elimmate interference and allow a
smoother unlocking action.

2. The direction of the grain in the locks was
changed and made perpendicular to the plane of the
initial fracture,

3. The hardness of the locks was decreased from
Rc 53 to R¢ 43-48.

A new set of locks incorporating above modifica-
tions (2} and {3) was installed, and no further
breakage occurred. The endurance of the medified
locks through the last 14 tests was significant in that
the ammunition used in these tests contained an 840-
grain powder charge. However, upon inspection of
the locks after the termination of tests, the presence
of impact marks on the cam followers and at the
radii at the base of the locking faces was noted.

INerTIA SLIDE. Togcther with the slight changes
made 1 the design of the locks, modifications were
incorporated in the inertia slide, which seemed to
have corrected the conditions cansing lack failure.
The presence of impact marks on the locks at the
end of cycling tests indicated that further modifica-
tions in the inertia slide camways were in order.
Otherwise, the performance of the inertia slide was
satisfactory.

INERTIA SLIDE SprINGs. Damage was incurred
to the inertia slide springs when the bolt locks failed.
The damaged springs were replaced and after being
used in 78 cycles, examination showed that both
springs had taken a slight sct. It was felt. how-
ever, that this condition could be corrected by re-
designing the springs without effecting any signifi-
cant changes in the bolt body or inertia slide.

Exrractor. The performance of the extractor
as seen through high-speed motion picturcs was sat-
isfactory. Deformation of the extractor occurred
in the cycle of the bolt lack failure when the case was
extracted and ejected with a bolt velocity of 115
teet per second. The extractor was replaced and
there was no further occurrence of deformation in
the subsequent tests.

Firing PIN. - Upsetting of the primers, which had
occurrcd in earlier tests, was greatly improved at
this time. The hole provided in the face of the bolt
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tor the firing pin had been changed from 0.156-inch
diameter to 0.124-inch diameter, thereby providing
greater support for the primer at the time of firing.

Spring-Loaded Ejector Performance. The per-
formance of the new spring-loaded ejector was sat-
isfactory in every way. Although a slight set was
taken by the ejector springs on the 115-feet-per-sec-
ond bolt velocity cycle, they were not replaced.

Inspection of the ejector action in high-speed
motion picturcs showed that the spent case was
ratated out of the path of the approaching rammed
round in time to provide an unobstructed path to
the chamber. Examination of the ejector and ex-
lractor marks on all of the ejected cases in this series
of tests indicated that the combined action of the
new ejectar and extractor, associated with bolt vel-
ocities of 50 feet per second, was not severe.

Both guide rods of the cjector assembly failed on
the last test when 8 rounds were successfully fired
in an attempted 8-round burst. It was felt, how-
ever, that this failure was initiated in the 115-feet-
per-second bolt velocity cycle and that the design
was well within strength requirements.

Accelerator Rammer and Feeder Throai. Tests
mvolving the new accelerator rammer and modified
feeder throat were initiated in order to ram the
round m the feeder throat ahead of the belt return-
ing to battery. With the buffer adjusted in its
rearmost position, providing an 11g-inch battery
to buifer bolt travcl, and the orifice to the gas cylin-
der adjusted to produce a rearward bolt velocity of
30 feet per second, a series of tests was conducted
using the 30-, 35-, and 40-feet-per-second rammers
consecutively.  In no instance was the round in the
throat given a velocity sufficient to place it ahead of
the bolt returning to battery.

Markings on the rounds indicated that the
rammed round was being cocked by the action of the
rammer, causing the shoulder of the case to strike the
forward part of the feed throat.

The spring-type round guides in the throat were
replaced with the new gate-type guides, but the con-
dition still existed to some degree.

The gate guides were moved forward and lead
angles were provided in the throat at the points of
interference. A new actuating cam with a 174-inch-
radius of curvature was also installed in the bolt, and
successive 2- and 3-round bursts were fired.
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Timing of the round motion with a calibrated
synchronous motor in view of the Fastax camera
showed the rammed round to be moving at an aver-
age velocity of 297/ feet per second. This average
velocity was the same for each round rammed in
the two bursis. It was also seen that the bolt did
not overtake the rammed round until the round was
fully chambered.

Failure of the drop-lock bolt locks on the next test
resulted in damage to the buffer support block, mak-
ing it necessary to move the buffer forward in the
receiver one-half inch to an undamaged mounting
point.

In further tests, with a battery to buffer bolt travel
of 1034 inches, burst firing was erratic. Inspection
of the feeder and ramming actions in high-speed
motion pictures showed that the stripped round was
not always placed in the proper axial position in the
feeder throat prior to ramming. Additional spring
guides, which engaged the extractor groove in the
round, and a rear round guide plate were installed
to provide the necessary control of the round during
stripping.

In further tests, bursts were frequently halted be-
cause the pate guides would not close over the
stripped round. “T’his resulted in the rammed round
jamming against the {forward part of the feed throat.
Additional torsion springs were installed in the gate
guides to make them faster acting. A new actuat-
ing cam with a 1V4-inch radius of curvature was
placed in the bolt; and with the use of 840-grain am-
munition, bursts of various lengths up to and includ-
mg 8 rounds were fired.

High-speed films and time-displacement records
were not taken in the latter part of these burst tests,
but calculations from the films available showed
that rounds were bcing rammed at average veloci-
ties of 40 feet per second. These higher ramming
velocities resulted from the use of the new actuating
cam and from the higher bolt velocities obtained
with the usc of 840 grains of propellant.

Feeder Performance. The performance of the
feeder in this phase of testing was satisfactory.

With the initiation of burst firing, it was possible
for the first time to test all aspects of the overall
feeder action in the complete gun cycle. Inspection
of high-spced films showed that the rclative timing
of indexing and stripping with respect to the initia-
tion of ramming was satisfactory.
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Gcencral mspection of the feeder after termination
of fAring tests showed the following miscellancous
parts damage.

1. 'I'he two Fabrccka pads which stop the feeder
slide were badly frayed.

2. Both Fabreeka stripper pads in the {ront of the
slide had come off.

3. The pawl and spring which prevent the [eeder
sprocket from overriding on the stripping stroke
were damaged.

Buffer Performance. Data computed [rom time-
displacement records showed that the overall buffer
elliciency, obtained by squaring the ratio of the bolt
velocity leaving the buffer to the bolt velocity ap-
proaching thc buffer, varied from 33 to 44 percent.
The overall bufler efliciency of the original coil-
spring buffer as computed from time-displacement
records varicd from 29 to 39 percent. The two-
stage spring action, providing for the compression
of a coil spring and a ring spring in successive steps,
incorporated in the new buffer resulted in an in-
crease in buffer efficiecncy of approximately 12
percent.

Summary of Gun Performance. Test firing of
the modified model B gun in phase 5 was conducted
in two stages under varying conditions of bolt travel,
bolt velocities, ramming velocities, and ammunition
charge. From a study of high-speed films and time-
displacement records and from the results of test
firing, the following obscrvations and conclusions
were made regarding the overall gun cycle.

Dror-l.ock Borr. T'he performance of this
bolt in the gun cycle was satisfactory. The locking
and unlocking action appeared to be smooth, but
the presence of impact marks on the locks at the end
of firing tests indicated that further modifications
were required in the inertia slide camways.

Ejection. The action of the ejector was
smooth; the timing was satisfactory. 1If the failure
of the guide rods, which occurred on the last burst-
firing test, had not initiated in the prior lock failure
cycle, it was felt that modifications toward improv-
ing the method of securing the guide rods would
bring the assembly up to strength requirements.

FEepeErR OperarioN. The overall feeder per-
formance was good. Eleven rounds had been pulled
into the feeder with the existing springs, but the
maximum belt pull capacity was not known.
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Modifications were required in the feeder slide
to improve the method of supporting the Fabreeka
impact pads and to improve the means of fastening
the Fabreeka stripper pads to the slide. Modifica-
tions toward increasing the strength ot the sprocket
pawl and spring were also required.

FeepeEr THROAT. The principal causes of in-
terrupted burst firing in overall cycling tests were
found in the feeder throat. It was not known
whether the final modifications made prior to the
firing of the eight-round burst were suflicient to
correct all the difficulties encountered in earlier tests.
However, lengthening of thc spring-loaded gatc
guides and refinement of the methads used in con-
trolling the transfer of the round during stripping
were considered desirable.

AccrLErATOR RaMMER. Shortly after the mi-
tiation of ejection, the actuation cam at the rear of
the bolt contacts the rammer and the round in the
feeder throat is driven toward the chamber. With
the buller position adjusted to provide an 1144-inch
bolt travel and with a ramming velocity of 295
feet per sccond, the bolt did not overtake the
rammed round until the round was fully chambered.
With the buffer adjusted for a 1054-1nch bolt travel
and with a ramming velocity of 40 feet per second,
the bolt did not contact the rammed round until
the round had been chambered for about & milli-
seconds. It was noted that the rammer did not pro-
duce ramming velocities as expected and that it was
necessary to use a much higher acceclerating curve
in the actuator cam along with bolt velocities in
the vicinity of 60 feet per second in order to produce
ramming velocities of 40 feet per second. This
wcakness was traced to one or a combination of
the following causes,

1. The design of the accelerator rammecer was
kincmatically weak.

2. Control of the round in the feeder throat prior
to ramming was insufficient to keep the round in
the proper ramming position under actual firing
conditions.

3. The round was retarded in free flight after
lcaving the rammer.

Test activities were terminated before it was pos-
sible to determine which of these conditions was
responsible for the reduced ramming velocities.

Brrrer. The design of the buffer was kineti-

cally adequate and its performance in firing tests was
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good. It had an cnergy capacity sufficient for bolt
velocities of 30 [eet per second, and its efficiency
was approximately 34 percent.

Cycric RaTe. Although the test firing program

‘of the modified model B gun was terminated while

still in the initial stage, sufficient data were obtained
to indicate that cyclic rates in the order of 1,000
rounds per minute were possible.
Test firing was conducted in two stages under
the following conditions:
STAGE 1:
Weight of propellant: 735 grains.
Battery to bulfer bolt travel: 11Ll% inches.
Approximate ramming velocity: 291, feet per
second.,
STAGE 2:
Weight of propellant: 840 grains.
Battery to buffer bolt travel: 1054 inches.
Approximate ramming velocity: 40 feet per
second.

From a 3-round burst fired under the conditions
existing in stage 1, the average cyclic rate as cal-
culated from the time-displacement record was 696
rounds per minute. The average rearward bolt
velocity was 48 feet per sccond, and the average
overall bufTer efliciency was 38 percent. The time
required for the inertia slide to accomplish locking
and effect 1gnition was 0.020 second.

From a 3-round burst fired under conditions
existing in the stage 2, an average cyclic rate of 780
rounds per minutc was calculated. ‘The average
rearward bolt velocity was 5814 feet per second,
and the average overall buffer efficiency was 34
percent. The time required to accomplish lock-
ing and ignition was 0.018 second.

Locking and ignition time was much higher than
was expected. The basic cause for this condition
was not determined. It can readily be seen that if
this time were reduced to 7 milliseconds which seems
ample, the cyclic rate of this typical 3-round burst
would be incrcased to 920 rounds per minute.
Steps toward decreasing locking and ignition time
by spring loading the locks downward and installing
stronger inertia slide drive springs in the bolt were
s gg:stcd.

With initial bolt velocities of 60 feet per second,
ramming velocities of 40 feet per second, and the
use of bolt drive springs, cyclic time could be re-
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duced further by adjusting the buffer position for-
ward in the receiver until an optimum condition
was reachced with respect to the bolt pickup of the
rammed round.

Summary of Conclusions. The test study and
modification activities on this weapon were halted
in the intermediate phase of development; there-
fore, conclusions regarding the merits of individual
componcnts or overall performance characteristics
were limited in scope.

From the tests and studies conducted in this
development period, the following difficulties were
encountered, which were considered to be minor in
nature and rectifiable through modification or
redesign.

1. Control of the round during stripping was in-
adequate, resulting in improper positioning of the

round in the feed throat prior to ramming. This
condition was the principal cause of burst intcr-
ruptions.

2. During ramming, the action of the rammer
accelerator on the round being rammed tended 1o
cock the round causing the shoulder of the case to
strike the forward part of the feed throat.

3. The time requircd for the bolt incrtia slide
to accomplish locking and effect ignition was exces-
sive, amounting to approximately 23 percent of the
cycle time.

The weapon lent itself to easy manufacture and
with the novel features of its bolt, gas-operated
feeder, accelerator rammer, and low silhouette, dem-
onstrated considerable potentiality of being devel-
oped into a reliable, high-velocity weapon with a
cyclic rate in the order of 1,000 rounds per minute.

SECTION 4. T108 AIRCRAFT AUTOMATIC CANNON

In 1948, there was a trend to cut down the overall
lengths of automatic cannon for turret installation.
A requirement was set up for a gun having a maxi-
mum length of 32 inches, and it was proposed that
the '1'33 be redcsigned to fill this need. The muzzle

velocity anticipated was 3,700-3,800 fcct per second.
Accordingly, the Army’s Ordnance Corps assigned
the project the number T109. This weapon pro-
gressed only to the blue print stage.

SECTION 5. 30-MM AIRCRAFT GUN MARK 5 MOD 0

Background and Development

The Navy became interested in the possibilities of
a larger bore automatic cannon of the type of the
133, and in 1950 a projcct was initiated. The pro-
totype was made at the Naval Gun Factory under

the official designation, 30-mm aircraft gun Mk 5
Mod (). The Army designation for the same design
is T'120.

In the same year, the prototype was delivered to
the Naval Proving Ground, Dahlgren, Va., for test-

General Data: 30-mm Gun Mechanism Mk 5 Mod 0

Gun leneth: 85 inches,

Grun weight: 135 pounds.

Rate of fire: 730-800 rounds/minute (estimated).

Muzzle velocity: 1900 feet/second.

System of operation: Gas unlocking, blowback.

System of locking: Swinging locks.

System of feeding: Buffer actuated.

Method of headspace: Factory established.

Location of feed opening: Right- or left-hand side of
TECEIVer,

Location of ejection opening: Bottorn of receiver,

Mcthod of charging: None,

Method of cooling: Air.

Barrel length: 63 inches.
Barrel weight: 58 pounds,
Rate control: None.
Barrel removal: Quick disconnect,
Bore:
Number of grooves: 16.

Groove depth: 0.020 inch.
Groove width: 0.250 inch,
Pitch: 9° 30",
Direction of twist: Right hand.
Form of twist: Constant,
Clartridge: Same type as German ME 108.
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Figure 8-10. 30-mm Gun Mk 5 Mod 0. Right side view.

ing. Single shots were fired.  TDamage to bolt and
locks resulted; when these parts were checked, they
were found to be improperly heat treated.

This defect resulted in a redesign for greater
strength and in the construction of new parts with
propcr hcat trcatment. Construction was also
started on a new type bolt with a drop lock that was
considered to be less marginal than the previous
typcs.

A test device was set up in the Naval Gun Factory
which bench tested certain components while the
parts were undergoing stresses that would be found
only in actual firing.

With this device, a test of a new mechanical buffer
indicated high efficiency.  The test of the auxiliary
rammer indicated, however, that the design was not
only inefficient, but also inadequate and, that it
would not withstand the impact forces.  Accord-
ingly, a new type of hydraulic rammer was con-
ceived, and a combination pneumatic bufTer and
hydraulic rammer was designed and built.

A second rotary lock bolt was received at the
Naval Proving Ground; it also failed after a few
rounds.

Although the failurc of this bolt was attributable
to improper heat treatment, the factor causing the
earlier failure, a decision was reached to drop this
bolt design 1n favor of the drop-lock type that was
then being manufactured.

A new one-piece rotary lock bolt was made and
placed in the testing device together with redesigned
rotary locks. Upon receipt of new bolts and parts,
the Naval Proving Ground again resumed tests to
determine the best combination of components and
to evaluate the improvements in heat treatment and
metallurgy under severe firing strain.

Description of Assemblies of Redesigned
Prototype

Man Assembly., The main assembly of the 30-
mm aircralt gun Mk 5 Mod 0 includes the breech-
block, feed mechanism, buffer and rammer, and
barrel extension assemblies.

The nonrecoiling components are receiver, barrel
support, feeder, rammer and buffer assembly, and
the gas tubes that are necessary for the operation
of the feeder and unlocking of the breech. Trun-
nions and lugs for supporting the forward end of the
recoll springs (two springs, 180° opposed on center-
line of gun) are integral. Recoil springs are of the
ring-spring type; length of recoil of guns is about
0.375 inch.

The gun barrcl is the quick disconnect type,
having bayonet threads at the breech end. Removal
of barrel 1s accomplished by depressing the barrel
catch on the barrel extension and rotating the barrel
90° counterclockwise, then pulling the barrel for-
ward. Receiver slides are bolted to the barrel sup-

Figure B-11,
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30-mm Gun Mk 5 Mod 0. Top view.
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port at their forward ¢nd and are enjoined by two
support plates on the left side of the receiver. The
buffer and rammer assembly is supported by guides
in the reeeiver and arc secured thereto by (.375-
inch diameter pins. The [eeder is secured to the
rammer assembly by special screws. The clectric
terminal for firing the gun is located on the upper
right-hand side of the receiver. The gas tubes arc
“18-8" alloy steel of 0.187-inch inside diameter.
They are secured by commercial compression
fttings.

The orifice in the forward end of the breech un-
locking and feeder gas tubes is adjustable by sclec-
tion of washer type molybdenum inserts.

Barrel Extension Assembly. The barrel exten-
sion has bavonet threads that mate with the threads
on the barrel and recoil with the barrel. The barrel
latch is a spring-loaded device that keeps the barrel
from rotating in the barrel extension. The latch
must be depressed to facilitate removal of the barrel.
The gas piston that unlocks the breech is contained
in a cylinder that is an integral part of the barrcl
extension.

Twa gwde rails (right and left) are secured by
cap screws to the aft end of the barrel extension.
The rails support and guide the breechblock during
recail and counterrecoil, and they arc extensions of
guide grooves in the barrel extension.  Within each
side of the rearward section of the barrel extension
is a key insert. "The keys {right and lcft) rcceive
the breechblock locks when the breechblock is locked
in battery position. The keys become a permanent
part of the barrel extension when installed; how-
ever, they may be replaced if necessary.

Breechblock Assembly. The breechblock as-
sembly is the nonscared type. Its normal position
in the gun mechanism is in the battery position, both
before and after firing.  Therefore, all electrical con-
tacts with the breechblock assembly and the gun
mechanism are closed, and firing takes place upon
closing the main switch, located away from the gun.

The parts within the breechblock are: slide,
which carrics the electrical components that make
and break contact with the receiver, contact, and
firing pin group; slide spring, which returns to for-
ward position after firing. The external sides of
the slide have cam shaped slots that receive lugs
on the breechblock locks. Fore-and-alt motion ol
the slidc raiscs and lowers the locks. During firing,
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the slide is pushed rearward by the gas piston in
the barrcl cxtension. Forward motion of the slide
is restrained by the stop that also retains the cxtrac-
tor spring. The extractor is operated by a short
coil spring. Recmoval of the slide is accomplished
by sliding the breechhlock cover forward.

The firing pin group consists of the firing pin,
spring, contact, insulators, and retaining plugs. The
entire group may be taken out of the breechblock
by removing the roll pin in the breechblock. A pin
that is used to manually unlock the breechblock
in the gun is secured to the slide and projects through
a slot in the cover of the breechblock. Retracting
the pin moves the slide rcarward; thus the locks are
raised. The wide groove in the top of the breech-
block is clearance to allow the ejecting surface on
the feed throat of the buffer and rammer mecha-
nism to contact the rim of the cartridge case during
cjection. Thick flange-like surfaces support the
breechblock in the guide grooves and rails of the
barrel extension assembly.

Buffer and Rammer Assembly. The primary
function of the buffer and rammer assecmbly 1s to
retard, stop, and return the breechblock to the
battery position, since there is no driving spring in
the gun mechanism, and to project a round of
ammunition from the feed throat into the chamber
of the gun barrel.

The mechanical buffer consists of : housing, anwvil,
two coil springs {one inside the other), and retain-
ing plug. Integral side supports assist in securing
the huffer to the receiver of the gun. Lugs for
supporting the hammer and feed throat and a lug
for sccuring the rear of the gun in an aircraft instal-
lation or test mount are also integral with the buffer
housing.

On one side of the buffer is the hammer slide,
which, when struck by the breechblock, partially
rotates the lever-type hammer. The slide travels
(0.375 inch before the breechblock contacts the anvil
of the buffer. The rammer subassembly 15 at the
rcar cnd of the feed throat, which 1s secured to the
buffer housing. When the rammer is struck by the
hammer, the rammer pushes a round of ammuni-
tion out of the feed throat. The rammeris returned
by a coil spring to a position of rest. Two spring-
loaded detents in the feed throat grip the extracting
groove of the cartridge case to prevent forward mo-
tion of the round until ramming takes place. Two
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spring-loaded latches (right and left) in the fced
throat keep the round from falling out of the feed
throat. The latches have camming surfaces that
cause them to open when a round is fed into the feed
throat. The forward lugs of the feed throat are
keved into the receiver of the gun in the main as-
sembly. The feed throat i1s positioned at an angle
of 7° 30V to the centerline of the gun. It is along
this path that the round of ammunition is projected
into the chamber of the gun barrel.

Feeder Assembly, The feeder is actuated by gas
pressure resulting from firing the gun. Gas cnters
at the mamlold and is directed 1nto two positions,
through the pistons and acts with force upon the end
of the eylinder walls, thereby moving the feed shde.
However, the rotation of the star wheels that carry
the belted ammunition takes place on the return
stroke, by action of the feeder springs after the gas
has dissipated. There are ratchets between the feed
slide links and the star wheel shaft. During com-
pression of the feeder springs and movement of the
ieed slide toward the star wheels, these ratchets slip
until the return stroke of the slide and springs takes
place. The ratchets then become engaged with and
rotate the star wheels. A spring-loaded pawl pre-
vents reverse rotation of the star wheel.

During the feeding operation, the round is pushed
out of 1ts link, the round goes into the feed throat,
and the link continucs around with the star wheel
and emerges on the side opposite from whence it was
fed. The feed frame is stationary and supports
the fced springs, guides, and feed cover which guides
the ammumition. The feed frame and feed throat
are secured together by special screws.

Cycle of Operation

In this description of the cycle of operation, it is
assumed that a belt of ammunition 18 in the feeder
with one round about to be stripped from its link, a
stripped round in the feed throat, and a round in
the chamber of the gun barrel. The breechblock
assembly is locked in battery position, and all oper-
ating components are at a position of rest,
ing circuit is closed except at the main firing switch
located away from the gun.

Upon closing the main firing switch, an electrical
current travels to the terminal on the receiver,
through the breechhlack contact, through the slide

and firing-pin contacts, through the firing pin, and
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to the primer of the cartridge case. As the explo-
sion sends the projectile down the gun barrel and
past the gas ports, a portion of the gases go into the
feeder tube and a portion into the breech unlocking
gas tube. Since these gas actions occur simultane-
ously, the operation of the breechblock buffer and
rammer assemblies is described first.

Gas from the breech unlocking gas tube is directed
into the gas cylinder in the barrel extension and
forces the piston rearward, thereupon pushing, with
considerable force, the breechblock slide, which
raises the locks out of the barrel ¢xtension keys and
permits the breechblock assembly to travel in recoil.
This operation also opens electrical contact between
the receiver terminal, breechblock slide, and firing-
pin contacts. As the breechblock travels rearward
and under the feed throat, the extractor pulls the
cmpty cartridge case from the chamber of the gun
barrel. Ejection occurs when the rim of the car-
tridge case opposite the extractor strikes the ejecting
surface on the lower forward edge of the feed throat.
The case is ejected from the side of the gun opposite
to the side from which the round was fed.

The breechblock assembly is driven in recoil by
combination of the force of the gas piston and blow-
back from the breech. As it continucs its travel
rearward, the block strikes, first, the rammer slide
which partially rotates the hammer, thereupon
striking the rammer which projects the waiting
round in the feed throat into the chamber of the
barrel. Secondly, the block continues rearward
0.375 inch to strike the buffer anvil, which com-
presses the buffer springs, which then return the
breechblock assembly in counterrecoil.

At the end of the counterrecoil stroke, a round
is in the chamber of the barrel and the breechblock
assembly has been returned to battery due to encrgy
from the buffer springs, since there is no driving
spring. The breechblock slide has been driven for-
ward, the locks have dropped into the locking posi-
tion in the barrel extension keys, and electrical con-
tacts within the breechblock assembly have been
closed simultaneously with the receiver contact.

The operation of the feeder begins with the ex-
plosion of the round in the chamber of the barrel.
When the projectile goes down the barrel and past

the gas ports, gas is directed into the feeder gas
tube and travels to the feeder manifold where it is
directed into two pistons, through the pistons, and
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acts on the end of the cylinder walls, thereby push-
ing the feed slide on the feed frame toward the gun.

While this is taking place, the feeder springs are
compressed and the feed slide links move toward
the star wheels, partially rotating thc ratchets
preparatory to indexing a round of ammunition on
the star wheels. The round on the star wheels is
indexed when the gas pressure in the feeder sub-
sides, allowing the compressed feeder springs to re-
turn to their initial length in the mechanism. There-
fore, on the return stroke of the feed slide, the star
wheel ratchets become engaged and rotate the star
wheels, At the same time, the round on the star
wheels is indexed, the round preceding it is stripped
by being pushed out of its link by lugs on the end
of the feed slide. Such a push is sufficient to place
the round in the feed throat, which has been vacated
by ramming action on the previous round during
recoil of the breechblock assembly.

Stripping in this manner is possible, as each round
is supported by its link on the star wheel. When
stripping has been completed, the links remain
with the star wheels until the links emerge from an
opcning at the bottom of the feeder. The links are
in contact with the star wheels for 180° of rotation.

Since the feeder and breech unlocking mechanism
are actuated by gas pressure from the gun barrel,
the cycle of opcration of the gun 1s continuous as
long as a belt of ammunition is in the feeder and
the main firing switch is closed,

Firing Tests

The following statements are taken from a report
of firing tests conducted at Naval Aviation Ord-
nance Test Station, Chincoteague, Va.

6 November 1951. 'I'he gun was partially dis-
assembled for a general visual inspection. The cam
slots in slide in the breechblock assembly were de-
formed slightly as a result of previous firing, The
slide was then ground to remove burrs and sharp
edges to insure proper functioning.
mer and buffer assembly, a tightness was discovered
between the buffer anvil pin and the oblong slot on
the forward underside of the rammer slide. 'Width
of the slot was increased 0.031 inch to allow free
operation between the two parts.

7/ November 1951. During previous firing tests,
the feeder assembly was inoperative due primarily

262
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to a leakage of gas at the [eeder manifold subas-
sembly, comprising manifold, piston, manifold
plate, and screw.

A soft copper gasket was made and placed in
the subassembly between the manifold and mani-
fold plate. A single round of ammunition was

placed in the chamber of the gun and fired. Gas
immediately escaped around the copper gasket at
the fceder manifold. The feeder remained inoper-
ative,

To investigate functioning of the rammer as-
sembly, 2 rounds of ammunition were placed in the
gun, | round in the chamber and 1 round in the
fced throat. Upon firing the first round, the breech-
block assembly recoiled, struck the buffer assembly
and rammer slide, and returned toward the battery
position, but was stopped by the second round which
had been projected only part way out of the feed
throat. The rammer did not push the round out
of the feed throat due to a malfunction caused by
the I'rue-Arc rctaining ring on the rear end of the
rammer being knocked off, thereby diminishing the
force of the ramming blow.

8 November 1951, Inspection of the breech-
block slide revealed a further dcformation of the
cam slots and an actual “breaking down” of the
metal. The shde was again ground 1n preparation
for firing.

Firing contact of subassembly in the breechblock
assembly was broken and was replaced by a new
contact subassembly.

The feeder manifold subassembly was removed
from the feeder.
placed around the pistons in the manifold. These
parts were then brazed together, thereby eliminating
the possibility of gas leakage. During assembly of
the gun, the rammer subassembly was {astened with
a Spirolox retainer.

Two rounds of ammunition were placed in the
gun, 1 round in the chamber and 1 round in the
feed throat. Upon firing the first round, the breech-
block assembly recoiled, struck the buffer asscmbly
and rammer slide, and returned to within 2 inches
of battery position. The reason for this stoppage
was a too-strong breechblock slide spring (40
pounds) which caused too much friction between
the breechblock locks and the guide rails (two).

Bushings were made and werc
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The rammer subassembly operated properly, pro-
jecting the second round from the feed throat into
thc chamber of the gun barrel.

Gas leakage at the feeder manifold was not in evi-
dence. However, the feeder did not operate, which
indicated insufficient gas pressure at the feeder.

The second round was not fired because the
breechblock assembly did not return to the battery
position, as just mentioned.

9 November 1951. During a total of eight
rounds fired, four misfires occurred. An increase

CONFIDENTIAL

in the length of the firing pin should remedy this sit-
uation. However, investigation of clearances be-
tween the breechblock, locks, slide, gun barrel, and
ammunition, relative to headspace, was planned.
Ammunition used in this gun was British-type
30-mm using special links of a peculiar design. A
cradle also had been fabricated at thc activity in
which the weapon was being tested since it was in-
tended that the gun be supported by structures in
the aircraft. Standardization of a cradle had not
been accomplished at this time.
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Chapter 9

20-MM COLT AIRCRAFT CANNON
BASED ON GERMAN MAUSER
MG-151/20

SECTION 1. 20-MM AUTOMATIC AIRCRAFT CANNON T22

Development of the T22

In December 1943, Colt’s Patent Fire Arms Co.
began devclopment of an experimental gun desig-
nated the 20-mm automatic gun T22, The design
was to be based on principles of operation found in
the recently captured GGerman Mauser MG-151/20
but to utilize the movement of the bolt to operate the
feed mechanism.

The requirements were set up as follows: That
existing ammunition for the 20-mm M2 gun should
be used for initiating the project; that the feed
mechanism be of the disintegrating link-belt type
without involving a separate transfer, as in case of
a magazinc throat; that the link be capable of
taking different lengths of shell; that the gun be
of the self-locking blowback type with a cyclic rate
of fire of 575 to 650 rounds per minute; that the
round must be controlled at all times in the gun and
be fed from either right or left side without the addi-
tion of extra parts; that the belt pull should be at
least 73 pounds, the limit permitted ; and, if possible,
that the existing link be used.

The 20-mm automatic gun T22 as developed has
the following items in common with the German
Mauser gun: Mechanical unlocking, location and
type of adapter, quickly removable barrel with in-
terrupted concentric rings, and the recipracating
bolt on the axis of the weapon. The T22 does not
use a rotating bolthead for unlocking, as does the
Mauser weapon. The T22 has much simpler lines
than the MG-151/20 or thc American AN-M?2,

Several major components lend themselves to
easy, rapid manufacturc because of their prismatic
slope.
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In November 1944, a new development was imiti-
aled (o produce a weapon capable of fulfilling these
requirements and having a higher muzzle velocity
than thc guns under production or development.
Increased muzzle velocity would result in decrease
in time of flight and would increase armor penetra-
tion. To expedite designs, three approaches by pri-
vate facilitics were originated. One of these was
the Colt T24, which was designed and opcrated on
the same principles as the T22.

On 9 August 1945, the T22 program was can-
celed by OCM 28678, and futurc expcrimental
work was cancentrated on the T24,

Preliminary firing indicated that a muzzle velocity
of 3,500 feet per second could be obtained using
M-1 powder and a barrel length of 78 inches.

The firing also demonstrated that armor penetra-
tion of the M 95 projectilc was not satisfactory.
As the maximum penetration was only 114 inches,
the Army Air Force requested that the projectile
be able to penetratc 1% inches of face-hardened
armor plate at 200 yards normal impact with match-
ing ballistic characteristics on all rounds of ammu-
nition.

Description of the Weapon

The T22 is of the short recoil operated type, with
the mechanical unlocking of the breech dclayed
until the residual pressure in the bore has dropped
to a safe degrec for unlocking. While the AN—-M?2
and T31 guns are a combination blowback and gas
operated type of aircraft weapon, the T22 can be
seared on thc right in the rear, or open bolt, posi-
tion and on the left or right in the forward, or closed
bolt, position. It is provided with a set of trunnions
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on the adapter housing for connecting the gun to
1ts mounting, and two additional trunnions are car-
ricd on the receiver body for firing from fixed
trunnions if desired.

It fires standard Hispano-Suiza-type ammunition
loaded to give a muzzle velocity of 2,850 feet per
second. When a round is fired, blowback action
causcs the tube, tube extension, and bolt unit to
move backward a distance of three-fourths inch.
Before reaching this point, angular surfaces on the
bolt lock make contact with angular surfaces on the
lock cams, causing the bolt lock to turn on its axis
pin and move out of the locking cut at the rear of
the tube extension. Further movement rearward
of approximately one-fourth inch moves the bolt
lock entirely out of the locking cut, permitting the
bolt unit to rccoil sharply in the bore. The motion
is speeded up by the accelerator.

In this movement rearward, the bolt unit per-
forms the function of extracting the empty car-
tridge case; and because of its connection to the feed
mechanism, it also moves the next round along the
feedway into position for chambcring. At the end
of its stroke, the bolt extension strikes the buffer
at the rear, giving a quick rebound action to the
bolt unit which 1s further activated by two driving
spring units.

As the bolt moves forward in counterrecoil, the
gap between the bolthead and the front of the bolt
extension closes to about one-fourth inch. The

curved end of the cocking lever is forced forward,
and the pointed end moved backward when it enters
the slot in the cocking actuating plate. In this way,
the obstruction is removed from its position in front
of the firing pin extension so that the firing pin is
free to fly forward when the sear is released.

When the bolt is nearing its forward position,
the pressure of the bolt extension on the rear bolt
lock causes the latter to descend and engage the
locking nut. Pressure on the bolt extension on the
angular surfaces at the rear of the bolt lock holds
it down so that the bolt remains in the locking
position.

‘The feedway located in the forward end of the
receiver forms a channel through which the rounds
loaded in metallic links pass into the gun. 'The ears
of the link are carried on guides formed along the
stripper cams. The cartridge holding pawl posi-
tions the rounds, which are chambered by action
of the bolt. A cartridge case ejector 1s located at
the rear of the feedway, which is held securely in
position by the action ol closing the cover.

The T22 gun is convertible to feed from right-
to left-hand side without the addition ol any parts.
The preliminary test carried on by the private con-
tractor indicated that the use of an accelerator would
be necessary to increase the cyclic rate of the weapon
and provide sufficient power for feeding under high
helt pulls.

SECTION 2. 20-MM AUTOMATIC AIRCRAFT CANNON T24

Description

This weapon was designed to use the new 20-mm,
3,500-feet-per-second TOEl round. Since this
round has a much larger case than the standard one,
the T24 chamber is larger and the receiver 214
inches greater in diameter than the T22 gun; othcer-
wise, the two guns are identical in construction.

It is short-recoil operated, has right- or left-hand
feed without extra parts, forward sear, bolt holding
back sear, mechanical feed for link belt, and quickly
detachable barrel. The weapon can be operated
by electric trigger or solenoid from the right- or
left-hand side, as may be required, and is capable
of synchronized firc.

