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PREFACE

The series of books entitled “The Machine Gun® has heen prepared with the belief that the
next best thing to actual knowledge i1s knowing where to Hnd it. The research summarized within
the covers of these volumes has been compiled by the Bureau of Ordnance, Deparunent of the
Navy, in order to place 1n the hands of those rightfully intecested in the act of automatic weapon
design, the world’s recorded progress in this field of endeavor,

The prunary purposc of Parts VIIT and IX of Volume TTT is 10 make available to those in au-
thority pertinent data on the experimental work carvied on 1o improve the design of automatic
aircraflt cannon by the United States and other major powers during and since World War 11,
Through data given 1in Volume IIL, personnel reporting for duty in research and development
activities can acquaint themselves with certain phases of developmeantal work that already have
been accomplished.

The information in most instances was compiled by the originators of the mechanisms and is
presented 1n substantially the same form as when first prepared. The claims, recommendations,
and conclusions represent the opinions of responsible personnel at the time the reporis were sub-
mitted. No editorial comment has bzen included:; accordingly, opinions formed by the reader
will be based solely on authenticated source material.

For purposes of clarity and uniformity, the topics within chapters have been arraneed in as
nearly the same order as possible. Because the goal of this book is to present the casc history of
each gun in the form the cognizant activitics chose, deviations from their arrangement of material
have been made only where the original reports were organized so differently that rearrangement
for consistency of presentation seemed desirable,

Parts VIII and IX of Volume I1I, unlike Part T through VIl of Volumes I and 11, deal strictly
with technical aspects of the mechamsms: therefore, charts are included 10 give specific engineering
data in condensed form. Tt is hoped that these graphic presentations will aid in the quick location
of facts when this volume is used as reference material during a conference or other similar situation,

To show the evolution of some of cur most advanced automatic firing mechanisms, it was neces-
sary to illustrate scveral weapons that are so outmoded that they are not listed in the chapter en-
titled ““Auntomatic Gun Designations.”  Accordingly, it was thought appropriate to introduce them
pictorially in order to establish proofl of the existence of the parent design.
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Chapter 1

AUTOMATIC GUN DESIGNATIONS OF THE
ARMED SERVICES

SECTION 1. INTRODUCTION

Automatic weapons for the Armed Forces of the
United States are procured, with minor exceptions,
by two agencies, the Ordnance Corps of the Army,
and the Bureau of Ordnance of the Navy. When
a project 1s set up to develop a new item or modify
a standard piece, a distinctive designation is assigned
to identify it.

The Army method prior to 1925 was to assign
a designation of model and year to cach design,
Since that time, model has been abbreviated with
a capital M and consecutive numbers are assigned.
Items in the development stage are given numbers
with a capital T prefixed. To indicate changes in
the development stages, the capital letter E may be
suffixed to the T number followed by an Arabic
numeral. Experimental changes to standard, or
M-numbered items are also indicated by suffixed
E numbers. Standard, or M-numbered items with
approved changes, or standardized alterations, are
identified by suffixed A numbers.

When a Navy ordnance item is approved for
testing, it is assigned a Mark number. It retains
this Mark number whether finally approved for
service use or rejected. Modifications to the origi-
nal Mark design are treated likewise. At the pres-
ent time a proposal is under consideration to use
EX numbers for Navy aircraft ordnance items
while they are still in the development stage.

To identify an automatic gun completely, the
caliber must be mentioned, then the correct letter
and numbcr designations.  In some cases 1t 1s nec-
essary to name the gun or mechanism, for example:

CONFIDENTIAL

“Gun, Machine, Caliber .50 M2,” and “20-mm
Machine Gun Mechanmism Mk 2 Mod (. Com-
plete 1dentifications of this type are needed since
T numbers, M numbers, and Mark and Mod num-
bers begin with No. 1 for each of various types of
ordnance and other military equipment. In addi-
tion to reuse of numbers, there is some diffcrence
of usage of letter designations. For example: the
Chemical Warfare Service has used E and R desig-
nations for experimental items instead of the T and
E numbers of the Ordnance Department.

One of the most confusing things associated with
the official designations of weapons 1s the prefix
“AN”, extensively used during World War IIL.
This, when found attached to a model number,
sometimes has caused the erroneous impression that
there is a physical difference between a weapon so
marked and one that bears onlv the model number,
for example, “Gun, Machine, Caliber .50, AN-
M2, and “Gun, Machine, Caliber .50 M2.” The
“AN" means that the weapon was adopted by bath
the Army and the Navy, and no difference exists
between a gun so marked and the basic design.

On the front cnd papers of this book is a list
of United States large-caliber automatic guns. In
this chapter, the distinguishing characteristics of
these guns are summarized. The reader should note
that not all these designs were fabricated in metal.
Some were made as wooden “mockups” and others
were discarded while still on the drawing board.
Weapons firing rifle, pistol, or carbine ammunition
have been omitted purposely.
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METHOD OF ASSIGNING T NUMBERS TO

AUTOMATIC AIRCRAFT

OLD

From 1926 1o 1250 there

were four separate lists
from "which T numbers

ware assigned to auto-
matic ogircraft guns.

Low# High# Bore

GUNS
NEW

The following examples
rapresent the first
ossignment under the
new system for vdrious
sizes of automatic

or machine guns.

TI TE65 Cal.30 | (GUN, AUTOMATIC, Gal.60C TI30

TI  T60 Cal.5O | gyN MAGHINE Atter March 1950 | CUN, AUTOMATIC,  27mm  T150

TI7 T66 Cgl.60 numbers were drawn | GUN, MAGHINE, TANK GCal.30 TI52
from g single index ! !

TS4 T56 20mm which is generdl- | GUN, AUTOMATIC, I5mm TI54
ized as

. .

TI120 TI2! 30mm | GUN, AUTOMATI _Thif. weapons int!ax | GUN, MAGHINE, Cal. 50 Tl64
includes all howit- | GUN, AUTOMATIC, 37mm TI72
zers, guns and mor-

T T4 Cal.90 GUN, Cal.90 tars regardless of | GUN, AUTOMATIC, 30mm TI82
bore, tunction, or In the future all bore sizes

T) T49 37mm GUN, 37 mm use. | of new guns will be stated in mm.

UNDER THIS SYSTEM ANY T
NUMBER HIGHER THAN 130
f": r:urnberds It:‘ﬂ:?ﬂl? WILL BE ASSIGNED ONLY
were nol necessorily ONGCE TO A 'WEAPON' but there
ﬂssigf;ed t'ﬂ_* machine are other classifications such
or Quiemanic ns. ¥ [ [ '
sum: were pr::fll csub- as RIFLE and LAUHCHER
caliber, or other types. which will have a similar number
Figure 1-1. Method of assigning “'T" numbers to ordnance items.

SECTION 2. CHARACTERISTICS OF UNITED STATES
LARGE-CALIBER AUTOMATIC GUNS

Caliber .50 Machine Guns

Gun, Machine, Caliber, .50, Model 1918. In
April 1918 the AEF, in a cable to the War Depart-
ment, expressed an urgent requircment for a high-
powered, large-caliber machine gun and ammuni-
tion primarily for aircraft, with second priority for
ground use. Available knowledge on the perform-

4

ance of a German 13.2-mm rimmed antitank car-
tridge, as well as information on the British
devclopment of a caliber .50 cartridge, led to a
decision to develop a cahiber .50 machine gun and
ammunition. Guns were designed under the super-
vision of John Browning at the Colt’s ’atent Fire
Arms Manufacturing Co. (ground type} and at the
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Winchester Repeating Arms Co. (aircraft type).
(See The Machine Gun, vol. 1, p. 335.)

Gun, Machine, Calther, 50, Madel 1921, This
series of Browning guns were the first standard
machine guns of caliber .50 to be adopted by the
United States Government. There were variations
for ground, air, and naval use. All this material
15 now obsolete,

Gun, Machine, Caliber 50 T1. An early design
in the program to modify the Browning caliber .50

gun to permit right and left-hand feed. Both air-
and water-cooled cuns were made.

Gun, Machine, Caliber 50 T2. Anintermediate
stage in the development of the caliber .50 M2 series.

Gun, Machine, Caliber .50 T21. The Browning
121 was a collaborative effort by Colt and Spring-
field. This weapon underwent tests at Aberdeen
Proving Ground from 1940 to 1942 with unfavor-
able results. The importance of that project was the
establishment of a standard of performance for an
acceptable high-speed gun. One breakage and five
malfunctions were to be permitted in 5,000 rounds
of firing at 1,200 rounds per minute.

Gun, Machine, Caliber .50 T22, FRarly in 1942
the High Standard Manufacturing Co. designed a
high cyclic rate caliber .50 Browning machine gun
and made two models, These guns, designated
T22, were submitted to the Aberdeen Proving
Ground for test 10 August 1942, One gun was
fired on that date, 534 rounds at a cvclic rate of
1,066 rounds per minute, during which five stubbed
rounds and two [failures to feed occurred. Both
guns were returned to High Standard for moedifica-
tion. A total of 10 guns were made.

Gun, Machine, Caliber .50 T22EI. This was a
version of the T22 tested February 1943 which
failed after firing 111 rounds.
broken sear.

Faillure was ducto a

DESIGNATIONS

Gun, Machine, Calther 50 T22E2. Tested n
March 1943 this gun fired 3,700 rounds at cvclic
rate of 1,219 rounds per minute. There were 43
malfunctions and 7 breakages.

Gun, Machine, Caliber 50 T22E3. The records
do not indicate the history of the 122505,

Gun, Machine, Caliber 50 T22E4. Tested m
August 1943 this gun fired 5,000 rounds at a cyclic
rate of 1,108 rounds. There were 36 malfunctions
and 2 breakages.

Gun, Machine, Caliber 50 T22E5. Modifica-
tion of T22F4.  Two guns were produced but when
fired at Aberdeen their rate of fire was less than
1,000 rounds per minute,

Gun, Machime, Caliber 50 T22EG. Tested late
in 1943 the T22E6 first gave poor results. In the
development of this gun an effort was made to hold
to a minimum the changes from the standard
Browning M2 gun. Because of defects inherent in
the mechanism it was decided that further develop-
ment could not be expected to produce a completely
acceptable weapon. Accordingly, further develop-
ment of the T22L6 gun, as such, was not under-
taken by the Ordnance Department although cer-
tain fcatures of the weapon were incorporated in the
T36 (M2A1) and T25E3 (M3) guns.

Gun, Machine, Caliber .00 T25. In the develop-
ment of the T25 by Frigidairc no restriction was
placed on the number of changes [rom the M2 gun,
and the contractor was permitted to proceed by
making all changes necessary to provide reliable
functioning at a rate of fire of 1,200 rounds per
minute. For example, the backplate buffer, barrel
buffer, and receiver were redesigned. It was not
until 10 March 1944 that the first T25 gun was sub-
mitted to Aberdeen Proving Ground for test.  The
gun gave a fair performance for 2,000 rounds, but
from that point on excessive breakages and mal-

B S e R :
sk, .

Figure 1-2. Gun, Machine, Caliber .50 T22E&.
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functions occurred, and at 3,100 rounds the tcst
was discontinued because of the breakage of the
backplatc buffer.

Gun, Machine, Caliber 50 T25El. Work was
immediately started on a second gun, the T23EI,
which was tested at Aberdeen 10 May 1944, This
gun was completely unsatisfactory. Nine break-
ages and three malfunctions occurred in 770 rounds
and the test was stopped. Satisfactory function-
ing had not been obtained with the 125 series guns
but certain features of those guns were considered
very desirable,

CONFIDENTIAL

guns, and to expedite procurement of this weapon,
the Army Air Forces requested its standardization
in April 1945. Ordnance Committee action was
immediately taken to standardize the T25E3 gun as
Gun, Machine, Caliber .50 M3, Aircraft, Basic.
Gun, Machine, Caliber .50 T26. Modification
of the Browning M2 gun produced and tested at
Aberdeen. Included a short-round device sub-
mitted by the Army Air Force and the cover as-
sembly of the T22E5. The extractor assembly was
also taken from the T22 series as was the backplate
assemblv. A muzzle booster with a (.65-inch hole

W "'J.':.._"--r kb - Tk '-1'."'-.... - .‘-'.-. "-.u-l..-:. :II- :

Figure 1-3. Gun, Machine, Caliber .50 T25E]1.

Gun, Machine, Caliber 50 T25E2. To permit
further study ol the causes of this unsatisfactory
functioning, the T25E2 gun was made up by sub-
stituting the bolt, top cover and recoil booster of the
T22E6 gun for corresponding components of the
T25E1 gun. This gun was fired at Aberdeen Prov-
ing Ground in June 1944. Functioning continued
unsatisfactorily, and the test was stopped at 1,800
rounds, A carcful examination indicated that the
nested helical springs in the backplate buffer were
breaking and causing extreme impact forces on the
gun component.

Gun, Machime, Caliber 50 T25E3. The first
T25E3 gun was tested at Aberdeen 19 July 1944.
The functioning of this gun was greatly improved
over that of the T25E1, and the cyclic rate averaged
1,250 rounds per minute. Eight malfunctions oc-
curred, but for the first time in the development, it
was possible to determine the specific cause ol each
malfunction. A projecting corner on the bolt was
responsible for “shorting” rounds in the fcedway
and causing failures to feed; the remainder of the
malfunctions were caused by fatigue of the sear
spring.  After the satisfactory tests of the T25E3

6

was used and a pneumatic buffer and a modified
sideplate switch.

Gun, Machine, Caliber 50 T27. This was a
Browning developed by High Standard to provide
a kit of parts which could be used to convert the
standard M2 gun to a high-spced weapon. The
test was stopped before completion in January 1944,

Gun, Machine, Caliber .50 T27E{. Unsatisfac-
tory performance, since one of the two guns made
blew up. Test discontinued about February 1945.

Gun, Machine, Calther 500 T272. The records
do not indicate that the history of the T27LE2 ex-
tends bevond the blueprint stage.

Gun, Machine, Caliber 50 T27E3.
March 1944 : numerous malfunctions.

Gun, Machine, Caliber 50 T27E4. Fired at a
rate of 1,330 rounds per minute when tested in April
1944 but suffered numerous breakages and mal-
functions.

Gun, Machine, Caliber 30 T27E>. Tested 1n
June 1944 : excessive malfunctions terminated the
test after the one gun blew up.

Gun, Machine, Caliber .50 1T'2716. Tested carly
in 1945, it successfully fired 5,000 rounds at a rate

Tested mn
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Figure 1-4. Gun, Machine, Caliber .50 T27E6.

af over 1,000 rounds per minute with onlv one
breakage of major parts but 1 of the 4 guns tested
had 11 malfunctions.

Gun, Machine, Caliber 50 T27E7. In March
1945 the last version was tested and successfully
completed the 5,000 round test without going be-
yond the nimbers of acceptable malfunctions hut
suffered excessive breakage of minor parts. In the
overdevelopment of the TZ7 scrics, unsatisfactory
performance and danger to personnel and cquip-
ment caused by the unusual number of breakages
and cxplosions were responsible for the decision in
March 1945 that no further consideration would be
given this weapon.

Gun, Machine, Caliber 500 T28. Developed by
Springlield Armory to produce a high cyclic rate
gun. Specifications called for 1,200 rounds per min-
ute without breakages.

Gun, Machine, Caliber 50 T34. Air I'orce re-
quirement for the fabrication of a gun which would
have a cyclic rate of 1,500 rounds per minute.  Proj-
ect assigned to Springfield. This was to be an en-
tircly new mechanism, operating on a principle
suitable for very high-speed operation.  Preliminary
drawings of this gun were received in August 1945,

and after careful studv, the Springheld Armory was
requested to supply additional drawings.

Gun, Machine, Caliber .50 T35. To fulhll the
Air Force requirement for 2 gun with a cyclic rate of
1,500 rounds per minute, a project was set up to
modily the M2 Browning,

Gun, Machine, Caltber 50 T36. During the
development of a high speed caliber .50 machine
gun, certain very valuable improvements were made
which were applicable to the standard M2 caliber
D0 aircraft gun. In September 1944, it was de-
cided to incorporate immediately into the MY gun
these features which had been proven in tests of
various experimental high speed guns. This im-
proved eun, designated 136, was designed to ac-
complish limited objectives, compared to the M?2
gun, namely: (1) reduction in recurrent malfunc-
tions; (2) increase in cyclic rate of approximately
100 rounds per minute; and (3) increase in belt
lift capacity to 30 pounds minimum consistent with
the accomplishment of these objectives.

Gun, Machine, Caliber .50 T38. A further de-
velopment of the M3 by I'rigidaire in 1945, This
design was also in response to the Air Force require-
ment for a 1,500 round per minute gun. Limited

Figure 1-5. Gun, Machine, Caliber .50 T36.
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Figure 1-6. Gun, Machine, Caliber .50 T42.

firing was conducted at rates up to 1,450 rounds
per minute by Frigidaire.

Gun, Machine, Caliber 50 T42. Intended for
use as an antiaircraft weapon with a rate of fire of
700 rounds per minute. Similar to the Browning
M3 but uses heavy barrel and short barrel support.

Gun, Machine, Caliber 50 T6(). This was a
project sct up in 1948 to develop an aircraft gun
with a rate of fire 2,000 rounds pcr minute.,

Gun, Machine, Caliber .50 T164. The armored
force established a requirement for a caliber .50
machine gun for use on tank turrets with the pro-
vision that it must incorporate a shaort receiver.
Springfield Armory built a revolver type based on
the 20-mm T74 and this is designated the caliber
00 T164.

CGun, Machine, Caltber 50 T175,  Similar to the
T176, except barrel energy is transmitted by hy-
draulic means. Also intended for tanks.

Gun, Machine, Caliber 50 T176. The T176
was designed 1n response to the requirement for a
short recetver tank gun. It is a nonconventional
type in which the barrel energy is used to operate the
mechanism indirectly through Belleville springs. It

8

was desipned for alternate use at a high and low
rate of fire,

Gun, Machine, Caliber .00 MI1. The experi-
mental Browning 12 caliber .50 machine gun was
standardized for cavalry and infantry without modi-
fication as the M1. This model never went into
production.

Gun, Machine, Caliber .50 MZ2. Further de-
velopment of the Browning system produced the M2
series which was standardized in 1933. The three
principal versions were water-cooled, aircraft, and
heavy barrel.  ‘The three guns utihzed the same
basic receivers. The water-cooled gun was for anti-
aircraft use; the heavy-barrel gun was intended for
use by and against armored vehicles, and the aircraft
gun with its 36-inch air-cooled barrel was for use
in aircraft, Later, several other varictics wcre
standardized, all of which used the same basic re-
ceiver,  An important characteristic of the M2
series 1s the ability to convert from one type to an-
other.

Gun, Machine, Caltber 00 M2A1, In 1944, the
limited procurement of 31,336 of the T36 guns was
authorized. This procurement was discontinued
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Figure 1-7. Gun, Machine, Caliber .50 M3,

after approximately 8,000 guns had been produced
because of the unexpected progress made n the de-
vclopment of the T25E3 high-speed gun, which led
to its standardization as the M3 carlier than had
been thought possible.  Following the standardiza-
tion of the M3 gun, the T36 gun was reclassified as
limited standard, and redesignated Gun, Machine,
Browning, Caliber .50, M2A1, Aircraft, Basic.

Gun, Machine, Caliber .50 M2E1. 'Thc records
do not indicate the history of the M2EL.

Gun, Machine, Caliber 50 M3. 1In 1945 the
caliber .50 Browning T25E3 was standardized as
the M3. There are slight variations in guns of
early and later manufacture. The M3 gun is based
upon the caliber .30 aircraft machine gun M2 and
has essentially the same exterior dimensions, except
for the increased diameter of the backplate buffer,
and the length added by the recoil booster. It fires
at a cyclic rate of approximately 1,200 rounds per
minute with standard ammunition and links.
Ncarly all parts of the M3 gun differ in detail from

those of the M2, having been improved in design
and metallurgy.

Caliber .60 Machine Guns

Bendix 15-mm Machine Gun. The first attempt
to meet the characteristics for the caliber .60 air-
craft machine gun was to modify a 20-mm Hispano-
Suiza automatic cannon. ‘T'he recciver was identi-
cal and parts of the gun were interchangeable with
the 20-mm, M1. The chief difference was in the
barrel, which was chambered for the 20-mm case,
bored and rifled for the 15-mm bullet and fixed
in relation to thc mount. The whole gun was
rigidly mounted and the muzzle brake and recoil
mechanism used on the 20-mm gun were
climinated.

Gun, Machine, Caliber .60 T17. In September
1942, a projcct was initiated to convert the 13-mm
German aircralt gun, MG 151, a recoil-operated,
air-cooled, and belt-fed gun, to use the caliber .60
cartridge. In October 1942, Colt’s Patent Fire
Arms Manufacturing Co. undertook this conversion..

Figure 1-8,

CONFIDENTIAL

15-mm Bendix Machine Gun. Top view.
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Figure 1-9. Gun, Machine, Caliber .60 T17E1.

The gun was designated Caliber .60 Machine Gun
T1/7. It was found necessary to rechamber the
barrel, lengthen the receiver, feedway, bolt, cam
tube, and cover, and to make a few other minor
design changes. New links were provided by the
Autoyre Co,

Gun, Machine, Caliber 60 T17F1.  The Trigid-
aire division of the General Motors Corp., Dayton,
Ohio, undertook in January 1943 to provide 10 pilot
models of the aircraft machine gun, caliber .60
T17E1. The model was to be essentially the same
as the T17, except that the ratc of firc was to be in-
creased to 800 rounds per minute and the high
trunnion reactions were to be lowered by incorpo-
rating in the design a recoil adapter developed by the
Edgewater Steel Cio. at the request of the ordnance
officer at Wright Field. Links for the gun were
developed by the Autoyre Co. of Oakville, Conn.
Complete drawings of the T17 gun were prepared
by Frigidaire and an engineering study was made
to redesign the weapon for cheaper mass production.

Gun, Machine, Caliber .60 TI7E2. The Frig-
1daire division was then asked to prepare two addi-
tionul models which would use strengthened com-
ponents and a barrel with a thicker walled chamber
as the chamber had expanded during tests of earlier
models. SAE 1060 steel was used in the T17E]
wherever possible. In the T17E2 this policy was
abandoned and SAT 4640 steel was substituted.
Fabrication of these models involved the use of sheet
mctal stampings and hvdrogen brazing. This gun
was designated the T17F2,  In May 1943 the Gen-
eral Electric Co., Bridgeport, Conn., accepted a con-
tract to develop an clectric charger for the T17E2
gun. It appeared at this time that the most profit-
able development of this item would be a charger in-
tegral with the gun. Two T'l17EZ machine guns
were delivered to Aberdeen Proving Ground for test
on 2> August 1943. Each was equipped with

10

manual charging and firing cquipment and recoil
adapters. Electrical charging and firing solenoid
were provided as alternate components. One gun
was fircd 557 rounds. Ejection difficulties devel-
oped, but after modification of the ejector the gun
functioned fairly satisfactorily with a rate of fire of
600 rounds per minute. The second gun with the
Greneral Electric charging mechanism was fired 143
rounds. " A combination gun was built from parts of
guns No. 1 and 2 and fired 327 rounds at 638 rounds
per minute and a maximum muzzle velocity of 3,696
feet per sccond. Numerous mallunctions were
encountered which indicated that considerable fur-
ther development work was needed.

Gun, Machine, Caliber .60 TI7E3. Beginning
m September 1943, attention was concentrated upon
the manufacture of seven T17E3 guns with both
percussion and electric ignition. On 15 December
19435 this order was increased to 10 guns.  The elec-
trical ignition mechanism was modeled upon that
of the German 20-mm gun. A program was also
initiated for the development of a bolt with the sear
forward. It was expected that this, together with
clectrical 1gnition, would permit synchronization of
the gun when either electrical or percussion primed
ammunition was used. On 16 November 1943
Frigidaire was requested to develop four auxiliary
gun chargers to be used as a standby device in case
of failure of the electric charger. Because of a
requirement placcd with the Ordnance Department
by the Navy Burcau of Ordnance for delivery of
2,500 caliber .60 aircraft machine guns with auxil-
laries and spare parts in 1944, limited procurement
of the T17E3 was initiated 2 December 1943 and
approved 16 December 1943. Rock Island Arsenal
was commissioned to make these guns.
weighed 135 pounds, including recoil mounting
adapter, electrical charger and solenoid, and feed
mechanism. The rate of fire was 600 rounds per

This gun
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Figure 1-10. Gun, Machine, Caliber .60 T17EZ.

minute, and the muzzle velocity was 3,000 feet per
second. The gun was 92 inches long and had a
maximum trunnion reaction of 3,500 pounds. At
the request of the Army Air Forces the original pro-
curement was increased to 5,025 guns by Ordnance
Committee action on 23 December 1943,

Gun, Machine, Caliber .60 T'171.4. Similar to
the T17E3 with modification of the mechanism to
use ammunition belted in a new link. Developed
by Sanford Engineering Co.

Gun, Machine, Caliber .60 T17E5. Similar to
the T17E3 with modification of locking lugs on bolt-
head and breech ring and change in design of lock-
ing and unlocking cams. Developed by the Frig-
idaire division of General Motors .

CONFIDENTIAL

Hispano-Suiza Caliber .60 T18 Machine Gun.
A second modification of the 20-mm Hispano-Suiza
cannon was made by rechambering the barrel for
caliber .60 case and boring and rifling for the cali-
ber .60 bullet.  Corresponding changes were made
in the bolt and extractor. This gun was fired a
small number of rounds (not more than 30) auto-
matically. Official designation of the gun was Cal-
iber .60, T18. Since radical redesign of the His-
pano-Suiza cannon appeared necessary if this gun
was to meet aircraft requirements, work on this
model was discontinued.

Gun, Machine, Caliber .60 TI18EI.  After ap-
proval by Hcadquarters ASF, it was recomended
that further investigation of caliber .60 mechanisms

11
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Figure 1-11,

be conducted with a modification of the 20-mm
Hispano-Suiza automatic cannon, M2, This mod-
ified 20-mm weapon was designated 1T18E]1 be-
cause there had previously been made a gun called
T18 which was a 20-mm automatic cannon, M1,
maodified to fire the caliber .60 cartridge. The earlier

Gun, Machine, Caliber .60 TL7ES.

gun was fed [rom a live-round magazine and scrved
only to show that the action was sufliciently strong
to fire the cartridge.

Gun, Machine, Caliber .60 T19. This designa-
tion was assigned to an experimental design to be
developed by the High Standard Manutacturing
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Figure 1-12. Gun, Machine, Caliber .60 T18EL.
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Figure 1-13. Gun, Machine, Caliber .60 T31.

Co. The design apparently went no further than
the drawing board stage.

Gun, Machine, Caliber .60 T31. On 1 July
1944 GGazda Iingineering Co. contracted to develop
a gun along the lines of the 20-mm Oecrlikon ma-
chine gun, but with the added features of “flywheel
incrtia locking,” continuous belt feed, and a rate
of fire in excess of 1,000 rounds per minute and
capable of fire mterruption (fired from a closed
bolt). This gun was designated the T31. By 1
November 1944, manufacture of the gun parts had
begun. On 16 January 1945, receipt of the last
asscmbly drawing of the gun parts was acknowl-
edged; but a complete set of detail drawings on all
parts was ncver rceaved. - The gun, as shown by
these drawings, was a composite which used a modi-
fied 20-mm OQOerlikon bolt buffer, a modified 20-
mm Ocrlikon receiver, the T17E3 feed box and
feed svstemn, and a quick release barrel similar to
the MG 151 {German). The gun was charged by
a 20-mm ('T2) Bendix hyvdraulic charger. In June
1945, the 131 was fired forty rounds by Gazda
Engineering at its plant and broke a rack which
connects the drive springs to the bolt.  About 25
September 1945, this gun was fired again in the
presence of a representative of the Office, Chief of

ey

Ordnance, and after a few rounds a number of other
parts broke.

Cun, Machine, Caliber 600 T39. The Caliber
60 T39 Machine Gun differs [rom the T17E3 only
in that it has an electric bolt and bolthead, inter-
changeable with the percussion bolt, and a contact
switch with the nectessary wiring to an external
power source to fire electricallv primed ammuni-
tion. It 13 expected that this model will meet all
of the Army Air Forces requirements for synchroni-
zation and fire interruption. The first electrical
bolt, the E1, was a copy of the German MG 151.
This bolt gave excellent ignition time and was re-
markably free from “contact bounce,” but the con-
tactor which passed through the bolt and bolthead
cam broke with great frequency. This design was
complicated and required major modification of the
bolt, bolthead and bolthead cam, and receiver.