Since the 20-mm T24 gun is of the short-recoil
operated type, the unlocking of the breech is delayed
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until the residual pressure in the bore has dropped
to a degree where it is safe for unlocking.

The basic structure of the gun consists of a re-
ceiver, built up by riveting, which is composed of the
following main parts: receiver body, two side plates
and back plate. On top of the receiver body, a
cover support is secured by a screw. The cover is
hinged to the support by a joint pin and is provided
at the rcar with a latch for locking the cover to the
receiver in the closed position.

Located in the cover near its forward end is the
feed slide, which is controlled in its lateral move-
ment in guides formed in the cover. Located longi-
tudinally and able to slide in the cover in guides 1s
the actuating bar which receives its movement
through a stud located in the upper rear portion of

CONFIDENTIAL



CONFIDENTIAL

COLT 20-MM CANNON

the bolt extension and operating in a gap or slot in
the actuating bar.
The feed lever, pivoted on a stud located in the

cover, recelves 1ts movement through a stud in the
actuating bar sliding in a gap orslot in the feed lever.
The feed lever in turn causes the feed slide to move
due to its being in contact with a circularly formed
end of the feed lever which works in a gap in the
feed slide. The slide carries the feed pawl, which
1s actuated by a spring and pivots on an axis pin.

The forward end of the receiver is threaded to
receive the tube housing. The tube housing and

General Darta: 20-mm Automatic Gun T22

Data for this gun are the same as that for the 20-
mm automatie gun 124 cxcept the following:
Rate of fire: 575 65U rounds/minutc { computed).
Muzzle velocity: 2,850 feet/second.
Gun length: 78 inches,
Gun weight: 112 pounds.

receiver body in addition to receiving the tube and
tube extension contain a tube return spring and an
inner Iidgewater ring dampening unit.

A retainer secures the tube return spring to the
tube extension at the front end. A spring seat stops
the tube return spring at the rear,

Located outside the tube housing is an adapter
containing Edgewater ring springs for the purpose of
taking up excess recoil and for dampening counter-
recoll.

The adapter housing carrics, in addition to the
Iidgewater ring assembly, two trunnions for con-
necting the gun to its mounting.

In addition to the trunnions carried on the
adapter housing, there are two trunnions carried on
the receiver body for use if it should be desired to
fire the gun from fixed trunnions.

There are also two brackets at the rear under-
neath and integral with the backplate of the re-
ceiver providing means for sccuring the gun to the
mount at the rear.

General Data: 20-mm Automatic Gun T24

Gun length: 100 inches overall,

Gun weight: 141 pounds 6 ounces with tube but without
adaptor.

Rate of fire: 700-750 rounds/minute (computed ).

Muzzle velocity: 3,300 [vet/second (approximately).

System of opcration: Short recoil.

Systemn of locking: Pivoting lock.

System of feeding: Recoil actuated.

Method of headspace: Could not be adjusted after leaving
factory.

Location of feed opeming: Right or left hand without ad-
ditional parts.

Location of ejcction opening: Bottom of receiver.

Method of charging: Hydraulic.

Method of cooling: Air.

Gun height without acecssorics: 6 inches.

Gun width without accessorics: 8 inches,

Weight of adapter unit: 8 pounds,

Weight of manual charging slide: 114 pounds,

Bolt travel {nominal) to buffer: 15.75 inches.

Firing pin spring:

Load cocked (approximate): 68.25 pounds.
Load at fired position (approximate}: 60 pounds.

Firing pin protrusion: 0.095 inch.

Diameter of firing pin: 0,123 inch,

Driving spring load {(bolt in rear position) approxinate:
130 pounds.

Tube length: 63 inches.
Tulx: weight: 38 pounds 4 ounces.
Rate control: None.
Barrel removal: Quick disconnect. |
Bore:

Number of grooves: 9,

Grouve depth: (L0135 inch,

Groove width: 0.205 inch.

Pitch: 7° {equals 1 turn in 25.587 calibers and 1 turn

in 20.137 inches).

Direction of twist: Right hand.

Forin of twist: Constant.
Driving spring load (bolt in forward pesition) approxi-

mate: 40 pounds,

Edgewater tube spring unit, preload: 4,500 pounds,
Load compressed 0.25 inch bevond preload: 6,100 pounds.
Edgewater adapter spring unit, preload: 1,500 pounds.
Load compressed 0.25 inch beyond preload: 3,100 pounds.
Tube return spring, assembled load : 300 pounds.
Load at | ¥ inches of tube travel: 100 pounds.
Sear release: 35 to 40 pounds.
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Figure 9-1. 20-mm Gun T24. Left side view with cover open.

When the cartridge is fired, blowback action
causes the tube, tube extension, and bolt unit to
move backwards a distance of about three-fourths
inch; but before this amount of travel is completed,
angular surfaces on the bolt lock contact angular
surfaces of lock cams mounted inside cach of the
side plates, causing the bolt lock to turn on its axis
pin and move out of a locking cut at the rear of the
tube extension.

In a further movement rearward of approxi-
matcly onc-fourth inch, the bolt lock moves entirely
out of the locking cut in the tube extension, thus
permitting the bolt unit to recoil sharply under the
action of the residual pressure in the bore. A sep-
arator, located at the rcar of the tube extension and
actuated by the latter when the tube and tube ex-
tension recoil, relieves the pressure of the bolt lock
from against the bolt lock cam at the instant of
unlocking.
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In its movement rearward, the bolt unit performs
the function of extracting the empty cartridge case
and, due to its being in connection with the feed
mechanism, of moving the next cartridge along the
feedway into position for chambering. At the end
of its stroke, the bolt extension strikes the buffer
at the rear, thus giving a quick rebound action to
the bolt unit which 1s further activated bv two driv-
ing spring units (onc located at each side of the
receiver in channels formed in the side plates),
which connect with the bolt extension by means of a
cross-member in the latter.

The bolt consists of three main parts, namely,
bolt extension, bolthead, and bolt lock. This unit
can slide backward and forward upon ribs or guides
formed inside the side plates of the receiver.

The bolt extension 1s in the form of a long block
having a hole drilled along its full length through
its center to receive the firing pin unit. It also
houses the cocking lever and the sear.
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and tube removed.

Figure 9-2. Rear view with feed, cover,

Approximately at the center of the bolt extension,
a crosspiece is formed, the projections of which have
holes drilled at cach side in order to receive the driv-

ing spring rods. In addition, these holes have re-

COLT 20-MM CANNON

cesses at the rear forming scats for thc driving
springs. In the center of the crosspiece 1s a rec-
tangular opening to receive the sear. The sear
makes contact with the firing-pin cxtension which
passes through a hole in the center of the sear and
has a shoulder formed on it which engages a shoulder
formed on the firing-pin cxtension, By this means
the firing pin is retained 1o the cocked position.

When the pressure is applied to the sear, the
shoulder on thc scar disengages from the shoulder
on the firing-pin extension, permitting the latter,
together with the firing pin, to fly forward under
the action of the firing-pin spring housed in the
firing-pin extension and to cxplode the primer. At
the forward end of the firing-pin extension, the firing
pin is scated in a U-shaped cut and held in position
by the firing-pin spring pressure.

The cocking lever 1s pivoted on an axis pin, which
is located vertically in the holt extension.

The bolthead 1s a block of cylindrical form at the
front end. At the rear it has a shank extending for
about an inch, which enters a hole at the [ront of
the bolt extension and holds the assembly in
alinement.

The bolthead carries the extractor, the extractor
spring, and the extractor axis pin.  About midway
along the bolthead are two side projections, or
blocks, which serve to steady the bolthead in the
guides or runway inside the receiver and which also
have two radial or cupped surlaces at the rear
against which the corresponding radial surfaces of
the holt lock take bearing in the locked position.

A bolt-lock pin passing through a hole drilled
transversely through the bolthead connects the bolt-

Figure 9-3. 20-mm Gun T24. View showing bolt engaging lock cut in tube extension,
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Figure 94,

head and the bolt lock, serving to hold the assembly
together, The bolt-lock pin is only for that purpose,
the actual rearward thrust at the instant of firing
being taken by the radial surfaces formed on the
front of the bolt lock, engaging in the corresponding
radial or cupped surfaces in the bolthead. The boit
lock is of U-form and locks the bolt securely at the
instant of firing and remains locked until the residual
pressure n the bore has dropped to a degree safe
for unlocking,

As the bolt moves backward, the bolt extension
pulls apart from the bolthead, showing a space of
about seven-sixteenths inch. At the same time the
tip of the cocking lever, which is held in a slot in
the actuating plate located in the left side plate of
the gun receiver, is forced forward by the latter
bringing the curved portion of the cocking lever to
the rear.

When the curved portion moves to the rear, it
moves with it the firing-pin extension which carrics
the firing pin, thus withdrawing the firing pin from
the face of the baolt and compressing the firing-pin
spring against the firing-pin spring stop pin. The

20-mm Gun T24. View showing manual charger.

shoulder of the firing-pin extension engages with the
shoulder in the sear under pressure of the sear spring.

As the bolt moves forward in counterrecoil, the
gap between the bolthead and the front of the bolt
extension closes to within about one-fourth mch,
duc to the pressure of the angularly formed surfaces
at the front of the bolt extension on the rear of the
bolt lock.

The curved end of the cocking lever is forced for-
ward, and the pointed end moves backward when
it enters the slot in the cocking lever actuating plate
before referred to. In this way, the obstruction 1s
removed from in front of the firing-pin extension so
that the firing pin is free to fly forward when the
sear is released.

When the bolt is nearing its forward, or closed,
position, the pressurc of the bolt extension on the
rear of the bolt lock causes the latter to descend and
engage in the locking out in the rear of the tube
extension. Pressure of the bolt extension on angu-
lar surfaces at the rear of the bolt lock holds it down
so that the bolt remains in the locked position and
only becomes unlocked when the cam action de-
scribed elsewhere goes into play.
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Figure 9-5, 20-mm Gun T24, View of cover from below showing mounting of charger.
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Figure 96. 20-mm Gun T24. Cleseup view of cartridges in feedway.

A feedway located in the forward end of the re-
ceiver and resting on the side platcs immediatcly
under the feed slide unit forms a channel through
which the cartridges loaded in metallic links pass
into the gun. A deflector plate, located over the
feedway, acts as a guide, giving the necessary down-
ward pressure to the cartridge and insuring that 1t
enters the chamber correctly.  Two stripper cams
are positioned in the feedway, the ears of the car-
tridge metallic links being carried on guides formed
along the stripper cams on top and inside. At the
side of the feedway and underneath is a cartridge
holding pawl actuated by spring and held in posi-
tion by the cartridge holding pawl pin. At the rear
of the feedway is the ejector bracket which carries
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Figure 9-7. 20-mm Gun T24. Cartridges and links.

CONFIDENTIAL

the cartridge case ejector. The action of closing
the cover holds the feedway sccurcly in position.

The gun is convertible to [eed [rom the right-hand
side or the left-hand side as may be required.
Change of feeding dircction is accomplished without
the addition of any parts.

Disassembly

The procedures given in this section apply to both
the T22 and the T24.

To disassemble the gun into subassemblies, pro-
ceed as follows:

1. Open the cover. Press in on the cover latch
release. 'The gun will then be ready for disassembly.

2. Remove the cover.  With the cover down and
using a screwdriver blade, turn the cover joint pin
so that its locking catch disengages from the slot in
the deflector plate. Push in on the cover latch re-
lcasc to relieve pressure on the joint pin, then re-
move the joint pin and cover,

3. Remove the feedway and deflector plate. To
remove the feedway and deflector plate, grasp the
feedway, raise it vertically a small amount, then
pull straight to the rear until clear of the cover sup-
port. The feedway can now be taken out of the
receiver.

4. Remove the bolt. To remove the bolt, push
in on the end ol the 2 driving springs rods {1 on
cach side of the gun) enabling the 2 thrust pins to
be pushed out.

Note. When thrust pins are being removed,
take care that the two rods do not fly out.
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Figure 9-8.

The two driving springs with rods can now be
removed from the rear of the gun.  Grasp the rear
of the bolt extension and pull the complete bolt
unit back in its guides in the receiver until the cross-
picce of the bolt extension is in line with the gaps
in the side plates. The bolt assembly unit can now
be removed from the receiver by pulling vertically
upward.

3. Remove the tube. To remove the tube, press
down on the latch. Grasping the tubce, turn it
counterclockwise one-sixth turn so as to disengage
it from the locking segment in the tube extension.
Now pull the tube straight out toward the front.

Note. Do not remove the cover support from
the receiver,
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20-mm Gun T24. Subassemblies.

Assembly

To assemble the gun from subassemblies, follow
this procedure:

1. Replace the tube. Enter the breech end ol
the tube into the tube housing, taking care that the
indicating arrow on the tube 1s to the top; then
give one-sixth turn in the clockwise direction, not-
ing that the tube latch clicks in place.

2. Replace the bolt assembly.  With the bolt
unit in position and the cocking lever in the posi-
tion for camming the action back, enter the unit
mto the receiver so that the crosspiece of the bolt
extension enters the gaps in the side plates. Now
push the belt fully home.

3. Replace the driving spring units. Lnter the
driving spring rod assemblies into the rear of the

..........
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Figure 9-9, 20-mm Gun T24. Subassemblies showing adaptor removed.
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receiver through the holes provided. PPush in on the
assemblies until the rods enter the holes in the cross-
picce of the bolt extension and the springs seat in
recesses at each side in the rear of the crosspiece.
Push the enlarged ends of the driving spring rods in
far enough so that the two thrust pins can be put
n place.

4. Replace the feed way and deflector plate.
Place the deflector plate in position over the front
of the feedway, then slide the feedway with the de-
flector plate into place in the receiver.

2. Replace the cover. With the cover right side
up, enter the joint pin bearing end into the gap in
the cover support. Holding the cover at an angle
of about 45°, enter the cover joint pin so that it
passes through the cover support and cover. When
fully home, turn the spring end of the cover joint
pin down, noting that it engages a slot in the de-
Mector plate of the feedway.
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Detailed Disassembly and Assembly

To Strip the Bolt.

1. To remove the bolthead, push down an the
end of the bolt lock. Slide the bolthead forward
until it becomes detached {rom the bolt extension.

To Strip the Bolthead.

. With a special drift, push the extractor axis
pin, allowing the extractor and extractor spring to
be removed.

2. Push out the bolt lock axis pin, thus separat-
ing the bolt lock from the bolthead.,

To Strip the Bolt Extension.

1. With a special drift, push out the firing-pin
extension bulfer pin. Remove the buffer.

2. Push out the cocking lever axis pin lockpin,
then remove the cocking lever axis pin and cocking
lt\-"i;‘['.

3. Push out the firing pin spring stop pin lock-
pin, then push out the firing pin spring stop pin.
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Figure 9-10. 20-mm Gun T24. Components of cover group.
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Figure 9-11.

Up-end the bolt extension so that the finng pin
assernbly can drop out of the rear end.

4. Push out the sear plunger seat stop pin, then
remove the sear spring seat and scar spring, taking
care that these do not fly out when the stop pin is
removed.

5. Push out the sear cover plate lockpin; shde
out the sear cover plate top and the sear cover plate
bottom ; then remove the sear.

To Strip the Firing Pin Unit.  Clamp the special
tool provided in the vise with the U-cut uppermost;
allow the knife cdge at the top of the U to pass be-
tween the rear of the firing pin large flange and the
front of the firing-pin sleeve. Push on the rear
of the firing pin extension, compressing the firing-
pin spring until the firing pin can be slid out of the
U-cut in the firing-pin extension. Take care that
the firing-pin spring and sleeve do not fly out in so
doing.

To Assemble the Firing Pin Unit. Slip the firing-
pin spring onto the firing-pin extension, and place
the sleeve in position on the firing-pin extension
Hange toward front.
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20-mm Gun T24.

Components of receiver group.

With the special tool provided clamped in a vise
(U gap uppermost), push in on the sleeve so that
the firing-pin spring is compressed sufficiently to
allow the firing-pin button end to enter the U-cut in
the end of the firing-pin extension.

Remove the unit carefully from the special tool
in the vise. The assembly 1s now completed.

To Assemble the Bolt Extension.

1. Slide the sear cover plate bottom into position
in the bolt extension.

2. Place the sear in position in the slot in the
center of the crosspiece of the bolt extension.

Note. It can be entered to operate either right
hand or left hand as may be required.

Replace the sear cover plate top by sliding it into
the guides in the bolt extension. Insert the sear
cover plate lockpin and push home,

3. Insert the sear spring with thc sear spring seat.

Note. The sear spring seat will be adjacent to
the lockpin in the assembly. With a drift, push in
on the sear spring seat so that the lockpin can be
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Figure 9-12, 20-mm Gun T24. Top view of bolt,

cntered 1n its hole in the bolt extension. Push the
lockpin home.

4. Replace the firing-pin assembly in its hole in
the bolt extension.  Up-end the bolt so that the rear
1s to the top and the firing-pin assembly will drop
until stopped by the shoulders of the sear. Push in
on the sear to allow the firing-pin assembly to go
fully forward. Insert the firing-pin spring stop pin
and insert the lockpin, pushing it home.

5. Place the cocking lever in its slot in the bolt
cxtension and firing-pin extension, flat surface
toward top. ‘Llhen insert cocking lever axis pin
and cocking lever axis pin locking pin, pushing same
home.

6. Replace the firing-pin extension buffer in the
hole in the bolt and replace its lockpin.

To Assemble the Bolthead.

. Place the extractor with the extractor spring
In position in the lower part of the bolthead and
inscrt the extractor axis pin, pushing it home.

2. Placc the bolt lock in position on the bolthead.

Note. The connecting web is to the bottom.

J. Replace the bolt lock axis pin,

Note. The hole in the bolt lock axis pin is cen-
tralized so that the firing pin can pass through.

4. Shide the bolthead assembly on to the bolt
extension, after first entering the bolthead shank
1n the hole in front of the bolt extension.

Figure 9-13. 20-mm Gun T24. Bottom view of bolt.
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Figure 9-14. 20-mm Gun T24. Components of bolt.

Figure 9-15. 20-mm Gun T24. Feedway.

Changing the Gun from One Hand Feed
to the Other

The gun as shipped from the factory has its com-
ponents positioned for leflt-hand [eeding. To change
from lcft- to right-hand feeding, the following pro-
cedure is used. This applies to both the T22 and
the '124.
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Changes to be Made in the Feed Mechanism
Components in the Cover.

[. Open cover. Remove the actuating bar.

2. Take out cotter. Take off the feed lever.

3. Noting how the feed lever appears when in
position to feed left hand, remove it from the cover.
Push out the feed pawl pin and enter same from the
other side. The head of the pin must be toward
the rear when the cover is closed. Enter the feed
shide in the guides in the caver so that it feeds right
hand.

4. Replace the feed lever on the stud in the cor-
rect posiion to feed right hand. Replace cotter.
Replace actuating bar.

Changes to be Made in the Feedway.

1. Remove stripper cam pin and change the two
stripper cams to the other side of the {feedway.

2. Rcplace stripper cam pin.

3. Remove holding pawl pin. Remove cartridge
holding pawl and spring, and assemble same in
brackct at other side of feedway,

4. To change from right-hand to left-hand feed-
ing, reverse the procedure just given.

CONFIDENTIAL



CONFIDENTIAL

 COLT 20-MM CANNON

Figure 3-16. 20-mm Gun T24. Components of leedway.

Tests of the T24

Between 14 February 1945 and 24 August 1945,
40) test rounds were fired from the T24, These

rounds are described in detail in paragraphs which

follow. Tests were conducted at the Colt plant
except as otherwisc noted.

Firing on 14 February 1945

The 20-mm T24 gun is chambered to take the
20-mm cartridge of 3,500-fcet-per-sccond velocity,
and the first firing of this gun took place on 14
February 1945.

Ammunition used was part of a lot of 25 rounds
received from Dicatinny Arsenal on 6 February

CONFIDENTIAL

1945, having these characteristics as noted [rom data
card accompanying the ammunition :

Expected pressure: 51,400 p. s. 1.

Muzzle velocity: 3,500 feet/second.

Weight of charge: 863 grains 4,879 1. M. R.

All of the rounds showed a poor condition as re-
gards seating in the chamber, and faults (such as
large neck diameter of cartridge case, eccentricity of
projectle in the cartridge case, and radius interfer-
ence at rear of neck) contributed to inability of car-
tridge to seat correctly in the chamber. These faults
were noted; nevertheless, firing of these 25 rounds
was undertaken after careful measurements had been
made of certain body dimensions. The “B” dimen-
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ston ran from maximum 5.197 inches to minimum
5.170 inches on these cartridges, whereas the ap-
plicable drawing calls for maximum 5.200 inches
and minimum 3.185 inches. With this condition
there would be no crushup on some of these car-
tridges. -

The gun was set up on a Colt test mount, adapter
unit was set provisionally at 200 pounds preload,
and inmer spring unit at 4,500 pounds preload. The
T22 adapter was used in this test on the T24 gun
owing to the adapter for the T24 gun not having
been comnpleted,

The gun was fired by lanyard attached to trigger
bar. A solid ejector was located in the ejector
bracket. Driving springs had combined preload,
with bolt at rearmost position, of approximately 152
pounds. The back plate cap was screwed tightly
down on the 23 fiber disks, and firing-pin protrusion
measured .095 inch. Length of gun tube, 75 inches.

Test 1. Extractor removed from bolthead.

With tube dismounted from the gun, round
marked 11 was placed in the chamber and rotated
until it seated, the bolt meantime being held on the
holdback sear. The tube with round seated in the
chamber. was replaced in the gun. The following
measurements were taken:

Cartridge head protrusion: (1.175 inch.

Dimension “A” (chamber): 5.188 inches.

Dimension “B” {cartridge) : 5.186 inches.

The holdback sear was depressed, allowing the
bolt to slam forward onto the round. The round
fired correctly on pulling the lanyard, the empty case
remaining in the chamber. The following particu-
lars were noted from the firing::

Recoll time: (.066 second.

Counterrecoil time: 0.085 second.,

Total cycle time: 0.151 second.

Tube cvcle time: 0.042 second.

Tube travel: 0.705 inch.

Receiver travel: 0.750 inch.

Receiver cycle time: 0.032 second.

Rate of fire based on single round cycle was ap-
proximately 400 rounds per minute.

Test 2. The adapter preload was changed from
200 pounds to 2,200 pounds, the inner spring set-
ting remaining at 4,500 pounds preloaded.

The driving springs, being considered too heavy
at 152 pounds preload, were changed to a lighter
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combination showing approximately 130 pounds
preload.

No extractor in bolthead.

Round marked 13 was placed in the chamber in
the same way as before with tube out of the gun so
that the cartridge could be rotated until it seated.

These measurements were taken:

Cartridge head protrusion: 0.189 inch.

Dimensicn “A” (chamber) : 5.188 inches.

Dimension “B” (cartndge) : 5.180 inches.

The bolt was allowed to slam forward from off
the holdback sear and was noted to travel 15%4
inches from rear position to closed position in (0.084
second, which is a velocity of approximately 15.25
feet per second.

The round fired correctly, and the empty case
remained in the chamber, |

‘The following particulars were noted from firing

of this round:

Recail time: 0.023 second.

Counterrecail time: 0.061 sccond.

Total time cycle: 0.084 second.

Tube cycle time: 0.024 second.

Tubc travel: 0.750 inch.

Receiver travel: 0.350 inch.

Receiver cycle time: 0.027 second.

The rate of fire based on this single-round cycle
was approximately 714 rounds per minute.

Test 3. No extractor in bolthead.

Adaptcr sctting as belore, namely, 2,200 pounds;
and inner spring setting 4,500 pounds as before.
Round marked 1 was placed in the chamber and
rotated until it seated. The following dimensions
were taken:

Cartridge head protrusion: 0.197 inch.

Dimension “A” {chamber): 5.188 inches.

Dimension “B” {cartridge): 5.186 inches.

Before firing this round, the backplate cap was
given one-fourth turn to tighten down on the fiber
disks.

Fired round marked 1, the empty case being
caught in ejecting.

The following particulars were noted for this
firing :

Recoil time: 0.028 second.

Counterrecoil time (estimated): 0.056 second.

Total time for cvcle (estimated): (0.084 second.

Tube cycle time: 0.024 second.

‘Tube travel: 0.800 inch.
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Receiver travel: 0.350 inch.

Receiver cycle time: 0,023 second.

Rate of fire based on this single-ronund cycle was
approximately 714 rounds per minute.

Before proceeding with the next test, the adapter
setting was changed from 2,200 pounds to 1,500
pounds preload, the inner spring setting remaining
at 4,500 pounds preload.

Test 4. Round marked 2 was placed in the
chamber, and the following measurements were
taken:

Clartridge head protrusion: 0.187 inch.

Dimension “A” (chamber): 5.188 inches.

Dimension “B” (cartridge) : 5.180 inches.

Round fired correctly and ejected. {l4-inch
buffer compression noted.)

The following particulars werc noted from this
firing :

Recoil time: (.028 second.

Counterrecoil time: 0.062 second.

Total time for cycle: 0.090 second.

Tube cycle time: 0,030 second.

Tube travel: 0.730 inch.

Receiver travel: 0.450 inch.

Receiver cycle: 0.027 second.

Rate of fire based on single round cyele was ap-
proximately 654 rounds per minute.

‘The adapter setting was now changed from 1,500
pounds to 40() pounds preload.

Test 5. Round marked 3 was placed in the cham-
ber, and the following measurements werc taken:

(Cartridge head protrusion: 0.186 inch.

Dimension “A™ (chamber) : 5.188 inches.

Dimension “B” {cartridge) : 5,180 inches.

Round fired correctly and ejected, and the fol-
lowing particulars were noted from this firing:

Recoll time: 0.0350 second.

Counterrecoil time: 0.060 second.

Total time for cycle: 0.090 second.

‘T'ube cycle time: (0.032 second.

Tube travel: 0,700 inch.

Receiver travel: 0.550 inch.

Receiver cycle time: 0.030 second.

Rate of fire based on single round cycle was ap-
proximate.y 654 rounds per minute.

The ejector was removed from the ejector bracket
alter this firing as the impact of same against rim
of the cartridge case on recoil at so great a velocity
sheared sections out of each rim.

CONFIDENTIAL
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Different ring springs were assembled into the
T24 housing. Due to V4 -inch accidental additional
length in the inner spring adjusting collar, a preload
sctting of 6,500 pounds was obtained instead of the
expected 4,000 pounds preload.  "T'wo rounds were
fired with this condition,

Test 6. Extractor placed in position in bolthead.

Round marked 4 was placed in the chamber, and
the [ollowing measurements were taken:

Cartridge head protrusion: 0.193 inch.

Dimension “A” {chamber): 5.188 inches.

Dimension “B” [cartridge): 5.180 inches.

This round fired correctly but the case did not
cject, having been caught between the rear of tube
extension and front of bolt and damaging the ex-
tractor. The following particulars were noted from
this firing:

Recoil time: 0.028 second.

Counterrecoil time {cstimated ) : 0.055 second.

‘Total time for cycle (estimated ) : 0.083 second.

Tube cycle time: 0.030 second.

‘Tube travel: 0.950 inch.

Receiver travel: 0.450 inch.

Receiver cycle time: (.038 second.

Rate of fire based on single-round cycle was ap-
proximately 714 rounds per minute.,

Test 7. QContinued firing using the preload of
6,200 pounds on inner spring unit. Adapter as be-
fore was set at 900 pounds preload. No extractor
in bolt, Round marked 5 was placed in chamber,
and the following measurements were taken:

Cartridge head protrusion: 0.190 inch.

Dimension “A” {chamber): 5.188 inches.

Dimension “B” (cartridge): 5.176 inches.

The round fired correctly and ejected and the

following particulars were noted from this firing:

Recoll time: 0.065 second.

Counterrecoil time: 0.087 second.

Tatal time for cycle: 0.152 second.

Tube cycle time: 0.038 second.

Tube travel: 0.900 inch.

Receiwver travel: 0.600 inch.

Receiver cycle time: (.034 second.

Rate of fire based on single round cycle was
approximately 394 rounds per minute.

T'est 8. The preload of inner ring springs was
changed from 6,500 pounds to 4,500 pounds pre-
load. Adapter sctting remained as before, 900
pounds preload. Round marked 6 was placed in
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chamber, and the following mecasurcments were
‘taken:

Cartridge head protrusion: 0.177 inch,

Dimension “A” (chambcr) : 5.188 inchcs.

Dimension “B” (cartridge) : 5.170 inches.

Round fired correctly but case caught in ¢jecting.

The following particulars were noted from this
finng:

Recoil time: 0.032 second.

Counterrecoil time { estimated) : ().051 second.

Total time for cycle (estimated): 0.083 second.

Tube cycle time: 0.032 second.

Tube travel: (.700 inch.

Receiver travel: 0.600 inch.

Receiver cycle time: 0.034 second,

Rate of fire based on single round cyele was
approximately 730 rounds per minute.

Test 9. Round marked 7 was placed in the
chamber, and the following measurcments were
taken:

Cartridge head protrusion: 0.203 inch.

Dimension *A” {chamber): 5.188 inches.

Dimension “B™ (cartridge): 5.197 inches.

Round fired correctly and empty case went back
into chamber. The following particulars were re-
corded from this firing:

Recoil time: 0.072 second.

Counterrecoil time: 0.080 second.

Total time for cvcle: 0.152 second.

Tube cycle time: 0.038 second.

Tube travel: 0.700 inch.

Receiver travel: 0.600 inch.

Receiver cycle time: 0.034 second.

Rate of fire based on single-round cycle was
approximately 394 rounds per minute,

Test 10. Round marked 8 was placed in the
chamber and the following measurements were
taken:

Cartridge head protrusion: 0.193 inch.

Dimension “A” {chamber) : 5.188 inches.

Dimension “B" {cartridge): 5.187 inches.

Round fired correctly and empty case went back
into chamber, 'The following particulars were re-
corded from this firinp:

Recoil time: 0.060 second.

Counterrecoil time: 0.084 second.

Total time for cycle: 0.144 second.

Tube cycle time: 0.038 second.

Tube travel: 0.800 inch.

L

280

Receiver travel: 0.600 inch.

Receiver cycle time: 0.030 second.

Rate of fire based on single-round cycle was
approximately 414 rounds per minute.

Test 1I. The adapter preload was changed
from 900 pounds to 1,500. Inner spring preload
remained unchanged at 4,500 pounds. Round
marked 9 was placed in the chamber, and the fol-
lowing measurements were taken:

Cartridge head protrusion: 0.191 inch,

Dimension “A” {(chamber): 5.188 inches.

Dimension “B” (cartridge) : 5.187 inches.

Round fired corrcctly, but the primer blew out of
the cartridge case and was found lodged trans-
versely between the cartridge case and {ront of bolt;
closing of breech was thus prevented.  The follow-
ing particulars were recorded from this firing:

Recoll time: 0.046 second.

Counterrecoil time { estimated) : 0.091 sccond.

Total time for cycle {estimated): 0.137 second.

Tube cycle time: 0.034 second.

Tube travel: 0.800 inch.

Receiver travel : 0.500 inch.

Receiver cycle time: 0.030 second.

Rate of fire based on single round cycle was ap-
proximately 430 rounds per minute,

It was observed at the first firings of this gun on
February 14 and 15 that the rate of firing was not
consistent in cases of repetition firings where no
changes in spring settings had been carried out;
accordingly, the gun was carefully gone over in
order to remove cxcessive friction which might have
caused a drag in firing rate.

Exterior of the tube recoil spring was reduced
slightly on outside diamerer, and hard rubbing spots
on bolt extension were given attention. An amount
of about 0.005 inch was removed from cocking lever
where it had been rubbing hard on guide in recoil.

Firing on 23 February 1945

Test 12. Round marked 10 was placed in the
chamber, and the round was rotated until it seated
correctly. The following dimensions were taken:

Cartridge head protrusion: 0.197 inch.

Dimension “A” (chamber) : 5.188 inches.

Dimension “B” (cartridge): 5.189 inches.

Cartridge fired correctly and cjected. The fol-
lowing particulars were recorded from this firing:

Recoil time: 0.027 second.
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Counterrecoil time: 0.043 second.
Total cycle time: 0.070) second.
Tube cycle time: 0.027 second.
Tube travel: 0.780 inch.

Receiver travel: 0,420 inch.
Receiver cycle time: 0.024 second.

Rate of fire based on single round cycle approxi-
mately 857 rounds per minute,

Firing on 24 February 1945

Owing to difficulties experienced due to faults in
the ammunition composing the first lot of 25 rounds
received, a further lot of 25 rounds for tests was sent
from Picatinny Arsenal. These cartridges had the
following characteristics according to the data card
accompanying the consignment.

Expected pressure: 51,400 p. s. 1.

Muzzle velocity : 3,500 [eet/second.

Weight of charge: 863 grains.

Powder: 4,879 1. M. R.

The cartridges were measured on the “B” dimen-
sion and the results tabulated. The “B* dimension
on these cartridges ran from maximum 5.2()1 mches
to minimum 5.168 inches. Drawings called for
maximum 5,200 inches and minimum 5.185 inches.
With this condition, there would be no crushup on
some of these cartridges.

These rounds showed the same fault as beforc,
namely, that they could only be made to seat in the
chamber by rotating the cartridge until scated.

Gun adjustments were made as at the last firing:
mner spring, preload, 4,500 pounds; adapter pre-
load, 1,500 pounds.

Standard driving springs in gun had 130 pounds
preload. Twenty-three fiber disks in back plate
screwed down tightly.
before, 0.095 inch.

Test 13. No extractor. No ejector.

Round marked 26 was placed in the chamber,
and the following dimensions were taken.

Cartridge head protrusion: 0,194 inch.

Dimension “A” (chamber) : 5.188 inches.

Dimension *“B” (cartridge) : 5.186 inches.

Round fired correctly but did not eject, The fol-
lowing particulars were recorded from this firing::

Recoil time: 0.042 second.

Counterrecoil time (estimated) :

Firing pin protrusion, as

(0.057 second.
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Total time for cycle (estimated): 0.099 second.

Tube cycle time: 0.030 second.

Tube travel: 0.750 inch.

Receiver travel: (.500 inch.

Receiver cycle time: 0.027 second.

Rate of fire based on single round cycle was ap-
proximately 604 per minute.

NoTe. Atfter being fired, the cartridge case went
back into the chamber and had to be removed by
pushing it out with a rod. In firing, the primer
hlew out of the case and lodged against the rear of
the case so that the bolt could not complete its stroke
at counterrccoil. Also, due to loss of pressure
throngh the gas escaping through primer hole in
cartridge case, the recoil of bolt was weak, the re-
coll stroke taking 0.042 second to complete.

Test 14. No extractor. No ejector.

Round marked 27 was placed in the chamber,
and the following dimensions were taken.

Cartridge head protrusion: 0.195 inch.

Dimension “A” (chamber): 5.188 inches.

Dimension "B (cartridge) : 5.183 inches.

Round fired correctly but did not eject. The
following particulars were recorded from this firing :

Recoil time: 0.042 second.

Counterrecoil time [estimated): 0.061 second.

Total time for cycle {estimated): 0:103 second.

Tube cycle time: 0.032 second.

Tube travel: 0.800 inch.

Recerver travel: (0.45() inch.

Receiver cycle time: 0.027 second.

Ratc of fire based on single round cycle was ap-
proximately 581 rounds per minute.

NoTe. After firing this round, cartridge case
went back into chamber and had to be pushed out
with a rod. In firing, the primer blew out and
lodged below the bolt in the extractor cut.

Recoil stroke of the bolt was weak due to gas leak
through the primer hole in the cartridge case.

On conclusion of firing these two rounds, Nos.
26 and 27, orders were given to discontinue using
this batch of ammunition and preparation of an-
other lot of ammunition was ordered for further
testing at as early a date as possible,

While awaiting a new batch of ammunition,
firing was coniinued using rounds from the first
batch of 25 in order to determine a suitable type
of ejector.
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Firing on 2 March 1945

Test 15. Ejection was tested using wire type
ejector { wirc diameter 0.062 inch). Round marked
12 was placed in the chamber, and the following
dimensions were taken:

Cartridge hcad protrusion: 0.175 inch.

Dimension “A” (chamber): 5.188 1inches.

Dimension “B” (cartridge): 5.171 inches.

Round fired corrcctly but did net cject.

The following particulars were noted from this
firing:

Recoil time: 0.028 second.

Counterrecoil time: Not obtained.

Total time for cycle {estimated}: 0.076 second.

Tube cycle time: 0.030 second.

Tube travel: 0.750 inch.

Receiver travel: 0.450 inch,

Receiver cycle time: 0.027 second.

The wire ejector was found to be deformed after
this test,

Rate of fire {estimated) based on single round
cycle was approximately 785 rounds per minute,

Test 16, Testing ejection, using wire ejector
(diameter (1.062 mch).

Round marked 14 was placed in the chamber,
and the following measurements were taken:

Cartridge head pratrusion: 0.203 inch.

Dimension “A” (chamber) : 5.188 inches.

Dimension “B” (cartridge) : 5.188 inches.

Round fired correctly but did not eject.  The fol-
lowing particulars were recorded from this firing:

Recoll time: 0.038 second.

Counterrecon]l time: Not recarded.

Tube cycle time: 0.030 second.

Tube travel: 0.687 inch.

Receiver travel: 0.450 inch.

Receiver cycle time: (0.027 second.

Ejector showed deformation after this test.

Firing on 9 March 1945

Test 17. 'l'esting ejection, using wire ejector
(0.067-inch wire). Round marked 15 was placed
in the chamber, and the following measurcments
were taken:

Cartridge head protrusion: (.195 inch,

Dimension “A” (chamber): 5.188 inches.

Dimension “B” (cartridge) : 5.188 inches.

Cartridge fired correctly but did not eject.
Primer blew out. Lhe following particulars were
noted from this firing:
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Recoil time: 0.038 second.

Counterrecoil time: 0.059 second.

Total time for cycle: 0,097 second.

Tube cycle time: 0.032 second.

Tube travel: 0.750 inch.

Recciver travel: 0.500 inch,

Receiver cycle time: 0.027 sccond.

Balt closed on empty cartridge case in chamber,
which did not eject and had to be pushed out with
arod. Rate of fire based on single round cycle was
approximately 614 rounds per minute.

Test 18. Continuing test of wire ejector (0.067-
inch diameter wire). Round marked 19 was
placed in the chamber, and the following measure-
ments were taken:

Cartridge head protrusion: 0.186 inch.

Dimension “*A” (chamber) : 5.188 inches.

Dimension “B™ (cartridge): 5.184 inches.

Cartridge fired correctly but did not eject.
Primer had pierced, causing gas leakage. The fol-
lowing particulars were recorded from this firing:

Recoil time: 0.05] second.

Counterrecoil time: 0,076 second.

Total time for cycle: 0.127 second,

Tube cycle time: 0.032 second.

‘Tube travel: 0.750 inch.

Receiver travel: 0.500 inch.

Receiver cycle time: (.028 second.

Cartridge case did not eject and had to be pushed

out with a rod. Rate of fire based on single round
cycle was approximately 460 rounds per minute.

Test 19, Testing wire ejector (0.067-inch diam-
eter wire}. Round marked 21 was placed in the
chamber, and the following measurements were
taken:

Cartridge head protrusion: 0.189 inch.

Dimension “A™ (chamber) : 5.188 inches.

Dimension “B* (cartridge} : 5.185 inches.

Cartridgce fircd and ejected correctly.

The following particulars were recorded after this
firing :

Recoil time: 0.027 second.

Counterrecoil time: 0.020 secand.

Total time for cycle: 0.077 second.

Tube cycle time: 0.030 second.

"T'ube travel: 0.775 mnch.

Receiver travel: 0.350 inch.

Receiver cycle time: 0.032 second.
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Note. Ejector was found to be badly deformed
after this test. Rate of fire based on single round
cycle was approximately 785 rounds per minute.

Firing on 10 March 1945

Gun in same condition as at last firing.

Test 20. Round marked 33 was placed in the
chamber, and the following measurements were
taken:

Cartridge head protrusion: 0.187 inch.

Dimension “A’ (chamber): 5.188 inches.

Cartridge fired correctly but did not eject. The
primer blew out of the cartridge case; the case itself
remained in the chamber and had to be pushed out
with a rod inserted from the front.

Rate of fire not recorded.

Firing on 13 March 1945

Test 21. Testing flat type spring ejector 0.063-
inch thick. Round marked 23 was placed in the
chamber, and the following measurements were
taken:

Cartridge head protrusion: 0.197 inch.

Dimension “A” (chamber): 5.188 inches.

Dimension “B” {cartridge) : 5.195 inches.

Cartridge fired correctly but did not eject. Ejec-
tor was found to be badly deformed after this test.
Recoil time as shown by graph was 0.028 second.
Rate of fire not recorded.

Firing on 14 March 1945

Tests 22,23, and 24. 'The tests were only for the
purpose of noting action of bolt locking, the bolt
- being allowed to fly forward off the holdback sear.

Test 25. Testing flat type spring ejector 0.065-
inch thick.

Since last firing, ejector bracket has had a slot
cut to hold flat type ejector spring. Round marked
22 was placed in the chambcr, and the following
measurements were taken:

Cartridge head protrusion: 0.184 inch.

Dimension *A” {chamber): 5.188 inches.

Dimension “B” (cartridge}: 5.183 inches.

Cartridge fired correctly but did not eject.

The following particulars were recorded from this
firing: -

Recoil time: 0.027 second.

Counterrecoil (ime: Not recorded.

Tube cycle time: 0.028 second.

'T'ube travel: 0.750 inch.
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Receiver travel: 0.400 inch.

Receiver cycle time: 0.027 second.

Note. The flat type ejector in use for this test
was found to be deformed.

Firing on 30 March 1945

Test 26. Testing ejector provided with a depres-
sor. Round 20 was placed in the chamber. The
lollowing measurements were taken:

Cartridge head protrusion: 0.189 inch.

Dimension “A” (chamber) : 5.188 inchcs,

Dimension “B” (cartridge) : 5,185 inches.

Cartridge fired correctly but did not eject. The
following mcasurcments were recorded from this
firing:

Recoeil time: 0.027 second.

Countcrrecoil time ({estimated ) : 0.050 second.

Total time for cycle (estimated ) : 0.077 second.

Tube cvcle time: 0.028 second.

Tube travel: 0.750 inch.

Recerver travel: 0.450 inch.

Receiver cycle time: 0.027 second.

Note. Bolt, on examination after test, was found
to show a crack. Rate of fire (estimated) based
on single round cycle was 785 per minute,

Star Gauge Inspection Report

20-mm Tube T24, 12 April 1945 (Tube had
Fired 23 Rounds)

Inches from muzzle ‘ {1][;?:11-;;1:) E;ﬁﬁ;ﬁ
O 0. 7880 0. 8160
S . 7880 . 8160
0. 7875 . 8160
13 i . 7875 . 8170
20 | . 7875 L8170
23 | . 7875 . 8170
30 | . 7875 . 8180
3 | . 7875 8180
40, 7875 | . 8180
43 . 7870 . 8180
10 F . 7870 . 8180
53 ] . 7870 . 8180
60. . | . 7870 . 8175
65 . 7865 . 8160
68.50. ..ot . 7870 . 8170
I
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Firing on 11 May 1945

Test 27, Tcesting with a new bolthead cut away
al the top for cartridge entry. Using Type 2 ejec-
tor (medium length). Round marked 24 was
placed in the chamber. The following measure-
ments were taken:

Cartridge hcad protrusion: 0.176 inch.

Dimension “A” (chamber) : 5.188 inches.

Dimension *B” ({cartridge) : 5.172 inches.

Cartridge fired correctly but did not eject. The
following particulars were recorded from this firing :

Recoill time: 0.028 second.

Tube cycle time: 0.750 inch.

Receiver travel: 0.450 inch.

Receiver cycle time: 0.027 second.

Rate of fire was not recorded. New bolthead
appcarcd satisfactory.

Test 28. Test with cartridge case head reduced
to diameter of 1.183 inches to determine if a tight
head diameter influences ejection. Using type 1
ejector (medium length). Round marked 18 was
placed in the chamber, and the following measure-
ments were taken:

Cartridge head protrusion: 0.192 inch.

Dimension “A” (chamber): 5.188 inches.

Dimension “B” (cartndge’: 5.185 inches.

Cartridge fired correctly but did not eject, The
following particulars were recorded from this firing :

Recoll time: 0.028 second.

Counterrecoil time not recorded owing to ejec-

tion jam.

Tube cycle time: 0.028 second.

Tube travel: 0.750 inch.

Receiver travel: 0.450 inch.

Receiver cycle time: 0.028 second.

Reduced diameter of cartridge case head had no
mmfluence on firing.

Firing on 15 May 1945

Test 29. Testing type | ejector (long). Round
marked 16 was placed in the chamber and the fol-
lowing mcasurements were taken:

Cartridge head protrusion: 0.194 inch.

Dimension “A” (chamber): 5.188 inches.

Dimension ‘B (cartridge) : 5.192 inches.

Cartridge fired and ¢jected correctly. The fol-
lowing particulars were recorded from this firing:

Recoil time: 0.028 sccond.

Counterrecoil time: 0.047 second.
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Total time for cycle: 0.075 second.

Tube cycle time: 0.028 second.

Tube travel: 0.750 inch.

Receiver travel: (0.450) inch.

Receiver cvcle time: 0.028 second.

Examination of fired cartridge case showed that
it was slightly bulged on the front cone. Ejcctor
bracket was found to be badly bent. It was decided
not to continue with long type ¢jector. Rate of fire
based on single-round cycle was approximately 785
rounds per minute.,

Firing on 18 May 1945

Test 30. 'l'est using ejector type 1 {medium
length} modified by having pivot point advanced
134 mches in the ejector bracket. Round marked
17 was placed in the chamber, and the following
measurements werc taken:

Cartridge head protrusion: 0.185 inch.

Dimension “A™ (chamber) : 5.188 inches.

Dimension “B” {cartridge): 5.184 inches.

Cartridge fired and ejected correctly. The fol-
lowing particulars were recorded from this firing:

Recoil time: 0,028 second.

Counterrecoil time: 0.046 second.

Total time for cycle: 0.074 second.

Tube cycle time: 0.028 second.

Tube travel: 0.750 inch.

Receiver travel: 0.450 inch.

Receiver cycle time: 0.028 second.

Rate of fire based on single-round cycle was ap-
proximately 800 rounds per minute.

Firing on 14 and 15 June 1945

Acting upon instructions reccived from the Ord-
nance Department, the T24 gun was shipped to
Abcrdeen Proving Ground on 13 June 1945, where
it underwent tests at the ballistic research labora-
tory on 14 and 15 June 1945. These tests consisted
of taking time spark photographs, recording velocity
of recoil, trunnion reaction, etc. Also acting upon
instructions from the same source in a letter dated
2 June 1943, the tube had been reduced in length
from 75 inches to 63 inches, this work was carried
out at thc Colt plant before shipping the gun to
Aberdcen.

Beifore shipping thc gun to Aberdeen Proving
Ground, an addition was made of a cartridge guide
inside the feedway at the rear, this guide also form-
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ing a backplate to which the ejector bracket was
attached. "The gun was fitted with a new ejector
(type 3) having a fiber insert to afford resilience.

At the tests carried out on 14 and 15 June 1945,
sume difficulty was experienced due to the exposed
head of the cartridge case expanding considcrably
in firing.  In the firing at the Colt plant of ahout 30
rounds, no dilficulty of this kind was experienced.

Instructions were given to modify the T24 tubc
in such a way as to increase support of the cartridge
casc at the point where the deformation took place.
This was carricd out by making a large counterbore
in the tube breech face and by inserting a threaded
bushing which was afterward ground out to obtain
the extended chamber.

On the return of the gun from Aberdeen Proving
Ground, a separator was added to the gun to re-
lcase the pressure of the bolt extension from the bolt-
head and also to assist the bolt unlocking action,
it having been observed that therc was a slight
Brinelling occuring at the top of the lock recess.

Ammunition Received by Colt on 10 July
1945

A third lot of 200 rounds of ammunition reached
the Colt plant on 10 July 1945, Particulars of this
ammunition as shown on the data card arec as
follows:

Pressure: 51,200 p. s. 1.

Muzzle velocity: 3,500 feet/second.

Weight of charge: 903 grains.

Powder:5,010 I. M. R.

The “B” dimension on the first 25 of these car-
tridges ran from maximum 5.182 inches to minimum

5.165 inches. With this condition there would be
no crushup on some of these carlridges.

Firing on 10 August 1945

The modifications having been carried out, this
third lot of ammunition was test fired at the Colt
plant.

T'est 34. Gun had a solid ejector (type 3) with
fiber insert. Tube had chamber modified to afford
increased support to the cartridge case. Separator
was in gun. Round marked 52 was placed in the
chamber, and the following dimensions were taken:

Cartridge head protrusion: 0.191 inch.

Dimension “A” (chamber) : 5.188 inches.

Dimension B {cartridge ) : 5.180 inches.
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Round fired correctly and ejected. Cartridge
case showed bulge and splits on cone. The splits,
i nearly all cases, followed longitudinal dic marks
along the case. These bulges and splits did not show
up at Aberdeen Proving Ground testing.

Circumferential mark noted on cartridge case
where joint of bushing with chamber takes place.

Test 35. Round marked 53 was placed in the
chamber, and the following dimensions were taken:

Cartridge head protrusion: 0,178 inch.

Dimension “A” (chamber) : 5.188 inches.

Dimension “B” (cartridge) : 5.182 inches.

Round fired correctly and ejected. Cartridge
case bulged and split on cone. Circumferential
mark noted on the cartridge case where joint of
bushing with tube chamber takes place.

Test 536. Round marked 54 was placed in the
chamber, and the following measurements were
taken:

Cartridge head protrusion: (0.184 inch.

Ihmension “A” {charmber) : 5.188 inches.

Dimension “B” (cartridge) : 5.178 inches.

Round misfired and removed from gun.

Test 37. The 23 fiber disks were taken out of
the buffer tube and changed to 16 Belleville washers.
These washers had been supplied by the Edgewater
Steel Co. Round marked 55 was placed in the
chamber, and the following measurements wecre
taken:

Cartridge head protrusion: 0.185 inch.

Dimension “A” {chamber’ : 5.188 inches.

I)imension “B”* (cartridge) : 5.176 inches,

'The round fired correctly and ejected. The case
showed bulge and splits on cone.,  Circumferential
mark noted on the cartridge case where joint of
bushing with tube chamber takes place.

Test 38, Still using Belleville washers in buffer
tube round marked 56 was placed in the chamber
and the following measurements taken:

Cartridge head protrusion: (.186 inch.

Dimension “A” {chamberj: 5.188 inches.

Dimension “B* (cartridge) : 5.177 inches.

The round fired correctly and ejected. Car-
tridge case showed bulge and splits on cone. Cir-
cumferential mark noted on the cartridge case where
joint of bushing with tube chamber takes place,

Test 39. 'The separator was removed from the
gun for the purpose of observing whether this had
any effect on the bulged cone condition. Belleville
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washers in buffer tube. Round marked 57 was
placed in the chamber, and the following measure-
ments were taken:

Dimension “A” {chamber) : 5.188 inches.

Dimension “B” (cartridge ) : 5.178 inches.

The round fired correctly and ¢jected case showed
bulge and splits on cone. Circumierential mark
noted on cartridge case where joint of bushing with
tube chamber takes place.

Removal of separator from gun did not change
bulged-cone condition,
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Test 40. Without separator and with Belleville
washers in buffer tube. Round marked 58 was
placed in the chamber, and the following dimen-
sioms were taken:

Dimension “A” (chamber): 5.188 inches,

Dimension “B” {cartridge) : 5.179 inches.

The round fired correctly and ejected. The case
showed bulge and splits on conc. Circumferential
mark noted on the cartridge case where joint of
bushing with tube chamber takes place.
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Chapter 10

20-MM JOHNGON AIRCRAFT CANNON

SECTION 1.

NoTE. The 20-mm Johnson aircraft cannon has
becen neither accepted nor rejected by the Navy.
Therefore, available information on the design,
proofing and testing of the wcapon has bcen in-
cluded in greater detal than in other chapters of
this volume, since the data would be of great con-
venience to future project officers in the event consid-
eration of the Johnson cannon should be resumed.

Johnson's Early Interest in Guns

Melvin M. Johnson, Jr., was born in August 1909
in Boston, Mass., and attended Noble Greenough
Preparatory School in Boston and Dedham.

At an carly age he began to do big-game hunting
in the Maine woods, and when he was 14 years old,
Hunting and Fishing magazine printed an article
by Johnson on sporting arms with some reference to
military weapons. This latter is one instance of his
early aptitude for the study of weapons.

After finishing his preparatory schooling, Johnson
entered Harvard University in 1927, enrolling in the
Field Artillery R. O. 1. C. In his frecshman year,
he organized the Harvard caliber .30 rifle team, of
which he was elected captain. He was also captain
of the Harvard gun team. He graduated from
Harvard with a B. S. degree in 1931 and entered
Harvard Law School, receiving an LL. B. degrec in
1934.

Soon after completing the R, O. T. C. course at
Harvard, Johnson became active in the Army Re-
serve. In 1933 the Marine Corps, taking note of
his reputation as an ordnance expert, offered him a
commission of second lieutenant, which he accepted.
He had several tours of duty at Quantico, Va., where
he attended the weapon school.

In August 1934, the Marine Corps ordered John-
son to visit Springfield Armory to see the Garand
and Pedersen rifles, which were then in experimen-
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tal stages. Johnson later said that he was struck
with certain limitations which he anticipated would
be present in production models of these rifles.

Johnson's Early Gun Designs

In 1935, Johnson became involved in his first
design project, an attempt to complete the develop-
ment of a retarded blowback mechanism in com-
petition with the Garand and Pedersen rifles. At
this time, he wrote a number of articles for the M a-
rene Corps Gazette and for Ordnance magazine.

After abandoning his project involving the blow-
back mechanism, he turned his attention to other
possibilities, In 1936, he made some rough parts in
a machine shop on Atlantic Avenue in Boston, where
he assembled them and fired the prototype of the
weapon later to become the Johnson automatic rifle.

This weapon had an unprepossessing appearance.
The hammer was taken from a Browning automatic
shotgun, and a steel knitting needle was used for a
firing pin. To this device was attached a Spring-
field barrel which recoiled in the sleeve and caused
a multilug arrangement to turn the bolt so as to
rotate 18° to the unlocked position. The parts
were arranged in a vise and fired by a string. The
first time this somewhat crude mechanism was fired,
however, it successfully extracted and cjected the
empty shell.

Spurred on by his initial success, Johnson devised
a shoulder rifle model on this action; and on 1 Sep-
tember 1936 he fired it at the Marine range at Wake-
field. It was a very clumsy and somewhat heavy
model, but it exemplified the action. In 1937 John-
son built a crude experimental light machine gun
model using the same basic action.

By the fall of 1937 he had prepared drawings for
the making of several models of what was to be
called the Johnson semiautomatic rifle. He had
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Figure 10-1,

these modcels made, using the facilities of the Marlin
Fire Arms Co., during 1937 and earlv 1938.
During 1938, two of these nfles were tested exten-
sively at I'ort Benning on an informal demonstratio
basis.  Onc of the guns was fired some 3,000 rounds
in one and a hall hours by a team of infantry per-
sonnel, cach man shooting 200 rounds while an assist-
ant loaded the magazinc.  Ths rille gave a rather
rcmarkable performance for a model in that status.
At that time, a Garand M1 rifle was fired in com-
petition against Johnson's gun and was withdrawn
after 198 rounds because of overheating and extrac-
tion dilliculties. Latcer, at Abcrdeen Proving
Ground, some 1,200 rounds were fired through John-
son’s gun. One magazine gave feed failures and a
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system of automatic weapons, with his light machine gun.

number of these were charged to the weapon, result-
ing in some confusion among the authorities present
as to the actual performance of the operating system.

In December 1939, Melvin Johnson submitted
rifle number 17 with rotary magazine, made by
Taft-ierce, to the Ordnance Department.

This weapon was tested at Aberdeen Proving
Ground, where it fired some 6,000 rounds. The
actnal stoppage record was something less than 12,
mostly minor failures, there bemyg no major break-
age. Themagazinespring had to be rehooked once,
and this cost the weapon several failures until 1t was
corrected.

Natwithsianding the creditable showing made by
the weapon, the War Department decided after con-
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siderable deliberation that nothing further would be
done with the Johnson nfle, generally on the grounds
that this mfle did not represent material advantages
over the [1936-adopted M1 rifle which would war-
rant replacing the M1 rifle in its advanced stage of
manufacture. The Chief of Staff was apposed to
having two standard rilles for supply and training
FCASOILS.

Certain dcfects, such as the nability to use the
standard M—1%}5 16-inch bavonet and the lack ol
wooden hand guards around the barrel, were also
cited against the Johnson nfle.  Some criticism of
the magazine was made, Involving the possibility of
denting 1t. The mechanical performance and ac-
curacy were, however, always noted as heing sat-
isfactory.

This attitude of the Army is sometimes misunder-
stood, 1L being mterpreted as lack of interest m pro-

JOHNSON

gress,  As a matter of fact, the Army was committed
to the M1 rifie, had already adopted it in 1936, and
had manufactured some 50,000 of the riflcs. While
having experienced certain dillicultes, the Ord-
nance Corps by 1940 had made rather radical im-
provements in the onginal rifle. In these crcum-
stances and with the war in Rurope, it was the policy
of the Chiel of Staff to consider the rifle already in
production as standard and not to consider a co-
standard or a sccond rifle.  However, plausible as
these facts are, they in no way detract from the high
regard held in the service Tor the working principles
of the Johnson rifle and light machine gun.

Development Work for the Armed
Services
Early in 1942 the Bureau of Ordnance initiated a

2-mm aircraft machine Yun prograr [or the pur-

Figure 10-2. Senate Military AlHfaizs Committee meeting of 2 July 1940. Leit to right; Senator Morris Sheppard, Chaoirman
of Committes; Maj. Gen. George A. Lynch, Chief of Infantry; (standing, left) Brig. Gen. R. C. Moore, Assistant Chief of
Staff, United States Army; Melvin M. Johnson, Jr.; Senator A. B. Chandler (seated far right). The Johnson semiautomatic

rille was discussed at this meeting.
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posc of either replacing or having a companion arm
to the Hispano-Suiza which was then the adopted
wcapon 1n the naval service.

In Juiy, Dr. Henry B. Allen, director of the Frank-
lin Institute, Philadelphia, and Vice Chairman of
Division 1, National Defensc Rescarch Committee,
discussed the problem of the belt-feed system with
Melvin Johnson, who by this time had design and
manufacturing facilities available. At this time,
Johnson was president of Johnson Automatics, Inc.

On 7 August 1942, Johnson attended a confer-
ence at the Burcau of Ordnance, Navy Department,
at the request of Dr. L. H. Adams, Chairman of
Division 1, National Defense Research Committee,
and Dr, Allen. Present were Lt. Comdr. E. A.
Junghans, USN, Lt. Hildenbrand, USNR, Dr.
Allen, and Melvin Johnson. It was requested that
Johnson submit a letter on the subject of aircraft
cannon and the Navy’s feed system after inspecting
weapons at Dahlgren, Va.

On 8 August 1942, Melvin Johnson and C. B.
Gardiner, of Johnson Automatics, visited Dahlgren.
The Hispano-Suiza gun was fired for them. Then
Johnson wrotc a letter to the National Defense Re-
search Committee (NDRC? and the Bureau of Ord-

nance recommending the development of a com-
plete aircraft cannon designed for belt feed.

The contact with the Bureau of Ordnance re-
sulted in a long series of development contracts and
cfforts which continued throughout World War II.
While this program did not result in a finished
wcapon, it 18 an accepted fact that many advanced
features and basically new ideas were incorporated
in the prototypes Johnson originated.

As a prototype in this cannon development ficld,
his first attempt resulted in the self-unlocked, gas-
timed, semiblowback, 20-mm machine gun. There
were actually three models attempted on this project,
but the second model was never made because the
third model was sulliciently advanced for prepara-
tion of its parts, eliminating the necessity of the
second model.

A major difficulty encountered in this project
was the fact that initially the Navy required the use
of 20-mm Ocrlikon ammunition and set this forth
as a specification. This ammunition, Johnson felt,
was radically unsuited for the type of performance
desired and eventually this was changed over to the

230
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20-mm Hispano-Suiza ammunition which he felt
would give better performance.

The action was so fast and powerful that in early
prototype firing the projectiles loosened occasionally
in the mouth of the cases of the Hispano-Suiza am-
munition. In one of Johnson’s early reports, he
asked that it be recognized that this ammunition was
never originally made [or use in a gas-operated, belt-
fed system, especially one in which a cartridge was
to be pulled to the rear out of a closed loop belt.
It was pointed out that it would have been better
had the development been along lines where the
cartridge is shoved out of the feed mouth into the
chamber instead of the retracted movement. It
was further pointed out that the closed loop belt
imposed basic disadvantages upon the mechanism.

In less than 18 months, a firing model was demon-
strated. Johnson not only fired the 20-mm TTis-
pano-Suiza ammunition, but by shifting the barrel
was able to shoot a 20-mm Hispano-Suiza case
necked down to a caliber .50 and employing a pre-
engraved projectile.  This necking down gave an
official reading of 4,400-fecet-per-second velocity.
[t was found that the mechanism would pull a very
heavy belt load somewhat in the range of 140 pounds
while only losing 10 percent of its cyclic rate.

Before Johnson’s weapon was ready to fire, the
Burecau of Ordnance asked him to consider the
charging device and electric mechanism for retrac-
tion of the bolt, a barrel removing feature and a
right- and left-hand belt mterchange, and to submit
advanced rcports on what he expected to achieve
as to high cyclic rates and the lorce that would be
exerted in pulling the belt and feeding the cartridges.

The war’s end stopped further development of
the Johnson 20-mm high cyclic ratc aircraft machine

gun.

Summary of Development Work for the
Armed Services

This project was undertaken with definite serv-
ice requirements in mind. A major requirement,
intended to overcome a drawback of the Hispano-
Suiza system, was a sclf-feeding gun mechanism
which did not require external forces to actuate the
belt. Tn order to pull its own belt, this gun was
constructed with a reciprocating breechblock which
would have as early opening and as much available
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Figure 10-3. The 20-mm Johnson Automatic Cannon mounted on a test stand firing Oerlikon ammunition.

power to do all the work as possible.  Henee the
gas-timed, sclf-unlocked, retarded blowback plus
gas actuation system. In other words, there were
two forces available to do the total work required
of this gun, the gas pistom force and the residual
pressure force. "This gun, especially the 3rd model,
took some of its feed featurcs from the Browning
machine gun.

During the summer and fall of 1942, the service
requirements for cychic rate were not especially high.
As momth after month passed, requirements grew
for higher cyclic rates. These combined with the

requirement for a self-feeding gun mechanism put
quite a strain upon Johnson's ingenuity, especially
with what proved to be obsolescent requirements
for accessories. There was no question about the
desirability of a removable barrel nor fundamentally
any question of the requircment for right- and left-
hand feed. As later events proved, Johnson’s
prophecy, that the original arrangement of his gun
would permit right- and left-hand feed by changing
the mounting arrangements, proved correct.
Another requirement was ultimately for bottom
cjection of the empty cases. Later aircraft devel-

Figure 10~4. Mechanism of the 20-mm Johnson gun in its developmental stage. Lelt side view.
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Figure 10-5. An early version of the 20-mm Johnsen gun, disassembled.

opments indicated that this requirement was not
as real as 1t was supposed to be when imposed.
Johnson has always advocated development of
a basic gun mechanism along “blacksmith” lines
without regard to details and accessories. This
philosophy is based upon the proposition that if the
basic blacksmith gun doesn’t work very well, no use-
[ul purpose would be served to put all the gadgcts
on it. If the basic gun, on the other hand, does
prove to be sound, it is always possible to modify
it in such a way as to keep its basic virtues while at
the same time arranging for accessories such as
charging devices, right- and left-hand feed, and
firing devices. It cannol be questioned that much
progress can and has been made by this method
with a relatively low outlay of [unds. There are
some Interesting similaritics between this Johnson

20-min gun svstem and that of the Russian VYa
aircrall gun.

A designation indicating experimental maodels
was assigned to the Johnson guns developed in this
program. This designation was EX 2; four models
were developed under this designation, which may
be identified by the following descriptive notes.

First Model.  Originally made for Oerlikon am-
munition; later for Hispano-Suiza ammunition.
Gun is now at Winchester Repeating Arms Co.

Second and Third Model. Designed as belt-fed
automatic, gas-opcrated weapon cooled by air.
Second model replaced by third model before the
former was built.

Fourth Model. This model was commenced
during the summer of 1945. It had progressed to
the drawing board stage by V=] Day, when work
on it was terminated.

SECTION 2. DEVELOPMENT OF THE EX 2, FIRST MODEL

Description

This 20-mm belt-fed machine cannon was de-
signed for mounting in the wing, fusclage, or gun
turrct of standard scrvice aircraft. The cyclic rate

is estimated from 600 to 900 rounds per minute.
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Belts were of the disintegrating metallic link
closed-loop type, fed in from the right- or left-hand
side of the cannon by optional assembly of the parts,

"T'he recoiling portion of the cannon consists of the
tube, gas cylinder, receiver, breechblack, piston, feed
tray, belt lever, and buffer assemblies.
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Figure 10-6. Later version of the Johnson gun EX 2. Letft view from above,

The tube is similar to the 20-mm M1 and M2,
which are based on Hispano-Suiza principles. In
the trial model, the front of the barrel is supported
in the standard-type dash pot. The tube is en-
gaged to the receiver by interrupted threads, locking
at 60 degrees, and is locked into position by a clamp.
It may be removed readily. The gas port is located
about 18.5 inches from the breech. The gas cyl-
inder and piston assembly are normally attached to
cach barrel and are removed with it. The operat-
ing shaft 1s not a part of nor s 1t connected with the
gas cylinder and piston assembly of the barrel. The
rear end of the piston is in contact with the forward
cnd of the operating shaft at the time of firing. The
total stroke of the piston 1s approximately 1.5 inches.
This stroke carries the action through the unlocking
and primary extraction stage.

The gas cylinder assernbly 1s locked to the barrel
in the following manner: the cylinder 1s set into the
annular groove on the barrel and clamped by two
bolts. The gas cylinder assembly consists of the
one-plece cylinder bracket assembly, bored to re-
cerve the piston and threaded on the outer rear side
for the retaining cap. The piston stem protrudes
through the cap, a plate on the stem contacting the
forward end of the operating shaft. This plate has
two return springs attached inside tubes, operating
against screws bolted to the plate. The forward
portion of the receiver accepts the barrel and serves
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to gide the piston shaft.  The receiver and barrel
provide support for the belt tray and feed lever.
The receiver, consisting of two side rails and a top
housing, halds the breechblock, which runs in the
two longitudinal slots or tracks in the receiver rails.

The breechblock has in its front section the breech
slide, which reciprocates laterally during the breech-
block travel. The breech slide carries the rounds
from the moment of extraction from the belt until
they are ejected after firing. The breech slide is
actuated by the breech slide arm.  The breech shide
arm stud runs in a track in the inside of the breech
housing, or cover.

The breechblock retains the firing pin assembly,
the breech lock, the automatic sear and the trigger
sear. The brecch lock 18 a rectangular wedge-
shaped block with an angular lock abutment, en-
gaging a corresponding angular abutment in the
rcceiver assembly.

The other end of the lock, which is rounded on
its becaring, cngages a corresponding recess in the
hottom of the brecchblock. The lock operates
through a slight arc on this axis. 'The rear end or
locking face of the lock is in the downward position
when engaged, and moves up upon unlocking to
ride throu gh the channels in the receiver rails. The
position and locking action of the breech lock arc
regulated by the operating shaft locking platform.
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The breech shde, which is engaged to the breech-
block assembly through a lateral dovetailed slot in
the front face of the breechblock, alines the striker
hole through which the striker passes when the
breech slide is in position for firing and the piece is
locked, and also provides extracting mcans cither
on the right- or left-hand side of the cannon as the
gun may be assembled for feeding. Spring extrac-
tors of the conventional type are mounted on the top
and bottom of the breech slide, and on the outer end,
engaging the rim of the round at three points.

On the mner edge of the breech slide is provided
a cam-actuated plunger which projects from the
facc of the breech slide at an angle of 457 inward
against the rim of the round at that point. This
plunger serves in part as an extractor and in part as
a positioning plunger. 1t is cammed out of the way
when the breech slide moves across the block at the
moment of breech loading. The plunger also pre-
vents the round which 15 being fed from jumping
across the breech slide out of position when the
breech slide moves across during the first part of the
closing stroke of the breechblock at which time the
round is transferred from the side of the receiver to
the centerline or chamber path.

No detent is provided on the opposite side of the
slide to control the empty shells, Thus, the empty
shell is withdrawn from thc chamber simultaneously
with the extraction of the [ed round from the belt;
and as the breech slide moves across on the com-
mencement of the closing stroke to introducc the fed
round to the chamber, this lateral motion is sullicient
to loosen the cmpty shell from the breech slide in
such manner as to canse the empty shell to be ejected
horizontally at an angle of 43° toward the front.
This presupposcs an empty shell chute to deflect the
round out through the wing, or into a receptacle 1n
the case of turret-mounted guns.

The operating shaft asscmbly consists of the oper-
ating shaft, the feed lever cam stud lock and stud,
and the locking platform which is engaged in the
receiver rail channels. ‘LT'he mainspring 1s carried
inside the piston shaft and extends rearward around
the mainspring guide shaft which is assembled into
the rear of the receiver assembly. This shaft serves
alzo to position the buffer assembly.

The operating shaft locking platform has a sec-
tion with angular slope for locking and releasing
the breech lock. Actuated by the piston stroke, the
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operating shaft reciprocates approximatcly 10.5
inches relative to the breech lock. The locking plat-
form causes the striker to be cocked during the rear-
ward movement of the platform. This movement
is limited by the recess in the bleechblock.  As the
platform moves rearward and compresses the striker
spring, it moves away from thc breech lock and
permits the lock to slide out ol engagement with the
receiver locking abutment.