Gun, Machine, Caliber .60 T41. 'This caliber
.60 gun 15 a version of the caliber .60 T17E3, with
two new and three modified components to provide
a gas assist to the short recoil method of operation.
Purpose was to provide a weapon which would func-
tion rehably, nsing T41 ammumtion at a cvclic rate
approximatelv equal to T17 ammunition ({ball} in

the basic T17E3 gun.
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Figure 1-14. Gun, Machine, Caliber .60 T41,
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Fiqure 1-15. Gun, Machine, Caliber .60 T41l. Closeup view of modified barrel showing gas assist port.

Figure 1-16. New or modified parts used in the conversion of the Caliber .60 T17E3 gun to the Caliber .60 T41.

Gun, Machine, Caliber .60 T45. Motor-driven
machine gun with several barrels based on the Gat-
ling system developed by the General Electric Co.
under the supervision of the Ordnance Corps. Rate
of fire 6,000 rounds per minute.  Weight of gun
approximately 427 pounds with 60-inch barrels.

Gun, Machine, Caliber .60 T46. Modification
of the T17 scries to permit synchronization by using
a front sear. Developed by the Frigidaire division
of General Motors,

Gun, Machime, Caliber 60 T47.
demonstrate the problems and practicability of radi-

Developed to

14

cally relocating gun components from their tradi-
tional position. Developed by the Frigidaire divi-
sion of General Motors to use the cxisting caliber .60
cartridge. Designed to fire at a rate ol 1,000 rounds
per minute and to weigh 130 pounds including re-
coil adapter and feed. Length to be 70 inches with
a maximum of 10 inches behind breech [ace of
barrel.

Gun, Machine, Caliber .60 T'49. Short 52-inch
aircraft gun. Uses the standard .60 caliber cart-
ridge, requiring changes in design and configura-
tion of certain parts of the 20-mm version.  Limited

CONFIDENTIAL
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Figure 1-17. Gun, Machine, Caliber .60 T51.

development was conducted by Armour Research
Foundation.

Gun, Machine, Caliber .60 TS50, Short aircraft
cannon based on the T17E5, with firing solenoid
removed from rcar of gun and placed on side or
bottom, removal of electric charger, shortening of
buffer. Developed by Naval Gun Factory.

Gun, Machine, Caliber .60 T50E!. Mauodifica-
tion ol the T50 with leaf type buffer springs replac-
mg Belleville type.

Gun, Machine, Caltber .60 T5]. Short aircraft
gun based on the T'17 series with firing solenoid and
clectric charger removed from rear of gun to side
or bottom; buffer mechanism, receiver, and bolt
shortened to maximum possible extent; and barrel
cutofl to give 52 Inches maximum overall length.
Developed by Frigidaire division, General Motors.

Gun, Machine, Caliber .60 T58. Short aircraft
gun with barrel and bolt action similar to the 117
serics but having an externally driven feeder for
electric primed ammunition. Proposed rate of fire
1,000-rounds-per-minute minimum,

Gun, Machine, Caliber .60 159. Modification
of the caliber .60 T39 gun to install in it the firing
mechanism of the 'T'17E5 gun for electric primed
ammunition,

Gun, Machine, Caltber .60 1T59EI. Version of
the 159 gun having clectrical charger with remote
control box; spring loaded nonretractable firing pin;
cam actuated extractor for ejection purposes.

Gun, Machine, Caliber .60 T62. An cxperi-
mental weapon primarily for aircraft turrets with
six barrels and same mechanism as Gun, Machine,
caliber .60 145, but with barrels shortened to give
gun an overall length of 52 inches. Developed by
General Electric Co.

Gun, Machine, Caliber .60 T63. Modification
of the T17 serics to increase the cyclic rate and to
reduce the length and weight.  An experimental
percussion-fired weapon with 900 rounds per min-
ute, cyclic rate of fire, recoil operated with integral
fced mechanism, 78-inch length and 110-pound
weight.

Gun, Machine, Caliber .60 T64. Modification
of the T5H9Y scries to increase the cyclic rate and to
reduce the weight.  An experimental clectric-fired
weapon with 1,000-round-per-minute cyclic rate,
recoil operated with external powcered feed mecha-
nism, 78-inch length and 140-pound weight.

Gun, Machine, Caliber .60 T130. Gas-operated
revolver gun based on the 20-mm T74 and the
German MG 213 which includes improvements over

Figure 1-18. Gun, Mochine, Caliker .60 TS8.
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Figure 1-19. Gun, Machine, Caliber .60 T62.

the German gun consisting mostly of a rearrange-
ment of components to secure small profile, lighter
weight, improved accessibility of parts for servicing,
and a general shortening of components to keep gun
length to a minimum, the latter being an important
advantage of this type of mechanism. 'L'he gun is
of the gas-operated type with a rate of fire of 1,600
rounds per minute. Development by Armour Re-
search Foundation.

Gun, Machine, Caliber .60 TI30EI. A version
of the caliber .60 automatic gun T130 to utilize a

closed link and associated feeder.

Gun, Automatic, 15-mm T 154. (This gun docs
not fire the caliber .60 rounds as normally loaded.)
In response to an Air Force requirement for a
shorter gun action it was proposed to construct a
twin-barrel alternate firing gun using separate load-
ing ammunition. The cartridge case to be removed
from the conventional location. Ammunition de-
velopment by Frankford Arsenal and Remington
Arms Co., gun by Frigidaire.

Gun, Machine, Caliber .60 1173. An improved
version of the T'17 series for use as an antiaircralt
gun in the ground forces.  Fires a percussion primed
caliber .60 ammunition.

Figure 1-20. Gun, Machine, Caliber .60 T63,
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20-mm Automatic Guns with T and M
Numbers

Gun, Automatic, 20-mm TI1. The Hispano-
Suiza type 404 was tested in the United States be-
giining 1 1938 and was ollicially designated the
20-mm T1.

Gun, Automaiic, 20-mm 19, Standard Hispano
M?2 gun with modified chamber.

Gun, Automatic, 20-mm TI10. Standard His-
pano MZ gun with a different modification to the
chamber.,

Gun, Autematic, 20-mm T12, Standard His-
pano M2 guns with another chamber design.

Gun, Automatic, 20-mm Ti4. Standard His-
pano M2 gun cxcept chamber and origin of rifling
l-mm short.

Gun, Automatic, 20-mm T15. Standard His-
pano M2 gun with chamber modified to the design
used on the British Mark IT gun.

Gun, Automatic, 20-mm T16. Developed by the
United Shoe Machinery Corp. Has the same bal-
listics as the M1 and M2. Project was canceled in
August 1944,

Gun, Automatic, 20-mm TI18. The T18 gun
was the Hispano M2 which used, instead of the gas
cylinder, a mechanical unlocking mcans, actuated
by the recoll of the gun, The mechanical unlock
was supplied with two cams, the slopes of which
were 40% and 30°, respectively.  Preliminary tests
showed that such a device might be practical, but,
after thorough tests at Aberdeen Proving Ground
on a flexible mount, in July 1944 it was decided to
cancel this development since the unlocking mech-
anism lowered the cyclic rate of the weapon.

Gun, Automalic, 20-mm T19.  Developed by the
Draper Corp. Lighter and more compact than any

previous 20-mm gun, the T19 employed the use of
gas to operate the integral feed mechamsm. The
rcceiver body was a modified M2 inverted with a
double key arrangement. A key plate strengthened
the side of the receiver which had been weakened hy
the removal of the charging cylinder. The buffer
had both inner and outer preloaded concentric
springs, which provided a vielding instead of a sohd
stop in case of occasional excess force of the blow-
back. 'The tube had an additional gas port for the
vas-operated feed so located that it came in the next
rifling groove ahead of the regular port.

Gun, Automatic, 20-mm T2(). Developed by
Colt. The 20-mm automatic gun T20 development
was undertaken to apply a gas-operated feed to a
ITispano 20-mm gun to overcome the difficulties en-
countered in recoil-operated feed mechanisms. One
ptot model of the T20 was produced and proved
successful in test at the manufacturer’s range. The
feed mechanism developed was gas operated and fed
the belt by a reciprocating pawl similar to that on
the caliber .50 machine gun.

Gun, Automatic, 20-mm T2I. The records do
not indicate the history of the 200-mm 1'21.

Gun, Automatic, 20-mm T22. The Ordnance
Corps contracted with the Colt Co. to develop a gun
based on the German MG151 but using a different
locking system. The standard 20-mm round was
used, loaded for a higher velocity.

Gun, Automatic, 20-mm T25. Developed by
Colt. Hispano gun unlocked by recoll instead of
gas pressure.  In adapting the mechamcal unlock
unit the following modifications were made to the
M?2 gun: The gas port was plugged and the gas
cvlinder bracket removed; the gas tube attachment
lug was modified at the rear by cutting a slot in it;

Figure 1-21].
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Gon, Automatic, 20-mm T18.
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the push rod holes were increased in depth by 1174
inches, and two new push rods 434 1nches long were
supplied. The action of the mechanical unlock
mechanism was simple. On firing a round, the gun
recoiled, turning thc actuating levers so that the ball
end of both levers made contact with and moved
the two push rods. The push rods in turn acted
upon the breech lock shides. From this point on,
action on unlocking the bolt was the same as in the
standard gas-operated gun.
Gun, Automatic, 20-mm 124

T22 to use a larger cartridge case.

Redesign of the
Built by Colt.

CONFIDENTIAL
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ol the advanced state of the T31 gun and its pend-
ing service test by the Army Air Force.

Gun, Automatic, 2()-mm T26. Dcveloped by
Oldsmobile. To determine to what extent the
standard 20-mm automatic guns M1 and M2 could
be lightened without adversely affecting the life of
parts or without increased hazards in connection
with the firing, it was decided, during August 1943,
to modify a number of 20-mm automatic guns M1
and M2. They were to have the following charac-
teristics: A reduction in weight of approximately 25
pounds; a decrease in barrel length of 15 inches:

Figure 1-22. Gun, Automatic, 20-mm T24.

Gun, Auwtomatic, 20-mm T24E!. Modification
of the T24 having 0.006 chrome plate m bore.

Gun, Automatic, 20-mm T24E2. Modification
of the T24 having a 0.010 chrome plate in bore.

Gun, Automatic, 20-mm 1T25. Developed by the
United Shoe Machinery Corp. A conventional M?2
bolt was modified with a searing arrangement that
would prevent the firing pin from striking the primer
when the bolt slides had reached the battery posi-
tion. When firing, the sear was actuated by means
of a solenoid, relcasing the firing pin which was car-
ried into the primer by action of a separate firing-pin
spring.  As the round was fired and the bolt un-
locked by the conventional means of the Hispano-
Suiza type guns, the firing pin was cocked by the
slides and held on sear position unul the bolt was
again rcturncd to batterv and the scar released as
described above. However, in December 1944,
T25 development was considered complete because

18

they must be capable of using a nonadjustable rng-
spring adapter; have a muzzle velocity reduction of
not more than 80 feet per second; have a cyclic rate
of about 750 rounds per minute; and be capable of
firing with the bolt closed and locked. "T'he modificd
egun was designated 20-mm Automatic Gun 126,
which, complete with T14 feed mechanism, weighed
about 110 pounds, approximately the weight of the
German MG 151/20 provided with the same acces-
sorics, Although the T26 gun was not capable of
synchronization, it provided fire mterruption in bat-
tery position by a solenoid operated plunger.

Gun, Automatic, 20-mm T27. M2 gun rede-
signed bv Oldsmobile for firing with bolt closed and
locked. The mechanism of 20-mm automatic gun
T27, similar to that of the 122 gun, was completed
and tested with the T26 gun, and consideration was
given to its application to the M2 gun. The T27
run was incapable of synchromized fire. A later re-

CONFIDENTIAL
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Figure 1-23. Gun, Automatic, 20-mm T26.

quirement by the Army Air Force for a new design
of a 20-mm gun that could provide synchronous fire
through thc propeller arc of an airplanc, using both
clectric and percussion primed ammunition, as well
as the selection by the using services of the T31 gun
for these purposes, caused cancellation of the devel-
opment of the 127 gun in August 1944.

Gun, Automatic, 20-mm T28. M2 gun rede-
sicned by Watervliet for firing from battery position.

Gun, Automatic, 20-mm T29. Same as 128 but
for electric firing. Watervliet Arsenal developed
both the 20-mm automatic gun T28, capable of
mechanical synchronmization, and the 20-mm auto-
matic gun 1249, capable of electrical synchromza-
tion. Both guns fired with the bolt forward in a
closed and locked position. A pilot model incor-
porating the features of the T28 and T29 guns was
completed. Firing was accomplished by changing
the bolt. T'o simplity nomenclature these develop-
ments were combined, together with the desirable
features of the T26 gun, to become the 20-mm auto-
matic gun 131,

Gun, Automatic, 20-mm T30. Six inch shorter
tube. The records do not indicate the history of
the T30,

Gun, Automatic. 20-mm T31. 'This 12 an auto-
matic blowback and gas-opcrated aircraft weapon.
The basic dilference between the 20-mm AN-M?2
and the 20-mm T'31 is that the 'T'31 1s a light-weight
high-spced gun having the recoil system and cradle
built into the gun, whereas the AN-M2 gun uses the
Edgewater adapter, and the mount is a part of the
airplane to which the gun is attached. 'I'he basic
concept of this cradle and recoil system came from
Oldsmobile and design and development of the
weapon was done at Oldsmobile. The 131 gun
complete with fecder, cradle, recoil system, and
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solenoid weighs 116 pounds while the AN-M2 basic
gun without mounts or solenoid weighs 115 pounds.
The T31 gun has an overall length of 77.75 inches
and the AN-M?2 15 92.8 mches overall.  The rate
of fire of the T31 gun is approximately 720} rounds
per minute, while that of the AN-MZ2 gun 1s about
100 rounds per minute less, This gun was pro-
duced in quantity at Oldsmobile. The T31 com-
bined features of the 126, 128 and 129, This
project was supervised by Watervliet. T31 indi-
cates the rear-searcd gun. This was standardized
as the M3,

Gun, Automatic, 20-mm T31EI. 'This number
was assigned to the forward scared mechanical per-
cussion bolt design.

Cun, Automatic, 20-mm T31E2. This number
was assigned to the forward scared clectric ignition
design which was standardized as the M24 series.

Gun, Adutomatic, 20-mm T32. The feed mech-
anism of this gun was to be operated by the same
gas piston used to unlock and accelerate the bolt
The operation of this gas piston is as follows:

1. High-pressure gases flow through the gas ori-
fice when the projectile uncovers the orifice on its
forward travel through the bore of the gun.

2. The high-pressure gases pass through the
valve, completely filling the chambers.

3. As the projectile moves down the bore, the
pressure in the tube recedes and since there s a
larger piston area on the forward end of the piston
than on the rear end, the high-pressure gascs m
chambers move the piston to the rear closing the
valve.

4. With the valve closed, the pressure in chamber
continues to move the piston to the rear until the
end of the piston uncovers the orifice so that the gas
in thc chamber can exhaust through the bore.

19



THE MACHINE GUN

- CONFIDENTIAL

Figure 1-24. Gun, Automatic, 20-mm T32.
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Figure 1-25. Gun, Automalic, 20-mm T32. {Sas system.

5. The bolt returns the piston to the right upon
its return to the in-battery position and the cycle
is repeated when the next round s fired.

The bolt is locked in battery by a sliding block
that moves upward as the bolt assembly enters the
in-battery position. The gas piston cams the slid-
ing block down and accclerates the bolt rearward.
The stroke of the piston also operates a helical splinc
on the feed mechanism, keeping the sprocket wound.
There are no drive springs in the gun and the gun
is charged by firing a caliber .30 blank cartridge.
There are two rails in the receiver of the gun that
have two cam paths, one for guiding the round into
the chamber and one for ejecting the extracted
cartridge case. The gun is designed for electrically
fired ammunition. The bolt assembly telescopes
the bolt buffer thus allowing a shorter recciver de-
sign. There has been no change in the tube design
to allow for the increased heating due to the higher
cyclic rate, however, placing the gas operating pis-

20

ton near the cartridge chamber of the tube adds
more metal at the “‘hot spot” giving a better hold-
over for the heat.

Gun, Automatic, 20-mm T 35.
called for the design and development of a 20-mm
gun, capable of handling new special high-veloaty
(3,500 feet per second) ammunition. The follow-
ing features were stipulated:
capable of lifting a 100 pound load of ammunition,
richt or left feed by interchangeable components,
750 rounds per minute minimum firing ratce, 5,000
pounds maximum trunnion load. Design work was
started late in 1944 and not quite completed by June
of 1945 at which time the contract was terminated
at Oldsmobile and turned over to Armour Research
Foundation, Chicago, for completion. A wood
mockup was made. The bolt has a lock on cach
side, similar to the bolt in the German 30-mm auto-

matic gun, MK 103.

This assignment

Integral crossfecd

CONFIDENTIAL



CONFIDENTIAL

DESIGNATIONS

& & 2
R

Figure 1-26. (Gun, Automatic, 200mm T33,

(GGun, Automatic, 20-mm 1To3EI. Modification
of the T33 which included 0.006 chrome plating in
bore.

Gun, Automatic, 20-mm T332, Modification
of the T33 which included 0.010 chrome plating in
bore.

Gun, Automatic, 20-mm T33E3. Two versions
of this T33E3 were made., The first, model A, used
pivot locks in the harrel extension and was cham-
bered for the large T7 case. Omne gun was built and
tested.  Model B, designed by Armour and built
bv the Naval Gun I'actory, incorporated a new bolt

and rotary locks, a tammer actuated by bolt recoil,
a gas-operated feeder utilizing feed pawls instead of
sprocket, and design features which greatly simpli-
fied manufacture, assembly, and servicing. For
some components there were alternate designs for
the model B gun. Although the 133 series was
originally based on a study of a Rheinmetall gun,
changes made by the several design facilities involved
have produced a weapon which does not readily
classify in any of the well-known systems.

Gun, Automatic, 20-mm T34. Developed by
Oldsmobile and based on 20-mm M3 gun with modi-

Figure 1-27. Gun, Automatic, 20-mm T34.
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fications to increase the cyclic rate of fire to 1,000
rounds per minute. The four modifications are:
The installation of a new type breechblock bufler
stronger recoil spring, lighter recoiling parts, and
installation of a higher pressure gas opcrating system.
As originally designced, it was chambered for the large
TS case, but in April 1945 it was converted to stand-
ard ammunition to fulfill a Navy nced for a high
cyclic rate shipboard defense against suicide planes.
By V-] Day, when the project was suspended tem-
porarily, 12 '1'34 guns, with a claimed parts life of
1,500 rounds, had been delivered.,  Tests revealed
numcrous deficiencies, chiefly short-lived parts such
as driving spring, firing pins, gas piston rings, re-
ceiver, slides, and slide key.

Gun, Automatic, 20-mm T34El. This 1s the
electric-fired version of the T34 gun, development
of which was commenced in March 1948. The
purposc of the project was to meet a Navy require-
ment for a high cyclic rate, electric-fired gun. Early
changes eliminated two of the most serious T34 dcfi-

ciencics; the receiver weakness was climinated by
utilizing a modified M2 receiver of which large
stocks were available, and the driving spring was
removed by utilizing a double-acting pncumatic
charger fitted into the new receiver.

Gun, Automatic, 20-mm T34E2. The T34El
gun when modified to fire 1,600 grain projectilcs.

Gun, Automatic, 20-mm T35. High cyclic air-
craft gun using supervelocity ammunition, with
matched projectiles and two types of mechanical
holts and one type of electrical bolt, Designed by
Oldsmobile division of General Motors.

Gun, Machine, 20-mm 1T54. This gun 1s the
Navy Mark 10 Mod 0. It is designed as a double-
barrel, low-silhouette weapon, containing its own
feed mechanism driven by means of the bolt exten-
sion. It contains a pneumatic charging mechanism.
Two rounds arc extracted [rom the belt on the recoii
stroke and two rounds are fed during counterrecoil.
A unique feature is the method employed to feed
two barrels from one belt of ammunition. The as-

Figure 1-28.
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Gun, Machine, 20-mm T54.
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Figure 1-29, Stages in the development of the TS5 gun,

signment of Ordnance Corps 1" numbers to Naval
developments is done merely to facilitate identifica-
tion to Armv activitics.

(run, Machine, 2(0-mm T55. This designates a
series of guns which were developed by the Navy and
the Shirgun Corp. These guns also have Navy
nomenclature. The latest version to which T35
was applied 15 known in the Navy as the Mk 9 Mod
0. The gun is a single-barrel, low-silhouctte weap-
on, with a high belt-pulling capacity. It has an
easily detached, integral-feed mechanism driven by
the bolt extension. Pneumatic pressure is required
for charger, bolt buffer, and sear operation. The
charger and sear are controlled by solenoid operated
valves mounted externally. 'L'he gun fires 20-mm
MO0 series ammunition, belted in M7 or M8 links.
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Front to rear; EX 1 Type 1; Mk 9 Mod O: EX 1 Type 2.

These guns were later modificd and known as '1'123
guns.

Gun, Machine, 20-mm T56. Actually desig-
nated Gun, Machine, 2()}-mm T1b6. Modification
of Gun, Machine, Caliber .60, T17E> to use a 20-
mm cartridge. The gun can be prepared for either
left- or right-hand feed.
solenoid. A shock-absorbing adapter serves as a
front mounting. The gun 1s charged by an electric
charger mounted in the cover and fired from an open
bolt. The gun is changed from a caliber .60 to a
20-mm by simply inscrting the proper barrel.

Gun, Aulomaiic, 20-mm T37. This gun s bas-
ically the 20-mm T31 aircraft gun with a lichtened
bolt assembly, a long-stroke Belleville spring bufter,
and high-pressure gas-operating pistons.  The rea-

Firing 1s h}' means of a

Figure 1-30. Gun, Machine, 20-mm T56.

CONFIDENTIAL

23



THE MACHINE GUN

e — -

son for operating the gun off the high gas pressures
was to take advantage of the fact that a differential
in pressure of 5,000 p. s. i. at gas pressures around
45,000 p. s. 1. has less effect on the operation of ihe
gun than a difTerential in pressure of 5,000 p. 5. 1 at
gas pressures around 30,000 p. s. i. A large part
of the crratic firing of the 20-mm T37 gun was due
to the differences in pressure curves caused by bleed-
ing the high-pressure gases off near the rotating band
of the projectile. 'T'he design of gas-operating pis-
tons caused early unlocking of the bolt with a result-
ant incrcasc in the amount of flashback. Firing of
the T57 gun at Salisbury Beach on 2 July 1945
disclosed the fact that the whole feed mechanism
was cngulfed with flame when the gun fired. No
difficulty seemed to be experienced with early ex-
traction of the cartridge case, but a number of car-
tridge cases showed marks of the cjectors cutting
completely through the base of the cartridge rims
due o the high velocity of the bolt.

CONFIDENTIAL

Gun, Automatic, 20-mm T67. Navy devclop-
ment. Modification of M3 gun to incorporate a
small oil pump to lubricate the chamber, thus elimi-
nating necessity for lubricated ammunition. Bolt
parts changed to provide for carlier firing on firing
pin stroke to overcome cffects of slide bounce.

Gun, Automatic, 20-mm T74. Gas-opcrated re-
volver-type weapon based on the German MG-213
firing a special cartridge case.

Gun, Automatic. 20-mm T109. This gun was
developed by Armour Research Foundation,

Gun, Automatic, 20-mm T110. This 1s a vana-
tion of gun, automatic, 20-mm T74 with the barrel
at the bottom of the receiver.

Gun, Automatic, 20-mm 1T'115. Experimental
weapon based on Mauser action. No record of hav-
ing heen produced.

Gun, Auwtomatic, 20-mm T116. Experimental
weapon based on Mauser action.  No record of hav-
mg been produced.

Figure 1-31.
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Gun, Automatic, 20-mnm T74 and Gun, Auteratic, 20-mm T110.
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Figure 1-32. Gun, Autematic, 20-mm TI118.

Gun, Automatic, 20-mm T1I7. This 1s the Navy
Mk 11 gun. The gun is a double-barrel, two-belt
feed, recoil driven weapon with revolver type breech.
The electrically primed ammunition is carried to the
gun by wire linked, electrically fired projectors which
serve to load the ammunition in the revolving cham-
ber and also to carry the fired cases and duds away
from the gun. The gun is designed to clear duds
automatically and to continue firing without rcleas-
ing the firing switch. One of the unique features
of the gun is the method employed for loading the
firing chambers by means of the primed ammunition
projectors,

Gun, Automatic, 20-mm TI1I18. This nomen-
clature was established in the latter part of 1948
to identify a T34E1 gun rechambered and modified
to fire a 1,600-grain projectile using the caliber .60
cartridge case. Approximately 20,000 rounds had
been fired in tests of the T118 gun and feeder up to
30 June 1950. Subsequently the Navy adopted
the T'130 round for use in the T118 gun. This
round consists of a 1,700-grain caliber .60 case but
approximately 0.266 longer in the body than Army
ammunition. This gun was adopted into the Navy
as the Mk 12. However, the Navy guns arc cham-
bered for ammunition approximately one-quarter
inch longer than the Army ammunition.

Guns, Automatic, 20-mm TI122 and 20-mm
T123. The designations 20-mm T122 and 20-mm
1123 have appcared in some documents. These
numbers were given in error [or 20-mm T128 and
20-mm '1'129, respectively., No 20-mm guns were
ever designated 1122 or T123.

Gun, Automatic, 20-mm T126. An experi-
mental percussion-fired weapon with 900-rounds-
per-minute cyclic rate, recoil operated with integral
feed mechanism, 78-inch length and 110-pound
weight.  Differs from the wcapon designated as

CONFIDENTIAL

Gun, Machine, 20-mm, 156 in increased cyclic rate
and reduced length and weight.

Gun, Automatic, 20-mm TI127. An expen-
mental clectric-fired weapon with 1,000-rounds-per-
minute cyclic rate, recoil operated with external-
powered feed mechanism, 78-inch length and 140-
pound wcight. Fired clectric-primed ammunition
emnploving a caliber .60 cartridge case and 20-mm
projectile.  Differs from gun, automatic, 20-mm
T'116 in incrcased cyclic rate and reducced length.

Gun, Automalic, 20-mm TI128. Ths 15 Navy
20-mm gun mechanism Mk 9 Mod 1.

Gun, Automatic, 20-mm T129. This s Navy
20-mm gun mechanism Mk 13 Mod 0.

Gun, Automatic, 20-mm T160. This is a ver-
sion of the caliber .60 T'130 gun firing the 60,20-
mm Army cartridge.

Gun, Automatic, 20-mm T171. 'This is a con-
version of the caliber .60 '1'43 gun to fire the 60./20-
mm Army cartridge. These guns operate on the
Gatling principle.

Gun, Automatic, 20-mm MI1. Ths was the
standardized version of the T1 [Hispano-Suiza
404). It was ncver in active service. Designed as
a motor-mounted gun, it was fed by a drum maga-
zine. The receiver was 7 pounds lighter in weight
than that of the M2,

Gun, Automatic, 20-mm M2 Sertes. This 13
the standard gun as used in World War II. The
MZ2E1 used a special tube having a twist of 1 1n 10
calibers, right hand; M2E2, 1 in 40 calibers, right
hand; M2E3, 1 in 60 calibers, right hand; M2I4,
1 in 100 calibers, right hand. The designation, Gun,
Automatic, 20-mm M2, had earlier been applied
to a Solothurn antitank gun but that action had
been rescinded.

Gun, Automatic, 20-mm M3. Standardization
of the T31.
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Figure 1-33.

Gun, Automatic, 20-mm M23. For synchron-
ized firing or fire interruption from the battery posi-
tion, using percussion-primed ammunition.

Gun, Automatic, 20-mm M 24 Sertes. The M24
is a standardization of the T31E2. The M24El
difTers in size of gas vent hole to maintain 750 rounds
per minute cyelic rate for use ol the 1,600 grains
projectile, practice, 20-mm T61EI. In the M24E?2
the bolt 13 modified to permit the incoming round to
assist in controlling extraction and ejection of com-
plete round in chamber. The M24A1 incorporates
a barrel plunger and modified gas svstem. This was
ollowed by an improved version known officially as

the M24A2.

20-mm Automacatic Guns with Mark and
Mcd Numbers

20-mm Machine Gun Mechanism Mk 1. No
Mk 1 assigned to United States equipment. DBritish
Derlikon.

20-mm Machine Gun Mechanism Mk 2 Mod 0.
Manufactured from drawings prepared for produc-
tion of the British Mark II Oerlikon.

20-mm Machine Gun Mechanism Mk 2 Mod 1.
Refinement of the Mk 2 Mod 0.

20-mm Machine Gun Mechanism Mk 3. No
Mk 3 assigned to United States equipment.  British.