The feed tray, fastened on the left or right side
of the cannon opposite the chamber of the barrel,
has a bell-mouthed opening to introduce the metallic
link closed-lnop disintegrating belt. "The laterally
reciprocating belt lock carries the belt fingers which
pull the belt across the tray during the closing stroke
of the breechblock.  The tray carries the belt latches
which hold the belt in position, the feed lever mov-
ing the belt lock across preparatory to picking up
the next round while the breechblock 1s on the
opening stroke.

The bolt lock is actuated by the feed lever, the
curved lever with cam path operated by the oper-
ating shaft stud. The feed lever is located under-
neath the cannon. One end of the feed lever is
attached to the feed block through a dniving slot.
The lever turns on a fixed stud in the bottom of the
receiver, and the long end is actuated by the oper-
ating shaft stud through the full stroke of the shaft
in operation.

The buffer assembly consists of the buffer plate,
spring tube cap, plunger, buffer spring, and cover
plate. The buffer spring is similar to the Hispano-
Sulza but has greater tension. This is assembled
mto vertical slots in the rear ol the receiver and
15 engaged by the mainspring guide shaft.

The trigger is arranged for release by means of
a standard solenoid. The trigger lever 1z in the
receiver.

The belt 1s similar in design to the caliber .50
Browning type for aircraft. Each hnk has two
loops on onc side, spaced apart, and one central
loop on the other side. The rounds join the links,
acting as link pins. Extraction of each round dis-
integrates the link in which it was secured from
the belt to which it was joined.

Log of Development in 1942

On 9 August 1942 Johnson sketched a basic
system for an aircraft cannon in which the barrel
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moved forward under gas-cylinder pressure.
Closed-loop links were used. It is significant that
only two days had elapsed since Johnson’s first con-
ference with the Bureau of Ordnance with regard
to this design.

In August, Johnson developed a tentative design,
and a crude caliber .30) model was fired to try the
principle,

Early in September Johnson became generally
dissatisfied with this “blow-forward” design and
changed to the design since known as “Project No.
10,” a breech-ported, gas-operated weapon having
certain unique unlocking features. In this gun,
the belt is moved during the initial 1-inch travel of
the piston prior to unlocking.

The design was initiated on 10-11 September
1942, and a preliminary drawing was completed by
14 September. A brief description was prepared at
this time.

On 8 October, a contract between the NDRC
and Johnson Automatics, Inc., became effective.
All previous development and engineering expense
was borne by Johnson Automatics, Inc. The
NDRC contract resulted from an understanding
with the Navy Department that the NDRC would
procure for the Navy the design and development
of an aircraft cannon, the Ordnance Dcpartment,
United States Army, to be advised on all progress.

Because of the pressure of time, Johnson chose to
make two sets of parts, onc set to be finished first,
leaving the ather set available for minor alterations
of finished dimensions.

On 22 December, the parts werc tentatively
weighed together with the 44-pound Hispano-
Suiza barrel. The approximate complete weight
was found to be 120 pounds. It was cxpected that
excess weight would be eliminated [rom some parts,
aside from the barrel. It was anticipated the final
weight should be closer to 110 pounds with stand-
ard barrel.

Summary. The log of the Johnson aircraft belt-
fed machine cannon indicates that the weapon was
conceived within 1 month, reaching basic form 5
weeks after the original Bureau ol Ordnance confer-
ence of 7 August 1942,

The hOrst cannon model, therefore, was conceived,
designed, developed, and built, substantially rcady
for assemnbly, within 5 months, or within 3 months
after the contract was entered upon,
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Log of Development in 1943

The feed tray assembly was put together at the
end of December 1942, It was found correct as far
as ascertainable,

The breechblock was assembled and found gen-
crally correct except that the firing sear required
shight modification to insure correct function. A
study of the redesign of this sear was initiated.

The ignition was tested by placing primed shells
in the T-slot of the breech slide. Proving that sup-
port of the shell in the barrel chamber is not requisite
to obtan ignition, it was [ound that ignition and
primer indent were excellent using the lightest of
several experimental striker springs.

The receiver rails were welded on.
rails went out of shape.

However, the
An attempt was made to
straighten them. The other assembly was put to-
gether with bolts. It was then found that due to
a minor error in the drawings, one rail did not meet
the dimension sought. wver the weekend 9-10
January 1943, Johnson Automatics Manufacturing
Co. made a new rail. This was assembled and sent
for heat treating on 11 January. A new pair of
rails were started and it was planned to redesign the

other recelver so as to use bolts instead of welding to
hold the rails.

Some 400 belt links were sent for heat treatment
after inspection.

The problem of headspacing was studied on 7-8
January. No difficulty was anticipated after con-
sulting the Bureau of Ordnance. Actual adjust-
ment was delayed pending completion of correct
receiver assembly.

During this period, the chicf delay encountered
was centered around the receiver due to welding and
rail difficultics. The date of the final assembly was
thus postponed by approximately a weck.

Period 12-17 January 1943, The receiver rails
were reassembled with onc new rail.  This assembly
was checked, heat treated, and rechecked. The
breechblock assembly appeared to function manu-
ally as required.

The receiver assembly was then fitted to the
barrel, the headspace adjusted, and the gas-cylinder
componcnts assembled.

The feed tray was attached, the breech-housing
eroup attached, and single rounds appeared to go
through the action manually without difficulty,
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There remained final adjustment and heat treat-
ment of the breech-housing cams.  "'he cannon was
substantially put together by 17 January.

The cannon was assembled for preliminary study
of basic operation and mounted in the cradle.

Five dummy rounds were loaded into the belt
links and inserted with the feed tray. These rounds
were run through the action. Apart from a slight
stiffness in the working parts in manual operation,
the only difliculty noted was due to lack of sufficient
overtravel of the [ced lever and feed finger block,
actuated by the piston shaft, to permit full and satis-
factory engagement of the rounds by the belt fingers,
especially the rear finger.

It was decided to make a correction of this condi-
tion. Qtherwise the action appcarcd normal. The
empty rounds cjected as did the empty links,

FirsT Rotxn.  One prelimmary round was then
discharged to determine the action of the lock and
piston. As a result of this trial round the following
points were noted :

1. The locking platform must be more adequatcly
supported.  The design is erroneous in this respect.

2. The platform has virtually no appreciable sup-
port directly beneath the lock.

3. The 45° angle of the lock causes nearly 50 per-
cent of the thrust of the explosion to be directed
downward upon the platform at the extreme end of
an unsupported point.

4. About one-halfl of the platform ahead of the
lock contact cross bar takes the thrust, Tt is almost
analogous to a springboard, with the downward
thrust on the free end.

5. This condition causes fracture of the platform
support slot in the breechblock at the point of the
full forward locked position.

6. This fracture occurred at the instant of dis-
charge. The piston had not moved rearward what-
socver at the time ol the [racture.

7. It was obscrved that the empty case ruptured
about one inch from the extracung groove, the
severcd rear scction appearing hell-mouthed.  This
indicates great pressure, In turn showing that the
rupture was caused entirely by platform slot frac-
ture, not by gas piston action.

8. The above action resulted i sending the
breechblock rearward with greal force. The piston
shaft was buckled, due chiefly to the giving way of
the platform. The breech housing was bent slightly.
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The breech-lock guide shafts were broken, and the
locking lug surfaces were slightly scored due to pre-
mature opening.

9. Aside from damage to the breechblock-plat-
form grooves, the lock-guide shafts, the piston-shaft
extension, and bending of breech cover, no other
damage was noted.

10. The i1gnition, as shown by the indent in the
primer, was excellent.

After study of the parts in question, ample space
was found to extend the platform bearing, so as to
provide better support to relieve the downward
thrust of the lock, and it appeared dcsirable to
steepen the lock angle from 457 to 65°,

Ultimate production changes in the affected parts
were studied.  Ample space for increased mctal in
the platform support lugs, breechblock platform
grooves, and lock-guide shafts appeared available.

In particular, it was noted that there were excel-
lent apportunitics for possible locking platform sup-
port using parallel receiver guide channels instead
of the support of the breechblock channels.

19 fanuary 1943. Conlerence on the next oper-
ation resulted in the following plan:

I. To make new receiver rails with double chan-
nels, the upper guiding the breechblock, the lower
guiding and supporting a new locking platform.

2. To make new locking platform with long,
thick lugs supported in new rails.

3. To make new breech lock with angle of 35°.

4. To straighten breech housing.

5. To reassemble piston shalt,

6. To clean up breechblock and clear path for
platform.

This program was primarily intended to permit
further firing and testing within 10 davs, or by about
1 February.

In addition, an improvement in the belt fingers
was studied. Examination disclosed the possibility
of putting solid cams on the tray which would posi-
tively cam the fingers into the rounds at the end of
the lateral teeding stroke of the feed lever,

In other respects the model appeared satisfactory
so far as could be determined at this time,

The feed lever was found not quite correct to
specification as stated in the manufacturing draw-
ing. Detent plunger was found too stull for proper
functioning. As the spring was excessive, it was
decided to reduce it.
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Binding of breechblock was noted mn the cradle.
Supports were pinching rails. This indicated the
support should be moved to the rear of the receiver.,
Also that a voke or support might be desirable to
support the rails.

20-25 January 1943, Drawings of new receiver
rails, a new locking platform, and new lock were
prepared by Briggs Young. Steel was available for
all new parts except the locking platform. Johnson
Automatics commenced making the new rails on 22
January., These were substantially finished on 23
January. The new, reinforced, heavier breech lock
was ready for heat treatment by 25 January, Steel
for the locking platform was not obtained tll 25
January, The receiver housing was straightened
and the breechblock cleaned.

Provision was made to give a slight overtravel 1n
camming the feed arm, so as to insure full engage-
ment of the round to be fed.

Under the proposed madified design, disassembly
was improved. On removing the housing and with-
drawing the breechblock and piston shaft assembly,
the locking platform dropped instantly out of en-
gagement with the block, in turn allowing the
breech lock to be removed.

26-30 January 1543. 'The new parts were com-
pleted, sent for hardening on 28 January, and were
returned on 29 January.

On 28 January, Dr. Allen of the NDRC visited
Johnson Automatics informally and inspected the
madel.

For manual demonstration, the cannon was as-
scmbled with original parts. Scveral belts of 12
rounds each were manually fed.

It was noted, as already known, that more over-
travel of the feed lever was necessary to insure full
engagement of the round before the feeding stroke.
This had already been corrected in the new assem-
bly. Provided the feed fingers fullyv engage the
round before commencing the stroke, the feed
seemed correct. However, the detent which posi-
tioned the round in the breech slide appeared inade-
quate, as some rounds moved over it causing in-
correct positioning,

It was decided to have a new plunger made with
more abrupt shoulder. Also a study was author-
ized to develop a new type detent means, one
cammed out of the T-slot pathway upon the closure
of the breechblock. It was believed that such a
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means could rcadily be developed to insure posi-
tive positioning of the round at this point.

It was noted that the empty link was positively
ejected, that the empty round was thrown forward
to the right at 45° to the barrel.

Where the round was not fully engaged by the
feed fingers, 1t did not fully enter the breech slide,
and was, therefore, not engaged by the retainer
plunger in the slide. Thus, if it could be fed, it
failed to reach correct positioning when the slhide
moved over. However, it was believed that over-
travel would clearly overcome this difficulty.

Allowance had to be made [or compound slack in
the feed parts (shaft, cams, fced lever, feed finger
black, fingers, etc.). This rcquired some adjust-
ment and study with the new assembly.

6 February 1943, All new parts were finished,
heat treated, reassembled after polishing,

There was a new plunger in the brecch slide, and
a new feed lever with more overtravel.

In re-assembling, a tendency of the parts to pinch
with gun set in cradle was noted. Receiver shafts
were springy and seemed to need extra yokes to
prevent pinching breechblock assembly,

The detent plunger spring was too strong and
therefore reduced.

A musfire resulted due to
friction in rails; and, perhaps, retarding of auto
sear.

Feced by hand was found to be normal.
was OK.

Scconp Rounp.  Platform held. Lock cracked
on cross bar, indicating necessity for direct support
under the lugs. Downward thrust appcared very
great even with 55% lugs. Everything else was
found normal.

Platform should be under the lugs on each side
to give dircct support during critical pressure
interval.

/15 February 1943. During this period the
locking lugs were changed to a 70° angle. A slid-
ing “lock support” was developed and made to
operate with the locking platform. The locking
platform gmde hecame a third piece which engaged
the piston shaft.

The “lock support™ is under the locking lugs at

One round was fired.

Trip

the moment of high pressure,
The trigger sear was installed with trigger.
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The mounting was corrected and the assembly
was again fired on 15 I'ebruary about 4 p. m.

THirD Rouxp, Extracted OK. All correct ex-
cept interference of belt fingers with piston shaft due
to disengage spring on latches. Breech was found
open. The lock and cartridge case was perfect.
The 1ignition was excellent. There was a very slight
bite of T-slot in brass rim.

FocrtH Rounp. Extracted and ejected. Breech
staycd open due to belt fingers interference because
of spring slipping. The case was excellent.  Fx-
traction was good. The trigger spring broke.

Feed tested by hand and found normal except
for shell detent plunger which permits overtravel
of round being fed. This, as was seen earlier, must
be replaced with a positive positioning guide lug
to be cammed oul of the T-slot only upon closure
of the breech.

16 February 1943.
corrected,

Firre Rounn.  The feed lever stud bit into the
operating shaft cam face, breaking off a picce of
the cam and bruising the stud. The breech was
not opened,

SxtTH Rounn.,  As a study of a bhetter feed lever
was started some wecks ago, it was decided to re-
move the lever temporarily, and fire the round for
function. This was normal, with fast breech closure
indicating very high speed action. Breech slide
cam path plate loosened. This was welded up for
further single-round tests.

The gun was then prepared for another round.

SEVENTH RounNp. The gun was fired. It cx-
tracted and ejected. A very slight extraction print
was noted on the rim, similar to previous rounds.
The action indicated considerable power.

However, the buffer, through error, had not been
adjusted correctly and the breechblock stopped on
the piston, in turn putting a severe thrust on the
temporary locking platform guide at the end of the
stroke.  As a result, this temporary picce broke.

The trigger spring was

A new guide was prepared on paper for tool-
rovm [abrication.

It was decided to restudy the camming and lever
condition of the feed lever and piston shalt cam.

Summary to 16 February 1943. There is reason
to belicve that the timing, lock, and basic actuation
of this cannon is sound and gencrally in accordance
with expectations, The action appears smooth, fast,
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and powerful. Judging from the empty shells, the
timing is not too early even without any load in the
belt. The condition of the broken feed lever cam
stud showed considerable power. Through over-
sight, the bufler was not fully operative on the last
two rounds, contributing to the minor breakagcs
noted.

The successtul function of the basic actuating
mechanismn was thought encouraging.

16-26 February 1943. A new piece for the lock
platform assembly was preparcd.  For temporary
use, a slightly stronger detent spring was prepared
for the breech slide.

An improved bearing on the feed lever and cor-
rected cam on the piston shaft was prepared.

A modified lever with stud on the piston locking
platform guide and cam slot in a solid arm on the
feed lever was designed.

A new-type detent with cam to prevent positively
any positioning difficulty with the rounds in the
breech slide was designed.

It was found that the initial piston stroke could
be increased to two inches if desired by taking ad-
vantage of the slack in the lock support.  The possi-
bility of developing a double bufler to contact both
the breechblock and the piston platform was noted.

26 February 1943. The gun was again tried on
hand operation, and the feed was found excellent.
The belt was pulled hard and rapidly without diffi-
culty. It was noted that the rounds should be
loaded uniformly in the links.

One trial round was fired. This extracted per-
fectly. The breechblock remained open. This was
due to breaking of the cacking lug on the firing pin.
Lack of a fillet may have contributed to this, The
rctaining plate was found to have a marked indica-
tion of very great momentum affecting the firing
pin.

A new pin was selected from spare parts. A
fillet was welded in.

27 February 1943, Visit of Dr. .. . Adams,
Chairman, Division One, NDRC.

Freura Rouxn.  One ronnd was fired singly.
It was normal. The vertical guide shaft on the lock
(left side) was broken.

NinTit Rounn. Fired with dummy in tray.
This round [ailed to feed; otherwise it was normal.
The other guide shaft on lock broke. No harm was
noted; lock appeared to function without requiring
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guldes.
the way.

TenTH Rouvnwn,  Fired normally. It failed to
feed over dummy due to detent and overswing of
feed lever,  Dummy was positioned in T-slot,

Ereventry Rounp. Normal, Tt ejected excel-
lently as before. The dummy failed, probably due
to detent.

Loaded a belt of dummies to put load on action
to determine potential operating power of action
subjected to weight.  Sclected 32-pound weight for
belt test, using 207 slope on leadin tray. The belt
finger spring was adjusted.

It was found that a wider area for bearing of belt
fingers on shells was necded. Finger dents in the
shelis were noted.

TweLFTH Rounp. One round was fired., It
cjected powerfully. The belt of 13 rounds and 32-
pound wcight was moved three-fourths of an inch.

Weights were added to give 57 pounds, plus 13
rounds, or a total of 64 pounds.

1T'HIRTEENTH Rouxn,  Round cjected with [orce
pulling 64-pound load.

The rounds were moved onc space as shown by
markings. The 57-pound weight was moved three-
fourths of an inch.

Ejection was powcrful. Action looked fast.
One link was slightly distorted from taking full
thrust of 57 pounds.

FourTeENTH Rouxp. Belt of 13 rounds plus
110-pound steel bar, total weight of 117 pounds,
was used at a slope of 20°. The round was fired
normally. One link slightly opened. The whole
belt moved three-fourths of an inch, Therc was a
loss of nine-sixteenths of an inch duc to link stretch.
'L'he round cjected excellently. The action locked
fast.

Loaded one round and onc dummy.
removed,

FirreenTH ROUND.
tracted,
ejection.

SuMMaRrY, From the tests of 27 Fcbruary, it
appeared that the action of this cannon 1s extremely
powerful. The stretch of one link with heavy
welght attached does not necessarily indicate any
weakness of the links. Normally, there will be one
link per each ().6-pound weight (one round). Thus
the thrust will be distributed.

The feed lever was not throwing over all

Lever was

Round was fired and it ex-
The firing pin lug broke, preventing full
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The breakage of the firing-pin lug also indicates
considerable power.  The fact that excellent ex-
traction and ejection is obtained with or without
any load on the action indicates a flexible, positive
mechanism,

I March 1943. A close examination of the
mechanism disclosed that the feed difhculty experi-
cneed was due to the longitudinal displacement of
the round being fed into the T-slot, due to shock
of firing. This displacement caused the rim of the
shell to be forced into the narrow section of the T-
slot, breaking down the upper and lower cdges of
the nm as it was forced into the narrow section,
In turn, this caused the [eed fingers o dent the body
of the shell due to resistance of the rim in the slot,

In the tests of 27 Fecbruary, several dummy
rounds were positioned in the T-slot before firing.
These failed to feed across, due to disengagement
from the positioning latch in the breech shide.

Accordingly, it was decided to improve the latch
temporarily, while at the same time designing an
improved, cam-actuated latch and considering a
shell-posittoning lever, Temporarily an undercut
on the hook and stronger spring were prepared;
this later proved satistactory.

Steps were taken to prevent the forward move-
ment shock of recoil of the round to be fed so as
to insure its entrance into the T-slot. An improved
design of this point providing more positive pasi-
tioning was also undertaken. Relief of the firing-
pin lug was also studied.

For the next tests, the above temporary improve-
ments were initiated.

The possibility of obtaining high-speed moving
picturcs of the action was considered, and Dr.

Adams authorized employment of Prof, Harold
Edgerton in this matter.

Still pictures taken and developed by C. T.
Haven, of Johnson Automatics, Inc., were prepared,
and one set for approval was mailed to Dr. Adams

on 1 March. Additional sets for the Navy were
requested.

6 March 1943. Assembled with new feed lever,
new breech slide detent with cam, undercut latch

hook on slide, double bufler to include platform
contact. Used muzzle brake.

SIXTEENTH Rounp.  Assembled belt with dum-
mies, placed live round in chamber with dummy in
line to feed. Took high-speed movies of this round.
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‘I'he round fired corrcctly and fed and chambered
the dummy. The next link was stretched, however.

The feed lever was not moving over quite enough.
Some slack may have devcloped. Somce rounds
were fed by hand. Action was stfl. Cam on
detent caused friction. Feed lever gave way due
to weld crack on temporary joint.

This was corrected and gun re-assembled.  The
action was quite stiff due to some hind on cover
and cam of detent.

Two live rounds were loaded with belt of 10
rounds.

SEVENTEENTH Rounp, Round fired correctly,
ejected powerfully and reloaded.

‘Temporary trigger lever obstructed sear, prevent-
mg firing of secend round. This was a minor an-
novance, as the gun would otherwise unquestion-
ably have fired the burst of two rounds.

Again a link was stretched. This indicated that
the open joint of the link was inadequate. It was
decided to weld a piece on the open link joint for
trial the following weck.

Firing-pin lug was again broken.

Very slight burr found on one corner of lock prob-
ably due to rocking movement during cyvcle. Feed
finger support was broken.

A new firing pin was installed.

The gas chamber was opened onc-fourth of an
inch to give longer gas chamber; no change in port.
Paossihility of buffer spring piston considered.

ErcHTEENTH Rouxp.  Two rounds were loaded.
The link was inadvertently forgotten on the second.

Feed fingers ripped the neck.

~ CONFIDENTIAL

The cannon fired and ejected excellently but
pulled case of bullet, loading empty round with
primer into chamber, spilling powder.

NINETEENTII Rounxn.  Two rounds were loaded.
Iverything was normal, but the trigger lever got In
the way, preventing second round from f{iring. This
fed round showed loose bullet. The feed fingers

needed alteration.

TweNTIETH Rounp. Platform broke, permit-
ting shaft to go back without breechblock. This
caused failure to unlock. Temporary plattorm ap-
peared inadequate.

Broke bufler plate on lower buffer.

SuMmMARY. The tests of 6 March indicated the
following:

1. The new breech slide detent with cam was an
improvement, but the cam caused some stiffness of
operation which could be overcome readily.

2. The undecrcut hook of the breech slide latch
prevented the fed round jumping off when the slide
movced over.

3. The new feed lever was an effective improve-
ment. The gun was basically capable of feeding
positively.

4. The open expander-type link joint needed to
be reinforced to prevent spreading.

5. The gas port, and probably the cvlinder, was
unnecessarily large. A l-inch piston and smaller
gas port might prove quite adequate.

6. The thrust on the firing pin lug was too harsh,
The lug needed to be redesigned.

7. The belt fingers no longer bruised the case,
but the front finger loosened the bullet in the case.

General Data: 20-mm Johnson Aircraft Cannon, First Model

Gun length: 97 inches.

Gun weight: 115 pounds, without feeder.

Rate of fire: 750-800 rounds/minute,

Muzzle velocity: 2,750 feet/second.

System of operation: Gas unlocking, blowback assist.
System of locking: Sliding wedge,

System of fecding: Gas actuated.

Method of headspace: Governed by component tolerances.

Location of feed opening: right or 1eft hand.,
Lorcation of ejection opening: Bottom of receiver.
Method of charging: Hydraulic, inanual or air.
Mcthod of cooling: Air.

Barrel length: 67.52 inches.

Barrcl weight: 47.8 pounds.

Rate control: None.

Barrel removal: Cannot be removed in field.

Bore:
Number of grooves: 9,
Groove depth: 0.015 | .002 inch.
Groove width: 0.2054-.010 inch.
Pitch: 7 degrees (equals | turn in 25.587 calibers and

1 turn in 20.137 inches).

Dircction of twist: Right hand.
Form of twist: Constant,

Cartridge: Hispano-Suiza type, M90 series.
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It might be necessary to shift the thrust of the fingers
from the bullet to the link shoulder and to widen
the rear finger bearing.

8. The locking guide platform required reinforce-
ment to absorb the thrust ol the piston.

9. Securing the rounds against displacement due
to recoll tended to produce a basically sound feed,
espectally correct engagement of the rim in the
T-slot.

10. The naturally sudden movement of the parts
indicated the possibility of using a buffer spring
between the piston and piston shaft, possibly with an
airtight tube to soften the blow of gas on parts, or a
buffer head on the end of the cvlinder.

11. The fed round cntered the barrel chamber
readily, judged on the day’s feeding of four rounds
out of four tries.

8 March 1943. Proceeded with new guide plat-
form of improved reinforced type.

The design of new helt fingers was commenced,
as was the reinforced firing-pin-lug design.

Reinforcement ol hnks was studied and work
hegun.,

Firing on 6 April 1943: 671 through 674 Rounds.

The gun was assembled with new parts including

new type piston, | inch in diameter; gas porthole
moved forward from old position approximately 4
inches; new parts assembled in breech mechanism,
including new sear assembly, breech slide, anti-
rebound components, fixed buffer in cradle, modified
locking platform, new breechblock. Fired four single
rounds, which indicated gas porthole too small, in-
sufficient power. Opened gas porthole.
Firingon 7 April 1943: 675 through 679 Rounds,
Fired 5 rounds.  I'mpty cases ejected, but not suffi-
cient power or speed for desired results. Therefore,

opened gas porthole to maximum of approximately
0.200 inch.

Firtng on 8 April 1943: 680 through 704 Rounds.
Visit by NDRC, Navy, and Oldsmobilc representa-
tives including Dr. L. H. Adams, Mr. Rose, Mr.
Cummings, Mr. Ten Brook, of NDRC; Lt. Mitchell
of the Navy; Mr, Youngran, Mr. Watters, Mr.
Metzell, of Oldsmobile. Although thc gun was not
actually ready for demonstration due to insufficient
time for adjustment of new assembly, approximately
25 rounds were fired covering bursts of 3 and 4
rounds.

Initially, two rounds failed to feed because of im-
propcr pickup adjustment. With this corrected,

General Data: 20-mmm Johnson Aircraft Cannon, Second Model (Estimated)

Gun length, less muzzle brake: 90 inches.

Cun weight, empty: 120 pounds.

Rate of automatic fire: 500-200 rounds /minute.
Muzzle velocity: 2,800-ffeet/second.

Svstem of operation: Gas unlocking, blowback assist.
System of locking: Sliding wedge,

System of feeding: Gas actuated.

left-hand feed.
Method of headspace: Factory established,

upper part of receiver,
Location of ejection opening : Bottom of receiver,
Method of charging: Manual and hydraulic.
Method of cooling: Air.
Gun width, maximum, including feed tray: 8 inches.
Gun height, mmaxunum: 7 inches.

type].

as aircraft Browning, caliber .50),
This weapon was front seared,

Direction of feeding : May be asscinbled [or either nght- or

Location of fced opening: Bottom right or left side on

Tvpe of belt: Standard closed loop disintegrating link
(modificd from Stardard .30 caliber Browning

Position of breechblock when gun is cocked: Clased {same

Tube length: 67.52 inches.
Tube weight: 44 pounds.
Rate control: None,
EBarre]l removal : Detachable type.
Bore:
Nurmnber of grooves: 9,
Groove depth: 0.015 inch,
Groove width: 0.205 inch.
Pitch: 7® (equals | turn in 25,587 calibers and 1 turn
mn 200137 inches).
Direction of twist: Right hand.
Form of twist: Constant.
Maximuin powder pressure: 50,000 p. s. 1,
Ammunition adapted to 20-mm Hispano-Suiza type,
Cartridge: Hispano-Suiza (M990 series).
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the only stoppage noted was misfire due to locking
platform tripping sear too carly, thus slowing down
forward speed of striker.  Accordingly, following
the visit, adjustments in the automatic sear timing
were made.

Firing on 10 April 1943: 705 through 728
Rounds; 729 through 788 Rounds. Firing was re-
sumed as follows: A belt of 24 rounds was loaded
and a burst of 6 rounds fired, the seventh misfiring,
but with a very deep indent. After the stoppage
wag cleared, all the remainder of the belt gave a full
burst ol 17 rounds during which all phases of the
function including primer indents appeared excel-
lent. Due to the position of the gas port, the cyclic
ratc was slower than previously noted. The cyclic
ratc was¢ about 350 rounds per minute.

A belt of 60 rounds was then loaded: with the
exception of 4 misfires having decp indents, this
belt was fired with excellent performance at a uni-
form rate of 350 rounds per minute. This rate was
arrived at by taking the count with a stop watch.
Bursts were as follows: 17; 5; 13; 15; 16.

Miscellaneous rounds were then made up cover-
ing scveral five-shot bursts, with misfires occurring

SECTION 3. DEVELOPMENT OF THE SECOND MODEL

By 1 December 1943 the second model showed
considerable promise on paper, and, accordingly
a tentative technical manual was issued by the Na-
tional Defense Rescarch Committee, Division 1, for
the Navy’s Bureau of Ordnance. The following
description and the general data for the second
model are quoted from this manual.

Functioning of the Second Model

(reneral. "T'he second model aircraft helt-fed

machine cannon by Johnson Automatics, Inc., is a
belt-fed automatic gas-operated type weapon, cooled
by air. The primary source of operating power is
derived from the impingement of the gases against
the gas piston, taken through the gas port located
as near as practicable to the breech. The position
of the gas port is governed by the pressure curve and
timing of extraction, since premature extraction
would necessitate lubricated ammunition, or other-
wise cause case rupture. The exact final location
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only when using the previously misfired rounds from
the above described belt.

It was decided that the misfiring was probably
affected by the [ollowing:

I. Striker protrusion at 0.060 had best be in-
creased to 0.080.

2. The Oerlikon ammunition had no shoulder
sufficient to prevent the round moving forward
somewhat in the chamber when struck.

3. Closure of the platform may be sufficiently
slow compared to the striker to necessitate further
delaying of tripping of the automatic sear.

4. A rebound condition which had been experi-
enced considerably with the Johnson light machine
guns M1941 and M1944, caliber .30, was elim-
inated entirelv by use of a rebound of the
equivalent locking platform or locking cam. It was
thought that it might be desirable, if further misfire
was noted to adopt the same device to this 20-mm
gun,

It was decided to adjust the timing as above,
modify the striker protrusion, rclocate the gas port-
hole 3 inches rearward, repair the tailpiece of the
housing cover, and strengthen the assembly slot of
the new two-picce locking platform.

is purely theorctical on the earliest prototype
weapons,

The secondary source of operating power is de-
rived from the delayed blowback, a force which,
for example, is the primary source of opcrating
power in the Hispano-Suiza gun. Thix blowback
force 1s regulated by the moment of release of the
breech lock following the initial opening stroke of
the piston assembly.,

The breech lock is so arranged, due to the angle
of abutment, that it tends to slide out of engagement
when pressure is applied to the breechblock.  Haw-
ever, the operation shaft locking platform prevents
this motion mitially.  As the platform travels rear-
ward under the direct thrust of the piston stem, the
lock becomes free to slide out of engagement. At
this time the heavy striker spring is being com-
pressed, thus building up an additional opening
thrust on the breech lock. Finally, the platform
is arrested against the rear inside shoulder of the
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breechblock slot, the striker spring acting as a buffer.
This action, added to the blowback pressure, causes
the breech lock to complete the unlocking move-
ment.

During the time of the disengagement of the
brecch lock, primary, or “slow,” extraction takes
place. This action eliminates a relatively sudden
thrust on the empty case when it is loosened in the
chamber.

It should be noted that while the locking plat-
form cams the breech lock into the locked position,
the breech lock 1s self-unlocking and is not cammed
out of engagement by the piston action. In this
respect, the system difTers materially from other gas-
opcrated systems.

The piston stroke of 1.5 inches accomplishes
the unlocking and cocking opcrations. When the
breechblock is well underway on the opening stroke,
the piston 1s arrested and rcturncd to battery by
the two piston return springs. Thus there are no
exhaust gases, thc piston acting as a self-closing
valve, only its stem being in contact externally with
the head of the operating shaft. 'T'his design also
facilitates barrel removal, the piston and cylinder
asscmbly being integral with the barrel and not
attached otherwise to the receiver.

'The reciprocation of the operating shaft provides
belt feeding power, the belt being fed through the
cncrgy of the butfer and mainspring during the clos-
ing stroke. Also during the last part of the opening
and the first part of the closing stroke, the fed round
is alined with the chamber, |

I'he locking platform nose releases the automatic
sear as the platform completes engagement of the
breech lack.

Initial Ignition. When the trigger sear is re-
leased, the cannon being loaded and locked, an
automatic sear is already released by the closure
ol the locking platlorm. Actuated by the heavy
striker spring, the striker, which somewhat re-
sembles that of the U. 5. M 1903 Springfield rifle,
moves forward, passing through the breech slide
aperture and penetrating the primer up to 0.050
to (.L075 inch.

The primer 1s thus exploded and ignition takes
place.

Unlocking Phase. 'T'he projectile passes the gas
port, which is about 18 inches from the rear of the
barrel. At this point the projectile has traveled a
distance of 14 inches.

The pressure is approximately 20,000 pounds per
square inch.

The piston moves rearward, its stem in contact
with the operating shaft. This contact is main-
tained for 1.5 inches of travel, The initial action of
this piston 1s similar in some respects to that of the
L. S. carbine M1. However, the stroke of the
carbine 1s only suflicient to start up the operating
siide, not following through to unlocking as in this
cannon.

As the pressure of firing forces the breechblock
back against the lock abutment, the angle of the
breech lock and abutment causes the lock to tend
to slide upward out of engagement. However, the
locking platform 1n its channels in the receiver rails
prevents the lock from rising. Thus the thrust of
the pressure 1s controlled and distributed partially
through the platform.

As the platform, shaft, and piston continue rear-
ward 1.5 inches, the striker is being cocked through
the platform cocking lug in contact with the striker
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Figure 10-7. Development of the Johnson gun. Bolt recoil measured.
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nose. This action builds up an increasing thrust
on the breech lock.

As the sloping end of the platform moves rear-
ward past the breech lock, the lock i1s now free to
commence disengagement, which results from blow-
back pressure and striker spring thrust.

Primary Extraction. During thc actual unlock-
ing interval, the angle of the lock, 30°, requires a
rearward movement of 0.06 inch of the breech lock.

This insurcs a gradual primary, or “slow,” cxtrac-
tio.

As the platform reaches the rear of its stroke
within the breechblock, a final primary extraction
[orce 1s achieved, virtually “tapping” the breech-
block and empty case rearward and thus insuring
etlicient extraction,

O pening Stroke. The breechblock being disen-
gaged from the locking abutment, the platform is
now in the [ully rearward position. The striker
has passed to the rear of the automatic scar and will
rebound slightly so as to take up on the automatic
sear, thus holding the striker in the cocked position
until the action has closed again.

As the locking platform reaches the rear of its
stroke relative to the breechblock, the locking plat-
form positioning the latch is cammed upward
through the channels in the receiver rails, causing
the locking cam positioning latch to hold the plat-
form in the rear position relative to the breechblock.
This prevents any friction in the action during the
opening and closing stroke which might otherwise
be caused by the pressure of the locking plattorm
through the mainspring coming against the breech
lock and forcing the lock downward against the
shoulders of the receiver rails, Elimination of this
friction is especially appropriate for the closing stroke
when the mainspring is forcing the locking platform
relatively forward. The locking platform position-
ing latch maintains this position until the action has
returned to the forward position, ready for locking.

The breechblock and operating shalt asscmbly
are carried rearward by the momentum derived
from the piston coupled with blowback through the
breechblock,

During the opening stroke, the feed lever actuat-
ing stud on the bottom of the locking platform
causes the [eed lever to move laterally, thereby re-
ciprocating the belt feed block across, causing it to
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engage, through the belt fingers, the round of am-
munition next to be fed. The belt at this time 1s
held in stationary position by the belt laiches in the
feed tray. Thus, during the opening stroke, the
feed lever is prepared to feed the belt across onc
space of the closing stroke.

The breech slide actuating lever stud passes
through the cam channels and cams the breech slide
cam lug in the cam path, this lug being actuated by
a spring which causcs it to snap back as the stud
passcs it, thereby presenting its shoulder to the
breech slide stud during the closing stroke which
will cause the breech slide to reciprocate laterally,
feeding the round.

During the opening stroke, the round to be fed is
extracted from the helt in the feed tray, and, as the
round clears the feed tray, the link ejecting fingers
press downward and snap the empty link out
through the bottom of the feed tray. Also during
the opening stroke, the empty case is extracted from
the chamber, being held in the solid section of the
breech slide T-slot. The [ed round is engaged by
the belt extractors, of which there are three, to-
gether with the cam plunger positioning rctaincr.

At the end of the opening stroke, the breech slide
15 partially cammed across. This cascs the total
movement and speed of feeding across the round to
be chambered.

Action of Buffer. As the moving parts come to
the rear of the stroke, the brecchblock 1s arrested by
contact with the buffer plunger, the force of recoll
being absorbed in the compression of the heavy
buffer spring, quite similar to that of the Hispano-
Suiza M1 and M2.

The recoil momentum in the operating shaft and
locking platform assembly is generally ahsorbed by
thrust against the compressed striker spring. Thus
the moving parts arc arrested with the full compres-
sion of the mainspring.

Encrgy of the bufler and mainspring now com-
mence foreing the moving parts forward at high
speed.

Action of Breech Slide, Feeding Round. The
breechblock moves forward, actuated by the main-
spring. Thc cam stud in the breech slide lever con-
tacts the face of the actuating cam lug on the nside
of the receiver housing, causing the breech slide to
be reciprocated laterally and carrying with it the
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round being fed. "This movement completes travers-
ing the fed round into line with the axis of the hore.
As the breechblock continues moving forward, the
nose of the round enters the mouth of the chamber.
The thrust which is exerted on the base of the round
resulting from this motion is taken up by the grip of
the three extractors and the positioning plunger
which bears against the inside center of the cartridge
rim.

Action of Breech Shide, Ejecting.  "The above mo-
tion of the breech slide also carries the empty car-
tridge case across the outside cdge of the receiver
housing. There being no detent in the breech slide
at that point, the lateral motion of the breech slide
tends to throw the empty shell outward and, due to
the forward motion of the breechblock at that time,
tends also to throw the case forward at an angle of
about 45° [rom the barrel. In the event that the
empty cartridge case did not clear the breech slide
at this time, it is knocked ofl positively near the finish
of the closing stroke, as the breech slide is cammed
across to the opposite side of the receiver. The
empty case 1s knocked ofl on the edge of the barrel
collar.

Action of Feed Lewver, Belt Feeding.,  As the mov-
ing parts close under the action of the mainspring,
the feed lever cam stud on the bottom of the locking
platform, dircctly impelled forward by thrust of the
mainspring through the operating shaft, causcs the
long end of the feed lever to be actuated laterally.
This action causes the belt feed block to move across
toward the gun, carrving with it the belt and mov-
ing the next round to be fed into position into the
fced tray for engagement with the extractors of the

JOHNSON

brecch slide when the action haslocked, This move-
ment of the belt is accomplished through a total
stroke of approximately 8 inches.

Closing Siroke. 1In addition to the operation of
feeding the belt, during the closing stroke the round
to be fired is carried forward into the chamber and
engaged in the solid T-slot section of the breech
slide as it 1s returned across by the breech slide lever.

As the belt feeds across during this closing stroke,
the next round to be fed compresses the belt link
ejector springs. The springs thereafter operate to
cject the link as described. 'The round is with-
drawn from the feed tray on the next opening stroke.

As the breechblock nears the closed position, the
cam shoulder in the receiver housing, being con-
tacted by the stud on the breech slide lever, causes
the breech slide to be returned to its original, or
closed, position.  Since the slide moves across the
base of the chambered round, this action brings the
lips of the T-slot into engagement with the rim. At
the samc ume, the plunger positioning rctainer is
cammed inward to clear the round.

As the breech slide feeds across, the spring ex-
tractors come over the base of the round in the feed
trav, and the extractors engage the rim of the car-
tridge on three sides. At the same time, the posi-
tioning plunger bears against the rim from the fourth
side.

Locking Phase. The brecchblock having been
arrested by contact on its lower side with the shoul-
der of the receiver at the closed position, the re-
maindcr of the closing stroke is taken up by the final
forward motion of the operating shalt and locking
platform.

Figure 10-8. Test set to measure bolt recail.
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The 20-mm Johnson gun is under test.
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In this phase, the latch which holds the locking
platform in its relative rearward position with re-
spect to the breechblock is cammed out of engage-
ment by the channels in the receiver rails through
which it operates.  This action permits the locking
platform, acted upon by the mainspring, to thrust
dircctly against the breechblock, forcing the breech
lock downward.  Thus, with the breechblock in the
fully forward position, the locking platform as it
moves forward in its final stroke thrusts the breech
lock downward into engagement with the abutment
in the receiver.

During its final motion, the nose of the locking
platform trips the automatic sear. In its final for-
ward position the platform acts as an abutment, in
onc aspect, preventing the breech lock from sliding
upward undecr pressurc,

Tgnition, Automatic Five.  Just before the lock-
ing platform stops its final forward motion, the nose
of the locking platform contacts the automatic sear,
rcleasing the scar.

The automatic sear being released and the trigger
being held down for a burst, the striker spring causes
the striker to move forward with considerable force,
the striker passing through its path in the breech-
block, protruding through the striker hole provided
in the breech shide. It will be noted that until the
breech slide has been moved over to the normally

closed position, no aperture 1s available for the
striker to pass through and hence the piece cannot
possibly be fired until the breech shide is moved over
into its proper position. This is a safcty fcature
which prevents anyv possible ignition during the
closing stroke prior to locking.

To Unload Cannon After Firing. Unloading
consists of two phases: First, the removal of the belt;
sccond, clearing the chamber and feed trav.

Rotate the belt feed block retaimming lever, and dis-
engage the feed fingers from the belt, thus prevent-
ing feeding of the belt.

Pull the cocking handle or operate the solenod
twice.” The first operation removes the round from
the chamber, ejects it, and chambers the round from
the feed trav which has already been engaged by
the belt extractors in the breech slide, The second
operation removes the round from the chamber.
There being no round in the feed trav due to the
previous disengagement ol the belt feed fingers,
the chamber and feed tray are now empty.

Raise the belt retaining latch in the feed trav and
pull the belt out of the feed tray. The same opera-
tions are required in unloading the Browning air-
craft gun caliber .50.

To Load the Beli. Ammunition is loaded into
the metal disintegrating links by the same method
as emploved in the caliber .50 Browning aircrait
machine gun.

Figure 10-3. Joknson gun EX 2. Left view from below.
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Belts should be checked to insure that all rounds
are correctly seated in links and that rounds are in
line. Links should be carefully checked for defects,
deformation, etc.

To Load the Cannon from the Belt.

1. Grasp the first three rounds in the helt and
insert these into the mouth of the feed tray.

2. Push the rounds into the side of the feed tray
until the first round is engaged by the belt latches.
This engagement takes place when the [ourth round
is just entering the feed tray mouth and also effects
the cngagement of the first round by the belt fingers
in the belt block.

3. 1o chamber the first ronnd, pull the cocking
handle or operate the cocking solenoid twice. One
stroke feeds the helt across and causes the belt ex-
tractors of the breech slide to engage the round in
the tray. This is known as half-load. The second
stroke extracts the first round and chambers it, also
engaging round two in the belt and ejecting the first
link.

Note. This cannon is designed to be cocked
with the breechblock closed in order to obtain in-
stantancous firing in action. It may, however, be
modificd readily to bc cocked open or half closed
to avoid a cook-off. The firing pin is controlled
by the automatic sear, [t 18 therelore necessary
only to install a breechblock catch if cocking open
15 desired.

Disassembly of the Model

The parts are so arranged that the barrel with
the gas cylinder assembly may be removed without
affecting the body of the cannon.

When the barrel is removed for cleaning, the gas
cylinder and piston may be serviced. Normally
each barrel includes its own cvlinder and piston
assembly complete.

Removal of the buffer assembly permits with-
drawal of the complete operating mechanism, in-
cluding mainspring, operating shaft, and breech-
block assembly. The striker and sear assemblies
are 1n the breechblock. The belt feed lever is re-
moved at any stage by removing bolts.

Field Stripping of the Second Model

I'teld stmpping should require no loenger than 1
to 2 minutes.
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To Change Lhe Barrel.

1. Raise the barrel clamp lever,

2. Rotate the barrel clockwise 60° and withdraw
toward the front.

To Remove the Buffer.

1. Press in the mainspring guide shaft and rotate
90° in either direction.

2. Withdraw the guide and spring.

3. Withdraw the locking plunger from the buffer
plate and lift up and remove the buffer assembly,

1’0 Remove the Breechblock and O perating Shafi
Assembly.

1. If it is not already cocked, grasp the cocking
handle, hold the breechblock cock striker, and un-
lock the action.

2. Withdraw the entire unit rearward.

3. The lock, platlform and shaft assembly, and
breechblock may now be separated.

4. Lift off the breech slide lever, shde the breech
slide off to the side from block,

To Disassemble the Striker.

1. Release both sears on the breechblock, allow-
ing the striker to move forward.

2. With a drift punch or spare striker, prcss in
the striker spring plunger through the hole in the
retaining plate.

3. Lift up the plate, allowing the spring assembly
to move rearward.

Note. Usc care not to lose this assembly.

4, Withdraw the striker.

To Disassemble Gas Cylinder and Piston Unid,

1. Remove two cap screws, and separate cylinder
and cap.

2. Remove two spring screws.
springs [rom their tubes.

3. Unscrew the cylinder cover from the cylinder.
Withdraw the pision. Unscrew the plate from
the piston, disengaging it from the cylinder cover.

To Disassemble the Receiver,

. Remove 16 cap screws which retain the rails
and housing.

2. Rcmove the retaining screw in the cover key.

3. Lift out the cover key, using the screw in the
tapped hole.
from the rear.

Note. This operation is not included in normal
service stripping,

Withdraw the

The cover can now be withdrawn
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Chronology of Development

During the early part of 1944, the Johnson or-
ganization prcparced the third model, which was
somewhat more complicated due to the imposition
of certain service requirements such as bottom ejec-
tion, right- and left-hand feed, provision for charg-
ing devices, removable barrel, etc. There was no
objection to ultimate provision for these cssentials;
but it was felt that more progress might have heen
made by carrying out the building of the second
model, which probably would have functioned more
reliably than the third model proved to do.

On an occasion during February 1944 when a
demonstration was held for persons concerned, both
the 20-mm rounds necked down to take a caliber
90 bullet and the regular 20-mm rounds were fired
from the same gun, the first model. 'I'he Johnson
crew changed calibers in approximately half an
hour.  The barrel was not remavable n that madel,
although provision was made for barrel removal in
later barrels.

On that occasion, several bursts in the order of
100 rounds without cessation were fired. During a
final burst of 20-mm, the gun ran some 80 rounds
of a 100-round belt when there was a misfire due
to a bad primer. L'his stoppage proved to be most
fortunate as personnel in the factory area came run-
ning to the test pit in great alarm, shouting that the
gun had drilled through a 24-foot sand bunker and
had released some 15 blind-loaded 20-mm projec-
tiles into the area. Some of these projectiles passed
across a rifle range, went through a tolroom, passed
beyond that across a public highway.

As a result of this episode, Johnson took over facil-
ities originally built by the Navy at Cumberland,
R. 1., on Diamond Hill.

The project report for the month of Junc 1944
contained the following information concerning the
20-mm aircraft machine gun mechanism.

A four-shot burst was obtained which cvidenced
a much higher cyclic rate than previously abtaimed
on this gun, but it was not recorded as the camera
was not working at the time. The fifth shot was
thrown out of the breech slide because of failure to
be properly retained. A correction was made and
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SECTION 4. DEVELOPMENT OF THE THIRD MODEL

several more short bursts fired when a misfortune
occurred a break in the locking platform stud
which engages the fixed striker and also contacts
the back of the breechblock. This breakage very
definitely indicated that there was a great increase
in operating power from the incrcased diameter
pistom, and it was decided that the breakage was the
result of the additional velocity of the operating
shaft and locking platform assembly resulting from
the action of the piston. This caused the platform
assembly to strike the back end of the breechblock
with much greater force than had obtained in the
past with the 1-inch piston. It happened that this
part in the redesign of the second modcl had alrcady
been substantially reinforced. However, on this
older madel the platform had not been reinforced
because of other limitations,

Accordingly, a tentative study was made of the
cxisting breechblock of the basic model with a view
to modifying the platform especially for this gun so
that firing could be continued with the larger piston.
In the meantime, a spare platform was prepared in
the hopc of getting the gun firing again at least for
a few shots by 10 July 1944

In July 1944, arrangcments were made to take
the weapon to the Naval Air Station at Charlestown,
R. I, for the purpose of seeing if it could be adapted
for installation on naval aircraft. The inventor
was particularly desirous of locating the position
that the ejection slot would have to be mounted in
relation to the wing so that the expended brass would
not strike any of the parts of the plane. The loca-
tion of the feed was another item that was o be
taken Into consideration.

In July 1944, the inventor reported that he was
satisfied that [rom the few shots fired with the larger
diameter piston, that it would result ultimately in
a very marked increase in the cyclic rate, and it was
quite probable that the weapon would fire at a
cyclie rate of well over 600 rounds per minute. He
reported further that progress had been made
toward more completely overcoming the problem
of acccleration of the round as it feeds across the
breechblock during the action of the breech slide in
chambering the round, and that at that time the
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recard stood at 41 rounds consecutively in 1 burst.

By early 1943, the third model had been fabri-
cated and subjccted to test firing, The chicf trou-
ble with that model lay in its somewhat excessive
welght (there had been no attempt to keep the
weight down) and in the inherent difficulty previ-
ously noted of debulleting rounds as they were ex-
tracted from the close-loop belt and fed down to

the barrel chamber {through the same path as the
M3 Browning machine gun, for example).

The third model also developed some trouble
with the side plates due to the downward thrust
through the breech locking system. The essential
principles of this gun were the same as the frst
model and the second medel. The gun was of the
gas-timed self-unlocking type with retarded blow-
back.

In spite of the difliculty with cracking of the side-
plates, this gun succeeded in firing a rather notable
series of extended bursts without mallunction. By
double-crimping the 20-mm Hispano-Suiza rounds,
the Johnson organization was able to get bursts in a
number of series which went to about 100 rounds
each. There were several thousand or more rounds
fired from this gun. Durnng these bursts, the only
major stoppages were attributable to the debullet-
ing of 20-mm Hispano-Suiza rounds. The trouble
encountered from the loosened projectile divided
into three categories: )

1. The projectile would be left in the feedway
as the case was withdrawn from it in extracting the
round from the belt.

2, The loosencd projectile would break off from
the case as the round of ammunition was moved
from the feed tray level down to the bore axis for
introduction to the chamber.

3. Because the projectile had been loosened, the
round would [ail to chamber and lock due to its
deformation, causing apparent misfire,

No such difficulty was noted when the gun was
fired with the 20-mm caliber cartridge necked down
for the caliber .50 bullet. Here the projectile was
double crimped, and, as a result, much better func-
tioning was established with that modified round.
However, extended testing of this round was con-
siderably limited by the unavailability of substantial
numbers of these rounds.
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Cycle of Operation

This gun is fed by a closed-loop type disinte-
grating metallic-link belt holding any numbecr of
rounds desired. As with the Browning M2 caliber
20 aircraft machine gun, the cover can be raised,
the belt inserted from either side {depending upon
right- or left-hand feed adjustment), and the first
round of the belt is engaged in the breech slide ex-
tractors. Operation of the automatic or manual
charger withdraws the round from the belt on the
opening stroke, chambers the round. and locks the
breech on the closing stroke.  The gun 1s normally
cocked with the round of ammunition in the cham-
ber and the breech locked. (Arrangement can be
made to cock the gun open if desired, but at the time
of the report quoted, the requirements specified that
the gun be cocked closed.) For the purposes of
describing the cyele for one round, 1t 13 assumed
that the gun 1s arranged to feed the belt from the
left side of the gun. (The gun may be arranged
for right-hand or left-hand feed by making minor
adjustments of the parts affecting feed of the belt
but without anv diffcrence or replaced parts.)

A round being chambcred, and the gun being
cocked, locked, and rcady to fire, the briel cycle of
operation is generally as follows:

lgnition. 'The manual sear i1s displaced by the
trigger solenold, allowing the firing pin to move
forward under the impulse of the firing-pin spring.
At the time of ignition, the breechblock is fully {or-
ward and the hreech slide 1s in the relatively upper
position with respect to the breechblock. Thus,
with the breech slide in the closed and locked posi-
tion, the firing pin will continue forward until the
point reaches out through the face of the breech shide
contacting the primer. Experiments indicate that
the time for the firing pin to move forward and hit
the primer will be in thc order of 6 milliseconds.
This action causes the cartridge to be fired. ({Car-
tridge is used synonymously with round in this
description. )

Initial Gas Action.  As the bullet, or projectile,
passes down the bore, the expanding gases are
tapped off through the gas porthole. (as enters
the gas cylinder and strikes the gas pisten. This
causes the gas piston lo move with great force rear-
ward in its seat in the gas cylinder, the stem of the
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gas piston being in contact with the gas rod or
operating shaft. The gas rod, or operating shaft,
runs back and splits into a fork section running on
either side of the ejection port and continuing back
to a point just in front of the lock. Integral with
the gas rod 1s the cocking nose.

Cocking Action.  As the gas rod moves rearward,
its first function 13 to cock the firing pin. This 18
done bv contact of the cocking lug with the cock-
ing slide. Thec cocking slide is in contact with the
cocking lever. The cocking lever engages the firing-
pin body in a recess in the firing-pin body. This
gives a powerful leverage through the action of the
ras piston and cocks a powerful firing-pin spring.
The firing pin is cocked by engagement with the
antomatic sear just before the lock 15 disengaged.
Thus, cocking of the striker takes place belore the
oun 1s unlocked.

Locking and Unlocking. When locked, the
breechblock 18 forward, and the lock rotates on its
hinge so as to bear against the rear face of the breech-
block. The lock has an angular face which hears
on an angular face of the breechblock, and the lock
is prevented from rotating due to the angle of its
bearing by the platform which supports the lock.
The lock also bears upon the lock thrust key. There-
fore, until the platform has moved rearward so as
to release the lock, the lock 1s held securely in place.

As the gas rod moves back, its rear end 18 in con-
tact with the platform extension. Therefore, move-
ment of the gas rod causes the platform to go rcar-
ward, compressing the platform spring.

As the projectile 1s leaving the barrel, the platform
has moved back sufficiently to permit the lock to
slide out of engagement through the angle of its
bearing surface coupled with a slight primary ex-
traction motion obtained from the gas rod con-
tacting the lock segment. Slow, or primary, ex-
traction 18 also secured by means of the angle of
the platform against which the lock must slide in
order to completely relcase the breechblock. This
insures reliable and positive extraction without tear-
ing the case. Otherwise, however, the lock is self-
unlocking through the release action of the platform
which supported it,

The lock being unlocked, the platform spring
urges the platform slightly forward so that a detent
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means in the platform keeps the lock in the unlocked
position.

The gun 15 now unlocked and primary cxtraction
or imitial loosening of the empty case has been
effected.

Lxiraction. Extraction consists of two phascs,
extraclion of the empty cartridge case and extraction
of the fresh round of ammunition from the feed trav,

The empty case is held in the T-slot section of the
breech slide which provides an extraction pull on
cach side of the head of the cartridge case ar rim,
This T-slot retains the empty case as it is pulled out
of the chambecr.,

The fresh round of ammunition is gripped by the
belt extractors on the top of the breech slide as
well as by the angular round control pin.  Thus the
round 18 gripped on 4 sides by 3 extractors and by
the control pin.  As the fresh round is pulled out
of the feed tray, the empty link which retained it is
disengaged from the rest of the belt and is free to
be cjected from the side of the gun.

The breechblock moves to the rear, compressing
the driving spring and finally contacting the buffer.
This completes the opening stroke,

Action of the Feed Lever on the O pening Stroke.
When the breechblock opens, the feed lever, swing-
ing on the feed lever pivot pin, is actuated by the
brecchblock cam tracks in the breechblock.  {These
tracks are similar in principle to the Browning M?2
caliber 50 aircraft machine gun.)  Consequently,
the forward end of the fced lever is moved laterally
s0 as to prepare to pick up the next succeeding round
of ammunition contained in the belt. At this time,
the belt latches in the feed tray prevent the belt from
dropping out of the tray 1n a conventional manner,
'Thus the gun is prepared by this motion of the feed
lever to feed the belt across, bringing the next round
of ammunition into line during the forward stroke.

Action of the Gas Rod After Unlockimg. As the
breechblock is moving backward to extract, the gas
rod having performed its function of cocking the
gun, performs the further function of imparting its
full energy to the breechblock just as the lock 1s dis-
cngaged. Thus, this mechanism derives 1ts basic
power of actuation from two forces: (1) action of
the gas rod in turn actuated by the gas piston, and
(2> by delayed or retarded blowback action derived
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from the early opening of the breech. These two
forces are combined 1n full to provide a maximum
operaling power for opening the breech,

The gas rod through its shoulder and cocking lugs
imparts its energy for a short distance after unlock-
ing to the breechblock, so that its full effect 15 1Im-
parted to the breechblock in order to speed up the
opening of the breech, The gas piston stops after
a 2-inch travcl.

Alter the gas rod has performed this function, the
gas rod spring rcturns the gas rod and piston as well
to the forward closed position. This independent
motion, among other factors, 1s desirable 1n order
to avoid any possible interference with the firing
pin due to rcbounding when the mechanism closes
for the next shot.

Fiecting. At the commencement of the closing
stroke, the breech slide is cammed downward, there-
by causing the empty shell to be thrown out of the
bottom of the gun through the recess provided by
the forked scction of the gas rod extension., The
samc motion of the breech slide 1s also used to place
the fresh round of ammunition in line with the
chamber, described below.,

Feeding a Fresh Round into the Chamber. The
hreech slide, being cammed downward by the breech
slide, cams in the recciver plates and carries with 1t
the fresh round of ammumtion still engaged by the
extractors and control pin.  When the breech shde
moves downward, the breechblock is moving for-
ward under the impulse of the buffer and of the
mainspring.

Feeding of Belt. The fceding of the belt, one of
the most important functions of this mechanism
which 1s of the self-fed type and requires no external
assist, takes place during the forward stroke of the
hreechblock., During this motion, the forward end
of the feed lever is caused to swing laterally toward
the right, the belt-halding pawls on the feed shide
gripping the round in the belt and causing the en-
tire belt to be moved laterally one space so as to
bring the next round into line with the breech slide
when the action closes and locks, ready for extrac-
tion and chambering on the next succeeding shot.
'This function ol the breechblock and feed lever is
similar in general principle to that of the Browning
aircraft machine gun M2 caliber .50.)
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Closing of the Breech Slide. When the breech
slide and action are in the closing position, a round
has just entered the chamber. The breech slide is
relatively below the breechblock. As the action
continues forward and just before it is fully closed,
the breech slide is cammed upward by the cam paths
m the rveceiver plates.

At this time, the angular
control pin is cammed out of engagement with the
round, permitting the breech slide to slide upward
relative to the basc of the round of ammunition in
the chamber. This action returns the breech slide
to the upper closed position, and now for the first
time permits the firing pin to move forward when
released through the aperture in the breech slide
provided for it.

As the breechblock closes up all the way, and just
as locking takes place, the breech slide contacts the
base of the fresh round of ammunition which has
been fed across by the above described action of the
feed lever, and the extractor fingers and angular
contral pm grasp the base of the next round of am-
munition. At the same time, the rising of the
breech slide causes the T-slot to slide over the base
of the round in the chamber, ready to extract the
empty case when that round has been fired after
locking and recleasc of the automatic sear.

Locking., As the breechblock closes, a spur on
the brecchblock contacts the forward end of the
lock, disengaging the lock from the detent in the
platform and thus releasing the platform so that it
can move forward under the impulse of the plat-
form spring, thereby exerting a strong locking or
lifting pressure on the back end of the breech lock.
Thus, the breech lock 1s cammed into the locked
position by this independent action of the platform
spring, thereby providing a powerful and rapid
locking means.

Automatic Ignition. It
manual sear is still being compressed, 1n order to
fire a burst. If not compressed, it will hold the
firing pin body in the cocked position. For the
succeeding shot, the release lever and the lock are

is assumed that the

cammed by the platform after the lock 15 locked,
contacting the automatic sear lever. This releases
the firing pin automatically and causes the succeed-
ing round (o be fired. |
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SECTION 5. DEVELOPMENT OF THE FOURTH MODEL

Summary

During the summer of 1943 the Johnson organi-
zation commenced to design the fourth model, n
which the wcights ol the parts were radically re-
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duced. The fourth model was designed with the

MAIN SPRING PILOT NOSE

MAIN DRIVE SPRING PILOT
AUTOMATIC SEAR LEVER SPRING
MAIN DRIVE SPRING

TOP COVER PLATE

REAR RETAINER PLATE SPRING
REAR RETAINER PLATE

PILOT GUIDE PLUG

BACK PLATE

CAM THACK, LOWER

CAM FOLLOWER, SWITCH, FRONT
CAM TRACK, MIDDLE

CAM TRACK, UPPER

FEED CAM SWITCGH BLOCK
COVER

BREECH BLOCK

FEED LEVER

FEED LEVER PIVOT PIN

REAR GIB

same fundamental mechanism as previous models,
but [ull advanlage was taken from all the lessons
lcarned 1n the previous two firing models.

It was

16 17 52 5l 60 13

20 REAR PAWL

21 BACK STOP, KEFT REAR
22 BOTTOM PLATE

23 SLIDE

24 FRONT PAWL

25 PAWL SPRING

26 PAWL SHAFT

27 FRONT GIB

28 FRONT PLATE

29 TOP PLATE

30 RECEIVER PLATE, L.H.

31 REAR BOTTOM PLATE

32 PLATFORM SPRING GUIDE
33 PLATFORM STOP BLOCK
34 FIRING PIN SPRING LOCK PLATE
3% FIRING PIN SPRING GUIDE
36 AUTOMATIC SEAR LEVER
37 PLATFORM SPRING

38 MANUAL SEAR

Figure 10-10. Drawing of Johnson's
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estimated that the fourth model would considerably
exceed a cyclic rate of 1,000 shots per minute using
20-mm ammunition. This model was planned
either for the close-loop belt or, ultimately, for an
open-loop belt of the push-through type similar to
the German MG—151. [Also similar to the Ger-

9 13 20 2122 2324 25 26 21 28 29

.

b T At LR

man MG-54 and MG—4? ground guns.)

belt-fed version of Johnson’s light machine gun

In a

which was under process of development for the
Ordnance Corps in 1945, the German open-loop
links were being used,

PR [PRRT—
i LE "'*.'r"'“l a4 2 % e
T R LR 1351

\ 5 65 B 6 67 bd
3% PLATFORM 58 GRIPPER ARM. L.H.
40 LOCK THRUST KEY 59 EXTRACTOR
41 AUTOMATIC SEAR B0 EXTRACTOR SPRING
42 LOCK STOP PIN 61 ANGULAR ROUND CONTROL PIN
43 RELEASE LEVER 62 EJECTOR
44 RELEASE LEVER SPRING 63 VERTICAL CONTROL PIN
45 LOCK 64 BREECH SLIDE
46 COCKING SLIDE 65 GAS ROD PLUG
47 COCKING SLIDE SPRING 66 GAS CYLINDER CAP
48 FIRING FIN 67 GAS PISTON
49 FIRING FIN LATCH 68 CAS CYLINDER
50 COCKING LEVER 6% GAS ROD
51 FIRING PIN SPRING 70 BARREL LOCK
r2 FIRING PIN BODY 71 FRONT SUPPORT
B3 FRONT BOTTOM PLATE 72 BUSHING
54 LOCK SUPPORT KEY 73 TRAY POSITIONING SPRING
55 GAS ROD SPRING 74 BACK STOP, LEFT FRONT

56 BARREL BLOCK
57 GAS ROD SPRING PIN

proposed fourth version of his 20-mm gun.
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Chapter 11

BROWNING CALIBER .50 MACHINE GUNS

SECTION 1. HISTORY AND BACKGROUND

Early History of Browning Weapons

The early vears of John M, Browning’s work in
the field of automatic machine gun design and the
company’s contributions to aircraft machine gun
dcvelopment are discussed in volume 1 of this series.
(See vol. 1, pp. 156-180 and pp. 327-344.)

Development Programs for the T22, T27,
and T25

The earliest two guns of the caliber .50 Browning
design, which were constructed in the vear 1918,
fired at a cyclic rate of 500 rounds per minute, Im-
provements of these weapons resulted in the M 1921
aircraft gun, actually standardized in 1923, and the
M1921 water-cooled gun which was officially
adopted in 1925, Only a small number of cach
were procured, These weapons had a nominal rate
of fire of 500 to 600 rounds per minute but were
handicapped by their being able to feed only from
the left side.

In 1933, a new series of guns were standardized
and given the designations: Caliber .50 M2, water-
cooled; caliber .50 M2, aircraflt; and caliber .50
M2, heavy-barrel. These three guns used the same
basic receiver and included features originated by
Dr. Samuel G. Green of the Ordnance Corps and
others developed by the Ceolt Co. for their com-
mcrcial guns, Production was still slow, though
somewhat better than 1528, when not a single ma-
chine gun was produced for our Army. In this
unfortunate era, the financial support of the Navy
was instrumental in continuing development.

During a conference held at the Aberdecn Prov-
ing Ground, 18 June 1937, a group of Air Force
personnel, headed by Gen. H. H. Amold, requested
that the Ordnance Corps undertakce to incrcase the
rate of fire of the caliber .50 aircraft machine gun,
which was then recorded as 600 rounds per minute
for a 750-grain projectile fired at a velocity of 2,500
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fcet per second., Subsequent improvement n cali-
ber .30 ammunition resulted n the adoption in 1937
of an improved propcllant which increased the ve-
locity to 2,700 fect per second. In 1910, a 710-
grain projectile was adopted, which further increased
the velocity to 2,810 feet per second when fired in
the 36-inch barrel.

Late in September 1939, formal statement of the
military characteristics desired in an improved cali-
ber .50 machine gun was made by the Chief of Air
Corps, as follows:

1. Cyclic rate: Maximum consistent with other
design requirements, not less than 1,000 rounds per
minute. {Major consideration in the development
of this machine gun to be given to this fcature.)

2. Time of flight: 0.7 sccond to 600 yards.

J. Elfectiveness: Penctration ol 34-inch armor-
plate at 600 yards with armor-piercing bullets.

4. Ovecrall length of gun: 68 inchcs maximum.

5. Weight: Minimum possible consistent with
performance.

6. Type of fire: Full automatic.

7. T'eed: Right and lelt hand.

8. Cooling: Air cooled, maximum efficiency pos-
siblc with aerodynamic barrel jacket [or distance of
at least 20 inches aft of muzzle.

9. Control: Hand trigger and trigger motor,

10. Sight: No provision.

11. Trunnion rcactions: Lowcst possible con-
sistent with performance.

12. Mounting: Suitable for fixed or flexible use.

Following the Aberdeen confercnce mentioned,
Springhield Armory and the Colt plant underiook
the development of higher cyclic rate caliber .50
machine guns. Work continued during 1937, 1938,
and 1939, but it was not unul January 1940 that
a high cyclic rate gun was submitted for test at
Aberdeen. This weapon produced by Colt’s in co-
opcration with Springficld Armory, fired at a rate
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of 997 rounds per minute but was unsatisfactory
because of excessive breakages and malfunctions.

Up to 1940, Springfield Armory had not pro-
duced a specific high-speed gun, but data were
accumulated which led to the adoption during 1940
of lighter barrels {9.5 pounds approximately) and
double driving springs, which increased the rate
of the standard M2 aircraft gun to approximately
750 rounds per minute. The second high-speed
gun to appcar at Abcrdeen was a Colt-and-Spring-
field-Armory collaborative effort, tested i May
1940 with unsatisfactory results; namely, excessive
brcakages and malfunctions, After further devel-
opment a third test, at Aberdeen in November 1940,
revealed the same defects, After still further devel-
opment the Colt gun, then designated 121, was
given a fourth test at Aberdeen in September 1942
with continued unfavorable results. No Colt high-
specd gun has been presented since that time.

As a guide to future development, the standard
of performance of an acceptable high-speed gun
was placed at 1 breakage and 5 mallunctions in
5,000 rounds of firing at 1,200 rounds per minute.

During the early part of 1942 the High Standard
Manufacturing Co. designed a high cyclic rate cal-
iber .50 machine gun and made two models. These
guns, designated T22, were submitted to the Aber-
deen Proving Ground for test 10 August 1942, One
gun was fired on that date, 554 rounds at a cvclic
rate of 1,066 rounds per minute, during which 5
stubbed rounds and 2 failurcs to feed occurred.
Both guns were returned to High Standard for
modification.

While the performance of the 122 gun was not
acceptable, it was felt that sufficient promise was
demonstrated to warrant further development.  Ac-
cordingly, a research and development contract was
placed with High Standard on 16 September 1942,

to cover the delivery ol two additional T22 gLNS,

These 2 guns, together with the original 2 guns
tested, were returned to Aberdeen, given limited
firing tests, and were shipped elsewhere for further
tests, 1 to Wright Field, and 2 to Eglin Field for
informative tests during Octaber 1942, As a result
of these tests, several structural weaknesses in the
gun were discovered, the most serious of which was
insufficient strength of the Armasteel bottom plate.
Further development of the gun was recommended.
In November 1942, a rescarch and development
contract for 6 additional T22 guns was mmbated,
making a total of 10 such guns procured. The first
of these guns, T22 gun No. b, was fired on 21 No-
vember 1942, at Aberdeen Proving Ground. Total
rounds fired was 250, and nine stubbings occurred.
The gun was returned to High Standard for
modifications. The remaining five T22 guns on
order were delivered to Aberdeen and tested 11
December 1942 with the following results:

Rounds | Average

122 Gun Tired Rate Malfunctions
G 1,000 | 1,172 1
T 1.000 | 1,156 5
8o 882 | 1,136 3

{Test stopped by
broken back-
platc.)

O 1.000 | 1,180 7
10........... 1,000 | 1,169 4

T22 gun No. 7 was subsequently fired 3,150
rounds during this firing with 16 mallunctions and
seven breakages occurring. Gun No. 10 was fired
2,308 rounds with 3 malfunctions and 5 breakages.