2l-mm Machine Gun Mechanism Mk 4 Mod 0.
Oerlikon manufactured from drawings prepared by
NOP Centerline. Same as Mk 2, except toler-
ances.  Limited interchangeability with Mk 2,

20-mm Machine Gun Mechanism Mk 4 Mod 1.
Ocrlikon, differs irom Mk 4 Mod U in having new
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Gun, Automatic, 20-mm M23,

breech casing rear cap and shortened trigger needed
for use on mounts Mk 20, Mk 21, and Mk 24,
20-mm Machine Gun Mechanism ME 4 Mod 2.
The Mk 4 Mad 0 changed as follows:
1. Breechbar cam is attached to right breech
bar,
2. Special trigger for use with Solenoid Mk 29.
3. Solenoid Mk 29 replaces trigger cover plate.
4. Uscs back cover without handgrips; this
permits the use of R. H. recoil operated

belt feed.

20-mm Machine Gun Mechanism Mk 4 Mod 3.
The Mk 4 Mod 0 changed as follows:

1. Breechbar cam is attached to left breech bar.

2. Special trigger for use with Solenoid Mk 29.

3. Solenoid Mk 29 replaces trigger cover platc.

4. Uses back cover without handgrips; this

permits the use of L. H. recoil operated
belt feed.

20-mm Machine Gun Mechanism Mk 4 Mod 4.
Differs from Mk 4 Mod O in that trigger, breechbar

securing bolt retaining pins, handgrip, and magazine
catch lever are redesigned or modified to suit mount
Mk 1.

20-mm Machine Gun Mechanism ME 4 Mod 5.

Lliminates machining for dm]hlﬁ-lnading stop om

Mk 4 Mod 0.

20-mm Machine Gun Mechanism Mk 4 Mod 6.
Eliminates machining for double-loading stop on
Mk 4 Mod 1.

20-mm Machine Gun Méchanism Mk 5. No

Mk 5 assigned to United States equipment. British
Oerlikon.
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20-mm Machine Gun Mechaniszn ME 6 Mod 0.
Experimental Oerlikon design by Pontiac. Similar
to Mk 4.

20-mm Machine Gun Mechanism ML 7. No
Mk 7 assigned to United States equipment. Re-
served for British gun.

20-mm Gun Mk 8 Mod 0. The 20-mm T31
(M3) adapted to Mark 25 mount by Emerson Elec-
tric Co., St. Louis, Mo, This was an attempt to
use the Hispano as an antiaircraft defense against
suicide planes.

20-mm Gun Mk 8 Mod I. The 20-mm T3]
(M3) adapted to Mark 22 mount for shipbeard
antiaircraft use.

20-mm Gun Mechanism Mk 9 Mod (. Devel-
oped from EX 1, designed by Shirgun Co. 20-mm
self-fed, feed operates off bolt travel. There were
improvements in the pneumatic system and the firing
pin was scared. With the 32/-inch barrel a muzzle
velocity of 2,680 fcet per second was obtained at a
rate of fire of 1,000 rounds per minute. Built at the
Naval Gun Factory. There were two guns of this
type made.

20-mm Machine Gun Mechanism Mk 9 Mod 1.
Modified from Mod {}, these guns use Hispano elec-
tric primed ammunition at a rate of 1,100 rounds
per minute. The feed 1s operated by a camway on
the bolt extension. The pneumatic sear was re-
moved. Two guns of this type were produced by
modifying the Mod 0 units,

20-mm Gun Mechanism ME 16 Mod (. This
was a proposed twin-barrel gun to fecd from a single
belt. Early design work by Shirgun Co. was based
on the Hispano round. The Naval Gun Faclory
later made studies for the use of 60/20 clectric
primed ammunition. Only a wooden model has
been made.

20-mm Gun Mechanism ME 11 Mod 0. 20-mm
double barrel, revolving breech, self-fed gun.  Uses
aluminum 60/20 mm cartridge cases. Uses two
belts and rclinks the cascs.

20-mm Gun Mechanism Mk 12 Mod 6. An im-
proved version of the T118 with chamber length-
ened to take the 60,20 mm Navy rqund.

20-mm Gun Mechanism ME 12 Mod 1.
barrel version for use in the turret,

20-mm Gun Mechanism Mk 12 Mod 2. In-

cludes modification to improve parts life and permits
standardization for mass production.

Short

CONFIDENTIAL

20-mm Gun Mechanism Mk 13 Mod 0. 'This
gun resembles the Mark 9, Mod 1, but is chambered
for the short 60/20 round of the Army Ordnance
Corps. The 60-inch barrel gives a muzzle velocity
of 3,300 feet per second. There is no driving spring
and ignition i8 electric.  Buwilt at the Naval Gun
Factory, only two of this Mark have been made.

20-mm Gun Mechanism ME 14 Mod 0. 20-mm
version of 30-mm Mark 1. Mechanism is same ex-
cept chamber and barrel.  High-velocity ammu-
nition.

20-mm Gun Mechanism Mk 15 Mod 0. Modifi-
cation of 20-mm T'110 to use Navy 60,20 round.

20-mm Gun Mechanism Mk 15 Mod 1. Refne-
ment of the Mk 15 Mad (.

20-mm Gun Mechanism ME 16 Mod 0. 20-mm
M3 gun modified by NGF to use Mk 8 feed.

20-mm Gun Mechanism ME 17 Mod 0. 20-mm
M24 gun modified by NGF to use Mk 8 feed.

20-mm Machine Guns with EX

Designations

20-mm Gun Mechanism EX I, Type 1. This
project was placed on contract with the Shirgun
Corp. by the Bureau of Ordnance. Thc wcapon
was developed into the Mk 9 Mod 0.

20-mm Cun Mechanism EX 2. 'This project was
initiated in July 1942 to develop an integral feed
20-mm aircraft gun which could utilize 20-mm
Ocrlikon ammunition. The proposed gun was to
replace the current 20-mm aircraft gun which had
been experiencing excessive malfunctioning of the
feced mechanism and presented installation difficul-
ties in various planes. The Navy contacted the
NDRC and outlined its desires for a new 20-mm
gun. The NDRC in turn contacted Johnson
Automatics, Inc. to develop the propused weapon.
The Johnson gun was gas operated, belt-fed, and
first used Oerlikon ammunition, later being modi-
fied to use Hispano rounds.

20-mm Machine Gun Mechanism EX 3. This
was the project which developed into the Mk 10
Mod 0.

20-mm Machine Gun Mechanism EX 4. This
project developed into the Mk 11 Mod 0.

20-mm Machine Gun Mechanism EX 5. Dased
on the Mark 13 Mod 0 with major improvements.
Feed operates off barrel extension and twin locks
are used instead of single locks.
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Figure 1-34. 20-mm Machine Gun Mk 11 Mod 0. Three-quarler front view.
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Figure 1-35. 20-mm Gun Mechanism Mk 12 Mod 1.
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Figure 1-36. 20-mm Gun Mechanism Mk 13 Mod 0. This weapon is also known as the T129,
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Figure 1-37. High-velocity 20-mm Machine Gun Mk 14 Mod 0. Side view.

Figure 1-38. 20-mm Gun Mechanism Mk 16 Meod 0.
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Figure 1-39. 20-mm Aircraft Cannon EX 1 Type 1. Prototype.
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Redesign under direction of Dr. Walter F. Grasse,
Dr. Richard H. Braun, and Mr. Theodor Rakula.

20-mm Machine Gun Mechanism EX 6. Utiliz-
ing short recoil, blowback, and gas for its operating
power for both breechblock and feeder.  Double
roller locks used for sccurely holding breechblock
and barrel extension together during moment of
firing. Cammed unlocking. This versionis to fur-
nish engincering design data for use in construction
of a 30-mm gun. Responsibility for design given
to Lt. Col G. M. Chinn, USMCR.

Caliber .90 Machine Guns with
T Numbers

Gun, Machine, Caliber 90 T1. This gun was
built at Rock Island Gun Arsenal and used a necked-
down 1.1-inch cartridge casc. The muzzle velocity
was 2,850 feet per second and the rate of fire was
150 rounds per minute,

Gun, Machine, Caliber 90 T2 Sertes. The T2
series were built by Watervliet and based on the
QOecrlikon design. Refinements of the caliber .90 T2
were made in Gun, Machine, Caliber .90 T2E1 and
Gun, Machine, Caliber .90 T2EZ2.

Gun. Machine, Caliber 90 T3. Similar to the
T2 but included a blowback retarding device.

Gun, Machine, Caliber .90 T4. Built by the Colt
Co. and based on the design of the Browning long-
recoil cannon. Although the T4 was developed to
provide an automatic aircraft weapon of great strik-
g power, the need for an antitank gun more power-
ful than the caliber .50 machine gun hut lighter and
morc¢ mobile than the 37-mm gun M3, caused serious
consideration of the '1'4 for this purpose.

27-mm Automatic Guns with T Numbers

Gun, Automatic, 27-mm T150. Modification of
the caliber .60 T4 to permit use of a 27-mm projec-
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tile from the same basic cartridge case. The mech-
anism 1s bascd on the Gatling principle.

Gun, Automatic, 27-mm 1'151. Gas operated
revolver similar to the caliber .60 T130. These guns
are Amcrican improved designs based on the Ger-

man MG2135,

30-mm Automatic Guns with T Numbers
Gun, Automatic, 30-mm T120. This is a con-

version of the 20-mm T109 to 30-mm and 18 the

equivalent of the Navy 30-mm Mk 5 Mod 0.

Gun, Automatic, 30-mm T12]. Similar to the
20-mm T110 but fires the 30-mm round. Gas-
opcrated revolver gun.

Gun, Automaiic, 30-mm TI182. Similar to the
30-mm T121 but fires a higher-velocity round.

30-omm Machine Guns with Mark and
Mod Numbers

F-mm Machine Gun Mechanism Mk I Mod 0.
Modification of 20-mm Mk 11 to fire low-velocity
30-mm ammunition.

30-mm Machine Gun Mechanism ME 2 Mod ().
Modification of 20-mm T110 to fire low-velocity
30-mm ammunition,

dl-mm Machine Gun Mechanism ME 3 Mod 0.
Modification of 20-mm Mk 13 to fire low-velocity
30-nun ammumtion.

30-mm Gun Mechanism Mk 4 Mod 0. Modifi-
cation of 20-mm Mk 12 to fire low-velocity 30-mm
ammunition.

30-mm Gun Mechanism Mk 4 Mod [. Short-
ened Mk 4 Mod 0 for turrets to fire low-velocity
30-mm ammunition.

30-mm Gun Mechanism Mk 5 Mod (0. Modih-
cation of the 20-mm T33 serics to fire low-veloaty
30-mm ammunition.
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Figure 1-40. 30-mm Gun Mechanism Mk 5 Mod 0.
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1.1-inch Machine Guns with Mark and
Mod Numbers

I.1.anch Machine Gun Mechanism ME 1 Mod 0.
The recoil operated antiaircraft machine gun de-
signed by the Bureau of Ordnance for shipboard
use, Used in World War 1T and declared obsolete
upan demobilization.

I.1-inch Machine Gun Mechanism ME I Mod 1.
Vanation of the Mk 1 Mod 0.

1. 1anch Machine Gun Mechanism ME 1 Mod 2.
Another variation of the Mk 1 Mod 0.

[.1-inch Machine Gun Mechanism AME 2 Mod 0.
Gas-operated, experimental machine gun.

37-mm Automatic Guns

Gun, Automatic 37-mm T/{. Built about 1924
and based on a design by Col. Thomas Jervey,
United States Army Ordnance.

Gun, Automatic 37-mm T2, 'I'he 12 Browning
was tested at Aberdeen in June 1925, It was de-
signed for muzzle velocity of 3,057 fect per second.

Gun, Automatic 37-mm T2EI. This modifica-
tion increases weight of barrel to overcome weakness
of T2 barrel. This gun has a water jacket.

Gun, Automatic 37-mm T3, This was a Brown-
ing design with a muzzle velocity of 1,350 feet per
second.

Gun, Automatic 37-mm T5. Designed by the
Ordnance Department and bult at Rock Island
Arsenal.

Gun, Automatic 37-mm TSH5EI. In September
1938 the subcommittee on aircraft cannon recom-
mended that the 37-mm automatic gun TH of Ord-
nance design be turned over to the Air Corps for
further test after the completion ol tests under way
at Aberdeen Proving Ground. After modifications
making the gun lighter, the designation was changed

DESIGNATIONS

to 37-mm automatic gun THET.  Preliminary tests
at Aberdeen Proving Ground were made in January
1939, The results demonstrated that the weight of
the gun was excessive, the cyclic rate of fire com-
paratively low, and the feed mechanism unsatisfac-
tory. The Ordnance Committee in June 1939 di-
rected that the project be canceled and the pilot
weapon sent to Watervliet Arsenal for use in con-
ncction with the study and design of automatic
WEAPOTIS.

Gun, Automatic 37-mm T9. The T2 gun was
modified as a result of the experience gained from
the various tests, until eventually a pun designated
19 was ready for test. In September 1939 this gun
was mounted first in the nacelle of an A-20A attack
plane, and later in P-38 and P-39 fighter planes.
Further modifications of the experimental T9 gun,
utilizing the knowledge gained [rom the extensive
tests it had undergone, led to an acceptable weapon
which was standardized as the M4. This gun was
to be emploved by fighter planes in attacks from the
rear at long range against single large bombers and
for ground strafing.

Gun, Automatic 37-mm T19. Actually no 37-
mm automatic gun 119 was ever made. The desig-
nation was used to set up the characteristics of the
ideal gun. Early in 1912 intensive efforts were made
to establish the necessity for a high-velocity 37-mm
automatic cannon for aircraft use. The primary
mission of this piece was to be the attack of mech-
anized ground forces, a task for which the ballistic
characteristics of the ammunition used by the 37-
mm automatic gun M4 was madequate. Experi-
ence gained with a 37-mm antiaircraft gun M1AZ
mounted 1 an airplane determined the desired mih-
The weight, including gun,
tube, and feeding device, was not to exceed 400

tary characteristics.

Figure 1-41. 37-mm Browning Gun T9 showing ejection chute for the five-round leeder. Right side view.
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Figure 1-42. 37-mm Browning Gun T20 with barrel removed. Right side view.

pounds. Both charging and firing gun were to be
bv remote control and the feed was to be by a dis-
integrating link belt, or, as a second choice, the belt
or magazine. Firing was to be at the highest cyclic
rate possible.

Gun, Automatic 37-mm T20. In the spring of
1942 Oldsmobile under Ordnance Department
contract instituted a study of the redesign of the
37-mm antiaircraft automatic gun M1A2 Lo adapt
it to fulfill the characteristics of a high velocity 37-
mm automatic gun for aircraft installation.  Desig-
nation of the new gun was 37-mm automatic gun
T20. Substantially, this gun was the N1A2 gun,
modified to incorporate a disintegrating belt feed,
with a change in the external barrel dimensions and
external recoil mechanism dimensions to permit in-
stallation of this gun in the P-39 airplane.

Gun, Automatic 37-mm T20FEI. Because the
installation in the P-39 airplane of the new high-
velacity 37-mm automatic gun T20 had not yet

32

been set up by the Army Air Corps, 1t was consid-
ered desirable, in December 1942, to eliminate the
special barrel and recoil system needed for this -
stallation. This change involved using the barrel
and recoil system of the MI1A2 antiaircraft gun.
The gun, as modified, was designated 37-mm auto-
matic gun T20El, and embodies fewer changes
from the MI1A2 than the T20, thus faciitating
production.

Gun, Automatic 37-mm T20E2. The develop-
ment and standardization of the T20E1 gun as 37-
mm automatic gun M9, for left-side feed resulted
in the development of the 37-mm automatic gun
T20E2, a right-hand feed weapon. The principal
difference between the left-hand feed and the right-
hand feced was in the construction of the feedbox.
The gun could be changed from a left-hand to a
right-hand feed, and vice versa, by replacing the
feedbox and the carricr bearing brace.
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Figure 1-43, 37-mm Browning Gun T20EZ2. Right side view,

Gun, Automatic 37-mm T37. Designed by the
United Shoe Machinery Corp. It includes a recoil
operated mtegral feed, an integral charger and clec-
tric ignition.  "The first pilot model of this weapon
was completed in November 1945. The first test
resulted in several broken parts.  This gun will be
uscd to gain information for a complete redesign
of a 37-mm weapon. This gun operates on the
German Mauser principle.  The recciver of the
gun has two rails with two cam paths, onc for
ejecting the extracted cartridge case, and the other
for guiding the round into the chamber. The gun
is designed for electrically fired ammunition. The
breech end of the tube has gear teeth machined on
the top surface that operate the feed mechanism.
A sprag type clutch 1s used to transmit the energy
[rom the recoiling tube to the feed mechanism.
The rotating bolthead i1s tied to the bolt body
through a helical spline. There 1s no provision for

CONFIDENTIAL

buffing the picking up of the bolthead by the bolt
body during the recoil stroke.  The halthead changes
from a rotational velocity to a translational velocity
in a very small interval of time on the recoil stroke
and from previous experience with the cal. .60
Mauser action gun, which has a buffer between the
boltbody and bolthead, it 1s belicved excessive forces
duc to high accelerations will result in short life
and breakage of parts. There are four sets of inter-
rupted locking lugs on the bolthcad and upon ex-
amination of the detail drawing for the bolthead,
it 1s noticed that the internal spline removed a large
portion of the metal locking lugs.  Failures of the
metal supporting the locking lugs of the caliber .60
bolthcads, proved the necessity for supporting the
locking lugs with sufficient metal. A very in-
genious mechamcal huffer has been developed for
buffing the bolt as it comes into battery on the
counterrccoll stroke.  Energyv is absorbed by vi-

33



THE MACHINE GUN

brating a mass of steel between two saw-tooth sur-
faces. It is claimed that this mechanical bufler
will change the velocity of the bolt from about 25
fect per second to about 6 feet per second. The
gun will be started in motion by use of a cartndge
‘I'he bolt buffer consists of a series of
helical compression springs distributed around the
periphery of a cup enclosing the boltbody thus
minimizing the length of the receiver. The parts
of this gun were completed except for the final ma-
chining of the bolthead and boltbody and it was
stated that the gnn would be assembled at the earliest
practicable date.

Gun, Automatic, 37-mm T37EI. The records
do not indicate the history of the T37E1. "The
T37El gun changes the T37 from a gas-operated

charger.
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Figure 1-44,

to a recoil-operated gun.  Rollers operating in a
stationary cam path induce rotary motion to a
cylinder which in turn transmits lateral motion to
the bolt operating shdes through helical splines
machined in the inside of the cvlinder and the out-
side of the two slides. A hydraulic bolt operating
system which operates from the hydraulic pressure
obtained from the recoil cylinder was designed but
not built.

Gun, Aulomatic, 37-mm T44. Developed by
the Colt Co. to satisfy the same requircment as the
T37. The records indicate that no gun was ever
constructed to this design.

Gun. Automatic, 37-mm T45. This was an un-
conventional design by the Bartelt Engineering Co.
It used a hinge-type sliding shutter to replace the
conventional breechblock. This, combined with a
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light reciprocating bolt and recoiling barrel, should
make a very high cyclic rate gun. A unique design
of ammunition loading, accomplished during
counterrecoil of the barrel, had not been completed
because of the difficulty in designing a satisfactory
means of diverting power from the recoil barrel to
the ammunition carrier, which must travel at slightly
greater than twice the barrel speed.  Design was
still at the rough layout stage when canceled.

Gun, Automatic, 37-mm 1T46. Developed by
Production Methods, Inc. The prelimimary de-
signs utilized several features common to guns of the
Salothurn type and in their existing form showed
considerable promise. No guns were ever made.

Gun, Automatic, 37-mm T49. High cyclic rate
automatic aircraft gun firing new high-velocity am-
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Gun, Automatic, 37-mm T37EL.

munition, with the matched projectiles.  Developed
by Bartelt Lngincering Co., Rockford, Ill.  This
was a modification of the TITispano-Suiza 20-mm
gun M2 with a forward firing bolt. An integral
recoil feed mechanism was under construction ac-
cording to this design.

Gun, Automatic, 37-mm T172. Believed in-
tended [ur radar jamming by firing shells loaded
with tinfoil strips.

Gun, Automatic, 37-mm M. A 3,000-feet-per-
second antiaircraft gun designed by Browning. It
was tested at Aberdeen Proving Ground on 23 June
1925 and was considered a success, although 1t gave
some trouble: the muzzle end of the barrel, bevond
the water jacket, was too thin and overheated badly;
there were numerous stoppages resulting from fail-
urc to ¢ject the empty cartridge cases.  After fur-
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ther experimenting by Colt {Mr. Browning had
died in 1926) a second pilot was built and then
standardized as the Browning 37-mm automatic
antiaircraft gun, M1, in May, 1927.

Gun, Automatic, 37-mm MIEI. In 1937 the
M1 guns were modified and improved and redesig-
nated M11.1.

Gun, Automatic, 37-mm M1AI. In October
1938 the gun was standardized as the M1AIL but
without water jacket. In addition to improvements
in the functioning of the mechanism, there was an-
other change in the gun: the velocity was dropped
from the hoped-for-but-not obtained 3,000 feet per
second to the more realistic 2,800 feet per second.
This reduction also cut down erosion.

Gun, Automatic, 37-mm MIA2. 'The accuracy
ol the M1 had always been unsatisfactory and in-
vestigation showed that the projectile was unstablc
in flight. In 1939 an increase was made in the twist
of the rifling from 1 turn in 35 to 1 in 30 calibers.
The modified gun was decsignated the M1A2. A
year later, a final change was made in the charac-
teristics of the gun—the muzzle velocity was reduced
again, to 2,600 feet per second.

Gun. Automatic, 37-mm MIA2EI. The 37-mm
gun M1AZ was tested at high altitudces to determinc
whether it wounld be satisfactory as an aircraft gun.
As results of the tests were favorable, in May 1942

DESIGNATIONS

the Army Air Corps initiated a project to mount it
in the nose of the A—20A airplane, requesting that
an endless articulated belt magazine be furnished
with the gun. Designed for this installation, the
37-mm endless belt magazine T9 was similar to the
M6 magazine on the 37-mm gun M4 on the P-39
plane, except that the thrust of the loaded belt on
the short turns was taken on wheels instead of on
the magazine trackway. To accommodate the
magazine 1Y, the M1A2Z gun was modifiecd with a
loading handle and a lock frame embodying a car-
rier lifter cam, and designated 37-mm Automatic
Gun MITA2EF1. It was subsequently discovered,
from extensive firing tests in a “bathtub™ installa-
tion projecting below the bomb bay, that the blast
from the two guns was so severe that the lower part
of the fuselage was damaged, particularly in the
arca around thc hatch for the front landing wheel.
Since this condition could only be overcome by ex-
tensive reinforcement of the structure, it was decided
to use the 1'20E1 gun and not the MTAZE1.  As
the T20E1 gun used a disintegrating link belt type
feed, the requirecment for the T9 magazine no longer
existed. Therefore, although the 37-mm endless
belt magazine T9 functioned satisfactorily, its de-
velopment was cancelled in October 1943,

Gun, Aulomalic, 37-mm M4. The modifications
made on the T9 model to produce the M4 effected

LERT SIDE ViEW

Figure 1-45. Gun, Automatic, 37-mm M4.
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Figure 1-46. 37-mm Browning Gun M4El. Right side view.

a number ol important improvements.  The back-
plate of the M4 was reinforced and the buffer on
the backplate assembly was changed; the recupera-
tor bushing ports of the recuperator cylinder werc
enlarged to increase the rate of fire; a stronger car-
rier catch spring enabled the carrier catch to return
faster to its normal position; the trigger extension
mecchanism on the T9 lock frame was placed on the
tube extension of the M4; and helical springs on
the buffer of the M4 replaced the Belleville springs
of the 1.

Gun, Automatic, 37-mm MIEI. In 1941 the
Army Air Corps, in order to increase the armament
of certan planes, established requirements for planes
with wing-mounted 37-mm automatic guns fed
from the fuselage. This requirement made it nec-
essary Lo develop a gun with right-hand feed to pair
with the left-hand feed of the 37-mm automatic gun
M4. Tosupply this need the M4 gun was modified
to feed from the right and was designated 37-mm
automatic gun M4E1.

Gun, Aulomatic, 37-mm M4E2, The M4E2
eun had a modified feedbox and tube extension: the
left-side plate was slotted to receive the feed as-
sembly lever when the gun was fed from the right

side.  The MAE?2 gun was changed from a right- to
a left-hand feed by shifting the following parts of
the feedbox mechanisms. The {ced shde lever was
taken from the right bracket, turned upside down,
and placed in the left bracket; the feed crank was
rotated 180° so that the opposite feed crank stud
engaged the slot in the feed slide lever; the feed
slide was taken from the right side of the feedbox
frame, turned around, and inserted in the lelt side
of the feedbox frame; and the stops in the pawl
assembly were turned upside down and inter-
changed. The complete assembly was shifted to
the left.

Gun. Automatic, 37-mm A{4E3. This was sim-
ply the M4 modified for use with a disintegrating
link belt [ced mechanism to feed from the left side.
The method of feeding was the same as that of the
standard feedbox, cxcept in the shape of the parts,
and in the operation of the stop and holding pawls.
Attached to the forward end of the recuperator was
a cylindrical expansion chamber, closed at the top,
into which the oil could flow as it expanded. The
development of the M43 was given a low priority
to permit earlier development of the high velocity
37-mm automatic gun with a disintegrating link

TR R ATt T TR A S I L T T LI TR T T T TR e T e N

e R CLETTTYRE L bR EeY

ol pn i Lpn i bibat i bore

Figure 1-47. 37-mm Browning Gun M4E2 showing the M4 converted to feed from either side.
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Figure 1-48. 37.-mm Automatic Gun M4E3,

belt feed mechanism.  As soon as this latter develop-
ment was completed and the gun standardized as
37-mm automatic gun MY, the development of 37-
mm automatic gun M4E3 was assigned higher prior-
ity because of the increasing difficulty in providing
endless belt fced mechanisms for the M4 gun.
Gun, Awtomaltec, 37-mm M4E4, Similar o the
M4E3 except that it incorporated a right-hand feed.
Gun, Automatic, 37-mm MY, After tests of the
T20E1 gun at Aberdeen Proving Ground and at
Eglin Field, Fla.,, recommendations resulted in
minor modifications to improve the functioning of
the gun for use in aircraft. It was approved in Jan-
uary 1943 for standardization as a 37-mm gun MY,
The 37-mm automatic gun M9 was hasicaliy the
same as the 37-mm antaircraft gun M1A2 in gen-
eral appearance and functioming. The chict differ-
cnces 1n the appearance of the two guns were 1n the
shape of the recuperator expansion tube socket and
the position of the recuperator expansion tube. The
M9 gun socket was buwlt with a filler screw and
bracket on each side, while the gun socket of the
M1A2 gun had a single filler screw and bracket on
the right side only. In the MY gun the expansion
tube was placed to the rear of the socket and ex-
tended upward at an angle. In the M1AZ gun the
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cxpansion tube was in front of the socket and par-
allel with the gun tube. Unlike that of the M1A2
gun, the M9 gun tube had splines machined at its
muzzle end. The flats machined at approximately
the middle of the M1AZ gun tube for application of
the tube wrench were not incorporated in the M9
gun tube. ‘The cartnidge tray for the M1A2Z gun
fecedbox was not used with the M9 gun, as the M9
gun used an inlet feed chute and a link ejection
chute attached to the feedbox by cyebolts and wing
nuts. The lower end of the operating lever on the
M9 gun had a round hole to admit a charging pin,
while the M1A2 gun’s operating lever had a trian-
gular hole to permit use of a priming rod. A sight-
ing slot was incorporated in the trunnion block of
the M9 gun, near the tube lock depressor, but the
MI1A2 gun had no such slot.

Gun, Automaiic, 37-mm MIEI. In November
1943 the Army Air Corps requested the Ordnance
Department to modify a 37-mm M9 gun so that
it could be installed in the P63 fighter plane. The
[ollowing January a project was authorized for
this purpose with . the designation 37-mm  auto-
matic gun M9E1. The requirements outlined by
the Army Air Corps called for reduction of the tube
diameter and modifications of related parts to allow

37



THE MACHINE GUN - B CONFIDENTIAL

.uut:,u-..juil-lthll-l'Irﬂlhrﬂ-'i“ﬂ““'f'ﬂ""f“ R
e e R B P

i iﬂ‘mmi-mﬁjﬁmﬂ-,-‘ LA,

iy BT T e a0 i b T -J-:llﬂullﬂh
L ks =

o : EERPRRATIETIT 1 i L ey
ol PR L S

...ﬂi'. wE R ETITRAL TR § PR T Ay

S
e i R "“‘"Eﬂ-ﬂ"’" ;
C

SRR
:h:':t::I:

"I.lt t" III| i

""i-‘l'rw- lw-ljl;"-%i‘dl"ﬁn

.I.'_--I R, H

Figure 1-50, Gun, Automatic, 37-mm M9, with parts positicned for left-kand feeding.
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removal of the gun through the propeller hub.
Weight added at the tapered section in front of the
bearing allowed a reduced section near the muzzle
for freedom of movement in bore sighting.

Gun, Automatic, 37-mm M9AI. Firing tests of
M9YE] modcls conducted at Aberdeen indicated
that the operation ol the gun was completely satis-
factory. An HE shell was detonated in one M9E1
tube to dctermine the characteristics of the tube
and material. Results of this test were also com-
pletely satisfactory and indicated that the tube was
sufficiently strong to withstand any firing that would
be encountered in service. In September 1944 the

M9E1 gun was standardized as 37-mm automatic
gun AN-MOYAL.

Gun, Automaiic, 37-mm MIAIEI. 'This was a
project to utilize M9 tubes to supplement produc-
tion of M9AT guns.

Gun, Automatic, 37-mm M10. The Army Air
Corps, which was kept fully informed of the progress
of Ordnance development of the 37-mm automatic
guns M4E3 and M4E4, at this juncture directed
that the M4E4 be placed in the P 63 fighter plane.
This action was taken because the M4T4 fired 25 to
30 shots faster and had double the ammunition
capacity of the 37-mm automatic gun M4. How-
ever, the M4E3 and M4L4 were not yet ready for
standardization, since minor modifications to the
feedbox were necessary and the gun had not been
service tested, |

It was expected that the first 400 guns would
differ from the standard gun in minor details:
therefore they would require modification at a later
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date. It was also cxpected that by December 1943,
when the first 400 guns would be completed, all
modifications would have been approved and stand-
ard drawings would be availablc according to which
the remaining guns of the initial procurement could
be produced. Consequently, in August 1943, the
procurement of the M4E3 gun was increased to
2,500. By March 1944, all ground tests and aerial
tests of the modified gun had been satisfactorily
performed, and 37-mm automatic gun M4L3 and
37-mm automatic gun M4E4 were standardized as
37-mm automatic gun M10, with separate stock
numbers issued for right and lelt side {eed.

37-mm Automatic Guns with Mark and
Mod Numbers

37-mm Automatic Gun Mk 1 Mod 0. This is
the Army 37-mm M9 left-hand feed [or wet use as
the submarine antiaircraft gun.

37-mm Automalic Gun Mk 2 Mod 0. This is
the Army 37-mm M9 right-hand feed for wet use as
the submarine antiaircraft gun.

37-mm Automatic Gun Mk 3 Mod ). 'I'his is
the Army’s 37-mm antiaircraft gun M1A2 for wet
use.

40omm Automatic Guns with T and M
Numbers

Gun, Automalic, 40-mm 1T'1. The Ordnance
Committee had, on 6 February 1941, expressed its
approval of the Bolors light antiaireraft gun.  Man-
ufacturing rights were to be sought, drawings were
to be prepared, components and major assemblies
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37-mm Gun M10, left-hand feed.
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were to be interchangeable as between British and
United States Army Ordnance-made units, 2 com-
plete pilot units were to be manufactured, 2 guns
and carriages with 2 spare barrels and all equipment
were to be procured from the British.

Gun, Automatic, 10-mm T2. Right-hand loader
for twin 40-mm gun mount. This material 1s
standardized with T'3 without modification as Gun,
Dual Automatic, 40-mm, M2,

Gun, Automatic, 40-mm T3. Left-hand loader
for twin 40-mm gun mount. This material
standardized with T2 without modification as Gun,
Dual Automatic, 40-mm, M2.

(run, Auiomatic, 40-mm T'4. Standard M1 gun
modified for use with two caliber .50 machine guns
and computing sights on combination gun mount.
Requires drilling of special holes and machining of
bases on sideplate.

Gun, Automatic, 10-mm M.
of the T1.

Gun, Automatic, 40-mm MIAI. Modification
of M1 for application of certain computing sights.

Gun, Automatic, 40-mm MIE!. Left-hand
twist, Increasing 1 turn in 45 calibers at breech to |
turn in 30 calibers at muzzle,

Gun, Automatic, 40-mm MIE2. Never beyond
blueprint stage.

Gun, Dual Automatic, 40-mm M2. To adapt
the 40-mm gun M1 to twin mounting, a new gun
mount, T12, was dcveloped. This consisted of a
left-hand gun T3 and a nght-hand gun T2, T3 is
essentially a standard 40-mm gun M1 slightly modi-
fied so the extractor lever could be installed on the
bottom side of the gun.

Standardization

The extractor spindle was
modified so as to permit installation from the left
side. The right gun, T2, is similar to the Navy
40-mm gun, right hand. It diflers from the stand-
ard 40-mm gun, M1 in the following respects: It has
right-hand {eed fcaturcs; its hand-opcrating lever is
on the right side; the firing mechanism is on the right
side of the mner breech casing; rnight-hand frame of
the top carriage is modified; the extractor lever
is on the bottom of the gun; the breech closing spring
and the outer crankshaft closing spring are located
on the side opposite that of the M1 gun; the breech
ring lock is located on the right side; and the elevat-
ing scale 1s on the right side.
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40-mm Machine Guns with Mark and
Mod Numbers

40-mm A achine Gun Mechanism Mk 1 Mod 0.
The design of these mechanisms and barrels is essen-
Lially that of the Swedish Bofors 40-mm antiaircraft
gun. The design provides for a rapid fire, recoil
opcrated, automatic mechanism, with a maximum
cyclic rate of approximately 160 rounds per minute.

The Mk 1 Mod 0 is a left-hand mechamsm manu-
factured by York and is water cooled.

40-mm Gun Mechanism Mk | Mod 1.
hand mechanism manufactured by Chrysler.

4fi-mm Gun Mechanism ME 1 Mod 2. This is
a Mk 1 Mod 0 with feed improvements.

40-mm Machine Gun Mechanism ME 1 Mod 3.
This is a Mk 1 Mod 0 with feed improvements.

40-mm Machine Gun Mechanism ME I Mod 4.
This is the Mk | Mod 0 with additional modifica-
tions.

40-mm Machine Gun Mechanism MkE 1 Mod 5.
This is the Mk 1 Mod 1 with further changes.

10-mm Machine Gun Mechanism ME 1 AMod 6.
Modifications of the Mk 1 Mod 0.

40-mm Machine Gun Mechanism ME I Mod 7.
Modifications of the Mk 1 Mod 1.

40-mmm Machine Gun Mechanism Mk 2 Mod 0.
Right-hand mechanism built by York.

4l-mm Machine Gun Mechanism Mk 2 Mod |.
Right-hand mechanism built by Chrysler.

4-mm Machine Gun Mechanism Mk 2 Mod 2.
Mk 2 Mod O with improved feed.

40-mm Machine Gun Mechanism Mk 2 Mod 3.
Mk 2 Mod 1 with improved feed.

40-mm Machine Gun Mechanism Mk 2 Mod 4.
Additional modifications of the Mk 2 Mod 0.

40-mm Machine Gun Mechanissm Mk 2 Mod 5.
Additional modifications to the Mk 2 Mod 1.

40-mm Machine Gun Mechanism Mk 2 AMod 6.
IFurther changes to the Mk 2 Mod 0.

40-mm Machine Gun Mechanism Mk 2 AMod 7.
FFurther changes to the Mk 2 Mod 1.

40-mm Machine Gun Mechanism Mk 3 Mod 0.
This is the Mk | Mod () with feed modihed by the
Shirgun Corp.

40-mm Machine Gun Mechanism Mg 3 Mod 1.
This is the Mk 1 Mod 1 with feed modified by the
Shirgun Corp.

Left-
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40-mm Machine Gun Mechanism ME 4 Mod 0.
This 15 the Mk 2 Mod 0 with feed modified by the
Shirgun Corp.

40-mm Machine Gun Mechanism Mk 4 Mod 1.
This 1s the Mk 2 Mod 1 with feed modified by
Shirgun Corp.

4-mm Machine Gun Mechanism Mk 5 Mod ().
The 40-mm single-gun mechanism M1 installed on
mounts M3 for Navy use was procured for the War
Department from Chrysler Corp.  Slight modifica-
tions, such as difference in paint and buffer fluid
were made to the mechanism M1 to adapt it to
Navyuse. The arrangement required that the Navy
procure mechanism M1 for the War Department,
deliver them to Army activities for single-mount
assembly. During the period of production of 40-
mm single moimts M3 and guns M1, numecrous
Ordalts were prepared by the Naval Gun Factory
to better adapt the equipment to Navy use. The
major portion of these Ordalts was incorporated
nto production of the equipment. Close liaison was
maintained between the design sections of the Gun
Factory and the War Department and Army draw-
mgs were modificd as necessary to cover changes
in design requested by the Navy. Ewven though the
drawings and spccifications for the manufacture of
this equipment were exclusively under control of
the Army, the Navy was able to modify the equip-
ment in production as desired. The Army Trans-
portation Corps had a few requirements for the

mount M3 for transport vessels. However, it ac-
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cepted the assembly with all Navy modifications
and spare parts sets.  Modifications to the mecha-
nism finally required that it be given a new designa-
tion. This was done 1n March 1945 and the desig-
nation was changed from M1 to Mk 5 Mod 0. By
letter of 29 November 1944 the War Department
was requested to change the designation of the
mount stand to Mk 3 Mod 1. In reply dated 30
April 1945 the War Department advised that it
could not comply in that the stand was classified as
Army standard material and model numbcrs are
not assigned to Army gun mount subassemblies.
Therefore, the mount is still designated as 40-mm
mount M3.

40-mm Machine Gun Mechanism ME S Mod 1.
This is a modification in the sight adapter.

40-mm Machine Gun Mechanism Mk 5 Mod 2.
Modification for wet usc in a submarine.

40-mm Machine Gun Mechanism Mk 5 Mod 3.
Additional slight changes. |

#-mm Machine Gun Mechanism ME5 Mod 4.

Another slight variation.

d0-mm Machine Gun Mechanism ME 6. Mk 6

was never assigned.
40-mm Machine Gun Mechanism Mk 7 Mod 0,
Mk 1 Mod () modified to air cooled by Shirgun.
40-mm Machine Gun Mechanizm Mk 8 Mod 0.
Mk 2 Mod 1 modified to air cooled by Shirgun.

57-mm Automatic Guns

Gun, Auwlomatic, 57-mm T78.
directly from the German MK 112,

Design copied
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Figure 1-52. Gun, Automatic, 57.mm T78. This weapon is a conversion of the German MK-112,
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Chapter 2

ORDNANCE CORPS GAS-OPERATED
REVOLVER CANNON

SECTION 1. HISTORY AND BACKGROUND

The Ordnance Corps has originated a group of
gas-operated revolver cannons using a mechanism
based on a capturcd German revolver cannon known
officially as the Mauser MG—-213. The accompany-
ing table includes an identification of the weapons
that used this type of mechanism.

An MG-213 No. V6/10 was brought to the
Umnited States in a badly burned condition in 1943
and was restored to operating condition by the

United States Naval Gun Factory. American-
madec ammunition was used for a series of tesis.  Evi-
dence indicates that the Bntish obtained a specimen
of the MG-213 earlier than 1945 and shipped it
secretly to England.

The revolver principle had been employed in
cannon such as the De Brame as long ago as the
American Civil War, but the Germans were the
first to build a type in which the drum is reloaded

MG-213 Revolver Type Guns

Description

Automatic, revolver type, high-speed, aircraft machine cannon
made in both 20-mm (high velocity) and 30-mm. 20-mm gun
No. V6/10, a captured gun, was rebuilt by U, 8. Naval Gun

20-mm. Seccond rebuilding of the captured gun intended to secure
information needed for a United States version. Some changes
were incorporated.  Rebuilding accomplished in 1947,

20-mm.  Ordnance Corps design based on the captured gun. The
barrel position was changed from the top to the bottom of the

20-mm. Design emphasis was placed on reduction of weight and
reduction of overall dimensions to meet limitations specified by
the Ordnance Corps. This design was later redesignated 1T'110.

This weapon is the T74 madel C redesignated in 1948,

Designation assigned to 30-mm caliber of this type of gun. In
preliminary study phase in 1949,

Same mechanism as T110 except chambered for caliber .60 am-

Same mechanism as T130 except chambered for 2Z7-mm am-

Same mechanism as T130 except chambered for 60,20 small round.

Designation | Developed by
MG-213......... | Mauser. ........ |
|
| Factory.
T74 model A. . ... ARF (Armour Re-
scarch Foundation;.
T74model B. ... ARI'..............
cylinder,
174 model C. . ... ARF. ... .......... .
TI10....... ARF............. .
Ti21..... .. ARF. ... ... ... ..
M. ........... ARF. ... ... .......
FRILITI (1O,
TI51 . ........ ... ARF. ... ..........
IMUnition.
TI60. . ... ... ARFYK. ... ...
Ti04. ... ... .. AR . .. ... ... ...

Caliber .50 version of the T130 built at Springfield Arsenal.

CONFIDENTIAL
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Figure 2-1.

during firing. It is curious that the German gun
had its barrel near the top, away from the center of
gravity, since the barrel of the 1862 American De
Brame gun was on the bottom.

Background of the MG-213 in its Various
otages of Development

Late in 1942 the Luftwafle desperately faced a
nced for a 20-mm aircraft gun of superior perform-
ance, Specifications were issued calling for a gun
having a rate of fire of 1,000 rounds per minute with
a minimum muzzle velocity of 1,000 meters per
second. Since it was obviously impossible to meet
such a requirement with the existing types of am-
munition, the firm of Hasag was sclected to develop
the needed round.

It was known that the firm of Heinrich Krieg-
hoff Waffenfabrik in Suhl, Germany, had a very
promising gun design under development, but this
weapon was not based on the revolver principle.
This {irm, which before World War 11 had worked
mostly on sporting arms, did not have facalities to
push the project to a quick conclusion. The Luft-
walle, therefore, ordered the devclopment, trans-
ferred to Waflenfabrik Mauser A. G. The mech-
anism was improved by the Mauser plant to a point
where it gave the requured performance, but parts
breakages were excessive,

Because of the diflicultiecs with the original
weapon, a simultancous attempt was made to de-
velop another reciprocating action type of gun pro-
posed by a Mr. Linder, one of the Mauser engineers.
It was first called the MG-215 but later received
other designations; within the company, it was
sometimes referred to as the MG-213M. There

44

German MG-213. Right front view.

were also refercnces to it in German reports calling
it the 7-43. When the need for clarifying the desig-
nations of the several guns in the series became
apparent, this dcsign became standardized as the
MG-213B. This designation was retaincd until
work on the model was stopped in favor ol the
revalver principle. The original designation, MG-
215, was eventually assigned to another mechanism
which has no relation to the present 213 series.

The gas-operated revolver-type weapon we know
today as the MG-213 was the idea of another
Mauscr cngineer, named Politzer, who appcars to
have been considerably influenced by the feed sys-
tem of the Russian Shkas gun. The Mauser Co.
was so impressed with his idea that it took up the
matter with the German High Command and ob-
tained permission to make a prototype. It was
orignally called MG-216. Subsequently, it became
the MG-213C; still later, when converted to 30-mm
bore, it was known as the MK-213C,

When it became obvious in carly 1945 that it was
but a matter of time before Germany collapsed,
United States ordnance specialists were sent into the
field to find anything of value in experimental
weapons that the Germans had undcr test or in con-
templation.  After the surrender of Germany, sev-
eral of the high ranking technicians at the Mauser
plant revealed that an intensive program was under
way on the MG-213 series of guns.

It was claimed by these technicians that with their
latest development 150 rounds could be fired in |
continuous burst without overheating or undue wear,
and that 250 rounds could be expended at a single
flight when simulated combat conditions were fol-
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Figure 2-2. German Mauger MG-213B, designed by Linder,

Sectional view., The design was alse called MG-213M,

MG-215, and 7-43. Arrows indicate direction of travel of parts during unlecking.

lowed. Greatly improved barrel life was the result
of a special process used in polishing the bore and
chamber.

The first successful pilot model of the 20-mm
MG-213 was constructed by the Mauser Works as
early as 1943. By the time Germany was overrun
by the Allies, 5 prototypes of the final design had
been fabricated, and 10 more, numbered V6/1 to
V6/10, were in various stages of completion.  One
of the development models, No. V6/10 which had
been damaged by fire, was capturcd at the end of

the war along with some 20-mm ammunition and
shipped to the United States.

First ARF Development Program

This captured gun formed the basis for the
development program initiated wunder contract
W-11-022 ORD-11053 with Armour Research
Foundation (ARF).

The program was conducted in four major phascs
which overlapped with respect to time, as shown in
the accompanying table.

Figure 2-3. German MG-213. Lelt rear view.

CONFIDENTIAL

208970° —84——6H

45



THE MACHINE GUN

CONFIDENTIAL

Figure 2-4. Drum, drum housing, and electric trigger connection of the German MG-213.

Under phase 1, the captured German 20-mm
automatic gun MG-213 was studied and analyzed
to determine the advantages of its design features
and principles of operation.  The weapon was re-
conditioned, assembled 1 its 20-mm form, and fired
to obtain preliminary performance data.

Under phase 2, the captured German weapon was
reworked and meodified to permut more extensive
study and analysis of operating principles and design
features, and to permit more extensive firing for per-

46

formance data. This reworked weapon was desig-
nated 20-mm T74 Model A.

Under phase 3, a new model was designed and
built, duplicating to a large extent the fcatures of
the 20-mm automatic gun 1'74 Model A, and incor-
porating design improvements based upon the
knowledge gained from the studics, analyses, and
tests made of this weapon. This second model was
designated 20-mm Automatic Gun T74 Model B.

Under phase 4, another new model was designed
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Figure 2-5.

and built which mcorporated major design changes
to effect reduction in weight and overall dimen-
siong; to make assembly, disassembly, and servicing
easier; and to improve cvchic rate and performance.
This model was designated 20-mm Automatic Gun
T110.

The difficulties encountered 1n each model, the
design changes made to overcome difficulties in pre-

Slide, drum reveclving mechanism, rammer, and driving spring of the German MG-213.

ceding models, the results of kincmatic and stress
analyses, and photographs and assembly drawings
of each model were studied. -

In December 1949, the Ordnance Corps decided
to terminate the contract and to continue the devel-
opment of the 20-mm automatic gun T110 under
a ncw contract with the Armour Research Founda-
tion.

Research and Development Time Schedule for Armour Research Foundation Project

Phase I

I1 IT1 Iv

Gun MG—213

T4 A

T74 B T110

Study, analysis, and de- | April 1946 to Oc-

November 1946 to

November 1946 10 | December 1947 to

sign. tober 1946. June 1947, September 1947, March 1949,
Manufactureandrework | o000 oo o oL January 1947 to | November 1947 to | October 1948 to
September 1947, May 15, 1948. July 1949,
Test and modification. . .| September 1946 to | June 14, 1947 to | May 15, 1948 to | May 15, 1949 to

October 1946,

May 1948,

August 1949, December 1949,

Description of the MG-213

The German gas-operated gun MG-213, upon
which the development of all models of the revolver-
type of automatic cannon developed by the United
States was based, is a gas-opcrated, belt-fed, elec-
trically fired, pneumatically charged weapon which
fires at a rate of approximately 1,200 rounds per
minute. By changing certain parts, it may be con-

CONFIDENTIAL

verted from a 20-mm to a 30-mm weapon; by re-
versing certain components, it may be changed from
left-hand to right-hand feed.

The distinguishing feature of this weapon is its
revolving drum containing five cartridge chambers
parallel to its axis of rotation and mounted upon a
shalt within a housing so that each chamber 1s
brought into alinement with the bore of the barrel
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Figure 2-6. Slide, drum revolving mechanism, and rammer of the German MG-213. Disassembled view.

Figure 2-7. Drum revolving mechanism and charging piston of the German MG-213.
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Figure 2-8. Receiver assembly of the German MG-213,

when it reaches the 12 o’clock position during drum
rotation. The barrel 18 housed 1n a tube suppaort
attached to the front end of the drum support and
18 retained by interrupted screw threads and a key
lock,  When assembled, the receiver, the barrel,
and the front end of the tube support extend through
and are supported by a sleeve at the front end of
the receiver. The rear end of the drum support is
supported by two pins extending from each side of
the receiver throngh holes n the drum support.
The barrel, drum, drum suppert, and other parts
attached to the drum support constitute the recoil-
ing parts of the weapon and are guided in recoil
by the tube support within the sleeve at the front
end of the receiver and by two pins extending from
the receiver through each side of the drum support.

TTF ALt

Recoil and counterrecoil forces arc limited by ring
springs housed in the recoil cylinders at the front
end of the drum support and arc transmitted to the
receiver by piston rods which arc attached to the
front end of the receiver.

The drum is held in alinement with the barrel
during firing and indexed to bring the next chamber
in alinement with the barrel by means of the lve
rollers on the periphery of the drum, which engage
a cam track on an actuating shide in the bottom of
the receiver. The actuating shide 13 moved rear-
ward by a piston which receives its energy from
powder gases bled from the barrel into a cylinder
which is attached to the front cnd of the drum sup-
port. The slide is returned to its forward. or in-
battery, position by two springs in the rear of the

Figurs 2-9. Parts of the German MG-213, Drum, drum hcusing, feed guide, and feed wheels.
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Figure 2-10. German MG-213. Disassemkbled view.

shide. The shde has a switch tongue which pivots
about a pin through its forward end to change the
cam path. The switch tonguc is moved from one
side to the other during slide travel by a pin ex-
tending through the slide and engaging a stationary
cam in the bottom of the recciver.

Parts.  The parts listed here constitute the com-
ponents of the MG-213 automatic gun: drum sup-
port; drum; drum gude roller; drum actuating
slide; switch tongue; rammer; slide drive springs;
charger; gas cvlinder; recoil spring housing: recoil
spring housing sleeve; feeder; cartridge rctaining
detent; scaling sleeve; extractor; receiver; extrac-
tor actuator; switch tongue actuating cam; extrac-
tor linkages; ratchet notch (right-hand fecd};
ratchet notch (left-hand fced) ; firing pin; ejection
gas orifice; drum counterrotation plunger hole;
gude pins.

Operation of the MG-213

Preparation for Iuring. Remove the drive
springs and pull the slide back to its rear position.
Fit the feeder shaft tool into the back end of the
fceder shaft and, while holding up the drum shaft
latch, pull the shaft rearward until the shaft is
disengaged from the drum at the dog-face clutch.

Feed the ammumtion belt with the first link empty
into the feeder, engaging the link with the sprockets
in the guide track.  Rotate the feeder shaft with the
feeder shaft tool until the empty link is in the first

rammed position. Push thc fceder shaft forward

S0

engaging the dog-faced clutch. Be sure the drum
is engaged.

Push the slide into battery position and replace
the drive springs. Charge the gun three times using
the percussion charger to bring the first round into
firing position.

Cycle of Operation. When the gun 1s rcady to
fire, the slide is in its forward position, the switch
tongue 1s on the left side; and a drum roller is en-
caged by the straight portion of the cam path at the
rear end of the slide, which maintains alinement of
the chamber with the bore.

When the round is fired, the shde is driven rear-
ward by the gas piston, and the drum roller, in fol-
lowing the cam path to the right, causes the drum to
rotate in a counterclockwise direction.  As the ac-
tive roller emerges from the right side of the cam,
the next roller enters the cam track on the left side,
and at the same time the switch tongue 1s cammed
to the right to permit the roller to move into the
straight portion of the cam as the slide returns to 1ts
forward position under pressure of the drive springs.
This brings the next chamber in alinement with the
barrel.  When the roller passes the rear end of the
switch tongue, the switch tongue is cammed to its
left position again.

Ramming is accomplished in two stages by means
of a rammer, which is attached to the rear of the
actuating slide. A five-pronged feeder sprocket in
the feeder, located to the rear and in alinement with
the drum, i1s driven by the drum through a shaft ex-
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tension and maintains the rounds in alinement with
the chambers in the drum, as the linked ammunition
is pulled into the feeder from the right side of the
gun.

As the slide moves forward, the rearward
ramming face of the rammer engages the base of the
cartridge, pushes it part of the way through the link
into the third chamber counterclockwise from the
round which has just fired. At the same time, the
forward ramming face of the rammer contacts thc
base of the cartridge which was partially rammed on
the previous cvcle and completes chambering it in
the fourth chamber connterclockwise from the one
which has just fired. Also, at the same time, the
round in the fifth chamber, counterclockwise from
the round which has just fired, moves into alinement
with the barrel and the round which has just fired
moves 1nto engagement with the extractor.

The rear end of the drum support serves as an
anvil for the round during firing and houses the
firing pin assembly. When an empty case is in en-
gagement with the extractor and a completely cham-
bered round is in engagement with the detent re-
tainer, the round is kept from moving rcarward until
the drum moves it in front of the anvil.

The extractor is actuated through the mechanical
linkage which is engaged by the spring-loaded ex-

SECTION 2. ARF PHAGSE 1:20-MM MG-213 (MAUSER)

Excmination, Analysis, and Study

Metallurgical Study. Spectroscopic and wet
chemical analyses were made to determine the type
of steel used in the various parts of the weapon.
Steel used in different parts of the 20-mm version
corresponded approximately to United States spcci-
fications as follows:

Cartridge drum: SAE 1045.

Cartridge drum roller: SAT 1020, carburized.

Barrel: SAE 1350.

Belleville spring: Silicon manganese 0.90 percent

carbon.

Switch tongue cam: SAE 1020,

Driving spring: SAE 1090.

Switch tongue: SAE 1043,

Other parts: Plain carbon steel.

Hardness Examination. Since the weapon had
been damaged by fire, various parts were tested for
hardness to determine the degree of softening of

CONFIDENTIAL

tractor actuator. The extractor actuator is struck
by the slide on its forward stroke immediately after
the drum ceases rotating, and the empty case 1s en-
gaged by the extractor.

Ejection is accomplished by propellant gases from
the next round, which are bled from the barrel and
dirccted into the mouth of the empty case through
the [ront end of the chamber by the gas ornfice.
(The orifice on the opposite side i1s used when the
weapon is assembled for right-hand feed.) Finng
occurs when the slide reaches its in-battery position
and closes the electrical firing circuit.

Obturation between the forward end of the cham-
ber and the end of the barrel is accomplished by
means of sealing sleeves which are held against the
[ace of the barrel by the pressure of the propellant
gases acting on the rear end of the sleeve.

There are two sets of five notches located around
the periphery of the drum. Omne set is used for
richt-hand feed, the other set for left-hand feed.
‘The notches arc engaged by a spring-loaded plunger
in a hole, which prevents counterrotation of the drum
during the firing cycle.

The weapon is charged by a pneumatic piston and
cylinder which 13 actuated by gas from an external
source. The piston charges the weapon by forcing
the actuator shde to the rear.

values

hardened parts. The were

obtained :

Belleville springs: 30 Re to 34 Re.

(7as cylinder piston: 32 Re.

All other parts {including barrel and cartridge

drum for 20-mm gun)

Soft: 85 Rb to 105 Rb.

Links for 20-mm ammunition: 47 Rc.

T hermodynamic Investigation. Because of the
reported high cyclic rate of this weapon, 1,200
rounds per minute, it was believed that the tempera-
ture rise in the barrel and cartridge drum might be a
very serious one. A thearetical study of the temper-
ature distribution in the drum and barrel, therefore,
was made to determine the number of rounds that
could be fired before reaching the propellant “cook-
off”” temperature in the cartridge drum. The cal-
culations were based on two main assumptions.

following
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Figure 2-11.

1. That 25 percent of the heat generated is given
off to the gun (according to Cranz’s Interior Ballis-
tics), and that the total heat given to the gun is
uniformly distributed along the length of the barrel
and the chamber.

2. That the physical propertics of the gun ma-
terial remain constant,

The analysis was made by two methods, the “ap-
proximate method” and the “cvlindrical heat source
method™., On the basis of the assumptions made,
it was concluded that after 200 rounds the tempera-
ture rise of the drum would not reach the “cook-off”
temperature of the cartridge, and that the average
temperature rise of the barrel would be less than
500" C., at which temperature the barrel would still
have suflictently high tensile strength.

Reconditioning of Weapon, Before the weapon
could bc fired, 1t was neccssary to:

1. Replace all springs which were damaged by
fire.

2. Replace or repair worn or damaged parts.

o2

Drum and feed mechanism of the German M{G-213. Disassembled view.

3. Straighten the barrel.

4. Restore the hardness to parts softened by heat

of the fire.

5. Manufacture cartridge drum gas cylinder seals.

6. Manufacture 50 cartridge links.

7. Modify the feed mechanism for use with the

ncw links.