During the first 10 months of 1943, various modi-
fications of the T22 gun were tested at Aberdeen
as follows:

Date of test {Gun modcl | Rounds fired | Cyelic rate | Malfunctions) Breakages

—_— i._....- . - - |

Feb. 26, 1943 00\ v e e T22E1 T T R O R
Mar, 18, 1943 . .. ... T22EZ 3, 700 | 1,219 43 7
Aug. 3, 1943 .. L 12214 5, 000 1. T0¥ 36 2
Oct. 11, 1943 . T22E> ... 2y e

! Broken sear ruined bolt, 2 2 puns fired—ocyclic rate below 1,000 rounds per minute.
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A turning point in the development of the high-
speed gun was the advent of the T22E6, although
the inttial tests of this model were discouraging.
On 13 December 1943, two T22E6 guns were fired
100 rounds and 1,000 rounds, respectively. Cracks
cdeveloped in the new lighter bolts supplied with the
guns. New bolts were made, and the guns refired
on 29 Dccember 1943 with the following results:

Gun A: 5,000 rounds fired; average cyclic rate,

1,160; 7 breakages causing 6 malfunctions.
(run B: 5,000 rounds fired; cyclic rate not re-
corded; 11 breakages causing 8 malfurnctions.
While the performance of these two guns was not
acceptable, 1t was. greatly improved over that of
previous models.

Ten T22E6 guns were ordered from High Stand-
ard on 25 January 1944. The order was increased
later to 30 guns in ordcer to supply 10 guns requested
by the Navy Bureau of Ordnance and five guns to
the Army Air Force,

The first 10 T22E6 guns were received at Aber-
deen 17 March 1944, Seven of these guns were
given check tests of 200 rounds each and subsc-
quently sent elsewhere for evaluation, five to Wright
Iield and two to the Naval Proving Ground at Dahl-
gren.

Tests of the T22E6 guns were continued at Aber-
Guns were fired under the various condi-
tions to he expected in service, and the results were
as Tollows:

deen,

Datc of test

122E6
gun Nao.
Rounds
fired

Mar. 20, 1944....| 10 5,000 1,136 2| 1
Do..........[ 11 5000 1,183 | 2 4
Apr.4,1944. ... 12 5000 | 1,202 | 2| 2

Gun No. 12 was fired at 80° depression and 60°
elevation and upside down. The belt-load capacity
was determined to be 38 pounds maximum. The
Wright Field report of test of T22E6 guns recom-
mended further development of the gun to accom-
plish the following changes, which were stated to
be essential before the gun could be used in air-
craft installations.
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. A decrease in the effort required to charge the
gun; during charging, gun should drive itself back
into battery position without being forced.

2. Elimination of stoppages due to firing before
full battery position is reached by correctly timing
the weapon.

3. Dispelling of blowback gases so that carboniza-
tion and fouling of gun parts do not occur.

4. Change 1n firing pin design to eliminate fre-
quent breakages,

The Naval Proving Ground report of test of
T22E6 guns dated 26 August 1944 recommended
further development and nonacceptance of the
T22F6 gun for service use in its existing form.

Many of the defects noted in the foregoing tests
were inherent in the mechanism of the T22E6 gun,
and it was decided that further development could
not be expected to produce a completely acceptable
weapon. Accordingly, further development of the
T22E6 gun, as such, was not undertaken by the
Ordnance Corps although certain features of the
weapon were incorporated in the 136 (MZAl) and
T25E3 (M3) guns.

In the development of the T22E6 gun, an effort
was made to hold to a2 minimum the changes in the
standard M2 gun. A brief description of the spe-
cial components of the T22E6 gun follows:

1. Recoil booster with 9g-inch gas orifice, to in-
crease cyclic rate,

2. Special top cover, to increase belt lift capacity
by improving feeding conditions.

3. Split holding pawls, to improve feeding of
ammunition.

4, Modified cover extractor cam.,
ming surfacc and increased throw to prevent ex-
tractor from riding over top of side plate switch in
counterrccoil.

5. Auxiliary spring on side plate switch, to speed
action of switch and prevent overriding by extractor.

6. Belleville washer backplate buffer, to increase
return of energy to bolt to spced counterrecoil.

7. Lightened bolt, approximately 1l% pounds
lighter than standard, to incrcase cyclic rate and
decrease reaction forces.

8. larger ejector pin, to eliminate breakagc.

9. Modified oil buffer. Oil removed from oil
buffer and auxiliary barrel return spring used to in-
crease cyclic rate.

Curved cam-
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10. Special sear and sear slide, to eliminate
breakage.

11. Hcavier driving spring, to increase load and
aid 1n returning gun to battery.

In addition to the foregoing major changes, many
other components were modified in design and met-
allurgy.

Concurrently with the development of the T22E6
gun, an attempt was made by the High Standard
Manufacturing Co. to provide a kit of parts which
could be used to convert the standard M2 gun to
a high-speed weapon.  The first two models of this
cun, designated T27, were submitted to Aberdeen
for test I Januarv 1944. The tests of both guns
were discontinued before the completion of the regu-
lar 5.000-round test. During the next 14 months,
18 guns of the T27 scries were tested at Aberdeen.
The results of these tests showed excessive numbers
of malfunctions and breakages, and actual danger
to personnel and equipment.  The kit of parts to
convert the M2 gun to the T27E7 gun included:

I. Bolt stabilizer, to stabilize bolt and depress ex-
tractor at end of rccoil.

2. Muzzle booster, to mncrease cvelie rate,

3. Side plate switch, strong spring and changed
contour.

4. Special extractor, no cjector to be used.

5. Special bolt with spring clips to position round
in T-slot, replacing ejector.

6. Split holding pawls, to improve feeding con-
ditions.

7. Rubber plug for backplate buffer, to replace
fiber disks.

In addition the oil was removed from the oil
buffer.

In the development of the 122 and 1'27 series
high-speed guns, an effort was made to hold to a
minimum changes over the then standard M2 cali-
ber .50 machine gun. So that no practicable ap-
proach to the development of an acceptable high-
speed gun might be overlooked, a contract was
placed 4 August 1943 with the Frigidaire division,
General Motors Corp., to cover the development of
the T25 series of guns.  The basic mechanism of
the M2 gun was to be used in this development, but
no restrictioms were placed on the number of changes
over the M2 gun and no requirement for inter-
changeability of the components of the two guns
was imposed. The development was to begin by
correcting certain known mechanical weaknesses of
the M2 gun, and to proceed by making all changes
necessary to provide reliable funcluioning at a rate
of fire of 1,200 rounds per minute. For example,
the backplate buffer, barrel buffer, and receiver were
redesigned.

[t was not until 10 March 1944 that the first 'T25
gun was submitted to Aberdeen Proving Ground for
test. The gun gave a fair performance for 2,000
rounds; but from that point on, excessive breakage
and malfunctions occurred, and at 3,100 rounds the
test was discontinued because of the breakage of the
hackplate buffer.

Work was immediately started on a sceond gun,
the T251, which was tested at Aberdeen 10 May
1944, This gun was completely unsatisfactory.

Figure 11-1. Browning Machine Gun, Caliber .50, T25. Left side view.
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Figure 11-2. Comparison of bolt components for Browning Caliber .50 machine guns. Parts for the M2 bolt assembly are
shown at right, and corzesponding parts for T25E1, at left.

Nine breakages and three malfunctions occurred in
770 rounds, and the test was stopped.

Satisfactory functioning had not been obtained
with the T25 series guns, but certain leatures of
these guns were considered very desirable. To per-
mit further study of the causes of this unsatisfactory
functioning, the T25E2 gun was made up by sub-
stituting the bolt, top cover, and recoil booster of the
122E6 gun for corresponding components of the
T25E1 gun. This gun was fired at Aberdeen 1 June
1944. Functioning was unsatisfactory, and the test
was stopped at 1,800 rounds. A careful examina-
tion indicated that the nested helical springs in the
backplatc buffer were breaking and causing extreme
unpact forces on the gun components. The use of
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this type of spring was discontinued in [avor of
Belleville spring washers for the T25E3 gun,

The first TZ25E3 gun was tested at Aberdecn 19
July 1944, The functioning of this gun was greatly
improved over that of the T25E1, and the cvclic
rate averaged 1,250 rounds per minute. Eight mal-
functions occurred, but for the first time in the de-
velopment, it was possible to determine the specific
cause of cach malfunction. A projecting comer on
the bolt was responsible for “shorting” rounds in the
feedwav and causing failures to fced; the remainder
of the malfunctions were caused by fatigue of the
sear Spring.

To permit more extensive tests of the T25E3 gun,
12 additional guns were ordered immediately.
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These were completed in October 1944; two werc
left at Frigidaire to be used in further development,
and the remainder shipped to Aberdeen. T'o permit
a positive check on the performance of the initial
gun, no changes were made in these guns from the
T251.3 gun already tested.

During October 1944, three T23E3 guns were
given the regular 5,000-round endurance test at
Aberdeen, with the following results:

G Raonnels f:}’{;lsc | Mallune- | Break-
un fired | rate ' tions apes
(r. p. m.} ‘
T25E3. 5,000 1,250 2 2
T2505. .. ... 5, D00 1, 285 8 0
T25E3 .. h, 000 11,195 5 ‘ 1
|

' No booster.

_ CONFIDENTIAL

Thirteen out of the fifteen malfunctions occurring
in the above tests were failures to feed or lightly
struck primers. Both were attributable to the pre-
mature rclease of the firing pin by the sear. Ncew
sears, having the angle of engagement with the fir-
ing-pin extension increased fram 3° 307 to 4° 30/,
were installed in the 2 guns at Frigidaire, and these
guns were fired 5,000 rounds each. An extractor
was broken in the first gun at 3,500 rounds, and the
second gun had one failure to extract from the bolt
at 3,300 rounds; no other malfunctions or breakages
occurred during the tests. Two T25E3 guns were
furnished to the Navy Bureau of Ordnance and two
to the Army Air Forces, for informational tests.

In view of the promising results obtained in the
above tests, Ordnance Committee action was taken
to procure 1,100 T25E3 guns as follows: |

1. One hundred guns to be praocured by Research
and Development Service to establish final engineer-
ing design and to provide guns for service test.

Figure 11-3. Backplate of T25 high-speed machine gun, View showing three nesting buffer springs.
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Figure 11-4. Browning Machine Gun, Caliber .50 T25E3. Right rear view.

2. One thousand guns to be procured by Indus-
trial Service to cnable the development of produc-
tion facilities and to provide guns for extended serv-
ice tests.

Supplemental action was taken by the Ordnance
Committee on 14 December 1944 to provide for the
procurement of an additional 1,000 T25E3 guns
to be used for evaluation by the Navy,

Following the above authorization, a Research
and Development contract was placed with Frig-
idaire 6 December 1944 for 100 T23E3 guns. The
first gun was delivered 6 January 1945 and the
hundredth gun was delivered 12 February 1945.
These guns were distributed as follows:
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7, Fired for acceptance at Frigidaire,

20, Army Air Force.,

12, Navy Bureau of Ordnance.

2, Frankford Arsenal.

I, Springfield Armorv.

1, ngidaire {for development work).

I, A, I. O. {Army inspector of ordnance)
Savage Arms Co.

1, A. I. O. (Army inspector of ordnance)
International Business Machincs Co.

47, Aberdeen Proving Ground.

5, Army Ordnance Experiment Station, Pur-
due University.

The acceptance tests for these guns are described
i the following section.
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Acceptance Test for First 100 Frigidaire-
Made Guns

The initial procurement program for the T25E3
gun 15 described in the preceding section.  An ac-
ceptance test was established for the 100 T25E3
guns delivered by Frigidaire during January and
February 1945. Test specifications were as follows:

1. Fire one high-pressure test round in cach gun.

2. Fire cach gun 200 rounds in burst fire, 100
with right-hand and 100 with left-hand feed. 1f
stoppages or breakages occur, rework guns and
rcfire.

3. Sclect 1 gun from each lot of 20 and fire 5,000
rounds 1in 30-round bursts, one-half with nght-hand
and onc-half with left-hand feed. Guns are to be
clecaned and oiled at the end of cach 1,000 rounds.
Guns are acceptable if not more than 1 breakage
and 5 mallunctions occur during the test.  Should
any gun prove unacceptable, an additional gun from
the same lot will be fired an identical test.

In the 2000-round functioning test given each of
the 100 T25E3 guns, stoppages occurred in 7 guns.
These guns were reworked and all gave perfect func-
tionmg when refired.

Seven guns were fired from a factory test stand
tor the 5,000-round acceptance test. This firing
was conducted under the direction of the Army n-
spector of ordnance at the Frigidaire division plant
and the results have been summarized as follows:
As a result of sear breakage during the tests, they
were stopped, and forged scars were substituted [or
the machined ones previously used. The scars of all
T25E3 guns already manufactured were replaced
with the forged type, and the 5,000-round accept-
ance tests continued without further breakage of
sears.

In the 35,000 rounds fired from 7 guns during
this part of the test there were 18 stoppages, of
which only 12 were definitely attributable to the
gun.

A rcport received from the Naval Proving
Ground, Dahlgren, Va., stated that two T25E3
guns were fired approximatelv 7,000 rounds each.
I the first 5,000 rounds of firing on each gun, only
1 stoppage occurred in each gun.  In the remainder
of the firing, a total of three breakages occurred.
This firing was conducted at temperatures ranging
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[rom —70° I, to +140° F,, and [unctioning was
satisfactory at all temperatures. Among the con-
clusions of the Naval Proving Ground were the
tollowing :

1. All parts of the T25E3 gun are reliable for
5,000 rounds of firing.

2. The guns will maintain a high cyclic rate
(1,150 to 1,200 r. p. m.) for at lcast 3,000 rounds.

3. Subject gun will feed satisfaciorily under ad-
verse teeding conditions.

Flight Tests

Flight tests of the T25E3 guns in aircraft were
carricd on at Wright Field.

Standardization of the T25E3 Gun

After the satistactory tests of the T25E3 guns, and
to expedite procurement of this weapon, the Army
Air Torce requested its standardization in Apnl
1945. Ordnance Committee action was immedi-
ately taken to standardize the T25E3 gun as Gun,
Machine, Caliber .50, M3 Aircraft, Basic. This
same action reclassified the Caliber .50 Aircraft Ma-
chine Gun M2 as Limited Standard.

Large-scale procurement of M3 guns was started,
and by the end of September 1945, approximately
2,400 guns had been made.

The standardized basic machine gun fired at the
rate of 1,200 rounds per minute.  Satisfactory per-
formance was obtained from the service test guns;
however, when guns were fired i the various new
aircraft installations, unsatisfactory functioning was
reported and a remedial development and test firing
program was immediately undertaken,

Improved gun components were designed, test
fired, and standardized for incorporation in produc-
tion guns. ‘These included improved firing pin,
firing-pin extension, and feedway components. Re-
version to the T23E type scar eliminated breakages
which had become recurrent under 5,000 rounds.
The Air Force reported cracked bolts under 5,000
rounds; and although no accounts were received of
gun malfunctions caused thereby, action was taken
to standardize both right- and left-hand single-
track bolts at the request of the Air Force. Devel-
opment continued on double track bolts and the
“Insert type bolt” was standardized.
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Light-struck primers have caused more gun stop-
pages when guns arc mounted in aircraft than any
other single factor. Changes made in the scar spring
and the adoption of bolt hold-down bracket reduced
stoppages due to this cause. New design bolts in-
corporating a positive sear holding device were
studied to eliminate this type of malfunction.

The M3 gun was standardized to allow for 5,000
rounds with no parts replacements. The Air Force
was advised that if guns are fired 10,000 rounds cer-
tain parts must be replaced in accordance with the
list supplied by the Ordnance Corps.

Development was initiated for increasing the life
of gun parts failing between 5,000 and 10,000
rounds. Tests were conducted at increased rates of
fire Lo provide accelerated test conditions. Observa-
tions at the 1950 USAF gunner mcct, at Las Vegas,
Nev., confirmed the assumption that proper main-
tenance would assure satisfactory gun functioning.

Following formal standardization of the basic
components of the M3 gun, other changes were
authorized, including:

1. Reduction in length of backplate buffer.

2. Provision of method of locking feed pawl pin
in place,

3. Redesigned sear permitting use of a much
larger sear spring.

General Description

The caliber .50 basic aircraft machine gun AN-
M3 is an automatic, recoil-operated, link-belt-fed,
air-cooled machine gun having a rate of fire over
1,000 rounds per minute. A metallic link disin-
tegrating belt 1s used to hold the ammunition while
it is being fed into the gun. By means of changes
of position for some of the components, the gun
may be set up so that the ammunition can be fed
from either the left- or right-hand side.

When issued with an alternate feed {double-
track’ bolt, the gun is referred to as Caliber .50
Basic Aircraft Machine Gun AN-M3, alternate
feced bolt. If the gun is issued with a single-track
holt. marked L it is referred to as [LH Feed Basic
Aircraft Machine Gun AN-M3: and when issued
with a single-track bolt marked R, it is referred to
as RH Feed Basic Aircraft Machine Gun AN-M3.

The gun can be mounted in the wing or fuselage
of a fighter plane. It may also be mounted in a
turret of a homber.
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The gun fires percussion type primed ammuni-
tion. A solenoid, which can be mounted on the top
plate or on either side of the gun, depending upon

what side the sear slide is assembled, is used to fire
the gun,

Basic aircraft machine gun caliber .50 T25E3
1s similar in general appearance to caliber .50 basic
aircraft Browning machine gun M2.

The recoil bhooster, cover group, belt holding
pawls, breech lock, barrel, and short round stop are
used 1in both the T25E3 and the M2, The T23E3
differs from the M2 in the following respects:

1. The bolt has been redesigned. In order to
decrease 1ts weight, it has scveral holes dnlled com-
pletely through the sides, and other lightening cuts.

2. The accelerator has been redesigned by chang-
ing the curvaturc of the claw end.

3. The outer driving spring has been redesigned
by removing two of the solid-wound coils from cach
end.

4. The inner driving spring has been redesigned
by removing three coils from each end.

3. The backplate has been redesigned o clamp
around the side plates. Washer springs (Belleville
type) arc used in the buffer tube in place of fiber
disks used in the gun M2.

6. A cocking lever stop assembly which is housed
in the cocking lever slot in the top of the bolt has
been added.

7. The cocking lever has been redesigned to pro-
vide thicker cross sections and to eliminate sharp
corners. In addition, a shoulder has been addcd
to the lever to facilitate assembly.

8. The sear has been redesigned to make the top
left side thicker and the tp stiffened with a nb.
In addition, a larger fillet has been provided where
the hook joins the main body of the sear.

9. The sear slide has been redesigned to climinate
the V-shaped cut on the end and by adding an
elongated slot on the other end for retention in the
bolt.

10. A scar slide stop pin has been added to retain
the scar slide in the bolt.

11. 'T'he bolt switch has been redesigned to pro-
vide an interlocking tongue on the underside,

12. The side plate switch has been redesigned.

13. The side plate switch spring has been made
shightly heavier.
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14, The extractor cam has been modificd by
slightly changing its shape and making it much
wider.

15. The cover extractor cam has been redesigned
by forming a steeper cam having a concave cam-
ming surface.

16. The barrel extension has been changed by
providing additional clearance cuts for the ejector
and the depressor slots and milled across the entire
side.

17. The extractor assembly has been redesigned
so that the position of the ejector may be shilted to
facilitate feeding from the left side of the gun.

18. A new air and washcr spring type barrel
buffer is used in place of an o1l buffer assembly.

19. The breechlock depressors are sccurcly fas-
tened to the side plates. On the gun M2, the de-
pressors are allached to the o1l buffer body, The
depressors have a curved camming surface formed
on the front end.
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20. The breech lock cam has been changed to
add a radius at the top of the camming step.

Description of Components

Backplate Assembly. The backplate assembly
is assembled to the rear end of the receiver. In
general, the backplate assembly 1s composed of the
backplate, latch lock, and bufter components, The
backplate slides downward into grooves inside and
around the outside the receiver. The backplate
is held in position, when assembled, by the backplate
lutich engaging the bottom plate of the rcceiver.
The latch is prevented from disengaging by the
backplate lawch lock. Both latch and lock are
spring operated. |

‘T'he backplate houses a buffer plate and [0 cup-
shaped washer springs {Belleville type) assembled
in pairs and held in place by the backplate adjusting
screw threaded in the backplate.  The buffer plate
bears upon the washer springs and projects through

_:_::~-,---Il H 3

fEEi3iks
LR o
] IH".'_t_l;m

Figure 11-5. Modified parts of T25 gun. The rear of this receiver is fitted for a special backplale,
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the front facc of thc backplate. A spring-loaded
plunger sealed in the adjusting screw and a slot in
the backplate prevents the screw from loosening
from vibration.

The main function of the backplate assembly 15
to stop and cushion the bolt on recoil.  "T'he bolt
strikes the projecting bufler plate which bears upon
the washer springs.  These springs. which are
shightly compressed at asscmbly, cushion the blow
and store up part of the recoil energy to return it to
the bolt to speed up the counterrecoll. The back-
plate assembly also acts as a stop for the barrel bufler
group and the rear end of the driving-spring-rod-

Figure 11-6. Modified parts of T23 gun.

depressor grooves.
extractor spring.
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with-springs assembly which bears in a groove 1n the
backplate when assembled.

Bolt Group. The bolt group contains the firing
and extracting mechanisms of the gun and actuates
the belt feed mechanism of the cover. In general,
it is composcd of the bolt assembly, sear, scar slide,
cocking lever, firing pin group, and extractor as-
sembly. It also houses the driving-spring-rod-with-
springs assembly when the gun 1s assembled. The
bolt slides in wavs cut 1n the barrel extension and is
locked to it to hold the cartridge in the chamber
of the barrel, when firing, by the breechlock in the
barrel extension. The bolt withdraws the fired car-

Lightened bolt at top. Air buffer immediately below. Barrel extension with wide
Buffer body. Booster and barrel bearing. Cover with heavier belt feed lever and curved cover
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tridge from the chamber by means of the T-slot in
the front end, in which the cartridge 1s seated when
chambered.

The sear slides vertically in grooves in the rear end
of the bolt; is actuated by a spring which seats on a
lug on the sear and 1n a seat 1n the bolt; and 1s re-
tained in the bolt by the scar slide.  The sear slide 15
assembled in lateral grooves in the rear face of the
bolt; 1s held in place by a retaining pin; and acts
upon a lug on the sear. The purpose of the sear is
to hold the firing pin group in the cocked position
when cocked by the cocking lever.

The cocking lever iz pivoted vertically in a slot In
the rear part of the bolt on the cocking lever pin
which is inserted in the bolt from theside. A curved
extension of the firing pin spring stop cushions the
lever on 1ts forward movement. The upper end of
the lever projects above the bolt, and the lower end
engages 1n a slot in the firing-pin extension assembly.
The cocking lever cocks the firing-pin group when
its upper end 18 cammed forward by the top plate
bracket or bolt holddown bracket (riveted type] on
the top plate ol the receiver, during recoil of the bolt.

The firing pin extension assembly, assembled to
the firing pin, is housed in a longitudinal tunnel in
the bolt and contains the firing pin spring, one end
of which bears upon the firing pin spring stop where-
as the other end is retained by a firing pin spring
stop pin, when assembled.

The extractor assembly, which contains the ex-
tractor and ejector, 1s pivated in the left side of the
bolt and can be assembled for cither left-hand or
right-hand feed. A stop lug on the bolt limits the
downward movement of the extractor assembly.
The extractor assembly extracts a cartridge from the
belt, aids in guiding it into the T-slot in the bolt,
and thence into the chamber of the barrel on recoil.

In alternate feed (double-track) bolts, two
diagonal grooves or wavs are cut in the top of the
bolt. At the rear end of the bolt stroke, the feed
lever is in one of the grooves, depending on the direc-
tion of feed. In later type alternate feed holts,
cither of the bolt grooves mav be made continuous
by positioning the bolt switches in their proper holes
in the top of the bolt.  The switches are retained in
the bolt by bolt switch locking pins. In early type
alternate feed bolts, the bolt switch seats in a circular
recess in the top of the bolt and 1s furnished with a
groove similar to the bolt grooves. The switch may
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be positioned and retained in place by a spring-
loaded stud to make either of the holt grooves con-
tinuous. The switch i1s retained in the bolt by an
undercut 1n ts seating recess.

In single-track bolts, one diagonal groove 1s cut in
the top of the bolt. This groove seats the rear end
ol the bolt feed lever. |

One bolt, marked “L,” has the diagonal groove
machined in the proper dircetion for left-hand feed;
the other bolt, marked “R,” has the diagonal groove
machined in the proper direction for the right-hand
feed. Single-track bolts, therefore, do not require a
bolt switch,

The bottom of the bolt 1s designed to prevent the
accelerator claws from entening the breechlock recess
in the bolt, thus preventing jamming of the bolt.
A bolt stud is assembled in the side of the bolt as a
means for retracting the bolt when the gun 1s as-
sembled. One end ol the stud projects through a
slot in the side plate and is retained by a collar bear-
ing upon the mside of the side plate.

The driving-spring rod with springs assembly is
housed in a longitudinal tunnel 1 the bolt when
the gun is assembled. A shoulder at the forward
end of the tunncl acts as a bearing for the springs
and to compress them against a shoulder on the rear
end of the driving spring rod when the bolt recoils.

The general function of the bolt group 1s to load
and fire the gun, extract and eject the fired car-
tridges, and actuate the belt feed mechanism of the
gun through the medium of the belt feed lever in the
cover group., The driving springs act to return the
holt to forward position at the end of recoil.

Barrel and Barrel Extension Grouf. The barrel
is cylindrical and 1s threaded at the rear end o screw
into the barrel extension loosely enough for easy ad-
justment. Just forward of this thread, serrations
are cut around the periphery for engagement of the
barrel locking spring which holds the barrel in ad-
justment. The front end of the barrel has an inte-
gral machined hearing surface for engagement in
the bearing formed by the recoil booster in the barrel
jackcet of the receiver and barrel jacket group. The
bore of the barrel is chromium plated to increase ac-
curacy hfe and has a special liner assemhled near
the breech end to increase velocity life.

The barrel extension extends to the rear of the
barrel when assembled to it. Its forward end is a
formed lug, drilled and threaded, into which the
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Figure 11-7. Modified parts of Browning Machine Gun, Caliber .50 T25. Lightened bolt and modified bolt switch and
extractor.

barrcl s screwed. Integral side members extend
rearward, terminating in lugs pointing downward
and carrving the breechlock., At the rear end 15 the
barrel extension shank, pinned in position between
the side members.  The shank terminates in a hook
and extends rcarward to engage a similar hook on
the piston rod of the barrel buffer assembly, when
assembled.  Grooves cut in the inside of the side
members of the barrel extension support and form
a slideway [our the bolt, when assembled. Cuts n
the upper inside edges of the side members, and the
top of the forward portion into which the barrel is
screwed, provide clearance for the extractor assem-
bly of the bolt group when assembled for left- or
right-hand feed.

The breechlock slides vertically in grooves in the
rcar part of the barrel extension and is retained by a
pin passmg laterally through the breechlock and
through clongated holes in the side members of the
barrel extension. The barrel-locking  spring s
staked in an undercut groove in the right side of the
extension, at the forward end.

The function of the barrel extension group is 1o
support the rear end of the barrel and maintain its
adjustment, with regard to headspacc, by means ot
the barrel locking spring.  The extension, in turn,
is supported by the breechlock cam in the receiver.
The extension also supports the bolt group, forms
a slideway for it during operation, and provides a
means of locking the bolt to the barrel extension
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during firing of the cartridge.  The extension shank,
engaging with the piston rod of the barrel bufTer,
opcrates the piston and compresses the buffer spring
on the recoil movement.  On counterrecoil move-
ment, this shank is, in turn, forced forward by the
expanding spring. The breechlock, acted upon by
the breechlock cam on the forward movement of the
extension and by the breechlock depressors on the
rearward movement, locks and unlocks the bolt with
respect to the barrel extension. The extension also
acts upon the accclerator in the barrel buffer body
group to accclerate the rearward movement of the
bolt group.

Cover Group. 'I'he cover group carries the feed-
ing mechanism of the gun and is opcrated by the bolt
through the medium of the belt fced lever. The
group, in general, is composed of the cover, belt feed
slide group, cover extractor cam, cover cxtractor
spring, and belt feed lever.

The cover hinges in the trunnion block, pivoting
on the cover pin.  Itis held open by a spring-loaded
cover detent scatcd in the trunnion block, and
latched by the cover latch engaging under the top
plate when the cover is closed. The cover extractor
cam is fastened to the left inner side of the cover.
T'he cover extractor spring is sccured beside the cam
by means of a headed stud engaging in a slot in the
spring, and by an undercut in the cam. The cover
latch spring assembled to the right of the extractor
spring, by means of a headed stud and slot, holds
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the cover extractor spring in position and places
spring pressure on the cover latch.

The belt feed lever is pivoted at the middle on a
stud in the cover. The forward end cngages in a
slot in the belt feed slide, and a lug on the rear end
engages in one of the two camming grooves in the
top of the bolt when the cover is closed. A spring-
loaded plunger 1s housed in one of two wells in the
side of the lever and bears on the side plate of the
cover to position the lever properly for left- or right-
hand [eed.

The belt feed slide group contains the belt feed
pawl and pawl arm pivoted in the shde, which
moves laterally in the guideways in the forward sec-
tion of the cover and is held in place by a retamner
fastened by a pin,  'The pawl is spring opcrated by
an inner and outer spring scating in the slide and
pawl. The pawl arm is positioned on the pawl by
a spring-loaded plunger in the pawl, and rctains the
pawl pin through the medium of a notch in the end
of the arm seating in a groove in the pin, when
asscmbled.  The shide group and lever may be as-
sembled for either right- or left-hand feed by posi-
tioning of parts.

The function of the cover group is to pull the
ammunition belt into the gun, position a cartridge
in the feed way and assist the extractor of the bolt
group to withdraw a cartridge from the belt, posi-
tion it in the T-slut of the bolt, and guide it into the
chamber of the barrel. The belt fced slide 1= oper-
ated laterally by the belt [eed lever, which is, in turn,
operated by the bolt during recoil and counterrecoil.
The rear end of the lever engaging in the diagonal
camming groove in the bolt is moved [rom side to
side as the bolt moves backward and forward. This
causes the slide, which is engaged with the front end
of the lever, to move laterally. The cover extractor
cam forces the extractor downward against the ex-
tractor switch in the receiver, to guide the cartridge
into the T-slat in the bolt when extracted from the
belt during the recoil movement of the bolt. ‘The
beit feed pawl arm prevents the feed pawl from
engaging the ammunition belt to pull 1t into the
fecdway should the cartridge awaiting extraction
fail o be extracted. In this way jamming is
prevented.

Receiver and Barrel Jacket Group. The receiver
and barrel jacket group consists of the receiver as-
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sembly, barrel jacket with recoil booster assembly,
and other parts assembled to them. The receiver
assembly consists of the trunnion block, two side
plates, a bottom plate, top plate, and other parts
assembled permanently to them. The trunnion
block forms the basic part of the receiver assembly.
The side plates are attached to the trunnmion block
and cxtend rcarward. The top and bottom plates
are attached to the sidc plates.

The barrel jacket with recoil booster assembly
contains the breech bearing permancntly fastened
to the rear end and the recoil boster. The breech
bearing screws into the trunnion block to support
the jacket when assembled. A recoll booster is
screwed mto the front end of the jacket. The
booster acts as a front barrel bearing and contributes
to an increased rate of fire by momentarily confin-
ing gas pressure at the muzzle, which accclerates
recoil of the barrel and barrel extension group. The
breech bearing acts only as a guide for the barrel,
which is supported at the rear by the barrel exten-
sion Into which it threads. The barrel extension is,
in turn, supported by the breech lock cam in the
receiver. Holes in the barrel jacket provide venti-
lation to dissipate heat from the barrel when the gun
15 firing.

A lateral feedway for the ammunition belt is cut
into the top of the trunnion block and the front-
top ol the side plates. At the lower edge of the
feedway, right- and left-hand belt holding pawl
brackets are riveted to the side plates to support
the belt holding pawls and link chute adapter as-
sembly which are secured in the brackets by belt
holding pawl pins. The link chute adapter assembly
contains the cartridge stops, link stripper, and guide.
A hole bored through the side plates and trunnion
block acts as a bearing for the front gun trunnion
pin when mounting the gun 1in some installations.
Two dnlled lugs on the bottom plate act as bear-
ings for the rear trunnion pin. A lateral hole bored
through the trunnion block at the top-forward cnd
acts as a bearing for the cover pin.

A trunnion adaptcer, with a lug drilled to form a
bearing for the front trunnion pin in some installa-
tions, is threaded onto the front end of the trunnion
block lock housed in the trunnion block. Thread
qualification is obtained by use of shims of varying
thickness. A recoil adapter, which may be used in
place of the trunnion adapter in some installations,
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15 assembled to the trunmnion block in a similar
IMarnrner.

The breech lock cam is fastened to the inner face
of the bottom plate by means of a lug on the cam
passing through a hole in the plate and secured hy
a bolt and nut. The cam is grooved at the sides
to form a slideway for the barrel extension which it
supports. A ramp on the rear end of the cam acts
to cam the breech lock upward to lock the bolt dur-
ing counterrecoll of the barrel and barrel extension.

T'he top plate bracket is fastencd to the underside
of the top plate, and forms a bearing surface which
engages the upper end of the cocking lever to oper-
ate 1t during recoll and counterrecoil movernents
of the balt, {Sce note following.) A lateral hole
through the bracket and lcft-hand side plate forms
a bearing for the trigger bar pin, which acts as a
pivot for the trigger bar when used. An adjustable
trigger bar stop assembly is fastened to the undcer-
side of the top plate to the rear of the bracket, [or
the purpose of limiting the upward movement of the
trigger bar when acted upon by a top plate solenoid.
The adjustable stop is positioned on the rear trigger
bar stop (pin) riveted into the top plate, and is
retained by a screw cxtending through the top plate

cover and top plate, and threaded into the body of
the adjustable stop.

NoTte. An improved top plate (bolt-down)
bracket has heen devcloped, the lower portion of
which is a bearing surface for limiting the upward
movement of the bolt. When the bolt is in its rear-
most position, it will jump as much as one-eighth
of an inch, This bracket is held in place with the
trigger bar pin and is easily installed. Clearance
between the bolt and the bracket ranges from 0,002
inch to 0.026 inch.

Breech lock depressors are fastened to the inner
faces of the side plates. The rear ends of these de-
pressors anchor the front end of the barrel buffer

group, when assembled, and the [ront ends are

formed into cams which engage the breech lock pin
in the barrel extension to cam down the breech lock

and unlock the bolt during recoil.

‘lhe extractor switch is pivoted to the inside ol
the left-hand side plate and is positioned by a
threaded stud, nut, and spring. The switch, in con-
junction with the cover extractor cam in the cover
group, assists the extractor to position the cartridge
in the T-slot of the bolt. The extractor cam riveted
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to the side plate, just ahead of the switch, raises the
cxtractor near the end of the counterrecoil move-
ment of the bolt, after the cartridge has been started
into the chamber.,

The purpose of the receiver and barrel jacket
group 18 10 house the working mechanism of the

gun as well as to act as a support of the fixed parts
which contribute to operation. It also acts, through

the barrel jacket, to support and protect the bharrel.

Cyclic Functioning

General.  Cyclic functioning of the caliber .50
basic alrcralt machine gun AN-M3 is identical with
that of the caliber .50 basic aircraft Browning ma-
chine gun AN-M2., The barrel buffer of the gun
AN-M3 takes the place of, and functions in the
same gencral manner as, the oil buffer of the gun
AN-MZ2. In the barrel butfer of the gun AN-M3,
the washer springs and air compression feature take
the place of the il and valve system of the oil buffer
of thc gun AN-M2.

The gun AN-M3 may be fired {1) by means
of a top plate solenoid acting upon the sear through
the medium of a trigger bar or (2) hy side plate
solenoid, trigger motor, or other device acting upon
the sear through the medium of the sear slide. In

any case, the functional operation of the gun is the
sarne.

Each time a cartridge is fired, thc mechanical
action within the gun mmvolves many parts moving
simultaneously or in their proper order. The action
of these parts and their relationship onc to the other
can be explained more clearly il each cyvcle of oper-
ation 18 divided into various phases. These phases,
explained in following paragraphs, arc: firing; re-
coiling ; counterrecoiling ; cocking ; automatic firing ;
feeding; extracting and cjecting.

Frring,  When the gun has been loaded and the
firng pin has been cocked, the firing pin extension
engages the scar.  The firlng mechanism of the gun
is ready to be fired by disengaging the sear from the
firing pin extension. In this case, the trigger bar
will be rotated on its pin to depress the sear by the
top plate solenoid when operated.

If the gun is fired by means of a top plate solenoid
and trigger bar, the firing pin extension and firing
pin are rcleased by actuating the solenoid. When
the plunger of the top plate solenoid acts on the
trigeger bar, which is assembled to the trigger bar
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pin asscmbly, it forces the front end of the trigger
bar down to depress Lhe scar. The sear 15 forced
downward until the notch in the sear is disengaged
from the shoulder of the firing pin extension. The
firing pin and firing pin extension are driven forward
by the compressed firing pin spring to fire the
cartndge.

If the gun is fired by means of a side plate sole-
notd, a trigger maotor or other device, when actuated,
is forced against the sear slide.  The sear slide, mov-
ing laterally, cams down the sear, and the firing pin
is relcased to fire the cartridge as just explained.

Recoiling. The complete cycle of the recoling
parts of the gun, which takes place as cach cartridge
is fired, consists of the recoil movement when certain
parts move rearward and the counterrecoll move-
ment when the same parts move forward. At the
imstant of firing of the first shot, the barrel, barrcl
extension, and the bolt (known as the recoiling
parts) are in the fully forward or “battery” position
in the gun.

At this time, the bolt 1s locked to the barrel ex-
tension and held sccurcly against the rear of the car-
tridge in the chamber of the barrel by the breech
lock, which extends up from the barrel extension
into a notch in the underside of the bolt. The
breech lock is held up by the breech lock cam upon
which 1t rests.

After the cartridge explodes and as the bullet
travels out of the barrel, the force of recoil drives
the recoiling parts rearward. During the first five-
eighths inch of rearward travel, the hreech lock is
moved off the breech lock cam step.  This permits
the breech lock to be forced down out of the notch
in the bolt by the breech lock depressors engaging
the breech lock pin. This unlocks the bolt from
the barrel extension,

As the recoiling parts move toward the rear, the
barrel extension bears against the accelerator and
rotates 1t rearward. The tips of the accelcrator
strike the lower projection on the bolt and accelerate
the bolt to the rear.

The barrel and barrel extension have a total rear-
ward travel of 1V4 inches, at which time they are
completely stopped by the barrel buffer body.

During this recoil of 14 inches, the buffer spring
in the barrel buffer is compressed by the rearward
movement of the barrel extension, transmitted

through the barrel extension shank to the buffer
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piston rod with which it is ecngaged. The spring is
held in the compressed position by the barrel exten-
sion, locked by the claws ol the accelerator which
arc moved against the shoulders of the barrel exten-
sion shank. The buffer spring assists the barrel
buffer piston in bringing the barrel extension to
rest during the recoil movement.

During recoil, the barrel buffer piston 1s forced
from the forward end of the barrel tube to the rear,
compressing the air confined in the tube to the rear
of the piston. The piston starts rearward ramdly
due to an air port or hole in the wall of the barrel
buffer tube within which it moves. The port allows
some air in the tube to escape quickly at the start
of the rearward movement of the piston. As the
piston moves beyond the port, the remaining air
in the tube is gradually compressed, thus forming a
cushion. As the compression increases, the com-
pressed air escapes into the piston through a spring-
operated relief valve in its rear end. The escaped
air then passes through the enlarged rod hole in the
tube cap. The valve regulates the flow of escaping
air so that the rearward movement of the barrel
extension and barrel 1s decelerated gradually. The
opening of the relief valve is controlled by a coil
spring scated in a retainer in the piston. The re-
tainer is held in place by 10) cupped washer springs
asscmbled in the piston, which bear upon the re-
taincr and the rcar face of the piston rod and act
as a cushion for the rod at the end of the rearward
movement. No terminal shock is transmitted to
the buffer piston rod or piston pin due to the elonga-
tion of the pin hole in the rod.

The bolt travels rearward, compressing the buffer
washer springs in the backplate. During this
travel, the driving springs arc compressed. The
rcarward movement of the bolt is finally stopped as
the bolt strikes the buffer plate in the backplate.
Thus, part of the recoil cnergy of the bolt 1s stored
in the driving springs, and part is absorbed and
stored by the cupped washer springs upon which the
buffer plate bears, in the backplate tube.  Any re-
maining rccoil energv is transmitted to the recoil
adapter of the gun or to the gun mountings.

Counterrecoiling. Alter completion of the recoil
movement, the bolt 1s forced forward by the cn-
ergy stored in the driving springs and the compressed
backplate buffer washer springs. When the bolt
has moved forward about 534 inches, the projection
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on the bottom of the bolt strikes the tips of the ac-
celerator and rotates it forward. This rotation
moves the claws of the accelerator awav from the
shoulders of the barrel extension shank. This re-
leases the barrel buffer spring. The energy stored
in the spring, supplemented by the counterrecoil en-
crgy of the bolt transmitted through the accelerator,
forces the barrel and barrel extension forward.

Na restriction to the forward motion of the barrel
and barrel extension is desired; thercfore, on the
forward movement, the air ahead of the piston in
the barrel buffer tube is allowed to escape through
the enlarged hole in the tube cap through which the
piston rod passes. - As the piston nears its forward
position, the air port in the tube is uncovered, allow-
ng air to enter the rear end of the tube and relieve
thc vacuum created by the forward movement of
the piston.

Nore. Air is permitted to leave and enter the
port in the barrel buffer tube through a longitudinal
groove in the tube. This groove extends from the
port to the rear end of the tube.

As the barrcl extension moves forward, the breech
lock engages the sloping ramp of the breech lock
cam and is forced upward. The bolt, which has
been continuing its forward motion since striking
the accelerator, has at this instant reached a position
where the notch in the underside of the bolt 15 di-
rectly above the breech lock, permitting the breech
lock to enter the notch and engage the boll. Thus,
the bolt is locked to the barrel extension just before
the recoiling parts rcach the firing position.

Cocking. The act of cocking the gun begins as
the bolt starts to recoil, immediately after firing.
As the bolt moves rearward, the tip of the cocking
lever, which is in the V slot in the top plate bracket,
is forced forward. Since the cocking lever pivots
on the cocking lever pin, the lower end, which en-
gages in a slot in the firing pin extension, 1s forced
rearward, thereby pulling the firing pin extension
and firing pin rearward and compressing the firing
pin spring against the pin of the firing pin spring
stop. ‘The shoulder on the rear end of the firing
pin extension forces the sear downward, against its
spring, and continues to travel rearward unal
slightly beyond the front face of the notch in the sear.
The sear is then immediately [orced upward by the
sear spring to be in position to engage the shoulder
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on the firing pin extension when it starts moving
forward again.

During the forward movement of the bolt, in
counterrecoil, the tip of the cocking lever again
enters the V slot in the top plate bracket and is forced
rcarward. This action swings the lower end of the
cocking lever forward out of engagement with the
firing pin extension which moves forward and is en-
gaged and held by the sear. The cocking lever acts
as a safety device to prevent the firing pin extension
and firing pin, if released prematurcly, from moving
fully forward to fire the cartridge before the bolt has
gone forward sufficiently for the breech lock to be
cngaged, and thus lock the bolt to the barrel exten-
sion.  When the recoiling parts are 0.116 inch or
less from the fully forward “battery” position, de-
pending on the ““timing” of the gun, the gun s ready
to fire.  I[, at this instant, the sear is not depressed,
the recoiling parts will assume their fully forward
“battery” position and the gun will cease to fire.

Automatic Firing. For automatic firing by
means of a top plate solenoid, the solenoid must be
actuated so that its lever moves and holds the front
end of the trigger bar downward. The sear is de-
pressed as it contacts the cam surface of the de-
pressed trigger bar by the forward movement of the
bolt near the end of the counterrecoil movement,
"The depression of the scar releases the firing pin,
thus automatically firing the next cartridge. The
gun fires automatically as long as the solenoid action
15 maintained and until the ammunition supply 1s
exhausted.

Automatic firing by means of a side plate solenoid
is accomplished in a similar manner. As the bolt
nears the end of its counterrecoll movement, the end
of the sear slide 18 contracted by the cam surface of
the projecting solenoid plunger and s forced side-
ways. 1his lateral movement of the sear slide cams
the sear downward, thus releasing the firing pin ex-
tension and firing pin to fire the gun.

Feeding. The belt feed mechanism is actuated
by the bolt.  When the bolt is in the forward posi-
tion, the belt feed slide is entirely within the gun.

A lug on the rear end of the belt feed lever rides in
a diagonal camn groove in the top of the bolt.  The
forward end of the belt feed lever engages in a slot
in the belt feed slide to which the belt feed pawl and
belt fecd pawl arm arc attached.
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When the bolt is moved rearward, the belt feed
lever is pivoted about the belt feed lever pivot stud,
and the forward end of the lever moves the slide out
of the side of the gun over the ammunition belt,
which is held in the gun by the belt holding pawl.

When the bolt moves lorward, the belt [eed lever
1s again pivoted and moves the belt feed slide into the
By the time the bolt has reached its forward
position, the belt feed pawl has pulled a carindge
into the feedway to a central point directly above the
chamber of the barrel and agamst the cartridge
stops of the link chute adapter. At this position, the
hook of the extractor 1s 1in engagement with the rim
of the cartridge case. The belt holding pawl has
assumed a raised position behind a link of the am-
munition belt to prevent the belt from falling out of
the gun. Feeding during recoil and counterrecoii
18 as follows:

1. Asthe bolt recails, the extractor withdraws the
centered cartridge from the belt, the belt feed slide
18 moved out over the belt, and the helt feed pawl
pivots Lo ride over the link holding the next cartridee
in the belt,

2. At the end of the rccoll movement, the travel
of the belt feed slide is sufficient to permit the belt
fecd pawl to snap down behind the link holding the
next cartridge in order to pull the belt into the gun.
‘The chambered cartridge has bcen cextracted from
the belt,

3. As the balt moves forward in counterrecoil,
the belt is pulled into the gun by the belt feed pawl.
‘The belt holding pawl is forced downward as the kelt
15 pulled over it. As the cartridge is positioned in
the feedway, the belt-holding pawl snaps up behind
the Iink holding the next cartridge to keep the belt
from [alling out of the gun.

Note. H the cartridge in the feedway awaiting
extraction from the belt fails to be extracted as the
belt tecd shide starts moving out to engage and pull
the belt into the gun, the belt feed pawl arm at-
tached to the pawl rides aver this nnextracted car-

£1m.

tridge and lilts the pawl so that it cannot cngage the
belt, This prevents double feeding.

Extracting and Ejecting., As recoil starts, a car-
tridge is drawn from the ammunition belt by the cx-
tractor. The empty case is withdrawn from the
chamber by the T-slot in the front face of the bolt.

Note. The empty case, having been expanded by
the force of the explosion, fits the chamber verv
tightly, and the pessibility exists of tearing the case
if the withdrawal is too rapid. To prevent this and
to insure slow initial withdrawal, the top front edge
of the breechlock and the front side of the notch in
the bolt are beveled. Thus, belore the bolt is comn-
plctely unlocked it has moved slightly away from the
rear end of the barrel in a gradual manner.

As the bolt moves to the rcar, the cover extractor
cam forces the extractor down, causing the cartridge
to enter the T-slot in the bolt.

As the extractor is forced down, a lug on the side
of the extractor rides against the top of the extractor
(side plate) switch on the side plate, causing the
switch to pivot downward to the rear. Near the
cnd of the rearward moverent of the bolt, the lug
on the extractor clears the end of the switch, and
the switch snaps up to 1ts normal position.

On the counterrecoil movement, the extractor 1s
forced farther down by the extractor lug riding
under the extractor i{sde plate) switch., Ths
pushes the live cartridge into its correct position in
the T-slot. At the same time, the live cartridge
moving into place expels the empty cartridge casc
which has been withdrawn from the chamber.  The
cxtractor stop lug on the side of the bolt limits the
downward travel of the extractor so that the car-
tridge, guided by the e¢jector, enters the chamber
of the barrel. When the cartridgc 1s partly cham-
bered, the extractor rides up the extractor cam on
the side plate, compresses the cover extractor spring,
and 1s forced down into the extractor groove of the
next cartridge in the belt.

Notr. The empty case of the last cartridge fired
is forced out of the T-slot by the cjector.

SECTION 3. DIFFERENCES BETWEEN GUNS AN-M3 AND AN-M2

Although the caliber .50 basic aircraft machine
gun AN-M3 is similar in general appearance and
functioning to the caliber .50 basic aircraft machine

gun AN M2, nearly all components of the AN-M3
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gun differ in detail from those of the AN-M2, hav-
g been improved in design and metallurgy.  Sub-
stituting any of the components of the machine gun
AN--M3 listed below for similar components of the
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machine gun AN-M2 may result in causing mal-
functions, breakage of parts, or serious damage to
gun or personnel and is therefore not permitted.

The gun AN-M3 differs from the gun AN-M?2
as follows:

1. A recol boosier is used lor the gun AN-M3
instead of the front barrel bearing.

2. The cover group for the gun AN-M3 differs
not only in shape but also in design of parts.

3. The backplate assembly is larger and when as-
sembled to the receiver extends around the side
plates, Washer springs ( Belleville type) are used in
the buller tube, whereas fiber disks arc uscd in the
run AN-M?2, |

4. 'The driving spring rod with springs assembly
differs m the outer and mnner springs. "The head of
the driving spring rod with springs assembly for the
cun AN-MZ has part of a countersink while the gun
AN-M3 has a square shoulder.

5. The cocking lever for the gun AN-M3 has a
shoulder to facilitate proper assembly. In addition,
the contour of the surface that engages the firing
pin extension ¢ slightly different [rom that for the
gun AN-M?2,

6. The latest type cocking lever pin for the gun
AN-M3 is quite different from the early type pin
for the gun AN-M3. It is used only with the modi-
[ied alternate fced bolt and has two notches for re-
taining it in the bolt with the cocking lever pin lock-
ing pin. The carly tvpe cocking lever pin is used
with early manufacture alternate feed bolt and the
single-track bolt.

7. The sear for the gun AN-M3 differs in shape
from the secar for the gun AN-M2. The most
noticeable difference 15 a lug on the bottom of the
scar [or the gun AN-M3, which is a guide for the
sear spring.

8. The sear spring for the gun AN-M?3 is larger
in diameter than the spring for the gun AN-M?2 and
has 4145 coils, whereas the sear spring for the gun
AN-M? has 6 cols,

9. The scar slide for the gun AN-M3 differs
from the scar shide for the gun AN-M2 in that it is
shorter, does not have a V-shaped notch, and has an
elongated hole near the straight end for the sear slide
stop pln.

10. A sear slide stop pin is used in the bolt of the
gun AN-M3. The gnn AN-M?2 does not have a

scar slide stop pin.,
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11, A cocking lever pin locking pin and cocking
lever pin locking pin spring are used in the modified
bolt of the gun AN-M3. The gin AN-M?2 does not
have these two items,

12. The firing pin for the gun AN-M3 is slightly
different in shape from the fring pin for the gun
AN-M2, In addition, firing pins for the gun AN-
M3 are drilled so that thcy may be sccured to the
firing pin extension by a pin.

13. The bolts for the gun AN-M3 are lighter
than the bolts for the gun AN-M?2.

14. The extractor assembly for the gun AN-M3
has a slightly different shape than that of the ex-
tractor assembly for the gun AN-M2.  In addition,
the cjector must be repositioned to facilitate feeding

when the direction of feed 1s changed to the right-
hand side of the gun.

15. A firing pin spring stop is used in the bolt of
the gun AN-M3. In the bolt of the gun AN-M2,
a sear stop or accelerator stop and accelerator stop
lock performs a similar function.

6. The breech lock depressors for the gun AN-
M3 are riveted Lo the inside of the side plates. On
the gun AN-MZ, the breech lock depressors are
riveted to the oil bufler body.

17. The barrel extension for the gun AN-MS3
differs from the barrel extension for the gun AN-M?2
in that it has additional cjector clearance cuts and
different breech lock depressor grooves.

18. The gun AN-M3 has a barrel buffer assem-
bly which contains Belleville washer springs and
utilizes air as a buller, whereas the gun AN—M2 uses
oil as a buffer.

19. The accelerator for the gun AN-M3 differs
from the accelerator for the gun AN-M2 in that
the slot for the barrel buffer tube lock and two cuts
on the edges are eliminated.

20. The barrel buffer body assembly for the gun
AN-M3 differs from that for the gun AN-M2 in
that the slot for the barrel buffer tube lack is nat
milled out due to the elimination of the barrel buffer
tube lock.

21. The extractor [side plate) switch for the gun
AN-M3 is shorter than the switch tor the gun AN-
MZ2. In addition, the camming surfaces are dif-
ferent.

22. The extractor (side plate) switch spring for
the gun AN-M3 is shorter than the switch spring
for the gun AN-M2.
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23. The breech lock cam for the gun AN- M3
has a rounded surface at the top of the camming
stop, whercas this point on the breech lock cam for
the gun AN-M2 is sharp.

24, A link chute adapter asscmbly 1s used on the
gun AN-M3 in place of the [ront and rear cartridge
stops and link stripper on the gun AN-M2 when
ammunition belt is fed from the right-hand side;
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and the front cartridge stop assembly when ammu-
nition is fed from the left-hand side.

25. A bolt holddown bracket is installed in the
gun AN-M3. No similar component is used in the
gun AN-M2,

26. Charging devices are not furnished with (he
gun AN-M3. Either a retracting slide or operating
slide 1s furnished with the gun AN-M2.

SECTION 4. BROWNING MACHINE GUN CALIBER .50 M2

Description of the Browning Machine

Gun, C-::Ihber S0 M2 Aircraft, BEIEIC

This is a highly efficient automatic weapon built
to precision standards. It 18 air-cooled and may be
fed from either the right or left side. It may be
mounted on cither a rigid or flexible mount. Man-
ual cocking and lnading of the gun 15 necessary be-
fore it is ready to function automatically. Then
1t may be fired by a mechanical or electrical acces-
sory or by a manual trigger and trigger bar. 'While
firing, all mechanical action is automatically per-
formed by the gun itself.

The receiver and barrel jacket [orm the main
exterior portions of the gun, and in gun operations
are stationary or nonrccoiling,

The backplate i1s assembled to the rear of the
receiver, forming an end cover,

The driving spring muns lengthwise of the gun
with one cnd resting against the backplate. The
bolt group 1s housed in the upper forward portion
of the receiwver, and slides backward and forward
during operation.

The oil butfer body and oil buffer group are con-
tained in the lower rear portion of the receiver.
The bolt slides over the top of the oil huffer body
during the back portion of the stroke.

The barrel extension is screwed onto the breech
cnd of the barrel to form a single unit, and the barrel
Thus the normal
position of the barrel extension is in the lower for-
ward portion of the receiver. The bolt shdes in
grooves of the barrel extension.

The cover and belt feed group is hinged at its
forward end to the top front portion of the receiver.

Single cartridges or rounds are first assembled 1nto
a series of nested links. This forms a flexible am-
muhition belt with a single unused link traiing un

slides inside of the barrel jacket.
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one end and a double used link on the other. The
double link end is fed into the gun.

Backplate Group. The backplate, besides en-
closing the back cnd of the receiver, also houses the
final bolt recoil cushiomng parts. It also acts as a
stop for the oil buffer group. The plate slides
downward into grooves i the receiver side plates
and 1s latched in place with a latch and latch lock.

Assembled and compressed into the projecting
cvlindrical portion is a stack of lightly greascd fiber
disks which are headed on the forward end by the
buffer plate. The final movement of the bolt is

stopped by the fiber disks as the bolt strikes this

buffer plate, and these disks assist in starting the
forward movement.

Although the back end of the driving spring
group Is retained during assembly by inserting the
driving spring rod retaining pin into a hole mn the
receiver, in actual operation the force of the spring
is counteracted by the backplate.

The backplate furnished with the basic gun is
intended for fixed mount, remote firing applications.
If the gun is to be used in a fiexible manner, the
necessary handle and manual trigger parts are
added. An auxiliary filler piece is supplied with
the basic gun to close the opcning provided for a
manual trigger.

Bolt Group (Aliernate Feed). The bolt group
holds the cartridge firmly in the chamber when it
is fired; it withdraws the empty casc and efects; 1t
extracts a fresh cartridge from the belt and nserts
it in the chamber; it actuates the belt fccd mecha-
nism. The sear mechanism, when actuated by a
trigger, trips the cocked firing pin, causing the gun
to fire.

The sear, which moves vertically in the back end
of the bolt, may be dcpressed by pushing down on
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the small protrusion which extends up beyond the
top of the bolt. When a manual trigger 1s supplied,
the sear is depressed in this manner by means of the
trigger bar in the top of the receiver. The down-
ward motion of the scar unhooks or releases the fir-
ing pin extension. This extension, along with the
firing pin, snaps forward under the action of the
cocked or compressed firing pin spring, and the tip

of the firing pin protrudes from the front end of the
bolt, thus striking the cartridgc primer.,

The sear may alsa be actuated by side pressure on
the end of the sear slide. This slide may be assem-
bled cither right or left hand, and suitable openings
in boih side plates of the receiver permit the gun to
be fired from either the right or left side. The nec-
cssary pressure may be supplied by electrical (sole-

Comparative Data: Browning Caliber .50 M2 Gun

Browning caliber .50 M2 gun

Characteristic
' Basic Heavy barrel | Walcr cooled
Gun length (inches). ... ... ... .. 56125 . . . e e 65125, .. . e 65.93,
Gun weight (pounds) . . .. ... .. .0 6L Lol Bl . .. 121.5 {(with water).
- 100.5 (without water)

Rate of fire {rounds/minutc)........ TRO850. .. 400 500, ... .. AGO0-750,
Muzzle velocity:

feetfsecond . . ... ... 2845 0L 2935 ..., coaa| 2,935,

miles'hour. .......... ... ... ... 1,920, ... ... .. L 2000, .. ..o oo ] 2,000
Systemn of operation. . ... .. ..., Short recoil. ... ... ... L. Shortrecoil. . .. ... .. .. Short recoil.
Systern of locking. ... ... . L. LL. Riging block. . ............ Rising block. ............. Rising block,
System of feeding. ... ............ .. Bolt actuated........ ... .. Bolt actuated ... ... ... . Bolt actuated.
Method of headspace . . .. ... .. L. Rotation of band. .. .. ... .| Rotation of band . .. . _._.. Rotation of band.
Location of feed apening. ... ... .. .. Right and lefr side {top}. ... | Right and left side {top}. ... Right and left side (top).
Location of ejection opening. . . .. ... Bottom of receiver, ..., Bottom of receciver., . Bottom of receiver.
Method of charging................ Manual, hydraulic, or air. . .| Manual, hydraulic, or air. .. Manual, hydraulic, or air.
Methad of cooling. ... ..o oL Alr. .. Alr. ... o Air,
Barrel length (inches). ... ..o o o 3000 i L 45,
Barrel weight {pounds).......... ... 0. . A 16.
Ratecontrol ... ... ... .. ..... ..., Muzzle booster can be in- @ Drain oil baffer. . ... ... ... | Drain oil buller.

stalled.

Barrel removal. . ... . o L. COuick disconnect. . ...... Quick disconnect. .. ....... Cuick disconncct.
Bore:

Number of grooves. .. ...... .... = S 8.

Graove depth. ... 0015, .. .. 0015, L 0.015.

Groovewidth. .. .. ... .... .... 0 0110, ... . e 0,110,

Pitch............oo oo -1 turn in 15 inches. ... ... .. 1 turn in 15 inches......... | 1 tura in 15 inches,

Direction of twist. ... ... Righthand. ... .......... Right hand. ... ... ......]| Right hand.

Form of twist. . .............. Constant, . . ... .. ... . ... Constant. . ... . ... ...... Constant.

Numberof lands, .. ... ... . ... s T R L 8.
Wreight of bullet:

Gralls. . ov e e v nan e e 0

Qunces. . . ... .. ... ... ... . ... 7
Weight of powder charge:

GralmS. o v v v ee e e e e A e e e b e,

CMNCES. v v e e R
Weight of cartridge {ounces). .. .. ... 0 O
Weight of 100 cartridges in metallic 30250000 00 co oo oo

links (pounds). i

Maxirmum range:

Yards. .. ... oo 200 oo oo TA00. . 7600,

Miles. ... ... TR0 e 0 4.3.
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noid) means or by a cable attachment which fastens
to the side plate.

Although thce scar is constantly being forced up-
ward by the sear spring, it is retained in us slot by
the sear shide. The sear stop pin projects downward
through the body of the holt to act as a stop {or the
firing pin spring.

The cocking lever, which at its lower end engages
with a slo in the firing pin extension, has its top end
proiecting above the bolt. This top end engages
with a cam in the top plate bracket of the receiver
to cock the firing pin.

The top surface of the bolt has two diagonal ways
or grooves which act as cams to actuate the belt feed
mechanism in the cover. The bolt switch fits into
the circular depression on top of the bolt and may
be assembled to make one or the ather of these two
ways continuous, the sclection depending on
whether ammunition will be fed from the right or
left sade.

The extractor which fits into a circular hole on
the left-hand side of the bolt, withdraws a cartridge
from the belt and places it in the T-slot at the front
end of the bolt. The extractor stop pin stops the
extractor in its downward swing on the counter-
recoll stroke.

The cjector is fastened to the end of the extractor,
and helps to position a new cartridge in the fcedway
when ammunition is being fed from the right-hand
side. It also guides a new cartridge into the cham-
ber, and pushes the last empty casc out of the T-slot.

A driving spring assembly fits into a lengthwize
hole in the baolt, and s compressed by the rearward
motion of the bolt. After the bolt recoil has becn
stopped by the backplate, the spring drives the
bolt forward. This assembly actually has two
springs, onc nested inside the other, and both are
slipped over a rod with suitable end retaining parts,

Barrel and Barrel Extension Group. The func-
tion of the barrel is to direct the discharged pro-
jectile.  ‘The rifling, or grooving, causes the pro-
jectile to rotate and maintain dircction and pre-
vent tumbling.

The barrel is of one piece, threaded at the rear,
or breech end, tc screw into the barrel extension,
Although thc barrel tapers toward the front, or
muzzle end, the last portion is ground straight so
as to permit 1t to slide in the front bearing of the
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barrel jacket. A chamber is formed im the barrel
at the breech end which has the exact contour of
the cartridge. A scries of notches, or serrations, 15
formed in the rear cylindncal outer surface.  When
the barrel is screwed into the barrel extension, one
end of the barrel locking spring fits into thesc serra-
tions to prevent any change in the degree of engage-
ment between the barrel and barrel extension during:
firing. Should adjustment be necessary, it can
rcadily be made against the tension of the barrel
locking spring.

The barrel extension has lengthwise grooves in
which the bolt rides, and, further, it houses the
breech lock. The breech lock serves to lock the holt
to the barrel extension during and after firing.

["astened to the back end of the barrel extension
is the barrel extension shank which engages the oil
buffcr. The shank is fastened very sccurely into
the extension by a pin.

Ol Buffer Body and Oil Buffer Group, On the
recoil, or rcarward, stroke of the barrel extension,
the breech lock pin is engaged by the breech lock
depressors which are riveted to the oil buffer body.
The depressors cause the breech lock to unlock the
bolt from the barrel extension,

The accelerator is assembled into the forward
portion of the oil buffer body. On the recoil stroke,
it assists in driving the bolt to the rear. During the
rearward or recoil stroke, the claws on the accelera-
tor bear against the shoulders on the barrel exten-
sion shank, thus locking and preventing the barrel
cxtension from moving forward on the counterre-
coil stroke until the bolt strikes and moves the accel-
erator forward. Thus the locking movement of the
breech lock is timed so as to bring the lock up exactly
when the notch in the bolt is in position.

The tube lock assembly which fits in a groove in
the bottom of the oil buffer body exerts pressure
against the bottom of the accelerator to keep it in
the locked pesition until released by the bolt. The
tube lock latch fits into the circular opening in the
tube lock slot to prevent the tube lock assembly from
moving rearward on the ol buffer body. This
insures that the tube lock assembly will hold the
accelerator firmly in the locked position, thus per-
mitting the bolt to pass over the accelerator without
interference until the back lug on the bolt actually
strikes the accelerator. The projection on the other
end of the tube lock assembly fits into the serrations
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on the o1l buffer tube, thercby preventing a change
in the rate of fire by locking the tube securcly.

The oil buffer group absorbs and partially stores
the recoil energy of the barrel and barrel extension
during the recoll stroke. It acts as a shock absorber.
Most of the energy is absorbed and dissipated by
the piston moving through the o1l in the tbe and
the rest i1s absorbed and stored in the spring, to be
used later m dniving the barrel and barrel extension
forward. The degree of oil leakage across the pis-
ton—which can be adjusted manually—on the re-
coll stroke controls the ratc of fire,

Because of the greater weight of the barrel of the
hcavy barrel gun, its rearward motion is not nearly
so rapid; therefore, there is less energy to dissipate.
Accordingly, the oil and some of the parts are
omitted from the o1l buffer assembly.

The piston rod head may slide but it is prevented
from rotating by the guide key scating in the slot in
the oil bufler body. The piston valve may be ro-
tated to changc the leakage apertire at the edge of
the piston by turning the oil buffer tube against re-
straining action of the tube lock assembly in the tube
serrations.

A relief valve in the oil buffer tube cap permits
some o1l to escape on the initial recoil stroke as the
piston rod crowds into the oil-filled tube. It also
allows for oil expansion due to temperature rise.

Receiver and Barrel Jacket Group. The receiver
1s probably the most important portion of the gun
since it 18 the “backbone,” or main strength member.
As such, it includes the mountings by which the gun
is supported. In addition, it forms a strong, accu-
rate housing to protect and position the working
parts of the gun. It also contains a part of, and
supports the remainder of, the ammunition feeding
mechanism, 1t is further utilized to support the
various tvpes of trigger mechanisms which are nec-
cssary lor the different services to which the basic
gun may be adapted (fixed mounting, remote firing
as In airplane wing installations; or flexible mount-
ing, manual trigger as in tanks). The barrel jacket
1s supported by the receiver.

The recerver 13 made of two stecl side plates
riveted at their forward portion to a trunnion block,
with top and bottom plates riveted to the side plates
toward the rear. On top at the extreme forward
portion of the receiver a trunnion block cover pro-
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tects the sight grooves until such time as a sight is
installed.

Directly below the trunmon block cover 15 a de-
tent pawl which meshes with the cover to retain
same in one of three open, or raised, positions, The
top front of the recciver is open to permit access to
the bolt and belt feed mechanism.

Riveted to the underside of the top plate is the top
platc bracket which supports the trigger bar pin on
which the trigger bar pivots. The trigger bar is as-
sembled 1n all caliber .50 basic guns cven though
some applications which demand firing [rom remoie
position do not use this piece. Front and rear trig-
ger bar stops are also provided. 'The top platc
bracket has suitable cams for engaging the cocking
lever of the bolt. Riveted to the underside of the
top plate is the bolt latch bracket which, although
part of all hasic guns, is used only on those applica-
tions which require single-shot guns.

The rear of the recciver is slotted to receive the
backplate.

The bottom plate carries the breech lock cam
which becanse of a machined shoulder “floats™
slightly when bolted down. The breech lock cam
forces the breech lock up into the bolt recess, acts as
a forward stop [or the oil buffer body, and has
grooves, or wavs, in which the barrel extension rides.

Thc bottom front portion of the recerver is open to
permit empty cartridge cases 1o be ejected.

A switch is pivoted on the inside of the left side
plate, with a hairpin spring recessed in the plate
under the switch.

The front end of the receiver is formed by the
trunnion block which is threaded to fit into the tun-
nion adapter. A suitable shim is inserted between
the trunnion block and adapter so that the adapter
when screwed on tightly will position to line up with
the other mountings,

The side plates are notched at the top front por-
tion so that a cartridge belt may be fed into the gun
from cither side. At these notches the belt holding
pawl brackets are riveted to cach side plate. "These
brackets support the belt holding pawl and the car-
tridge stops, and are so built that parts may be as-
sembled on either right or left side to permit feeding
ammunition from either the right or left side.  'L'he
link stripper and rear cartridge stop are used for
richt-hand fced only. The rear right-hand car-
tridge stop assembly is used for left-hand feed only.
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The cartridge alining pawl, which is part of this car-
tridge stop asscmbly, helps to position a cartridge in
the feedway when ammunition is being fed from
the left-hand side.

The barrel jacket is perfarated to permit air to
blow through onto the barrel for cooling purposes.
The jacket is stationary and prevents any object
from interfering or rubbing against the barrel, which
must move during firing, It screws into the trun-
nion and 1s locked in place with a small setscrew.
The front barrel bearing is screwed into the front
end of the barrel jacket and is locked in place with
two small screws.

Cover and Belt Feed Group. The cover permits
access to the bolt and to the feeding mechanism,
some parts of which are located in the feedway and
some on the underside of the cover.

The front, or hinge, end of the cover is serrated
so that it may be retained in one of several open
positions. A latch is built into the cover so as to
lock it securely to the receiver.  This latch may be
assembled right or left hand, depending on the tvpe
of slide used.

Operating in a crosswise groove on the underside
of the cover is the belt-feed slide. This is actuated
by the belt-teed lever, one end of which rides in the
ways on top of the bolt. The belt-feed slide carries
the belt-feed pawl which on each stroke snaps over a
new cartridge and pulls it into position so that it may
be extracted from the belt. The pawl, slide, and
lever may be repositioned to change the direction
of feed. In the event that the extractor fails to ex-
tract a cartridge from the belt, the belt-feed pawl
arm prevents damage to parts by holding the belt-
[eed pawl up so that it cannot engage the next car-
tridge in the belt.

The cover extractor cam 1s riveted to the under-
side of the cover. 'This cam forces the extractor and
new cartridge downward as the belt travels toward
the rear. The cover extractor spring, which Is also
assembled to the underside of the cover, limits the
upward movemnent of the extractor during the final
forward motion of the bolt.