8. Build an electrical ignition circunt.

Initral Firing Tests and Modification. During
the period 24 September through 26 October 1946,
five firing tests were conducted. Numerous minor
changes in firing circuit and gun components had
to be made before a short burst could be fired with-
out major malfunctions, The rate of fire was de-
termined to be approximately 1,000 rounds per
minute. Results of these preliminary tests showed
that:

1. The ratchet arrangement [or preventing rota-
tion of the drum in the wrong direction could be
removed without affecting the functioning of thc
weapon.
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2. The cam plate for operating the cam switch
tongue could be replaced with a leaf spring and a
short cam.

3. The slide drive springs were overstressed.

4. Interference between the ejected cases and the

feeder sprockets would require close timing and
rapid ejection of cases.

5. The links would require redesigning to attain
sufficient strength to prevent spreading in order to
avoid jamming from interference with the rammer.

SECTION 3. ARF PHASE 2: GUN, AUTOMATIC, 20-MM T74 MODEL A

Medification and Rebuilding of Mauser
MG-213

[t was decided o rebuild the German weapon, to
replace badly worn or damaged parts, and to in-
corporatc design changes found desirable as a result
of the preliminary firing tests, in order that more
extensive firing tests and engincering studies could
be conducted. After the following design changes
and part rcplacements were made, the weapon was
designated 20-mm Automatic Gun T74 Model A,

. A new barrel, duplicating as closely as possible
the German barrel, was made. It followed the
exact rifling twist as measured in the German barrel.

2. The receiver was modified to provide greater
rigidity.

3. A ncw tube socket, which is integral with the
drum support, was made longer than the original,
and the bearing for the tube socket was madified to
receive it. This was done to eliminate looseness
and to provide support for approximately one-
fourth of the barrel length.

4, The rear drum support guide pins and bear-
ings were badly worn and were replaced.

5. The drum shaft was badly worn and was re-
placed with a new onc.

6. The drum support was bent beyond machin-
ing limits. ‘The piece was straightened and rein-
forced. |

7. The ratchet arrangement on the drum was
eliminated.

8. The guideways with the actuating slide were
replaced to provide closer fit and more accurate
alinement of the drum chambers with the barrel.

9. Six-inch-longer driving springs werc made to
climinate permanent set which occurred on the
shorter springs, and the spring sockets were ex-
tended to provide for the extra length of spring.

10. A new firing-pin assembly was madc to re-
place worn parts.
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11. New rollers and pins were made for the drum
to replace badly worn parts.

12. A new gas cylinder and a new piston were
made. This was nccessary because of the muzzle
modifications. A gas exhaust port was incorporated
in the cylinder, and the piston rings on the piston
werc replaced with grooves.  Gas leaving the exhaust
port was expected to produce a scavenging action
and result in less fouling of the piston. Omission
of piston rings was cxpected to result in less possi-
bility of the piston jamming from powder gas
fouling.,

13. A ncw feeder and link were designed to
transmit the belt pull through the center of gravity
of the round. The feeder was designed also to de-
flecct the ejected cases sideways, thus permitting a
decrease in the effective overall length of the gun.

Tests and Modifications

The weapon was subjected to limited proof firing
tests, then shipped to Springlield Armory on 26
June 1947 for testing to obtain performance data.
A variable port opening in the gas cylinder was in-
stalled, and single-shot tests were performed with
openings varying from 0.082 to 0.187 inch diameter
to determine the relation between gas port opening
and cyclic rate. Time displacement records were
obtained and cvclic rates were determined from the
time of individual cvcles. These tests showed no
significant change in cvclic rate as a result of chang-
ing the size of the gas port opening.

T'he time displacement record also showed that
the slide was recoiling from 4.6 to 5.2 inches instead
of the normal 5.6 inches. The short slide travel, the
irrcgular time-displacement curve, and the badly
battered counterrecoil surface of the cam, caused by
roller impact, indicated that the drum rollers were
leaving the cam surface during the recoil travel of
the slide, instead of smoothly following the cam con-
tour. This condition was probably the reason for
the small effect of the gas orfice sizc upon cyclic rate.
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The cam then was modified to reduce the stecpness
of the cam curves. This resulted 1n sinoother action,
normal slide travel, and increased cyclic rates.

Tests were then conducted with the [eeder and
new experimental links, manufacture of which had
just been completed. The Initial test resulied in
only 3 inches of slide travel and jamming of the
mechanism caused by interference between the ram-
mer and the third link. Inspcction of the links re-
vealed that they did not conform to the drawings.
The links were modified to eliminate interference,
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and damaged slide and feeder were then repaired.

High-speed motion pictures of ejection during
bursts of two rounds, hand loaded, showed that
ejected cases were striking the feeder sprocket. The
gas port of the ejection chamber, therefore, was in-
creased from one-thirty-second to one-sixteenth inch
diamecter to obtain faster ejection.

subsequent tests and high-speed motion pictures
showed that the ejected cases were clearing the
sprocket but were missing the deflector lug by ap-
proximately one-half inch. However, to prevent

Comparative Data: Several 20-mm Automatic Guns

Characteristic MG=-213 I'74, ‘,]:[Ddtl T4, ﬂiﬂdﬂ T110
Weight ... . . .pounds. . 180 200 225 130
Overall length. ... ... .. ... ... ... ... ... .. . .inches. . 75.1 74345, R2
Overall width. . ... ... o, 8.75 ' 914, 814
Overall height. . ... ... o oo o da. . 9. 65 e 9% 73
Approximaterate of five. ... . L o L rounds/ounute. | 1, 200 1, 200) 1, 200 1, 200
Approximate muzzle velocity. . ..... .. .. ... fectfsecond . 3, 280 3, 280 3, 120) C 2,950
) 1T T < < (N (%) () (%)
Extraction and ejection . . ... i e (%) (*) (4 Q]
Lengthof barrel. .. ... ... ... ... ... . ... .. ... inches 5474 5473 54 7% 33
Distance from mnuzele to face of chamber. . ... .. ... ... .. do. 623 | 623 ! 6234 4019,
Buore:

1 Number of grooves. .. ... ... ... . ... .. ... i 3 8 R 0
Width of lands . ... B i iee il inches. .| 0.097 0. 097 0. 097 0. 068
Depthof grooves. . .......... ... ... ... .......... do....! 0.01 0. 011 0. 01 (0. 015
Diameter across Srooves. .. .. ... . ..o do. . .. 0. 809 0. B09Y 0. 80Y (. 817
Diameter across lands . . ... o . o oo do. . 0, 787 0,787 . 787 (1, 787
WSt e e e e (%) (5} _ (*) (%}

Length of recoil .. ... ... ... .. L . .....inches. . 14=14 by-la | Li-14 | 34
System of operation. .. . ... (Gras (revolver principle)

System of locking. . . e e e Stationary brecch

Systemm of feeding. ... .o L. . Metal disintegrating helt

Method of headspace . . ... ... ... ... oL Lo Factory cstablished; cannot be adjusted
Location of feed opening . _ . .. ... .. ... ..., ... ... ... Lower left side

Location of ¢jection opening . . . e Upper right side

Method of cooling. . ... ... .. ... .. ... (%) l () (") ‘ (%)
Barrel weight (approximatc). .. ... ... .. ............ pounds. . 42 | 42 I 42 2714
Rate control. . ... e e e e . Can he controlied hy rheostat

Barrel removal. . .. ... . .. .. e e Nut considered quick disconnect

Pitech., . ...... ... ... ... ... .. : 1 turn in 40 inches increasing to 1 turn in 30 inches

! Electropnenmatic.

? Manual.

¥ Mecchanical and gas.
+ Mcechanical.

% Progressive.
6 Air.

od
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further possible damage to the gun, a hole was cut
in the rear plate to permit the ejected cases to travel
straight to thc rcar, as in thc original weapon,
instead of being deflected to the side.

Cyclic rates in excess of 1,200 rounds per minute
were obtained. However, these rates were based
upon time of cycle for individual rounds and were
obtained without any ammumiuon belt load and
without satisfactory ejection of empty cases. On
the basis of the results of these tests, 1t was decided

s o -

that the following design changes should be 1ncor-
porated i the model B weapon.

1. A mathematically calculated cam path in the
drum actuating shde.

2. An extractor mechanically operated from the
counterrecoil travel of the slide.

3. A finng pin with ball contact to prevent
jamming or short circuiting.

4. A sliding contact, electric ignition switch for
greater dependability.

3. A guide in the [eeder for the extracted cases.

SECTION 4. ARF PHASE 3: GUN, AUTOMATIC, 20-MM T74 MODEL B

Design and Description

The model B weapon was the first model com-
pletely designed and manufactured by Springfield
Armory with designs furnished by Armour Research
Foundation. This model utilized the basic princi-
ples of the previous models and followed the same
general arrangement of components.  However, 1t
incorporated numerous design changes based upon
the experience gained from the previous models and
upon analysis made by using the performance data
from the model A weapon.

R ]

Figure 2-12,

Following is a list of the major design features in
which the model B weapon differs from the original
German weapon.

1. Means of replacing the 20-mm tube with a
30-mm tube were eliminated. 'The gas port in the
barrel was located at the position of the port for the
30-mm tubc in the original wcapon.

2. The drum support was designed to minimize
bending due to non-uniform distribution of mass.

3. The recciver was designed for greater rigidity.
The rear end was made removable Lo permit easier

United States Ordnance Corps 20-mm Automatic Gun, T74, Model B.

Comparative Data: MG-213 and 3 Designs of the 20-mm T110

Characteristic M-213
Weight.......... . pounds, . 150
Length. ... ... ... .inches. . 75
Heighe ... ... do. .. 954
Width....... ..... do.. 843

20-mm T110
Design Design | Design
No. 1 No.2 | No. i
150 160 170
54 54 _ 54
i 7% 8
84 1014 B33
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removal of the slide and rammer. The tube sup-
port was extended forward to support the tube for
approximately one third of its length. Conventional
trunnions were incorporated in the tube support sec-
tion in the plane of the bore centerline.

4. To providc more accurate alincment, greater
strength, and casier assembly, the drive coupling
between the drum and feeder shafts was changed
from tongue-and-groove to spline construction.

5. The rings on the slide actuating piston were
replaced with grooves.,  An exhaust port was mcor-
porated in the gas cylinder, and the gas orifice was
made replaceable to permit testing with orifices of
various diameters. The gas cylinder, instcad of
being made integral with the drum support, was
made removable and was mounted in the receiver
where 1t was more accessible for possible use with
a percussion charger.

6. The bearing area of the shide guideways was
mncreased to reduce wcear.

7. The slide drive springs were relocated to posi-
tions along the outer edges of the slide to permit the
springs to bear against lugs at the front end of the
slide instead of against the rear. This permitted
the length of the springs to bec incrcased by an
amount approximately cqual to the length of the
slide without increasing the overall length of thc
weapon.

8. The connection between the slide and ram-
mer was made adjustable for determining the opti-
mum head space.,

9. A ball-type firing contact was used in place
of the conventional pin type in order to avoid short-
ing out the primer by scraping metal across the base
of the casc.

10. The gas-ejection svstem was eliminated, and
a new mechanical extractor was designed to operate
on the forward motion of the slide. The original
system utihizing gas ejection with a mechanical ex-
tractor was not reliable,

11. The sliding contact firing switch was made
adjustable for determining the optimum firing
position.

12. The recoil and counterrccoil system, consist-
ing of two sets of Belleville springs mounted below
the bore centerline, was changed to a system con-
sisting of ring springs mounted concentrically with
the barrel in order to obtain a more balanced system.

96

13. The pneumatic charger incorporated in the
original weapon was eliminated. However, space
was provided for a charger to be incorporated later.

14. The drum roller cam path in the operating
slide was redesigned in accordance with a mathe-
matical analysis of the forces and motions involved.
The design provided a closed cam path which elimi-
nated the necessity for the ratchet arrangement for
preventing rotation of the drum in the wrong
direction.

15. Ammunition links and {fecder were redesigned
to give more reliable performance.

Analytical Studies

Recoil Calculations. Recoil calculations were
made to determine the trunnion reaction, rccoil
travel and rccoil time for various values of recoil
spring rate. These calculations were based on the
following data:

Weight of projectile: (.3 pound.

Weight of powder: 900 grains equal 0.1283

pound.

Weight of recoiling parts: 105 pounds (esti-

mated ).

Muzzle velocity: 3,090 feet/second.

(ras pressure at the muzzle: 16,000 p. s, i

Length of barrel: 4114 inches.

Arca of bore: 0.502 squareinch.

At the time these calculations were made, it was
intended to limit the length of the wecapon to 52
inches and to design ammunition with the same
ballistic characteristics as the German ammunition.
The calculations, therefore, were based on the use
of a short barrel (4114 inches) and the ballistics of
the German ammunition. Later it was decided
that manufacture of a short barrel would delay the
program oo much, and the weapon was designed
for use with a long barrel (5474 inches] already
available from the previous model.  The weight of
the projectile used was in error and should have been
1,800 grains, or 0.257 pound.

Determination of Cam Profile and Forces Acting
on the Cam. As a result of calculations, 1t was con-
cluded that an elliptical cam path should be used
in designing the cam for mndexing the cartridge
drum. A method was used for calculating the forces
acting on the cam in moving a variable drum mass
in which the effect of friction and of the shidc drive
spring was necglected. An intensive program was
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initiated to alleviate difficulties that had becen en-
countered in the past from this miscalculation.

Stress Analysis of Cartridge Drum. In dcsign-
ing the model B weapon, difficultes were encoun-
tered when an attempt was made to analyze the
stresses in the cartridge drum. Since this component
was a heavy-walled shape of nonuniform thickness,
it was not susceptible to good mathematical analysis.
The problem, therefore, was approached cxperi-
mentally, and the brittle-materal method was se-
lected as the one offering the most practical ap-
proach, although some development of technique
was nccessary before quantitative results were
obtainable.

A replica of the drum was made {from Aridized
No. 1 pottery plaster and tested under internal air
pressure, simulating statistically the effect of firing
a cartridge in one of the chambers. The specimen
broke when the initial pressure was 125 p.s.i. The
ultimate strength of the material measured in simply
loading beams of the same plaster was 126 p.s.1. It
all the material properties were as assumed {the
stress-strain relationship is linear to failure, and
failure is a function of maximum tensile stress only ),
this would mcan that when the internal pressure 1n
the drum chamber is 10,000 p. s. 1., the maximum
stress is 426 {1,000} /125, or 3,408 p. s. i

Gas Resistance to Slide Motion During Return
of Slide to Battery Position. One of the factors
which conceivably retards the slide during its return
to battery position is the gas resistance encountered
as the slide pushes the gas piston ahead of it. Dur-
ing this motion, the gas-air mixture retained in the
cylinder is compressed in the space forward of the
piston and flows back into the barrel through the
orifice. The built-up pressure, which retards the
piston motion, depends upon (1] the residual pres-
sur¢ remaining in the cylinder from the previous
rearward movement of the slide, and (2} the
escape of gas through the orifice while the piston
returns to battery. Calculations were made to
evaluate these effects.

1. The residual pressure remaining in the gas
cylinder at the time the shde, during its return to
battery position, contacts the piston rod, is expected
to be very close to atmospheric, so that no slowing
down of the slidc may be expected because of it.

CONFIDENTIAL

2. The pressure rise in the gas cvlinder during
return of slide and piston to battery position is neg-
ligible. The pressure is not expected to increase to
morc than 3 p. s. 1. above atmaospheric pressure, and
the corresponding force on the piston is not suffi-
cient to cause appreciable deceleration.

Investigation of Gas-Piston Bounce. One of the
causes for deceleration of the actuator slide during
its return to battery is the impact and subsequent
bouncing hetween the shide and the gas piston rod.
This bounce had been observed on high-speed movie
films on which slide motion and piston motion were
recorded simultaneously. A mathematical and ex-
perimental investigation of this condition was made
at ARF to corrcct this. The following conclusions
were reached:

1. During its return to battery position, the actu-
ator slide is decelerated as a result of impact with the
gas piston.

2. Depending on whether the process takes place
inelastically or clastically, the reduction in slide ve-
locity may be slight {8 percent of the velocity before
impact) or so great that, as a result of repeated im-
pacts, the slide never reaches battery position.

Teest results confirmed the existence of at least one
bounce., However, further experimentation would
be required before final conclusions concerning the
details of these impact phenomena could be drawn.
Since there was no evidence that gas piston bounce
had appreciable effect on cyclic rate, continuation of
the investigalion was not considered to be warranted.

Tests and Modifications

During the firing test of the weapon, a number
of parts failed or deformed, and numerous difficul-
ties {concerning the functions of extraction, feeding,
ramming, and ignition] occurred. These problems
were solved, or partially solved, as follows:

Firing Pin. The firing pin broke on the initial
firing test where the smaller diameter anvil portion
joins the larger diameter base portion. By cham-
fering the bore in the drum support and adding
radius at the point of stress concentration in the
firing pin anvil, this difficulty was eliminated.

Gas Piston. One failure occurred where the
rod joins the piston.  This was attributed to severe
load imposed when the slide jammed because the
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switch tongue pin dropped out of place. No modi-
fication was made and no subsequent failure
occurred,

Actuating Slide Switch Tongue. The switch
tongue cam surfaces were being deformed contin-
ually by impact of the drum rollers, and on one
occasion the switch tongue broke. Also, the switch
longue cam-follower pin frequentdy failed. To re-
duce breakage of the switch tongue cam-follower
pin, the solid steel cam in the receiver for switching
the tongue at the end of the slide recoil was spring-
loaded in the direction of slide travel. Breakages
still occurred, so the spring-loaded cam was replaced
with a leaf-spring cam. 'l'his greatly reduced the
impact forces between the drum rollers and the
switch tongne, but did not eliminate breakage of the
switch tongue pin.

It was then concluded that breakage of the switch
tongue pin was caused also by impact of the pin
against the forward solid steel cam which returns
the tongue on forward travel of the slide. The
forward cam then was replaced with a leaf-spring
cam, but the spring lcaves could not withstand thc
impact loads, and they failed. A cam made of
Micarta also failed. A steel cam was used for the
remainder of the tests.

The switch tongue frequently dropped out of
position because of failurc of its snap ring retainer.
This failure caused the mechanism to jam and the

pin to break. This was a design weakness which

was overcome in a later model.

Recoil Springs. During onc firing test, the re-
coiling parts failed to return to battery because sev-
eral elements of the recoil ring springs seized in the
compressed position and did not disengage. Lubni-
cation of the mating surfaces of the springs with
Dixon XP190 graphite grease and packing with
Dixon XP271 graphite grcase, as recommendced by
the ring spring manufacturer, eliminated this diffi-
culty.

Drum Roller Studs. 'Two failures of drum roller
studs occurred due to stress concentration at the two
diamecters. New studs with a larger radius in the
corner were made and installed, and no further
difficulty with this part was experienced.

Actuating Shide, Fxtractor TLug. This lug
sheared off once. It was decided, however, that

o8
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the extractor set back against the return spring on
recoll and permitted the extractor lever to rotate into
such a position as to permit the lug on the slide to
jam against it on its rcarward travel. This trouble
was eliminated by increasing the preload on the ex-
tractor return spring.

Ejection Difficulties. An empty case, upon ex-
traction, is thrown rearward into the feeder e¢jection
chute where the basc of the case strikes an inclined
surface which deflects it to the side. If the case
does not clear the chute before the next round is
fired, the feeder sprockets rotatc with the drum and
engage the extracted case.  The case is mashed or
cut through, and the mechanism becomes jammed,
This calls for a very fast acting ejector and a feeder
ejection throat which offers a minimum of inter-
ference.

The cnergy for ejection is obtained from the ki-
netic energy of the slide on its counterrecoil stroke
and from the force of the slide drive springs.  Since
the reduction in slide velocity due to extraction re-
duces the cyclic rate, it is desirable 1o keep the energy
requirements for extraction to a minimum. The
energy required with the original extractor was so
high that the slide frequently failed to return to bat-
lery position to fire the next round.  This occurred
with a 20 pound per inch extractor return spring.
With a weaker spring, however, the extractor fre-
quently failed to return in time to engage the next
case and extract it. [Furthermore, the spring took
a permanent set of as much as one-half inch after
several rounds. In conjunction with this problem,
the extractor buller springs, consisting of Belleville
washers, also took a permancnt sct after a few
rounds. High-speed motion pictures showed that
the extractor was being displaced rearward about
one-half inch on recoil because of its inertia.

The return spring was replaced with a stranded
wire spring, 20 pounds per inch, to dampen the
oscillations, and its initial load was incrcased to 30
pounds by adding a spacer. The extractor lever
was changed to reduce the positive travel of the ex-
tractor from 134 inches to 114 inches, and the mov-
ing parts of the cxtractor were reduced in weight
about 20 percent. The Belleville buffer spring was
replaced with a Fabrecka buffer one inch long.
Modifications improved the performance of the ex-
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tractor, but jammung of the cascs in thc ¢jection
chute still occurred at cyclic rates of over 1,000
rounds per minute.

Other attempts to improve cjection were made by
enlarging the feeder ejection throat and by installing
a deflcctor at the rear end of the throat to deflect
the cases to the side. Various deflector angles were
tested. A deflector mounted against Fabreeka also
was tested.  Although these modifications of the ex-
tractor and of the feeder extraction throat improved
extraction performance, the problem was never com-
pletely solved on the model B weapon.

Ramming Difficulties. High-speed motion pic-
tures of the Model B weapon showed that the rounds
were being stripped free of the links during initial
ramming. Since the round was not completely
chambered until after the second ramming stroke,
the round was out of control between the two ram-
ming cycles. Attempts were made to improve this
condition by increasing the “push through” resist-
ance of the link from 50 pounds to 70 pounds by em-
bossing detents into the forward holding fingers of
the links, and by reducing the effective stroke of the
first ramming cycle,

High-speed motion pictures taken during subse-
quent tests showed that the rounds were still being
stripped completely [rom the links on the first ram-
ming stroke. An attempt was then made to con-
trol the stripped round by installing a spring-loaded
retainer on the drum support. High-speed motion
pictures showed that this retainer functioned as ex-
pected, preventing the round from falling out of the
chamber until fully chambered by the second ram-
ming stroke.

Occasionally a round was not sufficiently cham-
bered by the second ramming stroke to clear the face
of the anvil, possibly because of an oversize case and
insufficicnt kinetic energy of the rammer: this con-
dition resulted in jamming of the mechanism when
the drum rotated. T'o prevent firing under these
circumstances, an e¢lectric contact was connected
into the firing circuit and arranged to operate in
conjunction with the cartridge detent located in the
rear end of the drum support. This change made
it necessary for the switch to be closed by pressure
of the detent in its undepressed position behind the
completely chambered round before firing could
occur.
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Ignition Difficulties. Qccasionally primer insu-
lation was blown from the base of the cartridge onto
the firing pin and prevented elcctrical contact with
the primer of the next cartridge. This occurred only
when firing German ammunition. It never oc-
curred when United States ammunition was fired.

Cyclic Rate. The tine ol the firing cycle is the
sum of: primer ignition time; time for rearward
motion of opcrating slide; and time for forward
motion of operating shde.

Time-displacement records of the slide show that
the forward vclocity of the slide is decreased greatly
alter the shde contacts the extractor. Attempts
were made, therefore, to reduce the kinetic energy
taken from the slide by improving the mechanical
operation of the extractor. As previously described,
the extraction and ejection problems were not over-
come to the extent that sustained bursts could be
fired.

Attempts were also made to reduce the cnergy
required for extracting the case by lubricating the
ammunition. When the ammunition was lubri-
cated with a 5-percent solution of Ceresin wax in
carbon tetrachloride, therc was an apparent increase
in the cyclic rate ol approximately 100 rounds a
minute,

Various gas orifices were tested to determine the
effect of orifice diameter upon cyclic rate, Time-
displacement records ol slide movement indicated
that the size of gas orifice does have some effect upon
cyclic rate. However, there were so many other
varables affecting cvclic rate which were so difficult
to control that the quantitative data were not con-
sidered reliable.  Tests were conducted to deter-
mine the cffect upon primer ignition delay of in-
creasing the ignition voltage from 45 volts to 170
volts. No effect was apparent.

Tests of Components for Model C
Weapon |

Since much of the model C weapon design had
been completed while the model B weapon was un-
dergoing tests, some of its design features were tested
in the model B weapon.

The gas operating cylinder was reduced from 14
inches in diameter to 11j4 inches in diameter in
order to approximate the piston area in the model
C gun. Comparison of the time-displacement rec-
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ords of the slide showed no significant difference
in pcrformance and indicated that a 1% inch
diameter was sullicient.

Performance Data

The following data were obtained during the fir-
ing lests conducted:

Length of recoil : 4 to % inch.

Cyclic rate: Over 1,200 rounds/minute.

CONFIDENTIAL

Maximum pressure in gas cylinder:
With 145-inch orifice: 1,380 p. s. 1. {average of
two tests).
With 14-inch orifice: 2,440 p. s. 1. {average of
five tests).
With #1¢-inch ortfice: 5,200 p. s. 1. (average
of eight tests).
slide velocity during recoil: Approximately 40
fect /second.

SECTION 5. ARF PHASE 4: GUN, AUTOMATIC, 20-MM T110

Design and Description

While the 20-mm Automatic Gun T74 Model B
was being manufactured, design of another model
was Initiatcd. This model was imitially designated
T74 Model C and later redesignated T110.

In designing this weapon, emphasis was placed
upon reduction of weight and reduction of overall
dimensions to meet the following limitations speci-
fied by the Ordnance Corps:

Overall length: 52 inches.

Overall width: 8 inches.

Overall height: 8 inches.

In order to meet the maximum silhouette require-
ments, major changes in the arrangement of com-
ponents were made, and whenever possible these
changes were also made to facilitate assembly, dis-
assembly, and servicing. Layouts of three different
arrangements  of components were prepared.
Weight and overall dimensions for these three de-
signs were estimated. "Lhese data have been tabu-
lated for comparison with the original MG-213.

Comparison of Weight and Overall Dimensions of the MG-213 and 3 Designs of the 20-mm T110

Characteristic MG-213 Design Mo, 1 | Design No. 2 ﬁaﬂign No. 3
|
Weight in pounds. . ... oorooeeeer e 180 150) 160 170
Length ininches. . .. ... ... . ... ... ... ... ....... 75 54 54 54
Heightininches. ... ... ... ... .. . . . ... Q&g 74 T 8
Width ininches. ... ... ... ... ... .. ... .. . ... | 4 ul 8%

8 10%

All three designs incorporated the same principles
of operation. However, design No. 1 was selected
on the basis of weight, silhouette dimensions, num-
ber of parts, ease of assembly, and accessibility for
clcaning.

A Iist of the major T110 design [eatures which are
different from those of the T74 model B follows,

1. The barrel was relocated with respect to the
drum for firing from the chamber at the bottom posi-
ticn 1nstead of from the top of the chamber, as in the
German method.  This arrangement reduced the
overall height and brought the line of action of the
recoll force closer to the center of mass. This made
It nacessary, however, to relocate the drum rollers

60

from positions between the chambers to positions
opposite the chambers; this, in turn, made it neces-
sary to make the roller studs an integral part ol the
drum.

2. 'T'he front bearing of the drum support was re-
designed. 'The rifling torque ard the torque pro-
duced by the force of the drum roller on the slide
actuating cam was transmitted directly to the trun-
nion yoke instead of to the receiver. 'This change
was accomplished by making the front end of the
tube support and the mating portion of the trunnion
voke hexagonal.

3. The recoil springs were located in two nests in
the drum support in a horizontal plane through the
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SECTION A-A

Figure 2-13. United States Ordnance Corps 20-mm Automatic Gun, T74, Model C. Assembled view.

bore centerline.  This permitted connecting the re-
coil rods to the trunnion yoke so that the recoil force
was transmitted directly to the trunnion yoke rather
than to the recerver.

4, The gas cvlinders were made integral with the
drum support. Since the drum support is a part of
the recoiling mass, the reaction of the slide against
the action ol the piston absorbs recoil energy and re-
duces the forces acting on the recoil springs.

5. The gun barrel was shortened to comply with
the 52-inch overall length requirement.

6. Items 1, 2, 3, and 4 greatly rcduced the
strength requirements of the receiver and permitted
considerable weight reduction.  Additional weight
reduction was realized also by the use of an alumi-
num alloy casting.

7. The feeder was redesigned; feeding and ¢jec-
tion of cases and links from the same side was
changed to permit multiple installations in a min-
imum of space.