Functioning of the Browning Machine
Gun, Caliber .50, M2

Although this gun is an automatic weapon, it is
necessary 1o cock 1t manually to start the operating
sequence.  Assume that the gun is cocked and that
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the first cartridge is in its firing position in a chamber
in the rear portion of the gun barrel. When any
cartridge is fired, the burning powder violently gen-
erates gas which, since 1t 15 confined by the cartridge
case and barrel, exerts a tremendous pressure.  This
pressure reaches 50,000 pounds per square inch, and
since this pressure pushes agamst the back face of
the bullet, which up to this moment is still within the
cartridge case and which has a diameter of one-half
inch, a driving force of 3 tons pushes the bullet out
of the barrel. This same force tries to drive the
cartridge case out of the chamber toward the rear.
Such action Is prevented by having the boll posi-
tively locked against the rear of the cartridge at the
instant of firing,

When the cartridge is fired, the force of recoil
carrics the barrel, barrel extension, and bolt (known
as the recoiling portion ) backward a short distance.
This motion unlocks the bolt from the barrel and
barrel extension, and the bolt throws back farther
toward the rear against a spring. This spring serves
to drive the bolt forward again. The empty case
1s withdrawn by the bolt from the barrel chamber,

and the next cartridge is extracted from the supply
belt.

The long rearward motion of the bolt is checked;
and, as it surges forward, the empty case is ejected
and thc next cartridge 13 moved into the barrcl
chamber. The short rearward motion of the barrel
and barrel extension is checked by the cil buffer and
its spring; this buffer spring serves to drive them
forward again, This motion locks the bolt to the
barrel extension, thus again preventing the case from
being driven toward the rcar,  The last forward mo-
tion of the bolt and barrel causes the firing pin
to strike the cartridge, providing a means of re-
leasing the sear is furnished. This cvcle continues
as long as trigger action is maintained and as long
as ammunition iz supplied.

In the description of the detailed functioning of
the caliber .50 Browning machine gun which fol-
lows, it 18 assumed that, first, the ammunition helt
has been properly started into the gun and the cover
has been closed and latched, second, the gun has
been manually cocked and a cartridge 1s in 1ts proper
position in the chamber and ready to be fired. and,
third, a manual trigger and trigger bar are to be
used to fire the gun,
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Each time a cartndge is fired, the mechamcal
action within the gun involves many parts moving
simultaneously or in their proper order. 'I'o gain a
working knowledge of the operation of these parts
and their relationship to cach other, the action has
been separated mto various phases.

These are described in the following order: firing;
recoiling; counterrecoiling; cocking; automatic fir-
ing; feeding; extracting and ejecting.

Firing, When the gun has been loaded and the
firing pin spring has been cocked or compressed
manually, the gun is ready to fire.

When the trigger is pressed, it raises the back end
of the trigger bar. The trigger bar pivots on the
trigger bar pin, causing the [ront end to press down
on the top of the sear. The sear is forced down
until the notch in the scar is disengaged from the
shoulder of the firing-pin extension. The firing pin
and firing-pin extension are driven forward by the
firing-pin spring to fire the cartridgc.

Recoiling, The complete cycle of the recoiling
portion of the gun, which takes place as cach car-
tridge is fircd, consists of the recoil stroke {when
certain parts of the gun move rearward) and the
counterrccoil stroke {when these same parts move
forward). At theinstant of firing, the barrel, barrel
cxtension, and bolt, known as the recoiling portion,
arc in the forward position in the gun.

At this time, the bolt is held securely against the
basc of the cartridge by the breech lock, which ex-
tends up from the barrel cxtension into a notch in
the undersice of the bolt.

After the cartridge explodes and as the bullet
travels out of the barrel, the force of recoil drives
the recoiling portion rearward. During the first
three-fourths inch of travel, the breech lock is pusheqd
back off the breech lock cam step. ‘This permits
the breech lock to be forced down out of the notch
in the bolt by the breech lock depressors engaging
the breech-lock pin.  This unlocks the bolt.

As the recoiling portion moves toward the rear,
the barrel extension rolls the accelerator rearward.
I'he top of the acceleratar strikes the lower projec-
tion on the bolt and hastens, or accelerates, the boit
to the rear.

The barrel and barrel extension have a total
rearward travel of 114 inches, at which time they
are completely stopped by the oil buffer body

assembly.,
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During this recoil of 114 inches, the oil buffer
spring is compressed i the ol buffer body by the
barrel extension shank. The spring is locked in the
compressed position by the claws of the accelerator
which are moved against the shoulders of the barrel
extension shank.

The oil buffer assembly and the spring bring the
barrel and barrel extension to rest after a recoil
stroke of 114 inches. The piston-rod head is forced
from the front end of the oil buffer tube to the rear
end. The oll at the rear of the tube, under pressure
of the piston, escapes to the front. Its only path is
through the valve-restricted notches between the
edge of the piston-rod head and the oil buffer tube.

The recolling portion of the heavy barrel gun,
being heavier, moves rearward with less speed so it
is casicr to bring it to rest. Comsequently, the ol
and some of the parts are omitted.

The bolt travels rearward for a total of 714 inches.
During this travel, the two nested driving springs
are compressed. The rearward stroke of the bolt is
finally stopped as the bolt strikes the butfer plate.
Thus, part of the recoil encrgy of the bolt is stored
in the driving springs and the remainder is absorbed
by the Imfler disks in the backplate.

Counterrecoiling.  After completion of the recoeil
stroke, the bolt 1s forced forward by the energy stored
in the driving spring and the compressed buffer
disks.

When the bolt has moved forward about 5 inches,
the top of the accelerator 1s struck hy a projection
ort the bottom of the bolt, This rolls the accelerator
forward.

As the accelerator rolls forward, the accelerator
claws arc moved away from the shoulders of the
barrel extension shank., This releases the oil-buffer
spring. The encrgy stored in the spring shoves the
barrel extension and barrel forward.

No restriction to motion 15 desired on the counter-
recoil stroke. The piston-rod head moves away for
the valve, thereby uncovering six additional ports in
the head. Not only does the oil cscape through the
2 notches at the edge of the head but also through
the 6 additional ports in the head. Tt then flows
through the opening at the center of the valve and
also through the 2 valve notches at the edge. The
oil and valve are omitted in the heavy barrel gun.

As the barrel extension moves forward the breech
lock engages the breech-lock cam and is forced up-
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ward. The bolt, which has been continuing its for-
ward motion since striking the accelerator, has at this
instanl reached a position where the notch on the
underside 1s directly above the brecch lock, thus
pcrmitting the breech lock to engage the bolt. The
bolt is thereby locked to the barrel extension just
before the recciling portion reaches the firing
position,

Cocking. 'The act of cocking the gun is begun
as the bolt starts to recoil immediately after firing,
Thus the tip of the cocking lever which is in the
V-slot in the top plate bracket is forced forward.

The cocking lever is pivoted so that the lower
end [orces the firing-pin extension rcarward. The
firing-pin spring is thus compressed against the sear
stop pin. The shoulder at the back cnd of the fir-
ing-pin extension 1s hooked over the notch at the
bottom of the sear under pressure of the sear spring.

During the forward motion of the bolt, the top
of the cocking lever enters the V-slot of the top plate
bracket, This action swings the bottom of the cock-
ing lever ont of the path of the firing-pin extension,
thus permitting the firing pin to snap forward to fire
the cartridge.

When the recoiling portion is almost in the for-
ward position, the gun is recady to fire. If no trigger
action is given at this instant, the recoiling portion
assumcs its final forward position, and the gun ceases
to fire.

Automatic Finng., For automatic firing, the
trigzer is pressed and held down. The sear is de-
pressed as its tip is carried against the cam surface
of the trigger bar by the forward movement of the
bolt near the end of the counterreconl stroke, The
notch in the bottom of the sear releases the firing-
pin extension and the firing pin, thus automatically
firing the next cartnidge at the completion of the
forward stroke. The gun flires automatically as long
as trigger action 1s maintained and until the ammu-
mition supply is exhausted.

Feeding, The belt-feed mechanism i3 actuated
by the bolt. When the bolt 15 in the forward posi-
tion, the belt-feed slide 1 within the confines of the
gun. A stud at the rear of the belt-fced lever is
engaged 1n onc of the diagonal grooves, or ways,
in the top of the bolt.

As the bolt moves rearward during recoil, the
belt-feed lever is pivoted. The forward end of the
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belt-feed lever moves the belt-feed slide out of the
side of the gun and over the ammunition belt.

The ammunition belt is pulled into the gun by the
belt-feed pawl, which is attached to the belt-feed
slide.

When the bolt is forward, the belt-feed pawl has
positioned a cartridge directly above the chamber,
T'he belt-holding pawl is in a raised position to pre-
vent the ammunition belt from falling out of the gun,

As the bolt recoils, the belt-fced slide is moved
out over the belt, and the beli-feed pawl pivors so
as to rde over the next cartridge.

At the end of the rceoil stroke, the travel of the
belt-feed slide is sufficient to permit the belt-feed
pawl to snap down bchind the next cartridge in
order to pull the belt into the gun.

As the boll moves forward on the counterrecoil
stroke, the belt is pulled into the gun by the belt-
feed pawl. The belt-holding pawl is forced down-
ward as the cartridge is pulled over 1t. When the
forward stroke of the bolt is completed, the belt-
holding pawl snaps up behind the cartridge.

Exiracting and Ejecting,  As recoil starts, a car-
tridge is drawn from the ammunition belt by the
extractor. The empty case is withdrawn from the
chamber by the T-slot in the front face of the bolt.

lhe empty case, having been expanded by the
torce of explosion, fits the chamber verv snugly and
the possibility exists of tearing the case if the with-
drawal is too rapid. T'o prevent this and to insure
slow initial withdrawal, the top, [ront edge of the
breech lock and front side of the notch in the bolt
are beveled. 'Thus, as the breech lock is disengaged,
the baolt moves away [rom the barrel and barrel ex-
tension In a gradual manner,

As the bolt moves to the rear, the cover extractor
cam forces the extractor down, causing the cartridge
to enter the T-slot in the bolt.

As the extractor s forced down, a lug on the side
of the extractor rides against the top of the switch
causing the switch to pivot downward at the rear.
Near the end of the rearward movement of the boit,
the lug on the extractor overrides the end of the
switch, and the switch snaps up to its nmormal
position.

On connterrecoil, the extractor and cartridge arc
forced farther downward by the extractor lug riding
on the under side of the switch. The cartndge
pushes the empty case out of the T-slot. The extrac-
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tor stop pin in the bolt limits the downward travel
of the extractor so that the cartridge, assisted by the
curvature of the ejector, enters the chamber. (The
ejector also ejects the last empty case.) When thce
cartridge 1s practically chambered the extractor
rides up on the extractor cam, compresses the cover
extractor spring, and snaps into the groove in the
next cartridge in the beld

Heavy Barrel, M2 Gun
‘The Browning machine gun, caliber .50 HB, M2

15 an air-cooled gun for gromnd nse, having a much
hecavier barrel than has the aircraft gun.

The gun 15 normaily fired in short bursts or in
rapid single shots, and when used in this manner
firing may be continued for an appreciable length
of time becausc the heavy barrel retards overheating,

In place of the barrel jacket assembly on the
aircraft gun, this gun uses a short, perforated barrel
suppert. The trunnion adapter of the aircraft gun
1s ol used. The heavv barrel is removed from the
gun by unscrewing it fraom the barrel extension and
withdrawing it toward the front. This permits re-
moving a hot barrel and installing a cool onc with-
out disassembling the remaining mechanism of the
gun. The handlc assembly 1s used for carrying thce
gun or as a means of turning the barrel when
asscmbling, disassembling, or adjusting the head-
space, It is moved to one side or down when the
gun 15 being fired.

CatTioN. Disengage handle before turning so
that headspace adjustment will not be altered.

The firing mechanism is modified somewhat from
that included with the aircraflt gun, A bolt latch is
provided to permit the gun to be fired semiauto-
matically. It also serves to hold the bolt to the rear
in order to keep the cartridge out of the hot chamber
when firing has been suspended.

The bolt latch is forced downward by the boit
latch plunger spring. As the bolt reaches its rear-
ward position, the bolt latch cngages a notch on the
upper rear surface of the bolt and holds the bolt to
the rear, thus causing the gun to cease firing. The
counterrecoil stroke is completed by pressing down
on the bolt latch release which is pivoted in the back-
plate. This raises the bolt latch from the bolt notch
and allows counterrecoll to take place. Providing
a cartridge is in the chamber, firing will be resumed
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If the bolt latch
release is held down manually or if it is locked down
by the lock on the buffer tube slecve, the gun will
fire automatically. However, if the bolt latch re-
leasc 15 pressed down but not retained in that posi-
tion, the gun will fire only once when trigger action
1s given.

The backplate spade grip assembly is similar tc
that used on the aircraft gun except [or the addition

of the buffer tube sleeve assembly and the bolt latch
relcase and spring. |

when trigger action is supplied.

since the recoiling portion is much hecavier than
in the aircraft gun, its rearward motion is not quite
so rapid; therefore, it is unnecessary to have as much
restriction in the oil buffer on the recoil stroke., Ac-
cordingly, the ocil buffer piston valve, the gland
packing, gland washer, gland spring, relief valve
plus screw and spring, and ail are omitted from the
heavy barrel gun.

With these exceptions and a few changes in the
accessorles supplied, such as front and rear sights,
the heavy barrel gun is identical with the aircraft
gun.

Water-Cooled, M2 Gun

The Browning machine gun, caliber .50, M2,
water-cooled, has a water jackct surrounding the
barrel for the purpose of preventing barrel overheat-
ing when firing for prolonged periods.

The water jacket contains 10 quarts of water and
1s kept filled by a hand pump for an auxiliary water
chest which has a capacity of about 8 gallons. Dur-
ing firing, heat absorbed from the barrel changes
some of the water to steam. This is removed from
the jacket with the water, which is returned through
the jacket outlet to the water chest.

As in the aircraft gun, the barrel recoils. The
water jacket, however, is stationary since it 1s screwed
onto the trunnion block.

Thus packing glands must be provided near the
breech and muzzle ends of the barrel to prevent
water from escaping from the jacket where the harrel
slides in and out of the jacket.

With these exceptions and a few changes in the
accessories supplied, such as front and rear sights,
the water-cooled gun is identical with the aircraft
gun.
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Development and Tests

Currently with the development of the T22E6
gun, an attempt was made by the High Standard
Manufacturing Co., to provide a kit of parts which
could be used to convert the standard M2 gun to a
high-speed weapon. The designation given this gun
was caliber .50 T27E7. Experiments [or the pur-
pose of producing this high-speed weapon were car-
ried on under the series No, T27. The first two guns

SECTION 5. CALIBER .50 T27 SERIES
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of this series were submitted to Aberdeen Proving
Ground for test 1 January 1944. The tests of both
guns were discontinued before the completion of the
usual 5,000 rounds.

Over the next 14 months, Aberdeen Proving
Ground carried on a program of testing and im-
proving the T27. Eighteen guns designated as in-
dicated in the accompanying table were tested. The
rcsults are summarized in the table.

Gun - Date tested Rounds fired ; Cyclic rate Malfunctions Breakages

T27 . 1 Jan 44 4, 000 1, 150 11 8
T2 e do..... 1,200 1,140 S
I"27E1. 15 Febh 44 2, 400 1, 150 6 11
P2700 .o do 1,200 |............ L
T27E3. .o 6 Mar 44 5, 000 1,150 10 8
T27E3. . do..... 5,000 . ........... * 14
T27B4. .o 5 Apr 44 3, GOD 1, 330 7 10
T27ES . 27 Jun 44 2,100 1,100 | M
T27ES. do..... 4(1) 1, 030 (4)

P27ES. codo. L 1, 60O 1,057 (%)

T27EG. ... . . 8 Feb 45 5, 000 | 1,078 5 1
T27E6. e do..... 5, 600 1,170 11 1
T27EG. ..o do..... 5, 000 1, 000 1 0
T2TE6. o cooodo. 5,000 | 1,050 1 1
T27ET 20 Mar 45 5,000 | 1, 259 0 3
T27E7 .o do 5, 000 1, 204 0 6
T27E7 . e do. .. .. 5, 000 1,148 0 2
27T e e do.....! 4,000 1,107 0 7

' "Test stopped.
? Gun blew up.

This table indicates that only guns giving an ac-
ceptable performance were fired at cyclic rates ap-
proximating 1,000 rounds per minute and were not
true high-speed guns. In addition, during the fir-
ing and during an informative test at Wright Ficld,
a total of three barrel jackets ruplured and damaged
their guns; and in one test at Aberdeen, a backplate
was blown from the gun. The unsatisfactory per-
formance obtained, coupled with the possible dan-
ger to personnel and equipment by breakage or fail-
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¥ Numerous.
i Fxcessive

test stopped.

ure of the gun components, was responsible for the
decision recached in March 1945 that no {further
consideration be given to this weapon.

The kit of parts used to convert the standard M2
gun to the T27E7 gun consisted of the following:

1. Bolt stabilizer. To stabilize bolt and depress
extractor at end of recoil.

2. Muzzle booster. Lo increase cyclic rate.

3. Side plate switch. Stronger spring and
changed contour.
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4. Special extractor. No ejector used.

5. Special bolt, with spring clips. To posttion
round in T-slot to take the place of the ejector.

6. Split holding pawls. Toimprove feeding con-
ditions.

7. Rubber plug for backplate buffer. To replace
fibcr discs.

In addition to the installation of the above com-
ponents, the o1l was removed from the oil buffer to
increase further the cyclic rate.

SECTION 6. CALIBER .50 T34

Development

In April 1944, projects were placed at the Spring-
field Armory for the development of a 1,200 rounds-
per-minute and a 1,500 rounds-per-minute caliher
.00 aircraft machine gun. Some progress was made
in the design of the 1,200 rounds-per-minute gun,
designated T28, and two guns were made and tested.
However, at the time of completion of these guns
the early standardization of the M3 {126E3) gun
was anticipated, and it was decided to discontinue

this project and to concentrate available personnel
on the development of the 1,500 rounds-per-minute
gun, which was designated T34.

'I'his was to be an entirelv new mechanism, oper-
ating on a principle suitable for very high-speed
operation. Preliminary drawings of this pun were
received in August 1943, and after careful study,
the Springfield Armory was requested to supply ad-
ditional drawings and information to make possible
an appraisal of the potentialities of the mechanism.

SECTION 7. CALIBER .50 M2A1 (T36)

Objectives of Caliber .50 Machine Gun
M2A1 (T36) Program

During the development of a high-speed caliber
A0 machine gun, certain valuable improvements
were made which were applicable to the standard
M2 caliber .50 aircralt gun. In September 1944,
it was decided to incorporate immediately into the
M2 gun these features which had been proven in
tests of various cxperimental high-speed guns. This
improved gun, designated '1I'36, was designed to ac-
complish imited objectives, compared to the MZ
gun, namely:

1. Reduction in recurrent malfunctions.

2. Increase in cyclic rate of approximately 100
rounds per minute.

3. Increase in belt lift capacity to 30 pounds
T UL,

Changes in the M2 gun were held to the mini-
mum consistent with the accomplishment ol these
abjectives.
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Objectives of Caliber .50 Machine Gun
T37 Program

'The 'I'37 gun was to conform in general to the
M2 gun with the inclusion of the [ollowing new com-
ponents and changes.

. T22E6 top cover assembly.

T22E6 split belt holding pawl assembly.

. 'T22E6 recoil booster,

Oil removed from oil bulfer.

. T22E6 extractor assembly.

. Accelerator stop assembly.

Present cocking lever with improved metal-

~1 Oy O H LS D e

lurgy.
8. T25E3 cover extractor cam.
9. T25E3 side plate switch and spring.
10. Stellite lined barrel.

Test and Evaluation of the T36

Four T36 machine guns were given endurance
tests of 5,000 rounds each during September 1944
at the Aberdeen Proving Ground. These guns were
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Comparative Data: Caliber .50 Machine Guns T36 and T25E3

Caliber 50 machine guns

Characteristic
T36 ‘T25E3
Gun length, overall ..o 000 00 dnches. . 53725, 0 L L hi. 25,
Gun length, overall, operating 541-:1:* t:'hl.!_‘lll.ltll B L T 10 T 06.5.
Weight ol basic gun, including bolt handle and cartridgf: '
2 pounds, ) 62000 oo 62,
Ratc of fire. .. ... . rounds;minute. . BSO-050. ... ..., ... ... .. 1,200.
Muzzle velocivy .. ... .. .. .. feetisecond 2,730-3,450,
Systemofl operation. .. ... ... . L L Shwort recol. .o 0 oo | Short recoil.
Svstem of locking . .. ... L Rising block.
Systemof feeding . .. ... .. L0 L | Disintegrating link belt. . .. ... IDhsintegrating link belt,
Method of headspace. .. .. L Rotation of barrel . . . ... .. ... | Rotation of barvel,
Location of feed opening . ... .0 . . o oL Tap {right or left) of receiver.. | Taop (right or left) of receiver.
Location of ejection apenineg. ... ... .. ... . . ... . Bottom of receiver. ... ..., ... . Bottom of receiver,
Method of charging. .. .. .. ... ... . ... .. ... Hydraulic, air, or manual.... ... Hydraulic, air, or manual,
Method of conling. .. ........ .. Al . Adr,
Barvel length. ... .. .. ... ... . .. . ... . ... ... inches. . 36, ... 0 o 36,
Barrel weight, . ... .. .. .. ... ... .. ... ..., pounds . DB 0 .8.
Rate control . . ... e e e e Nonc.
Rarrvel vemoweal o 0 oo Quick disconnect by unscrewing .| Quick disconnect by unscrewing.
Bore:
Number of grooves.. ... .. ... ... ... ... ..., ..... B | 8.
Groovedepth. .. oo oo oo inches. . (1015,
Groove width. ... ... ... .. . . do. ... .. 0.110.
Direction of twist. ... ... ... . .. .. ... Right hand ... ... ... ... ... ... Right hand. ,
Pitch ., ..o 1 turn in 15 inches. . ... ... 1 turn in 15 inches.
Formof twist.. ......................, S Constant.
Weight of accessories: |
Operating slide group assembly. ... . copounds. T2 oL L ,
Retracting slide group assembly. . ... ..., R L T I 3,13,
Bacieplate with spade grips. .. ... ... ..., o 388
TFixed backplate, incliuced in weight of basic gun
peunds. P 2B6. 0L 5.08.
Capacity lor [ceding device_ ... oL 0L o oo L PAsdesived. ... ... Az desired.
Sights . ' Not furiished by Ordnance De- | Not furnished by Ordnance De-
partment. parimenl.
Force applicd tosear. . ... ... ... ... ... e pounds. . 10200 ... . . . L 10-20.
Force applicd (o scar slide. . ceeooooodo oo 30350 30-35,
Maximum number of rfmndﬁ "r"rhlE.h: can be fred con- !
secutively without cook-off before cooling. . . e T Ce 150,
Average aceuracy life. ... .. . oo 00 rounds. . 3000, . L L 5,000,
Maxiimurn range .. ... .. ... ... vards. | .. L 5,350-7,275,
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fired from the P38 airplane nose under strictly con-
trolled conditions representative of the actual air-

craft installation. The test results arc summarized
in the accompanying table.

Average cyclic rate... .. ... .. .....rounds/minute.
Breakages. ... . e
Belt lift, maximum .................
Numberof rounds fired . . . .. ... ... .. ..... ... ...
Malfunctions . . . ... ...

Guny No.,
146914 1605231 1605233 1605234
Q01 913 921 020
2 1 None None
354 352+ 35 -4 35
5, 000 5. 000 5, 000 5, 000
None None MNone | 1 link jam

Additional T36 guns were submitted to the Army
Air Force and the Navy Burcau of Ordnance for
evaluation,

Procurement and Standardization of the
M2A1 (T36)

On 12 October 1944, Ordnance Committee ac-
tion was taken to authorize the limited procurement
of 31,336 of the T36 guns. This procurement was
discontinued after approximately 8,000 guns had

been produced because of the unexpected progress
made in the development of the T25E3 high-speed
eun, which led to its standardization as the M3
earlier than had been thought possible, Follow-
ing the standardization of the M3 gun, the T36 gun
was reclassified as Limited Standard, and redesig-
nated Gun, Machine, Browning, Caliber .50, M2AT1,
Aircraft, Basic. No further procurcment of these
guns is anticipated.

SECTION 8. CALIBER .50 T38

Development

In June 1945, Ordnance Committee action was
taken to authorize the requircment for a 1,500
rounds-per-minute caliber .50 machine gun. Sub-
sequent to this authorization in July 1945, a con-
tract was placed with the Frigidaire division to

provide for a continuation of the development of the
M3 (T25E3) gun in an effort to increase its cyclic
rate to 1,500 rounds per minute. Limited firing
has been conducted on this gun, designatec T38, at
cychic rates of 1,450 to 1,500 rounds per minute,
but the development has not progressed sufficiently
to permit an cvaluation of the weapon.

SECTION 9. CALIBER .50 T42

The development of a caliber .50 heavy barrel
machine gun having increased muzzie velocity and
rate of fire was Initiated to provide antiaircraft guns
superior to the caliber .50 M2HB gun. The gun,
designated the T42, was developed primarily for
the T133 mount. Eight caliber .50 M3 aircrall
guns werc converted to T42 heavy barrel guns by
adapting them for 20-pound barrels. Ratc of fire
on a rigid test stand was 750 rounds per minute,
and functioning was generally satisfactory. Devel-
opment work was conducted by Crane to provide a
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barrel having the required life, and the Springfield

Armory conducted gun development work.

The Office of Assistant Chief of Staff, G4, De-
partment of the Army, advised that T42 gun devel-

opment was not to be terminated with the T133
mount development.

Four T42 guns with spare barrcls and {lash hiders
were requested for the Army Field Forces Board at
Fort Knox, and these guns were readied for test
firing.
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The Ordnance Corps was also advised that im-
provements were desired for caliber .50 M2 heavy
barrel guns to render them more satisfactory for use
i tanks. Improvemenis desired were simplified
headspace and backplatc adjustment, improved
charger, and improved functioning at high angles
of elevation. Test firing had been conducted to
determine  permissible  headspace  variations. A
contract was placed lor charger development, and
test firing was conducted at Aberdeen Proving
Ground on the M46 tank post mount from 13° dc-
pression to 7U° elevation at ambient temperatures.
No stoppages were charged to the guns due to ele-
vated firing, and the rate of fire increased from
increasing gnn elevations.  Stoppages were charged
to ammunition hanging up on the ammunition box
holder and ORDT'T" was advised of the installation
modification used by Aberdeen Proving Ground to

eliminate this stoppage.
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At the request of Army Field Forces, 4 caliber .50
M3 aircraft guns were furnished the board at Fort
Knox. Flash hiders were also sent along for test,
The Ordnance Corps was advised of the require-
ment for a ncw tank machine gun. The character-
1stics included a short receiver, a high and low rate
of fire selectivity, and feedway location to the rear
of the receiver.

The T42 vuns and barrels and flash hiders were
test fired at Springheld Armory and at Aberdeen
Proving Ground. Guns were then made available
to AFF Board INo. 2 for evaluation purposes. Firing
tests were conducted with the M2HB gun at various
elevations on the M46 tank post mount during 1930
and 1931 trials, Prototype chargers were also sup-
plied for tests, and an additional contract was placed
for charger development. Headspace simplification
work was continued and an investigation was car-
ried on to determine whether the adjustment could
be eliminated. Facilities were selected and work
initiated for the new tank gun.

SECTION 10. CALIBER .50 MACHINE GUN AS MODIFIED BY THE BOEING
AIRCRAFT CORPORATION

Research Preceding Work on the
Modified Gun

The Boeing Aircraft Corp. engincers attempted a
modification of the caliber .50 machine gun that
was the most unusual of all modifications attempted
during World War II. Subsequent to research and
obscrvation of field conditions, they came to the
following conclusions:

1. It 15 considered feasible to produce a more
compact cahiber .30 gun utilizing certain standard
M2 parts.

2. Improvements in the characteristics of the M2
gun have resulted in iwo experimental models des-
icnated as the T25 and T36 caliber .50 machine
guns. These guns are experimental in nature and
while they are better weapons in many respects, they
do not offer the advantages of ‘a gun designed for
aircraft use.

3. Rather than continue with the M2 gun as a
basis, 1t 1s believed desirable to produce a gun more
sumitable for aircraft installations. The objectives
for the new design would be:

(@) Produce a more compact gun.

i
s
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(b)) Incrcase firing rate to mimimim of 1,200
rounds per minute,

(¢) Illiminate muzzle flash and reduce blast.

(d) Provide improved integral mounting.

(¢} Eliminatle danger of cooked-ofl rounds.

') Improve cooling so that sustained bursts may
be fired.

(g) Provide integral heating where required.

(£) Provide integral gun charging.

() Provide integral electrical and mechanical
firing.

(7) Eliminatc stoppages from short rounds.

(k) Improve ammunition feeding system.

Objectives in Modifying the M2 Gun
Used in 1945-46

The primary objective was to produce a weapon
more compact and satisfactory than the M2 used
in 1945-46. A secondary consideration was to use
as many standard parts as possible so as to cffect
economy should the results of the study prove worth-
while.
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In a comparison of the standard M2 gun and the
maodified version discussed here, several features are
of particular intcrest:

1. The holdback f[cature, designed to climinate
the danger of cook-offs. This device was to be used
with a solenoid opcrated plunger or a double sear
as in the British Vickers machine guns.

2. The absence of the recoil buffer from the back-
plate, an improvement long desired, since even with
the M2 it would cffect a reduction in overall length.

3. The backplate on the modified gun was de-
signed to contain the mechanism for mechanical
and electrical firing and adjustment of the firing
time. This change was in contrast to the existing
M2 gun, which had scveral different types of sule-
noids all of which accomplished electrical firing but
greatly increased the overall clearances required for
the gun from the service as well as installation
standpomnt.

4. The addition of a gun charger. The position
decided on did not increase the overall width or
depth of the gun. The disadvantage was an increase
in drag for certain installations in aircraft; however,
since the use of a gun charger is many times optional,
a conventional charger could readily be installed
in the conventional manner.,

3. A comparison of the assemblies of the modi-
fied gun with the parts of the M2 reveals that the
important items suitable for use were very few,
namely:

(@, Oil buffer asscmbly,

(&) Barrel and barrel front bearing.

(¢} Barrel jacket.

(d] Ammunition fced guides and certain parts of
ammunition [eed mechanism.

Those portions of the gun that would havc to be
redesigned were principally:

(@) Bolt assembly (including holdback).

(&) Recoil buffer(s).

(¢) Backplate including firing mechanism.

(d) Bolt accelerator.

(¢) Cover plate and feed lever.

(f) Receiver.

(g) Barrel extension.

While it was realized that continued study of
modifying the M2 gun would result in a number of
improvements, the fact still remained that the prod-
uct would not be entirely suitable for aircraft in-

stallations. Good examples of such an effort are
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two experimental models of the M2 gun.  Neither
development reduces the size or incorporates other
fcatures considered desirable.  With these guns, the
T25 and T36, there remained still much to be de-
sired. Basically they are the old infantry guns that
require the addition of many parts as recoil adapters,
firing solenoids, charges, etc., before they are suit-
able as aircraft weapons.

It was concluded, therefore, that additional effort
should be directed toward the development of a cal-
iber .50 gun specifically for aircraft work. The new
devclopment should include all the desirable fea-
rures of the M2, T25 and 136, in addition to having
certain mechanisms built into the gun as standard
components. For the purpose of clarifying the de-
sirability of investigating a new gun design, the fol-
lowing objectives were established

1. Produce a more compact gun. In the case of
either fixed guns or powered turrets, a considerable
saving 1n spacc and/or decrease in drag would re-
sult if the guns were shorter in length. In certain
installations where virtually muzzle mounting would
pe used, the space saving within the [uselage would
be considerable.

2. Increase tn rale of fire. The desirability and
nccessity for increasing the rate of fire becomes more
mmportant as the speed of enemy aircraft becomes
greater, and as a consequence on target time becomes
less.

3. Eliminate muzzle flash and reduce blast.
These features are secondary but important for cer-
tain typcs of installations and personnel distribution.

4. Improve integral mounting. The stress prob-
lems involved in mounting the M2 gun with its
galaxy of recoil adapters would be simplified and
resultant reduction of reaction loads very worth-
while, also boresighting and harmonizing operations
could be improved.

5. Eliminate danger from cook-off rounds. This
feature becomes important as the necessity for longer
bursts is increased. Remote control devices con-
tribute to the firing of lengthy bursts, thus increasing
the hazards from cooked-off rounds. The solution
involves the usc of holdback solenoid for the bolt or
the development of a double scar for the firing
mechanism.

6. Improved cooling. An increase in gun cool-
ing, as differentiated from cooked-off rounds, will
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maintain good ballistics after prolonged bursts and
will permit shorter intervals between bursts.

7. Provide integral heating. The feature may
not be necessary depending upon the final design,
If a bolt and o1l buffer combination similar to the
M2 is used. some type of heating must be provided.
Compact and eflicient electrical heaters should be
designed as an integral part of the gun. The M2
¢gun provides an interesting cooling-heating complex
in that the area that should be cooled is exactly
adjacent to the arca that must be heated and to date
no satisfactory solution has heen found.

8. Gun charging. It is desirable to have an cfh-
cient gun charger built into the gun. The current
practice of having available several chargers has led
to considerable confusion. FEach charger seems 1o
be for a specific job, thercfore a charger built into
the gun should suffice for all installations.

9. Integral eclectrical and mechanical firing.
These features should be a part of the gun, thus
climinating the addition of any one of a number of
devices to accomplish firing.  The inclusion of such
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a mechanism as a part of the gun would also im-
prove the setting of firing time.

10. Elimination of stoppages due to short rounds.
'The presence of short rounds will always be a possi-
bility with the current ammunition design and use
of metallic disintegrating links,  In automatic firing
guns using a remote ammunition supply, short
rounds have caused a fair sharc of gun stoppages.

11, Ammunition feed improvements. Consider-
ation should be given to a complete redesign of the
ammunition feed system.  The M2 gun because of
basic design and lack of improvement handles the
ammunition through a series of steps that are time
consuming and critical [rom the possibility of con-
tributing to jams. It is contemplated that the feed
systemn should be direct and that the ammunition
will be brought into the gun in nearly the same plane
as the bore axis. Ammunition alinement, short
rounds, extraction, and link cjection can be simpli-
fied to a considerable degree, thus effecting im-
proved operation.

SECTION 11. JAPANESE BROWNING GUNS

In the United States, during World War 11, the
development of the Browning short recoil action was
limited to calibers up to .50, although the Browning
long recoil type was manufactured in 37-mm bore.
As a matter of interest, it should be noted that the

Japancse thought so highly of the short recoil action
that they adapted it to large calibers.  Their 20-mm
Browning pun was in very extensive use in the Pacific
war. The action was also made m 30-mm and
37-mm sizes.

Figure 11-8.
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Japanese 20-mm Browning Aircraft Cannon HO-5B.
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Figure 11-9. Japanese Browning Aircraft Cannon. Top, HO-155 Type 1, 30mm; center, HO-155 Type 2, 30-mm; bottom,
HO-204, 37-mm.
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