8. The extractor was redesigned to incorporate
the features of the extractor on the British gun, air-
craft, 30-mm Aden.

9. The rammer and actuator slide were made in
one piece to provide greater rigidity,  These adjust-
able parts in the model B weapon frequently became
loose and caused binding in the slide guides,

Analytical Studies

Delermination of Cam Profile and Forces Acting
on the Cam. Forces acting between the drum roller
and the cam on the slide were investigated for the
following cam profiles and gas piston strokes:

Figure 2-14. United States Ordnance Corps 20-mm Automatic Gun, T110.
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Figure 2-15. The American DeBrame Cannon of the Civil War Era. Tkis weapon is hand operated and resembles modern,
gas-operated revelver cannon,

Figure 2-16. The DeBrame Gun. View from akove, showing the patent date.
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Case A: ELLirTicaL Arc. This profile was used
in the T110. Three diffcrent periods of opcration
were considered for the gas piston:

Ciase Al. Pressure system operative for a short
interval following the firing stage.

Casc A2. Pressure system operative until the

drumm roller approaches the curved portion of the
cam.

Case AJ. Pressure system operative during the
entire rearward travel of the slidc.

Case B: ParaBoric Arc. The pressure system
is considercd eflective during the entire rcarward
travel of the slide.

Case G: Circurar Arc Prus STrRAIGHT-LINE
Tancent. The pressure system is considered effec-
tive during the entirc rcarward travel of the slide.

Case D: Two TaxcexTiAL ParaBoLic ARrcs.
This cam profile is approximately the same as that
used in the German MG-213. The pressure sys-
tem 13 considered imoperative until the drum roller
approaches the curved portion of the cam.

Equations of motion of cam slide and drum were
derived from the various conditions listed, ncglect-
ing friction. Solutions werc presented showing the
components of forces of the cam face perpendicular
to the direction of slide motion. The components
of the forces in the direction of slide motion were
small for all cases considered.

The maximum forces acting between the drum
roller and the cam face during the rearward travel
of the slide are of the order of 16,000 to 17,000
pounds for the cases considered. 'L'he high value is
due to cam profiles with scvere discontinuity in the
radius of curvature. For the elliptic cam sclected
for the T110 weapon, thc maximum force s of the
order of 7,000 pounds.

Further analytical study also indicated that for a
given cyclic rate the effect ol varying the interval
during which the pressure-driving system is opcra-
tive has little cffect on the forces acting on the cam
faccs. Increasing the duration of the pressure
stroke, however, permits the use of a smaller diam-
gter piston.

Analysis of Forces on the Receiver. A study of
the forces acting on the recciver indicated that the
scction of the recerver between the trunnion and the
points of mounting (directly under the T-slots for
guiding the rear end of the drum suppart) would
be subjected to a torque of 7,500 inch-pounds or
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less.  In thisstudy it was considered that the critical
forces transmitted to the receiver were those result-
ing from drum rotation. The maximum force be-
tween the drum roller and the cam was computed to
be approximately 700 pounds, and this value was
used in computing the torque acting on the receiver.
Analysis of Forces on the Drum Support. A
study of the forces acting on the drum support indi-
cated that the drum support would be subjected to
an axial tension of approximatcly 80,000) pounds.
In this study, it was considered that the critical force
acting on the drum support was the force produced
by a maximum powder pressure of 65,000 p. s. i.

Tests and Modifications

During the firing tests the following difficulties,
failures, and deformation of parts werc encountered.

Firing Pin. The anvil of the firing pin failed
where the body joins the larger diameter anvil.
Increasing the thickness of the anvil climinated this
difficulty.

Slide Guideways. The shde guideways in the
aluminum receiver deformed under the force of the
drum roller on the cam, causing the slide to bind in
thc ways. A steel plate was set into the recciver
between the guideways to increasc their lateral
stiff ness.

Gas Pistons. Impact of the gas piston against
the end of the cylinder upsct the end of the cylinder
around the piston rad, causing it to seize. Replac-
ing the chamler around the piston rod hole with a
counter bore climinated this difficulty. The piston
rods also bent and failed where they join the pistons.
To reduce this weakness, the length of the piston
rods was decreased by increasing the length of the
cylindcr.

Rammer. High-speed mouon pictures showed
that the rammer vibrated excessively during
ramming. Reinforcing rims were added to reduce
this vibration.

Receiver. High-speed motion pictures showed
that the rear end of the receiver deflected downward
about the rear point of support an cxcessive amount
at the end of the counterrecoil stroke of the drum
support. Since there is no force acting directly on
the rcar end of the recciver which could cause such
a deflection, it was attributed to the force of impact
ol the recoiling parts upon the trunnion yoke, which,
acting below the center of mass, produces a couple
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in the weapon which causes the receiver to bend
upward between the trunnions and rear points of
support. This deflection indicates the necessity ol
designing the receiver for greater rigidity. For all
subsequent firings, the rear end was clamped firmly
to the firing mount to prevent deflection.

Switch Tongue. The cam surfaces of the switch
tongue upset near the pivot end from impact of the
drum roller, To climinatc this condition, the shde
and switch tongue were modified by shortening the
length of the cam surface on the switch tongue and
adding to the slide the portion of the cam surface re-
moved from the tongue. This allowed more time
for switching the tongue hefore the roller contacted
it; the additional switching time permitted switch-
ing by the switch tongue cam and not by impact of
the drum roller.  Also, it was nccessary to Increase
the hardness of the switch tongue [rom 40 Re to 50
Rc to prevent deformation of the cam surface by the
pressure of the drum roller.

The stop pad on the under side of the switch ton-
gue and the surface of the slide contacted by the stop
pad deformed also.  This conditiom was climinated
by increasing the thickness of the pad from threc
thirty-scconds of an inch to seven thirty-seconds of
an inch.

In an attempt to eliminate the various difficulties
experienced with the switch tongue and switch cam
in the three 20-mm models tested, a different type
of slide and drum actuating cam was conceived. A
wood model of this cam, called the “butterfly’” cam,
was made. The beveled edge on each side of the
slide forms a cam surface for the drum rollers.
These two surlaces, shding between (wo rollers,
maintain alinement of the drum with the bore dur-
ing the time the rollers are i contact with the
straight portions of cam.

On each side of the slide, at the curved portions
of the cam track, is a movable piece, referred to as
a cam wing, which pivots about a shaft running
parallel to the direction of slide travel. The two
wings are connected with a cross link which causes
them to move together. The left wing is spring
loaded in such a way as to cause 1t to bc normally
depressed while the other wing is held in alinement
with the beveled cam surface of the slide proper.

As the slide moves rearward, the left cam roller
clears the depressed wing and enters the curved cam
path while the other roller follows the active cam
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surfacc of the opposite wing to cause the drum to
rolate in a counterclockwise direction. As the
drum continues to rotate and the slide reverses direc-
tion, the roller in the cam path dcpresses the active
wing and follows the curved cam surface on the slide.
At the same time the left wing moves up into aline-
ment with the cam surface of the slide proper just as
the next roller of the drum moves into engagement
with it.

As the slide returns forward to battery position,
the straight portions of the cam surface moving be-
tween the two drum rollers maintain alinement of
the drum chamber with the bore.

This slide arrangement appeared to have the fol-
lowing advantages over the switch tongue type of
slide.

1. It was expected that impact of moving parts of
the cam would be reduced greatly.

2. The drum rollers were mounted between
chamber openings instcad of directly over them.
This permitted the roller studs to be attached to the
drum rather than to be made an integral part of the
drum and simplified drum construction.

Development of a cam of the butterfly tvpe for the
20-mm autcmatic gun 1110 was not undertaken
during this period of the contract,

Extractor. The main difficulty encountered dur-
ing the firing test was the same as that encountered
in the previous model; that s, insufficient extraction
velocity of the empty cases to clear the feeder
sprocket. Various modifications of the extractor
were made in an attempt to increase this velocity.
The leading edge of the extractor pawl was sloped so
that the drum rotated into extraction position, the
pawl cammed the case out of the chamber and broke
it loose before extracting. Also, the extractor was
more rigidly attached to the drum support to elimi-
nate vibration and to provide greater resistance to
the forces of extraction. A new extractor lever and
various pickup lugs designed to give a greater extrac-
tion velocity, by increasing the mechanical ratio,
were made and tested.

These changes did have some beneficial effect
but did not improve the extraction velocity suffi-
ciently to insure that the cases would always clear
the feeder sprockets. The changes resulted also in
a decrease in cyclic rate, because more energy was
taken [rom the slide by extraction, thus decreasing
the average velocity of the slide after extraction
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began. Other methods of extraction and ejection,
therefore, were investigated.

Schematic drawings were made that showed an
extractor which utilizes an air spring restoring
encrgy taken from the propellant gases. Release
of the air spring sear by torward motion of the slide
permitted the piston to move rearward under the
action of the air spring and actuate the extractor.
Such a system allowed the storing of as much energy
as is nceded for extraction. Since it required merely
that the shide trip the sear, it had no effect on cyclic
rate.

ARF engineers designed an extractor which util-
1ized hydraulic fluid to transmit kinetic energy from
the slide to the extractor. This svstem, like the
mechanical system installed on the weapon, affected
the cyclic rate of the weapon.

A tvpe that showed the most promise, however,
was a mechanical extractor very similar to the
British type. It had a mechanical ratio of 3 to 1,
whereas the British type had a mechanical ratio of
215 to 1. Also it was designed to have less friction
than the British typc.

The use of a nondisintegrating ammunition belt
with links designed to receive the ¢jected cases was
considered also as a means of overcoming the ejec-
tion problem. Such an arrangement would require
only sufficient case velocity to seat the empty case
in the link before the feeder rotates to eject the link
with the empty case. With a lower extraction
velocity required, the British lype extractor praob-
ably would be satisfactory.

The use of nondisintegrating belt links had other
advantages. The ejected belt and cases could be
confined within the gun compartment. Also, a force
could be applied, through sprockets, to the ejected
belt to prevent jamming of the gun when an accelera-
tion lfurce opposing ejection was applied during
maneuvering of the aircraft. The ejected belt could
be fed 10 a position where 1L would best maintain
the weight distribution within the aircraft.

A pilot model link and test feeder were made, and
tests of this tvpe of feeder and link arrangement
proved very promising. Development of a link and
feeder for the weapon was then initiated.

By this time, a new contract for continuation of
work alter 31 December 1949 had been written.
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This included further development of extractors and
nondisintegrating links.

Cyelic Rate. In an effort to improve cyclic rate,
firing tests were conducted with larger orifices and
stronger slide drive springs mounted on extension
rods through the rear of the receiver. These tests
indicated that the heavier drive springs produced
a shorter cyclic time due largely to a better carry-
through of the shde during extraction. However,
tests to determine the optimum orifice diameter and
slide drive spring ratc werc not completed during
the period of this contract.

Performance Data

Cyclic Rate. Because of ejection difficulties, very
few bursts of more than live rounds were fired dur-
ing the period of the contract. {The longest burst
fired was 12 rounds.) Therefore, cyclic rate data
obtained were based upon the time of cycle for in-
dividual rounds or, at best, for several rounds.

Thec accompanying tablc lists cyclic rates obtained
under various conditions but without any ammuni-
tion belt load. These data indicate the desirability
of a large gas orifice, heavy slide drive springs, and
lightweight slide for high cyclic rates.

Cyclic Rates of 20-mm Automatic Gun T110 Under
Various Conditions

Orilice diameter Drl‘f;:ﬂisrmg | Weight of I hppr}}}ii{ﬂﬂtﬁ
{inches) (pounds/ | slide cyclic rate
inches) (pounds) (rpm)
0093, ......... 5 *0.6 | 1, 040
093 .. ... .. 5 +#11. 2 386
003 .., 13.2 *E*13. 7 1, 230
MO . 13. 2 1, 350

13.7

*Original weight of slide.

“#Weight Increasced to determine ellect of slide weight on
cyolic rate.

*#Weirhl increase due to modification of slide for use with
heavier springs.

Recoil, Time-Displacement, and Trunnion Reac-
tions. From a typical time-displacement record for
two rounds, the cyclic rate was computed to be 1,206
rounds per minute, On the first round, the slide
velocity during recoil was of the order of 48 feet per
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second, and during counterrecoil it was of the order
of 16 feet per second. After the slide struck the
extractor lever, the shide vclocity was reduced to
approximately 12 feet per second.

Onc test was conducted to determine the trunnion
reactions. A special firing mount was constructed to
obtain this measurement by means of strain gages
mountecd on linkages which transmitted the trunnion

SECTION 6. GUN, AUTOMATIC, CALIB

In the late 1940's, there was a demand for a
higher-velocity projectile which apparently could be
fulfilled only by employing the existing caliber .60
round of ammunition. The official designation
1130 was assigned on 1 December 1950 to a specific
type of weapon employing the conventional caliber
60 round of ammunition. Shortly therealter the
Armour Research Foundation was given a contract
to develop the gun.

General Description and Principles of
Operation

The caliber .60 automatic gun T130 is a gas-
operated, belt-fed, electrically fired, percussion-
charged weapon., By changing certain parts, it may
be changed from left-hand to right-hand feed. The
[ullowing description applies to the weapon when
assembled for right-hand feed.

The distinguishing feature of this weapon is a re-
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rcactions. This single test indicated a total reaction
of the order of 8,000 pounds.

Extraction. Velocity of extracted cases deter-
mined from high-speed motion pictures was of the
order of 40 to 45 leel per second. This velocity
was not sufficient for the case to clear the feeder
sprockets except at casc-cxtraction velocities of ap-
proximately 85 feer per second.

R .60 T130 MOD!

tL D

volving drum, containing five cartridge chambers
parallel (o its axis of rotation and mounted upon
a shaft within the drum support, so that each cham-
ber is brought into alinement with the bore of the
barrel and momentarily stopped when 1t rcaches the
6 o’clock position during drum rotation.

'I'he barrcl is housed 1n a tube support attached
to the front end of the receiver and 1s retained by
interrupted screw threads and a latch in the front
end of the drum support. When assembled to the
receiver, the hexagonal front end of the drum sup-
port cngages a hexagonal socket in the rear end of
the tube support.

The rear end of the drum support is supported
at each sidc by an L-slotted block attached to the
receiver. The barrel, drum, drum support, and
other parts attached to the drum support constitute
the recoiling parts of the weapon and are guided in
recoil by the tube support at the front end of the

e e e e L

................

Figure 2-17, United States Ordnance Corps Caliber .60 Automatic Gun, T130, Model D.
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receiver and by the L slots at each side of the rcar
end, Recoil and counterrecoil forces are limited
by two sets of ring springs housed n the tube sup-
port, one on each side of the tube, and are trans-
mitted to the springs by rods which are attached o
lugs on the front end of the drum support.

A chamber in the drum is held in alinement with
the barrel during firing and is indexed to bring the
adjacent chamber in alinement with the barrel by
means of five rollers on the periphery of the drum

REVOLVER CANNON

which engage a cam track on an actuating slide in
the bottom of the receiver. The actuating slide is
moved rearward by a piston which receives its en-
ergy from powder gases bled from the barrel into
the cylinder in the front end of the drum support.
The slide is recturned to its forward, or in-battery,
position by interaction between the rotating drum
and the cam in the actuating slide, assisted by two
stranded wirc drive springs. The slide has a switch
tongue which pivots about a pin through its forward

General Data: Caliber .60 1130 Model D

Gun length, overall: 72 inches.

Gun weight: |87 pounds.

Rate of fire: 1,200-1,300 rounds/minute,

Muzzle velocity: 3,400 feet/second.

System of oprration: Gas rotation of cylinder,

System of locking: Revolver principle.

System of feeding: Disintegrating metallic link,

Method of headspace: Factory established (cannot be
adjusted ).

Location of feed opeming: Left hand rear.

Location of ¢jection opening: Right hand.

Method of charging: Cartridge,

Method of cooling: Adr.

Weights of major subassemblics:

Receiver and tube support assembly (including switch
cam, charger bracket, recoil springs, ways): 41,9
pounds.

Drive springs, guide rods, end gate: 2.6 pounds.

Feeder and drum shafr assembly: 9.9 pounds.

Drum assembly: 22.2 pounds.

Drum support assembly (cast): 29.1 pounds.

Actuator slide assembly: 11.8 pounds.

Total weight of major subassemblies without charger
1'10, charger cylinder, and gzasline: 1488
pounds.

Charger cyvlinder and piston assembly: 4.1 pounds,

Charger T10: 7.5 pounds.

Gashnc: 1.6 pounds.

Total weight of major subassemblies including
chager T10, charger cylinder, and gasline: 162.0
pounds.

Weights of recolling parts:
Drum assembly. {S8cc above,)

Drum shaft: 1.3 pounds.
Feeder shaft: 0.6 pound.
Drum support assembly.
Barrcl: 31.3 pounds.
Recoil springs { ¥ weight) : 0.8 pound.
Recoil rods and nuts: 1.6 pounds,

Switch cam: 1.5 pounds.

Total weight of recorling parts: 88.4 pounds.

( See above.

Barrcl length: 53.56 inches.
Barrel weight: 31.3 pounds.
Rate control: None.
Barrel removal: Not quick change type,
Bore:
Number of grooves: 8,
Groove depth: 0.01622.002 inch.
Groove width: 0.150=.010 inch,
Pitch: 1 turn in 18 inches.
Direction of twist: Right hand.
Form ol twist: Constant,
Weight of parts mmoving with actuator slide:
Actuator slide assembly: 11.7 pounds,
Drive springs { ¥2 weight) : 0.4 pound.
Total weizht of parts moving with actuator slide: 12,1
pounds.
Owverall wadth: 8 inches.
Owverall height: 7% inches,
Distance from muzzle to rear end of chamber: 59,90
inches,
Diameter across grooves: (0.604 inch.
Diameter across land : (.588 inch.
(Gas piston diameter: 1.125 inches,
Gas piston stroke: 1625 inches.
Length of recoil springs for 1,250 pounds preload:
7.24 inches.
Frec length of slide drive spring: 1534 inches.
Miscellancous design data:
Type of charger: Percussion.
Type of firing: Elecirical
Preload in recoil spring: 1,250 pounds.
Total drive spring load, slide forward: 80 pounds.
Total drive spring load, slide rearward: 187 pounds.
Pcrformance data:
Length of recoil: V4 inch, approximate.
Slide stroke: 5% inches,
Recoil force: Less than 5,000 pounds.
Counterrecnil force: Less than 5,000 pounds.
Velocity of cxtracted cases: 80 feet/second, approxi-
mately,
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Figure 2-19. Automatic Gun, Caliber .60, T130. View showing engagement between drum rollers and actuating slide.
(Slide in forward travel after exciting roller has depressed the right butterfly cam wirg and caused the lelt wing to rise
into engagement with the oncoming roller.)
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end to change cam path. The switch tongue is
movcd from one side to the other during slide travel
by a pin extending through the slide and engaging
a switch cam in the bottom of the receiver,  The
switch cam is attached to the drum support by ears
on the front end of the cam which engage a groove
around the gas eylinder. The switch cam recoils
with the drum support in slideways attached to the
bottom of the receiver.

When the gun is ready to fire, the slide 1s in its
forward position, the switch tongue is on the left
side, and a drum roller is engaged by the straight
portion of the cam path at the rear end of the shde,
which maintains alinement of the chamber with
the bore.

When the round is fired, the slide 1s driven rear-
ward by the gas piston.  The drum roller, in follow-
ing the cam path to the right, causes the drum to
rotate in a counterclockwise direction (when look-
ing from the rear toward the muzzle).  As the active
roller emerges from the right side of the cam, the
next roller enters the cam track on the left side. At
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the same time, the switch tongue is cammed to the
richt to permit the roller to move into the straight
portion of the cam as the slide returns to its forward
position by kinctic energy transferred by the drum
and by pressure of the drive springs.  Thisbrings the
next chamber in alinement with the barrel.  When
the roller passes the rear end of the switch tongue,
the switch tongue is cammed Lo its left position again.

Ramming is accomplished in two stages by mecans
of a rammer. which is attached to the actuating slide.
A five-station feeder sprocket in the feeder, located
to the rear of and in alinement with the drum, 1s
driven by the drum through a shaft extension and
maintains the rounds in the ammunition belt in
alinement with the chambers in the drum, as the
linked ammunition is pulled into the feeder {from the
richt sidc of the gun. Upon firing, the gas piston
drives the slide rearward.

On the forward, or return, stroke of the slide, the
upper ramming face of the rammer engages the base
of a cartridge and pushes it through the link and
partially into the chamber in line with the cartridge.

__'If.'r... |

------------------

Figure 2-20. Automatic Gun, Caliber .60, T130. View showing engagement between drum rollers and actuating slide
(Slide forward.)
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Figure 2-21. Aulomatic Gun, Caliber .E0, T130. View showing engagement hetween drum rollezs and actuating siide,
(Slide rear.)
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Figure 2-22, Automatic Gun, Caliber .80, T130. View showing start of ramming stroks.
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Figure 2-23, Automatic Gun, Caliber .60, T130. View showing completion of ramming stroke.

At the same time, the lower ramming face of the
rammer contacts the base of the cartridge which was
partially rammed on the previous cycle and com-
pletes chambermg it. A spring-loaded detent in
the rear end of the drum support retains the ram-
med cartridge n the chamber.

Simultancously with the ramming action just de-
scribed, the round which was completely chambered
on the previous cvcle moves into alinement with the
barrel and into contact with the firing pin, and the
expended casc of the round which was fired at the
starl of the cyele moves into engagement with the
extractor, located on the right side of the drum
support.

‘The extractor i1s actuated by a striker located in a
lug on the right side of the slide, which strikes a lug
on the lower end ol the extractor shaft and causes
it to rotate. This occurs on the forward stroke of the
slide when it is about 2 inches out of the battery
immediately after the drum has ceased rotating and

CONFIDENTIAL

the empty case has been engaged by the extractor,

Firing occurs just as the shide recachces its battery
Firing is initiated electrically by the en-
gagement of a male contact on the slide with a
female contact on the rear end of the drum support.
Closing of these contacts permits an electric current
from an external power source to flow through the
firing pin into the clectric primer.

Two types of feeders arc provided for this
weapon: the distintegrating tvpe and the relinking
type. The disintegrating type cjects the empty links
through the lower opening on the right side of the
feeder and deflects the extracted cases to the right
as they are cjected rcarward.  Without cases or
rounds in them, the links are free to separate.  The
relinking type fecder positions the empty links in line
with the extraction station, where they receive the
extracted case. Cases and links are then ejected in
a continuous bhelt through the lower opening on the

right side of the feeder.

pl.']:"ii t10m.
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Figure 2-24. Automatic Gun, Caliber .60, T130. Drum and drum support, disassembled.

Obturation between the forward end of the cham-
ber and the end of the barrel is accomplished by
means of scaling sleeves, which are held against the
face of the barrel by the pressure of the propellant
gases acting on the rear of the sleeve.  The weapon
is charged by a gas piston in a cylinder housed in the
recciver and tube support. It is actuated by gas
pressure from the firing of a caliber .30 grenade car-
tridge M3 in the percussion charger 110, "T'he pis-

72

ton charges the weapon by forcing the actuating slide
to the rear. The percussion charger T10 and the
charger cylinder were developed under a contract
separate {rom the caliber .60 gun T130 model D,

Description of Design and Construction
Features

The weapon is designed for transmission of the
recoil forces through trunnions cast integrally with
the steel tube support, which also houses the recoil
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springs. The rifling torque and the torque pro-
duced by the force of the drum roller on the actu-
ating shde cam are transmitted through the trun-
nions by means of the hexagonal bearing at the front
end of the drum support and the mating hexagonal
socket 1 the rear end of the tube support.  TTow-
ever, because of flexure of the sidearms of the drum
support, some of the torque produced by the force
of the drum roller on the actnating slide cam is trans-
mitled to the receiver through the L-slot connections
at the rear end of the drum support.  This toraue
can be transmitted directly to the gun-mounting
structure by changing the location of the rear mount-
ing points to directly under the drum support L slots,
This latter position was made possible by providing
a hole 1n each shide of the receiver under the drum
suppart L slots, allowing engagement of the points
with a supporting trunnion on the gun-mounting
structure.  Similar holes have been provided near
the rear end of the rccever; however, 1t is recom-

REVOLVER CANNON

mended that the gun be supported at the drum sup-
port L slots. as this location subjects the weapon to
minimum stress, and results in minimum dispersion
when firing from a rigidly supported structure,

Because of the arrangement just described, it was
possible to design the receiver for minimum loads
and cast it from an aluminum alloy. At points
where the receiver engages moving parts, steel mat-
ing members (drum support L-slot supports, actu-
ating slideways, switch cam slideways), have been
bolted to1t.  Thereceiver and tube support are held
together with six socket-head cap screws and are
alined by the engagement of horizontal and vertical
keyvs on the rear end of the tube support with mating
kev wavs in the front face of the receiver,

The recoil ring springs are asscmbled to the recoil
rods within slecves, in the [orm of a cartridge unit,
and have been tightened to a preload of 1,250
pounds. A cotter pin through the preload nut pre-
vents loosening during firing.  When assembled in

Figure 2-25.
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Automatic Gun, Caliber .60, T130. Trunnion.
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Figure 2-26. Automatic Gun, Caliber .60, T130. Heceiver assembly.

the tube support, the recoil rods extend through
holes into the receiver and attach to ears on the front
end of the drum support.  Plugs, screwed into the
front end of the Lube support against the [ront collar
of the recoil spring assembly, position the springs
against the rear ends of the cvlinders, in such a way
that there can be no free movement of the recoiling

parts in either direction without compression of the
springs.  Accordingly, the springs are double acting,
and limit the counterrecoll forces as well as the recoil
[orces.

The tube is supported at two points, by a close
fitting bore within the drum support and by a simi-
lar bore at the end of the tube support.

Figure 2-27. Auwtomatic Gun, Caliber .60, T130. Trunnion group, disassembled.
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Considerable force is exerted on the rear of the
tube by the sealing sleceve on the rear end of the tube
lapproximately 38,000 pounds). To resist this
force as well as the forward frictional force of the
projectile, two sets of four interrupted thrcads have
been provided on the tube, which engage malting
threads in the [ront end of the tube support.

The gas cylinder which contains the piston for
actuating the shde forms an integral part of the drum
support. This arrangement permits bleeding gas
from the tube through a straight passage leading
dircctly from the tube into the gas cylinder.  Since
the gas cylinder is a part of the recoiling mass, the
force exerted by the gas piston on the slide opposes
the recoil force and reduces the load on the recoil

springs by an amount dependent upon the size of
the gas orifices.

Leakage of gas from the tube gas port between
the tube and the mating bore of the drum support
has been minimized by machining six labyrinth
grooves In the tube, three on each side of the gas
port.

Leakage of gas past the gas piston is prevented
by three labyrinth grooves around the piston.

The rear end of the drum support houses the fir-
ing-pin assembly which serves as the anvil for sup-
porting the case during firing. The firing pin as-
sembly has been made small in diameter in order
to provide for maximum strength in the rcar end
of the drum support. This strength is necessary
becausc of (1) the concentrated load imposed on
the drum support by the gas pressure acting on the
cartridge casc and {2 the distributed load imposed
by the gas pressurc acting on the bottom of the seal-
ing sleeve recess in the drum.

The drum is machined {rom a forged steel billet.
It contains five equally spaced chambers, with a gas
sealing sleceve at the front of each chamber.  Sealing
against gas leakage betwecn the sleeve and the sleeve
recess in the drum is accomplished by four grooves
around the sleeve, and by longitudinal grooves
around the rear end of the sleeve at 907 spaced in-
tervals. (ras pressure acting on the rear end of the
sleeve forces the sleeve out against the face of the
tube and prevents serious leakage of gas between
the end of the sleeve and the face of the tubce during
firing. Around the periphery ol the drum and radial
with the chambers are five rollers mounted on studs
and retained by blind snap rings. The studs are
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integral with the drum, thus providing adequate
strength in the outside chamber walls.

The drum is mounted upon a shaft supported in
the drum support and is keyed to it by dogs machined
on the rear end of the shaft. The shaft rotates with
the drum and causes the feeder shaft to rotate with
it by means of a universal joint connecting the two.
This universal joint provides for any misalinement
caused by deflections during firing. A spring-loaded
latch pin in the front end of the drum support en-
gages a groove in the end of the drum shaft to pre-
vent axial motion.

The actuating shde fits in guideways in the bot-
tom of the receiver and moves backward and for-
ward bencath the drum and drum support under
the action of the gas piston and the drive springs.
Its stroke is 314 inches, Machined into the slide
are two cam paths which engage the drum rollers
and cause thc drum to rotate as the slide moves
through its cycle.  These two cam paths consist of
curved portions 314 inches long which curve in
toward the longitudinal axis of the slide and merge
into a central straight portion 2 inches long. A
part of the inside edge of each cam path is formed
by a movable member, called the switch tongue,
which pivots about its forward end. The position
of this switch tongue determines which cam path
is made continuous throughout its length.

Undernecath the slide is a cam which engages a
stud on the switch tongue or a spring-loaded pin
withm the stud.  This cam 1s designed so as to cause
the switch tongue to move from one side to the
other at the proper time in the cycle, thus changing
the continuity of the cam path in the slide from one
side to the other and causing the drum to move in
onc direction on both the rearward and forward
stroke of the slide.  The straight portion of the slide
cam keeps the drum stationary for the first 2 inches
of the recarward travel. Thus the chamber is
alined with the barrel while the projectile is in the
bore during the first 2 inchcs of slide travel, and the
empty case is at the extraction station during the last
2 inches of slide travel.

Vanable relative motion between the drum and
switch cam from round to round cannot be tolerated,
as the switch tongue must be switched precisely at
the proper position of the drum roller in the cam
path. Therefore, since the drum is a recoiling part,
and since the recoil cycle docs not follow a consistent
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Figure 2-28. Aulomatic Gun, Caliber .60, T130. Actuating slide assembly.

pattern, it was necessary to make the switch cam a
recoilling part. This was done by machining a
groove around the ontside of the gas cylinder on the
drum support to engage ears machined in the front
end of the switch cam. The guide plate, attached
to the bottom of the receiver, guides the cam during
its recoil travel.

In addition to actuating the drum, the shde actu-
ates the extractor and carries the rammer which
rams the rounds from the links and chambers them.

The extractor, located in the rear end of the drum
support, 18 kinetically one piece. Tt consists of a
shaft with a striker face on its lower end and an ex-
tractor pawl on its upper end.

As the slide returns to battery, a replaceable
striker housed 11 a lug on the nght sude of the shde
strikes a face on the lower end of the shaft, causing
the shalt to rotate and allowing the slide to con-
tinue to battery. The extractor pawl is held in a
retracted position alter extracting the case, until
the slide moves rearward again. When the lug on
the side of the shide clears the end of the extractor
shaft, a torsion spring on the upper end of the ex-
tractor shaft returns the extractor to extraction posi-
tion with the pawl against the face of the drum.
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The torsion spring returns the extractor with sufli-
cient force to causc the pawl to bounce rearward
from the face of the drum and to miss frequently
the rim groove of the oncoming case to be extracted.
Therefore, an antibounce device was incorporated
in the extractor to reduce the amount of bounce
and prevent failure to extract. |

This device consists of a spring-loaded detent
housed in the drum support which engages a shallow
hole 1n the hub of the extractor pawl when the pawl
is against the face of the drum. 'The ratio of move-
mcnt of the end of the extractor pawl to the move-
ment of the point struck by the slide is approxi-
mately 1.67 to 1. Casc extracuion velocities are of
the order of 80 feet per second.

The rammer consists of a single piece mounted
in guide slots at the rear end of the slide and held
in place with a cap screw.  For right-hand feed,
the rammer curves outward to the lelt 1o clear the
feeder sprocket and the edges of the open-sided
links presented to the rammer bv the fceder. The
two slide-drive springs are of stranded wire con-
struction, They engage holes in the rear end of the
slide and are held in position at the rear by guide
rods which engage bayonet locks in the receiver end
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Figure 2-29. Automatic Gun, Caliber .60, T130. View showing extractor and extractor striker on slide.

plate. 'The springs exert a total force of 80 pounds
when the slide is forward, and 187 pounds when
the slide is rearward.

The disintegrating belt feeder consists of a cast
magnesinm-aluminum  alloy frame which houses
the sprocket, sprocket shalt, link guides, and case
deflection chute. The elements of the sprocket,
which are splined to the shaft, consist of the follow-
ing:

I. One drive sprocket, which engages the ammus-
nition belt links at the link connectors.

2. 'I'wo sprockets, one on each side of the drive
sprocket, which force the link connectors out to their
proper distance from the center ol rotation.

3. One guide sprecket ahead of the front connec-
tor spacing sprocket, which bears against the side
of the link, and keeps the link alined with the
chamber.
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(Drum removed.)

4. Front guide sprocket, which controls the round
after it is rammed from the link into the chamber.

5. Rear ramming stop sprocket, which engages
the link on the front side of the rib at the rear, and
prevents the link from moving forward under the
force of ramming. This sprocket also assists in keep-
ing the link alined with the chamber.

Also mounted on the shalt are two guide tracks,
which engage the two ears on the ammumnition belt
link and hold the first and last links of the ammuni-
tion belt on the sprocket against centrifugal force
acting on the link and round during sprocket rota-
tion. The intermediate links in a belt are held n
the sprocket by their adjacent links.

The ammunition belt enters the feeder horizon-
tally from the right through an opening at the top
and engages the sprocket tangentially as the cars
cnter the guide tracks.  After ramming, the empty
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links continue around the sprocket and leave the
feeder through an opening on the right side; then
they are free to disintcgrate.

Mounted in the rght side of the feeder and oppo-
site the extraction station is a curved deflection chute
which dcflects the ejected cases out of the fceder to
the right, clear of the spracket.

The feeder assembly iz held to thc top of the
receiver by two headed studs on each side of the
receiver which engage slots in the sides of the feeder
frame. Two spring-loaded pins, one on each side
of the receiver, engage holes in the feeder frame and
prevent forward or rearward movement of the
feeder.

The relinking feeder is similar to the disintegrat-
ing belt feeder with respect to the drive sprocket and
method of momnting on the recerver. 1t also has a
cast magnesium-aluminum alloy frame; however,
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the belt entrance is at an angle of 25 degrees with
the horizontal. The empty links are carried on
around the sprocket further than in the disintegrat-
ing belt feeder to a position 1n line with the extrac-
ion station, where the extracted case reenters the
link and is stopped by the end of the feeder frame.

The rclinked casc and link then leave the feeder
through an opening on the right side under the belt
entrance opening.  With the ejected cases in the
links, the belt cannot disintegrate.

The gun {iring circuit components consist of the
firing pin assembly mounted in the rear end of the
drum support, a female contact consisting of two
steel leaves and insulating strips mounted on the
rcar cnd of the drum support, a male contact and
insulating strip mounted on top ol the shide at the
rammcr mounting screw, and an cxternal power
receptacle mounted on a bracket on the rear end of
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Figqure 2-30. Automatic Gun, Caliber .60, T130, showing the fired case returned to the link for ejection.
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Figure 2-31.
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Automatic Gun, Caliber .60, T130. Feeder, disassembled.
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Figure 2-32. Automatic Gun, Caliber .60, T130. Feeder and tail gate assembly.

the drum support on the side opposite the extractor.
The two leaves of the female contact and the insu-
lated finng pm are commected in series to one side of
the power receptacle when the female contact is
cngaged by the male contact. The other side of the
power receptacle is connected to ground.

When the slide is in battery, the male contact is
pressed between the two leaves of the female contact,
which completes the circuit to the primer when it is
in contact with the firing pin. Thus, when external
power 15 applied to the receptacle, the gun fires an-
tomatically on successive rounds when the slide
rcaches battery position and brings the male contact
on the rammer in engagement with the stationary
female contact.

The charging svstem, developed by Norman Mec-
Donald Co. consists of percussion charger T10, the
charger cylinder assembly, and the U-shaped gasline
connecting the charger to the cylinder.

The charger is mounted in a bracket which fits
over the end of the tube support and over the end of
the right recoil spring retainer.
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A large-headed screw which screws into the end
of the recoil spring retainer holds the bracket in
position.  The charger cylinder assembly 1s housed
in the tube support and extends through the end of
the receiver on the right side in such a way that the
end of the piston is against the end of the actuating
slide. It is held in position by an adapter screwed
into its front end.

Gas pressure produced by the firing of a caliber
30 grenade cartridge M3 in the charger actuates
the charger piston, which forces the slide rearward.
T'he forward stroke of the slide returns the charger
piston.

Mounting

Mount the gun on a nigid structure which sup-
ports it at the trunnions and at one of the two sets of
receiver mounting holes. For minimum dispersion,
usc the recciver mounting holes located under the
rear end of the drum support. The rear mounting
must restrain the receiver in a vertical plane and
provide freedom of movement in a longitudinal
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Figure 2-33. Automatic Gun, Celiber .80, T130. Trunnion and receiver.

plane so that the front trunnions take all the longi-
tudinal load. The mounting structure must be suf-
ficiently rigid so that it does not deflect in torsion at
cither the front or rear mounting points.

Preparation for Firing

Remove the drive springs and pull the slide back
to its rear position. Fit the feeder shaft tool into
the back cnd of the feeder shaft and while holding
up the drum shaft latch, pull the shaft rearward un-
til the shaft is disengaged from the drum at the dog
clutch face. Teed the ammunition belt with the
first ink empty into the feeder; engaging the link
with the sprockets and guide track. Rotate the
feeder shaft with the [eeder shaft tool until the empry
link is in the first rtam position. Push the feeder
shaft forward cngaging the dog clutch face. Be
surc the drum shaft latch isengaged.  Push the slide
forward into battery position and replace the drive
springs. Charge the gun three times, using the per-
cussion charger to bring the first round into firing
position. The loading procedure is the same for
cither the relinking or disintegrating belt feeder.

Connect the external firing circuit to the gun-fir-
ing circuit at the power receptacle,

Disassembly by Groups

Removal of Feeder. To remove the feeder, de-
press the lock pin releases and pull the feeder back
until the base of the feeder halds down the lock pin.
Screw on the feeder shaft tool at the rear of the
feeder. Pull up on the drum shaft latch and remove
the feeder assembly by pulling back on the feeder
shaft tool until the drum shaft is clear of the drum
support.

Remowval of Drum. With the drum shaft re-
maved, the drum may be removed by lilting 1t up
from the drum support with the slide fully forward.

Remowal of Tube. Pull up on the tube latch.
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Give the tube a quarter turn and pull it forward
untl it clears the tube support.

Cavuriox. Do not remove the tube from the gun
before the drum is removed. The scaling sleeve
may slip out of the drum into the space occupied by
the tube. This prevents the removal of the drum
until the sleeve is pushed back into position.

Remouval of Drum Support.

1. Remove the drive springs by inserting a screw-
driver into the slotted head of the spring guide as-
semblyv.  Push in on the assembly until it clears the
recessed section of the receiver end plate. Turn the
spring guide a quarter turn and remove the springs
through the end plate.

2. Pull the slide back to its most rcarward posi-
ton. Use a 34-inch open-end wrench and remove
the nuts and washers which attach the recoil rods to
the drum support. Pull the drum support back
until it clears the front bearing and rear guides, and
lift it up from the receiver.

Removal of Actiwator Shde Assembly and Switch
Cam.

[. Unfasten the safetv wires and remove the end-
plate pins and the end plate.

2. With the drive springs and end plate removed,
the slide and switch cam are removed by shding
them  rearward unul they clear their respective
guides.

Removal of Charger and Charger Bracket.

1. Remove the gasline between the charger and
the charger cvlinder.

2. Unfasten the safety wire and remove the 34-
inch hexagonal head screw holding the charger
bracket to the right recoil spring retainer.

3. Slide the charger and charger bracket forward
until it clears the tube support.

4. Remove the right slide guide from the re-
ceiver from the right [ront side of the tube support.
Push the charger cylinder rearward, and remove it.
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Figure 2-34, Automatic Gun, Caliber .60, T130. Drum and drum support assembly.

Removal of Recoil Springs. Remove the recoil
spring retainer using a 34-inch open-cnd wrench
and a special spanner wrench. Push the recoil rods

forward to remove the recoil spring assemblies from
the tube support.

Detailed Disassembly

Feeder.

1. ThsinTraraTING BELT FEEDER. Remove the
feeder shaft through the front of the feeder. This
releases the sprockets and guide tracks for remaval.
Remove the front end and the rear feeder shaft bush-

ings. The internal guides and chute may be disas-
sembled by removing the appropriate socket-head
cap SCrews,

2. RELINxkiNG  FeEepErR. Remove the feeder
shaft through the front of the feeder. This releases
the sprockets and guide tracks for removal. Re-
move the front and rear feeder shaft bushings. The
center and stationary guides may be disassembled
by removing the necessary socket-head screws.

Drum.

1. The scaling slecves are removed by slipping
them out of the drum chambers,
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Figure 2-35. Automatic Gun, Caliber .60, T130. Major components.
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2. The drum rollers are held to the drum trun-
nions by internal snap rings and in general should
not be removed unless they are damaged and nced
replacement. The rollers must then be removed
by hand grinding, taking special care not to damage
the trunnions.

CauTioN. Do not attempt to pry the rollers off
the trunnions. The trunnions will be damagexd.

Disassembly of Tube. The gas orifice is the only
removable part of the tube and can be withdrawn
with a screwdriver.

Disassembly of Drum Support,

RexmovarL oF Gas Piston.  Drive out the cylin-
der cap retaining pin and unscrew the gas cvlinder
cap, using a special tool.  Push the gas piston for-
ward and out of the gas cylinder.

DisassEMBLY oF ExTracTor., Drive out the
roll pin helding the extractor cap to the extractor
shaft. Remove the extractor cap, extractor spring,
and extractor pawl from the extractor shaft, being
careful when removing the pawl that the detent ball
and spring do not fly out of the drum support. Re-
move the detent ball, spring, and sleeve from the
inner side of the drum support and the extractor
shaft from the bottom of the drum support.

Drive out the roll pin holding the extractor stop
to the drum support and remove the extractor stop.

ReEmovAL anD DisasseMeLy oF Firing PN As-
SEMBLY. Screw the threaded tool into the firing-
pin anvil retainer pin and pull out the retainer pin.
Remove the Y4 -inch slotted nut from the rear of the
firing-pin shaft. Push the shaft forward to remove
the firing-pin anvil, being careful not to drop the
firing-pin plunger assembly. Remove the firing-
pin plunger spring, firing-pin shalt, and insulator.
Remove the two lo-inch socket-head cap screws
holding the female contacts. Drive the contact
receptacle roll pin and contact receptable pin out
and remove the female contact and the contact
receptacle.

Removal oF DrRum SHAFT LAaTcH AND TUBE
LatrcH. Drive out the drum shaft latch roll pin
and remove the drum shaft latch head, allowing the
drum shaft latch and spring to drop down through
the hole in the bottom of the drum support. Fol-
low the same procedure for removing the tube latch,

ReEMoOvVAL OF Rounp Retamwer. Drive the
round retainer roll pin from the rear of the drum
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support through the contact screw hole. Lift the
round rctaincr and spring from the pocket.

RemovaL oF Pipe PLue.  The pipe plug may be
removed by unscrewing the top of the drum support.

Actuator Shide.

ReMovaL AND DisassemsLy OF SWITCH
ToxguEe. Drive the two 4-inch roll pins out and
remove the two serrated head shoulder screws hold-
ing down the cam insert. Remove the cam insert
and lift out the switch tongue.

Depress the locking pin through the locking plate
hole. Slide the locking plate out, being careful that
the locking pin and locking pin spring do not fly out.
Remove the locking pin, locking pin spring, and
switch tongue pin from the switch tongue.

REMOVAL OF ExTrRACTOR STRIKER. ‘l'0 remove
the extractor striker, drive out the roll pin and pull
out the striker.

ReyovaL oF MALE Contact AND RamMER. To
remove the male contact and rammer, remove the
34-inch hex-head screw and lift the firing contact
and insulator out. The rammer may then be re-
moved by sliding it out of its ways.

Recoil Spring Assembly.

CauTioN. Under normal use, there should be no
reason for the disassembly of the recoil spring assem-
bly; however, if necessary, be sure that the ring ele-
ments are kept in their original order so that their
calibration will be the same,

To disassemble the recoil springs, slide the recoil
spring sleeve off. Remove the cotter pin and nut
from the end of the recoil rod. The recoil spring
spaccr, recoil spring elements, and recoil spring seat
can now be slipped off the recoil rod.

Disassembly of Receiver and Tube Support.

1. l'o separate the receiver and tube support,
remove the six %g-inch socket-head cap screws and
lockwashers from inside the recciver.  Pull the re-
ceiver trunnion apart, being careful not to damage
the tube support kev slots.

2. To remove the rear drum support guides, re-
move the four 34-inch socket-head cap screws from
the bottom of the receiver and lift the guides out.

3. To remove the switch camways, remove the
six 19%4.-inch socket-head cap screws from the bot-
tom of the receiver.  Then lift the switch camways
out.

4. To rcmove the actuator slideways, remove
the twelve ¥4-inch socket-head cap screws from the
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bottom of the receiver. 'T'hen lift the slideways out.
5. Toremove the feeder frame pins, drive out the
#6-inch roll pins and lift the pins out.

Assembly

Assembly of Receiver and Tube Support.

1. Replace the feeder frame pins into their proper
holes in the receiver. Drive out the 3j4-inch roll
pImns.

2. Replace the actuator slideways in the receiver
base, alining the holes in the slideways with the holes
in the receiver. Fasten the slideways to the receiver
with the twelve 14-inch socket-head screws.

3. Replace the switch camways in the receiver
base, alimng the holes in the camways with the
holes in the receiver. Fasten the ways to the receiver
with the six %a-inch socket-hcad cap screws.

4. Replace the rear drum support L-slot guides
in their respective places in the receiver and fasten
them to the receiver with twa 34-inch socket-head
Cap SCrews.

3. Alinc the keys at the rear face of the tube sup-
port with the key slots in the front face of the re-
ceiver. Push the tube support and receiver together,
being careful not to damage the key slots. Replace
the six %g-inch socket-head cap screws and lock-
washers, thus fastening thc tubc support and re-
ceiver together.

Recol Springs. Replace the recoil spring seat
against the shoulder at the rear end of the recoil
rod. With the recoil spring clements assembled in
the proper sequence and original order, slip the front
cnd of the rccoil rod through the elements, being
careful not to drop them. Replace the recoil spring
spacer, recoil spring nut, and recoil spring sleeve.
To set in a preload of 1,250 pounds, tighten the nut
until the distance between the rear face of the recoil
spring seat and the front face of the recoil spring
spacer is 7.24 inches. With this distance set, lock
the nut in place using a cotter pin. Rcplace the
recoil spring assemblies in their housing in the tube
support.

CavuTion., Be sure to lock the nut in place with
the cotter pin. Operation of the gun without the
cotter pin will result in loosening of the nut and
changing the precload in the ring springs.  This
will cause erratic recoill and possible damage to the

gun,
84
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Charger.

1. Replace the charger cylinder in the tube sup-
port.
2. Shde the charger and charger bracket over
the front end of the tube support.

3. Rcplace the gas linc between the charger and
the charger cylinder. Make sure the fittings are
tight so that there will be no gas leakage.

Actuator Slide and Cam Switch.

1. Replace the switch tongue pin and the locking
pin spring into position in the switch tongue. Place
the locking pin on top of the locking pin spring, then
depress the locking pin far enough to slide the lock-
ing plate over the locking pin untl the locking pin
locates itself in the locking plate. Replace the
switch tongue and cam insert into their position on
the slide. Replace the two serrated-head shoulder
screws holding down the cam insert.  Drive 1n the
two I4-inch roll pins that prevent the shoulder screws
from turning.

2. Replace the extractor striker into position on
the right side of the slide and lock in place by driving
in the roll pin.  Be sure 1n replacing the striker that
the most forward part of the sloped face of the striker
1s on the outside of the slide.

3. Slide the rammer into position at the rear of
the slide. Replace the male contact insulator and
the male contact into position on the rammer and
tasten to the slide by the 34-inch hexagonal-head
screw, being sure that the male contact remains in-
sulated from the slide.

4. Place the slide on top of the switch cam, mak-
ing sure the switch tongue pin is engaged in the cam
surface. Slide the actuator slide and switch cam
simultaneously into their respective ways in the
receiver.

Lirum Support.

1. Replace the pipe plug on top of the drum sup-
port. Be sure this 1s tight so that no gas from the
tube orfice will leak around the tube and out of
this locating hole.

2. Replace the round rctaincer spring and the
round retainer into the pocket at the left rear sec-
tion of the drum support. Drive the round retamer
roll pin forward through the contact screw hole,

3. Place the tube latch spring over the shank of
the tube latch and slip them into the tube latch hole
from the rear of the tube support. Use a long rod
to hold the latch up in position so that the tube
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latch head can be placed on the tube latch shatlt.
Drive in the roll pin holding the tube latch head to
the tube latch.

IFollow the same procedure in replacing the drim
shaft latch.

4. Firing pin asscmbly. Place the finng-pin
spring in the recessed hole of the firnng-pin shaft and
insulator assembly. Replace the shaft in the drum
support, Place the firing-pin plunger assembly into
the hole of the firing pin anvil and slide this into the
large hole at the rear of the drum support. Replace
the firing-pin anvil retamer pin for holding the anvil
in position in the drum support. Place the female
contact and insulators into position on the rear face
of the drum support and replace the two ¥4-inch
socket-head cap screws and the 14 -inch slotted nut.
Replace the contact receptacle and the contact re-
ceptacle pin, and lock in position on the drum sup-
port by driving in the contact receptacle roll pin.

3. Extractor assembly. Replace the extractor
shaft in the drum support. Replace the detent
spring into the blind hole in the dctent sleeve, and
replace the sleeve into the detent hole in the drun
support. Place the detent ball against the detent
spring and depress the ball until it is flush with the
side of the drum support so that the extractor pawl
may be replaced on the extractor shaft. Replace
the extractor shaft spring and extractor shaft cap.
Drive in the roll pin holding the assembly together.
Replace the cxtractor stop on the drum support
and drive in the roll pm.

6. Gas piston. Slide the gas piston into the gas
cvlinder of the drum support. Replace the gas
cvlinder cap using the special tool. Drive in the gas
cylinder cap retaining pin.

7. The drum support may now be slipped into
position with the receiver and tube support by first
engaging the front hexagonal section of the drum
support with the tube support socket, the recoil bolts
with the drum support lugs, the L slot supports with
the L slots, and the notch at the front bottom of the
drum support with the ears of the switch cam.
Next, replace the nuts fastening the drum support
to the recoil rods, tightening them sufhciently to
bring the rear shoulder of the recoil rod up against
the drum support lug. Now pull back on the drum
support so that the rear end of the recoil spring
assemnbly 1s seated against the rear end of the bore
in the drum support which houses the spring assem-
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bly. Replace the recoil spring retamners, making
sure that they are only hand tight. Replace the
34-inch hexagonal-head screw into the end of the
right recoil spring retainer to hold the charger
bracket to the drum support. Place the cotter pins
on the rear nuts of the recoil rods and safety wire the
left reconl spring retainer and the hexagonal-head
screw 1n the end of the right recoil spring retainer.

WarNING. Proper functioning of the gun re-
quires proper assembly of the recoil spring system
to the drum support and tube support. Careless
and improper asscmbly will result in erratic recoil
and subsequent damage to the gun; therelore, be
SUTE::

. The drum support lug is against the shoulder
of the recoil rod.

2. The rear end of the recoil spring assembly is
seated against the shoulder in the tube support.

3. The recoil spring retainers are replaced hand
tight.

4. All nuts of the recoil system are cotter pinned
and the retainers safety wired.

Tube. Replace the tube orifice. Slide the tube
into the tube support. Lift up the tube latch and
continue sliding the tube rearward until it stops.
Release the tube latch and rotate the tube until the
latch drops into engagement with the hole in the
tube,

CavTion. Be sure that the tube latch is engaged
with the hole in the tube.

Drum. Replace the sealing sleeves in the drum
with the unnotched faces forward. Placc the drum
in the drum support with the actuator slide [ully
forward. Be sure that the drum roller is properly
cngaged with the slide cam.

Feeder.

1. Replace the feeder end plate and the end plate
pins. Safety wire the end plate pins.

2. Insert the guide rods in the slide drive springs,
and slip the assemblics through the holcs in the end
plate in the holes in the rear of the slide. Engage
a screwdriver with the slotted head of the drive
spring guide rod and compress the spring until it
clears the notched section of the end plate. Rotate
the assembly 90° so that it is alined with the recessed
section of the end plate. Let up on the screwdrniver
enough to seat the drive spring guide against the
end plate. Repeat the procedure for the second

spring.
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3. Assembly of fceder.

Disintegrating belt feeder. Replace the front and
rear feeder shaft bushings. Replace the internal
guides and chute. Safety wire all socket-head cap
screws. Insert the feeder shaft through the front
bushing and rcplace the tracks and sprockets in the
following order: front guidc track, front guide
sprocket, link connecter support sprocket, drive
sprocket, link connecter support sprocket, spacer,
rear guide track, ramming sprocket.

Relmking feeder. Replace the four stationary
guides. Inscrt the center guide so that the front
and rear bushings may be replaced. The bushings
must be replaced before the socket-head screws are
replaced. Safety wire all screws. Insert the feeder
shaft through the front bushing and replace the
guide and sprockets in the following order: guide
track with track facing center of feeder, spacer,
link connecter support sprocket, drive sprocket, link
connecter support sprocket, spacer, guide track with
track facing center of feeder, ramming sprockcet with
hub toward the center of the feeder.

4, To replacc the feeder on the gun, first slip the
drum shaft through the rear drum shaft support, the
drum, and the front drum shaft support. It may
be necessary to hold up the drum slightly in order
to aline the drum and drum-shaft bearings. Lift
up on the drum-shaft latch. Now push forward and
down on the feeder frame until the feeder is locked
into position by the feeder locking pins.  Release
the drum shaft latch, rotating it until it engages the
groove 1n the drum shalft.

CavuTion, Be sure the latch i1s engaged in the
groove,
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Conversion from Right-Hand to
Left-Hand Feed

The following parts are either changed or re-
versed in asscmbly for conversion from right-hand
feed to lelt-hand feed. *

Switch Cam. A different switch cam is used for
Icft-hand feed to provide clockwise rotation of the
drurn,

Rammer. The right-hand feed rammer must be
replaced with one made for the left-hand feed. Tor
left-hand feed, the rammer is located on the right
side of the slide.

Extractor Striker. The extractor sinker i1s re-
placed with one made for left-hand feed. Its posi-
tion for left-hand fced is on the left-hand side of the
slide, with the most forward part of the striker face
on the outside of the slide.

Extractor Assembly. 'The right-hand feed ex-
tractor must be replaced with one made for the left-
hand feed. Also for left-hand feed, the extractor is
assembled on the left side of the drum support.
The extractor stop is for either right- or left-hand
feed. For left-hand feed, the stop is located on the
lett side of the drum support.

Receptacle Bracket Assembly. The receptacle
bracket assembly can be uscd for cither right- or left-
hand feed, however, [or lelt-hand feed the bracket
assembly is located on the right side of the drum
support.

Round Retainer. The round retainer must be
assembled on the right side of the drum support for
left-hand feed.

Feeder, For left-hand feed, a left-hand feeder
frame and deflector must be used. The feeder
sprockets and guides are the same,
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Chapter 3

ORDNANCE CORPS POWER-DRIVEN
MULTIBARREL REVOLVER CANNON

SECTION 1. HISTORY AND BACKGROUND

Belore the end of World War I, the Ordnance
Corps realized that greatly increased rates of fire of
aircraft guns would be required to be effective
against the increasing speed of jet aircraft.  Inorder
to obtamn any marked immprovement n automatic
weapons, 1t was cssential that the fundamental
characteristics of existing types be improved, such
as (a) increase in firing rates, (b) reduction and
smoaothing of machine gun actions and {c) Increased
muzzle velocities In spite of the resultant barrel ero-
sion problems.

The conventonal lypes ol single barrel recipro-
cating action weapons whose rate of fire is deter-
mined by gun energy, were approaching their design
limit of rate of fire. These weapons require the
reciprocating mass to he stopped at the time of lock-
ing and the direction of motion to be reversed when
recbounding from the buffer during each cvele.  As
the velocity of the reciprocating mass reaches in-
creasingly higher limits for the mcereased rates of
fire, the impacts become an important problem,
smce they have to be absorbed by the weapon and
mparted to the aircraft frame. Increasing rates
of fire had caused increasing difficulties in barrel
erosion and control of moving parts. It was believed
that this situation would be remedied by the use of
several barrels rather than one, thus securing better
cooling periods for each barrel. Further, the usc
of a continuous power source, rather than the im-
pulsive action of the powder gases, was expected to
provide smoother action and longer life of com-
poncnts.

The best known progenitor of this type of weapon
is the Gatling gun. While this weapon, whose
operating principles were originally patented 4 No-
vember 1862, was operated by hand at a moderate
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rate of fire, it was decided to mmvestigate the possi-
bility of using a power drive. In early 1946, an
electric motor drive for a model 1903, 10 barrel,
45-70 Gatling gun was provided and operated for
a short period at the rate of 5,000 shots per minute,
A thcorctical study of the mechanism showed that
even higher rates of fire were attainable.  Such a
cun, to be profitable, must show a profit in terms
of weight per barrel, rate of firc per barrel, and 1n
other ways, to overcome the handicap introduced by
making all the barrels subservient to a common op-
erating mechanism,

On 18 January 1946, the General Electric Co.
submitted, at the invitation of the Ordnance Corps,
proposed methods for conducting a development
study to work out an improved aircraft gun of in-
creased firepower, improved ballistics, better control

-

Figure 3-1. An old Gatling Gun with motor drive. This
gun was used experimeantally in the development of
the T45,
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of reciprocating components, and reduced length to
improve its aircraft adaptability. The General
Electric Co. was requested by the Ordnance Corps
to quote on the study and development of a multi-
barreled gun of the Gatling type.

In June 1946 a contract was negotiated with the
General Electric Co., Schenectady, N. Y., for a pre-
liminary design study for a gun to mect the follow-
ing gun design characteristics:

Mecchanism: A multibarrel gun, similar to the
Gatling gun, driven by an external power
source. The number of barrels in the initial
design 18 not prescribed. A jam in one barrel
should not afTect the others.

Caliber: .60/50 (141 cartridge; later changed
to caliber .60 round. )

Barrel length: 60 inches.

Maximum gun length: 80 inches,

Maximum weight: 100 Ib/barrel.

Minimum rate of fire: 1,000 r. p. m./barrel.

Firing mechanism: Electrical primers,

Feed: To be determined by analysis.

Iiring control: Electrical. lTo permit firing
without loss of time and stopping without loss
ol ammumtion. Maximum rate of fire 1s de-
sired throughout burst.  Clutch or cutout may
be provided to decrease up-to-speed time,

Cook-off controls: Provision must be made so
that no cartridge remains in a chamber at the
end of a burst. Barrcls should remain open
after firing to permit cooling by natural air
draft. Provisions for fluid cooling if required.

Reloader: Gun to be initially loaded by armorer;
necessary for reloader mechanism to be deter-
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mined by possibility of normal fceding cycle
being interrupted by malfunctioning.

Mounting provision:Spring-loaded mounting to
provide for smoothing of recoil load transmitted
to the airplane structure. Installation pro-
poscd for aircraft.

Access: Vital parts of the gun must be accessible
for servicing.

Basic Design

The design arrangement selected for the first test
gun was a five-barrel model of medium size and per-
formancc suitable for construction as a development
sample.

The principal parts may be designated as: Sup-
port; feed unit; housing: bolt; rotor; barrel; drive
unit; lock. '

The design follows the Gatling principle, which
lends itself satisfactorily to the application of mod-
ern ammunition and electrical control.  Where there
is duplication of parts, like the bolts and barrels,
other items like the recoil spring supports and gen-
cral structure are common. This arrangement re-
sults in a considerable saving in weight and space.
Barrels are grouped in a circle and fastened at the
breech end to a single central member. There 1s
an additional support approximately 2 fcct forward
of the breech. The central member, which is re-
[erred to as the rotor, carries individual bolts in guide
slots which reciprocate in a conventional function
under the action of a spiral cam on the outside of
the housing member.

A reduction in diameter at the muzzle s achieved
by bringing the barrels together at the end at an

Figure 3-2. Wooden madel of the early stages of Ordnance Corps Electric-Operated Machine Gun.
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anglc of approximatcly threc-quarters of a degree,
instead of maintaining parallel axes. The relative
value of this arrangement is easy to see.

Ammunition is fed by belt from the side with
links discharged before entering the gun, as in the
200mm M2 feed mechanism. The cartridge is
driven by a sprocket into the space ahead of the bolt
from which point it is forced into the barrel, fired,
and the case ejected in the course of the bolt’s recip-
rocating travel. Suitable guides maintain the car-
tridge in position during its metion.

Early Design Problems

'The necessity of quick starting of the gun without
undue stresses on the ammunition belt and the mat-
ter of clearing the gun for prevention of cook-offs
have necessitated the use of certain control auxihary
which would not have been otherwise required.

It was early determined that, in a gun of the pro-
portions that existed in this type of mechanism, it
would be possible to store sufficient energy in a small
flywheel to permit starting of the gun rotor in a
satisfactorily short space of time, 0.1 to 0.2 second.
Hence with the use of a flywheel and a quick-acting
clutch and brake umt, it became possible to posi-
tively start and stop the gun every time 1t was S0
desired.

Clearing the barrels of live ammunition 18 more
difficult. If cooling were adequate, this problem
might not have arisen. At this time, howcver, the
cooling problem was not considered sufficiently de-
veloped to say what the possibilities were.

A second rather simple expedient was to back up
the gun after firing by emplovment of a heavy spring.
Th's required that the bolt secure a firm hold on
the cartridge at an carly stage, a mechanical prob-
lem which was not solved at this time. It also im-
plied that due provision was nceded for some back-
ward motion of the ammunition belt. In either of
these methods, the feed sprocket was attached di-
rectly to the drive and moved with the gun rotor.
General Electric engineers ¢lected, however, at this
time at least, to adopt a more complicated but more
comprehensive method of clearing the gun. The
scheme decided upon was to provide for independent
stopping of the feed and gun rotor. There were var-
iations of this cycle, but basically the feed was
stopped before the gun, an arrangement which per-
mits the gun to empty itself before stopping. A
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special type of brake and clutch combination assum-
ing precise angular engagement and disengagement
had to be developed to fulfill this need.

The operating cycle based on the overall arrange-
ment may be described briefly as follows:

As a preliminary to firing, a master switch or
action switch is closed; accordingly, the electric
motor with its attached flywheel is started. This
part of the system is designed to operate on a con-
tinuous basis. The firing switch 1s now closed as
desired, operating through elecirical switching.
The main clutch is actuated, bringing the gun ro-
tating element up to speed. At the samc time the
circuit to the electric primer is energized. During
this part of the cycle, the ammunition feed sprocket
is locked to the gun rotor in the correct angular re-
lationship, so that ammunition feeding commences
with the starting of the gun rotor. The main clutch
is so designed that the time required for obtaining
full speed is between 0.1 and 0.2 second, fast enough
to meet normal firing requirements but slow enough
to prevent high acceleration forces on the ammuni-
tion belt. At the conclusion of the burst, the feed
sprocket is stopped abruptly by the feed clutch ac-
tion within approximately 30 degrees of angular
rotation. This action stops the first round of ammu-
nition with an acceleration equivalent of 40 g's;
however, because of the elastic action of links and
chute, the shock on succeeding rounds is reduced
rapidly. Simultaneously with the feed clutch action,
the main clntch 1s changed from driving to braking
position. Since the braking action is designed to
occur in the predetermined time limits of 0.1 to
0.2 second, the gun rotor continues to turn for a
sufficient angular distance to clear the gun of all live
rounds. Whether or not the residual rounds are fired
out or discharged live is determined by the time
delay or interlocking relationship of the primer cir-
cuit. It is expected that the primer will be operated
from a relay having suitable time delay on dropout.
Actual firing of the cartridge takes place after the
bolt has pressed the cartridge into the breech and is
securcly locked. Firing is accomplished by the clos-
ing of the final contact to the primer button by means
of a fixed contact in the fixed gun cover. An exten-
sion on the bolt strikes this contact as it passes in
the course of its circular motion.

The action of the bolt in handling the cartridge,
the method by which it is held securely during the
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interval of high chamber pressure, the feed action
and the recoil arc vital functions which deserve some
extended explanation and discussion. These func-
tions must be synchronized and timed in such a way
as to insure rcliable working of the other component
parts.

The Locking Function. The means by which the
kolt is held forward against the cartridge butt dur-
ing the firmg period is important to the safety of
operation. A force of approximately 50,000 pounds
is developed momentarily during the combustion
period, diminshing gradually to from 2,000 to 3,000
pounds at the time of extraction. The total time of
the locking cycle is approximately 6 milliseconds
corresponding to a linear travel of about 2 inches
at a mean pitch diameter of 534 seconds. Since
there are five bolts, the roller lock is performing a
locking operation during 50 percent of the total fir-
ing time. The forces are so grcat and the duty so
severe that there was some question at this time of
the ability of a roller of moderate size to stand up.
There was a further consideration that several horse-
power in friction can easily be consumed at this
point. This problem presented one of the bigzest
obstacles to be overcome by the General Electric
engineers in the construction of this unusual weapon.

While the roller lock possessed certain virtues,
particularly that of simplicity, there were disadvan-
tages of high roller stress, friction, and deflection, all
of which made it difficult to predict successful oper-
ation. Roller stresses were calculated to be in ex-
cess of 400,000 pounds per square inch, and it was
difficult to predict the friction developcd under such
conditions even where materials were able to with-
stand the direct loads. The maximum deflection
was estimated to be as much as one-sixteenth inch.
It was decided to use not the roller lock but an in-
terrupted thread attaching the bolthead directly to
the barrel extension. In this arrangement, the bolt-
hcad is rotated 13° at the forward end of the stroke
into locking pasition. This motion is accomplished
by means of a linkage in the barrel extension, which
is operated by a drum cam on the frame,

Bolt Action. The bolt carries the cartridge from
the feed groove into the barrel; fires the primer and
blocks the breech during the combustion period;
pulls out the fired case by means of springtype ex-
tractors; and holds it 1 position to be discharged
through the case disposal chute. The reciprocat-
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ing motion by which the bolt performs thesc opera-
tions is obtained through contact between a driving
roller and a spiral double-acting cam surface. There
is a substantial dwell period at each end of the
stroke, the one at the rear position being neccssi-
tated by the interval of disposing of the empty casc
and placing a new round in the feed slot. The
dwell period at the forward end is determined by
the time required (about 6 milliseconds) for the
gas pressure (o rise and fall during the bullet dis-
charge. The pressure of these dwell periods is the
samc as stcepening the cam slope of the intervening
space. The cam is a critical element. It must be
designed for minimum accelcration forces in three
directions and must have a sale stall angle. It was
believed that the cam angle of 60° was as high as
could be safely used and that 45° would be much
better. A smaller cam angle could be obtained by
reducing the bolt stroke or by increasing the mean
diameter. The diameter is determined by the num-
ber of barrels. It was decided to go to a six-barrcl
design, thereby reducing the cam slope from 60 to
55 with a resultant decreasc in horscpower of the
molor, increase in rate of fire from 5,000 r. p. m.
to 6,000 r. p. m., and increase in tatal weight of 30
pounds, which is the weight of the additional bar-
rcl. The rate of fire per pound of weight was in-
creased by about 10 percent.

Firing of First Completed Model

The first firing model was completed and fired
in April 1949. Considerable bench testing had been
done prior to this date. One of the advantages of
this gun i3 that it can be cycled rapidly by the motor,
or slowly by hand before actual firing is done, there-
by saving money and time in the development pro-
gram. Rates of 2,500 r. p. m. were obtained for
short bursts. There were occasional misfires due to
external electrical circuits or primer misfires. Start-
ing and stopping action was rapid and smooth.

Conference on Electric Primers and Gun Ignition
Circuits. Personnel from General Electric, IFrank-
ford Arsenal, Springfield Armory, Ballistic Research
Laboratory, and Aberdeen Proving Ground, and
other interested parties were invited to a conference
held in Washington on 17 March 1949, to exchange
information relative to electric primers and gun
1gnition circuits,
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Information disclosed at this meeting indicated
that:

1. The primer would function satisfactorily at
50,000 feet altitude and as low as —80° F.

2. The resistance of the wireless type primer
{T39E2) could not be controlled within the limits
requested by General Electric.

3. It 1s necessary to use a condenser discharge
firing circuit.

4. Functioning of the wireless type primer is in-
dependent of resistance.

5. The application of higher voltage {180 to 250
volts) insurcs uniform functioning and minimum
ignition time,

Based on this information, General Electric with-
drew its objections until such time as further tests in-
dicated trouble was occurring.

Experiments Conducted With Electric Primers.
Preliminary measurements at General Electric of
current and voltage requirements to fire this am-
munition indicated minimum resistance of 50 ochms
and a voltage sensitivity somewhat higher than the
previcusly submitted Remington sample lots that
required 50 and 100 volts for firing. In order to use
this ammunition, currents of at least 0.2 ampere
were employed.  General Electric stated that they
believed that the use of this ammunition could be
expected to lead to early failure of presently de-
signed firing components by arcing and serious ero-
sion of contacts, especially at high altitnde, and
they thought this might jeopardize the development
of the T'45 gun.

Primer leakage was encountered with ammuni-
tion containing T59E2 primers, as shown by dark
ring dcposits on bolt face coinciding with the primer
diameter. This evidence indicated that the primer
had ruptured and the powder gases had discolored
the bolt face. It was also concluded that the link
stripping arrangement, together with the feed and
guide systems, needed further refinement to estab-
lish reliability.
all parts with only slight corrections being found
necessary before further firing tests were satisfac-
torily conducted.

Other Results of Firings. Mounting and recoil
did not appcar to be scrious problems.  Iue to the
high-firing frequency, it would be possible to realize
the low forces obtainahle with single-barrcled guns,

Clarelul examination was made of
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but in relation to weight and fire power, the figures
should be as good or better.

By June 1950, 20 round belts had been fired at
average rates of 4,000 rounds per minute, with a
maximum in excess of 5,000} rounds per minute with
dispersion of 314 mils for 100 percent of shots. All
firing was conducted fron: a fixed mount, using a
standard capacitor circint. By September 1950,
maximum rate of firc of 6,000 rounds per mmute
had becn obtained. Work progressed slowly due
to [und restriction.

The first model used a handmade link of the
20-mm type. A two-piece link previously devel-
oped for the caliber .60 round with further develop-
ment, appears to be more practicable. The second
gun fabricated to use this iink was completed and

fired i July 1950.

Designations and Characteristics of
Various Models

In September 1950 four more “A” prototype
guns were proposed to be used by the Ordnance
Corps and Air Force for engineering tests and in-
stallations.  Two additional models, designated Bl
and B2, to include refinements due to testing of the
“A” modcls, were to be made. Twenty-five addi-
tional models, designated “C”, to be made with
temporary production tools were scheduled.

An ammunition booster mounted on an ammuni-
ton container of 200 round: capacity was designed
and fabricated. The booster was driven directly
from a gear takcoff on thc gun through a flexible
shaft. This booster [unctioned satislactorily and a
burst of 157 rounds was fired without trouble. With
the exception of a single round, all shots fell within
a 3-mil diameter.,

As of May 1952, 7 “A” model guns had been de-
hivered, were under test, and had bheen {ired a total
of 75,000 rounds, one gun having fired 7,300 rounds
without a stoppage. Three additional “A” modcls
were scheduled for completion by June 1952.
These are all prototvpe guns with experimental fea-
tures, consequently, their weights are excessive. A
detailed description of tle “A” models 15 given n
section 2. The rate of fire on these models is being
held between 4,000 and 4,500} r. p. m. although this
model has been fired at 6,000 r. p. m. These guns
have the {lywheel feature described earlier. T'wen-
ty-seven ‘“C” models were scheduled to be built as
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Figure 3-3. Ordnance Corps Electric-Operated Machine Gun, Caliber .60, T62. Receiver cover open,

20-mm T171 guns, delivery starting in August 1952,
These guns are lighter in weight, weighing about
365 pounds of which 180 pounds are barrels.  Six
conversion kits to convert to T4, caliber .60 guns,
and hve kits to convert 1o T150, 27-mm will be pro-
vided. The 27-mm guns will weigh about 330
pounds because of shorter barrels. These conver-
sion kits will consist of barrels, barrel clamp and
front sprocket and stripper in the feeder. Calibers
of the guns may bec changed quickly by removing
barrel clamps, replacing barrels which are of the
quickly removable type, and changing to a feeder
containing the appropriate parts. A further model,
designated “DV, is contemplated, which will be

materially reduced in weight, weighing about 300
pounds and will fire at an average rate of 6,000
r. p. m. There was a 162 modecl, intended to meet
a requirement of 52 inches overall and a barrel
length of 38 inches. The requirement for this model
has been withdrawn.

The varying charactenstics for the different cali-
bers in the “C” models may be summarized as shown
in the accompanying chart.  All (27 models are
mtended for aircraft use.

The general design of the *C” models will follow
that of the “A” models, with improvements in de-
sign, Thercfore, the general data given for the “A”
models are applicable to the *“C” models.

T45 T150 I 171
Weight: |
without barrels. . . e e pounds. . 185 155 185
with barrels. . . e pounds. . 365 335 365
Muzzle velocities. ... ... .. L. jsec. . 3, 550 3, 300 | 2, 000
| R 3 (") (Y Q)
Lengthofround. ... .. . . . . . . e inches. .| 63 ‘ 6% 6%

I Electric.
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SECTION 2. "A" MODEL T45 CALIBER .60 MACHINE GUN

Design Data and Specifications

Type: Electrically operated, rotating, multiplc
barrel.

Weight:
Without barrels: 256 pounds.
With barrels: 427 pounds.

Length: 74 inches,

Approximate profile dimensions: 14 by 14 inches.

Number of barrels: 6.

Rotation: Clockwise when viewed from muzzle
end.

Power sources:
Motor: 24 volts, d. c. power, 300-350 amperes.
Firing circuit: 250-350 wvolts, d. c. power,

100 ma.

Firing rate: 4,000 rounds/minute at 668 revolu-
tions/minute and 24 volts at motor.

Suggested maximum safe firing time ( continuous
burst) : 7 seconds.

Dispersion: 3 to 4 mils {80 percent circle).

Time interval to obtain [ull firing rate: 0.2 to 0.4
second.

Recoil reaction: 4,000 to 8,000 pounds on 250,-
000 pounds/inch firing platform. 18,000 to
20,000 pounds on rigid mount.

I.ocation of cartridge and link ejection: Bottom.

Location of feeder: Right side at 45°.

Recommended maximum ammunition belt pull
at feeder: 50 pounds.

Recommended maximum length of belt without
booster: 5 feet horizontal or 4 feet vertical.
Feed is by belt, with disintegrating link of strip-

ofl type.

Bclt speed corresponding to above rate of fire:
500 feet/minute, with maximum acceleration

of 1.5 g.

General Description

The 145 gun is an clectrically operated, mulu-

barreled, caliber .60 machine gun, designed for han-
dling belted electric-primed ammunition at speeds

Figure 3-4. Ordrance Corps Electric-Operated Machine Gun, Caliber .60, T62. Mounted on test stand.
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up to 4,000 rounds per minute. The gun is driven
by a 24-volt d. c. drive motor. The associated
solenoids require a 24-volt d. c. power supply and
a firing circuit, a minimum of 250 volts d. c. power.
No separate charger is required.

The T45 gun consists of a rotating firing mecha-
nism with six 60-inch barrels. The weapon will
operate satisfactorily with caliber .60 electric-primed
ball ammunition belted by means of T44E4 links.

Firing Mechanism. The firing mechanism con-
sists essentially of a stationary member which en-
closes a rotating member. ‘The stationary member
is made up of an end cover, upper and lower hous-
ings, forward casing, drive unit, feeder, and main
cam. The rotating member consists of a rotor assem-

bly (rotor and connection block), rotor extension,
six slide assemblies, and the forward bearing block.
The rotating member is supported in the stationary
member on two sets of bearings. Five thrust bear-
ings, in the rear of the rotor, transmit recoil forces
to the housing by mcans of a shaft through the
back cover. Six bearnng and roller assemblies in
the forward bearing block support the front end of
the rotating member in the forward casing.
Recoil adapters, one on each side of the casing,
provide the two primary mounting supports.
The drive and [eeder assemblies are mounted to
the outside of the lower housing, one on each side
of the gun. The main cam is [astened to the inside
of both the upper and lower housings. In addition,

General Data Caliber .60 T45 Machine Gun

Gun length: 74 inches.
Gun weight:
With barrels: 477 pounds.
Without barrels: 306 pounds.
Rate of fre: 4,500-5,000 rounds/minute,
Muzzle velocity: 3,000 feet/second.

principle}.
System of locking: Each barrcl has own locking device.
System of feeding: Disintegrating metallic link.

justed if necessary).

degrees,
Location ejection opening: Bottom of receiver,
Method of charging: Electric.
Method of cooling: Air.
Approximatc profile dimensions: 14 inches x 14 inches.
Number of barrels: 6.
Rotation: Clockwise when viewed from muzzle end.
Power sources:
Motor: 24 volts, d. c. power, 300-350 amps.
Firing circuit: 250-350 volts, d. ¢. power, 100 ma.
Firing rate: 4,000 rounds/minute at 568 revolutions/
minute and 24 volts at motor.
Suggested maximum safe firing time (continuous burst) :
7 seconds.
Dispersion: 3 to 4 mils (80 percent circle).
Time interval to obtain full firing rate: 0.2 to (.4 second.

rigid mount.
Location of cartridge and link ejection: Bottom.
Location of fecder: Right side at 45 degrees.

System of operation: Power-driven multibarrel (Gatling

Method of headspace: Factory established (can be ad-

Location of feed opcning: Upper right-hand side at 45

Recoil reaction: 4,000-8,000 pounds on 250,000 pounds/
inch firing platform; 18,000-20,000 pounds on

Barrel length: 38 inches.
Barrel weight: 2874 pounds each {38-inch barrel ),
Rate control: Rheostat.
Barrel removal: Net quick disconnect.
Bore:
Number of grooves: 8.
Groove depth: 0.016 inch.
Groove width: 0.150 inch.
Pitch: One turn to 18 inches.
Direction of twist: Right-hand.
Form of twist: Constant.
Recommended maximum ammunition belt pull at feeder:
950 pounds.
Recommended maximum length of belt without booster:
3 feet horizontal or 4 feet vertical.
Feed is by belt, with disintegrating link of strip-off typc.
Belt speed corresponding to above rate of Are: 500 feet/
minute with maximum acceleration of 1.5 g.
Ammunition
Baull T77 caliber .60 cartridge.
Weight per pound: 0.52 pound.
Weight per link: 0.12 pound.
Primer: Electric.
Diameter of case: 1%5§s inches.
Length of round: 6% inches (normal),
Links {GFE) : Modified T44E2 or T44E3.
Number of rounds per foot of belt: 1,
Barrels (GFE | : Supplied from Springficld Arsenal.
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the upper housing carries a locking cam and the
firing contact, while the lower housing supports a
set of 12 guides.

The rotating group is turned by the drive assembly
through a gear machined on the connection block.
The feceder, located on the opposite side of the gun,
is driven from this gear. The rotor of this group
carries the six slide assemblies which move back and
forth in slots. The connection block supports six
locking levers which are actuated by the locking
cam,

The six barrels of the T45 machine gun are ar-
ranged circumferentially in the rotating member
and are supported by the connection block and the
forward bearing block. The barrels are held in the
connection block by three sets of teeth located on
the outside of the barrels. Spring locks on the for-
ward bearing black, one for each barrel, lock the
barrels in place. The barrel clamp is fastened to the
muzzle end of the six barrcls to give rigidity to the
60-inch barrels when the T45 machine gun is oper-
ated at high speed.

Stide Assembly Bolt. The slide assemhlies are
made up of a body, a cam follower, firing pin as-
sembly, bearing shoes, and a bolthead. The bolt
has tecth for locking the bolt in the connection block.
It also carries a single-tooth gear, the extractor
springs, and part of the interlock switch. The re-
mainder of the interlock switch is a spring mounted
on the side of the bolt body. The firing pin as-
sembly is spring loaded inside the bolt body to insure
proper contact with the primer on the round. The
cam follower is fastened to the bolt body by an
eccentric shaft to permit adjusting headspace.
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Note. Headspace of the firing mechanism re-
fers to the distance between the back of the teeth
in the connection block and the back of the tecth
on the bolthead at the instance that the bolthead
starts to lock.

Feeder and Gear Box Assembly. The feeder as-
sembly is madc up of a fabricated housing contain-
ing gearing, a shaft carrying two sprocket wheels,
link guides, stripper fingers, and the link discharge.
The fecder sprockets are driven through a gear train
by a gear on the connection block. The feeder is
so designed that the sprocket wheels and link guides
position a belted round of ammunition so that the
link passes under the stripper finger while the round
passes over it. The feeder also contains stationary
fingers to cam the spent cases out of the bottom of
the lower housing.

Drive Assembly. Thce drive assembly comprises a
24-volt d. c. drive motor, a flywheel for energy stor-
age, a double-action solenoid, a clutch, a brake, and
the necessary reduction gearing.

The flywheel is mounted near one end of the
drive unit housing. It is supported on two radial
bearings and is driven directly by the output shaft
of the motor by engaging flats on the drive shaft
with the socket on the flywheel. This permits rela-
tive axial motion of the flywheel, which is absorbed
by thrust washers at each end of the flywheel. Two
sets of pressure plates are mounted near the front
end of the drive unit. One set is driven by the
flywheel through planetary gearing. The other set
is held stationary. A disc on the output shaft
18 located between the sets of pressure plates. The
disc is moved axially by an actuator connected to

Comparative Data: Caliber .60 T45 Machine Gun

| Gun |
Charactleristic ~ Length ‘ 5 Barrel | 6 Barrel
i {inches) |
i !
Total weight, 60-inch barrel (weight 74 368 pounds......... 402 pounds
per barrel, 30 pounds).
Total weight, 38-inch barrel (weight 52 328 pounds. .. . . 354 pounds.
per barrel, 22 pounds). :
Weight per barrel. . .. ..., ... .. 74 73% pounds........ 67 pounds.
Do..oo.. e e 52 654 pounds. . ...... 59 pounds,
Height. .. ... oo 1414 inches. . . ... _.. 1474 inches,
Width. . ... .. e 117% inches. .. ... ... 1214 inches.
Rate of fire rounds-minute. . ........0 cccvnnnn. 5,000.............. ' 6,000.
|
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the plunger of the solcnoid assembly. The solenoid
assembly is made up ol two coils. When both
solenoids are de-encrgized, the actuator holds the
disc in a neutral position between the pressure plates.
Neither the clutch nor the brake are engaged, and
the output gearing is free to turn. When energized,
the rear solenoid moves the top of the pivoted actu-
ator to the rear. 'This causes the disc on the drive
shaft to engage the stationary pressure plates, lock-
ing the output gearing. Tle-energizing the rear
solenoid and energizing the front solenoid causes the
top of the actuator to move forward; the output
shaft disc 15 pushed against the rotating pressure
plates and the motor is clutched to the output
FeAring.

Note. The two solenoids should not be ener-
gized at the same time.

Main Cam. 'The main cam is essentially oval in
shape with a groove for the bolt cam follower on the
instde. The cam is made with a small removable
segment at the back to permit removing the bolts
from the rotor.

Cycle of Operation

The '1'45 machine gun is opcrated in two steps:
(1) closing the master switch and (2) closing the
firing trigger, Closing the master switch cnergizes
relays which set the brake and start the drive motor.

NoTe. Thesc relays are not an integral part ol
the T45 machine gun, although they may be sup-
plied in a test control box.

The motor brings the filywheel up to speed. After
the motor and flywheel combination are brought to
speed, the gun is ready for firing. On closing the
trigger, the solenoids operate to release the brake
and to clutch the drive to the rotor. At the same
time, the firing circuit is closed to the finng contact
at the top of the gun. The “stored energy” in the
flywheel accelerates the rotor. l'he six bolts on the
rotor are moved forward and backward by interac-
tion between the bolt rollers and the main cam.

As the rotor is turned, the feeder sprockets draw
the belted ammunition into the gun. The sprockets
pull the ammunition so that the link passes under
the stripper finger while the round rides over the
top. Guides in the [eeder hold the link parallel to
the bottom of the feeder. Continued rotation of the
feeder sprockets cause the round to ride up on the
stripper finger lifting it out of the link. 'T'he link s
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then ejected out of the link discharge opening at the
bottom of the feeder. As the round is carried
around in the feeder, it is cammed out of the
sprocket wheels into the rotor bolt groove ahead of
a bolt by guides on the inside of the casing. For each
revolution of the rotor, the feceder supplies 6 rounds,
1 to each of the 6 rotor slots.

Further rotation of the rotor causes the bolt to be
moved [orward by the main cam. As the bolt ad-
vances along the lugs in the rotor, it pushes the
round ahead of it. Additional guides inside the
housing direct the round into the chamber. When
the rotor and main cam combination have pushed
the round into the chamber, the extractor fingers on
the bolthead engage the cannelure of the round. At
the same time, the firing pin in the bolt comes into
contact with the primer on the round; however, the
round will not fire until the bolt interlock contact 1s
closed and moved against the firing contact.

After the bolthead is pushed all the way into the
connection block, additional rotation of the rotor
causcs a finger on the bolthead to engage a locking
lever on the connection block. This lever is actu-
ated by a follower in the locking cam in the top of
the housing. Motion of the locking lever rotates the
bolthead with respect to the bolt body. This rota-
tion causes the teeth on the bolthead to enter mating
recesses in the connection block, locking the bolt to
the rotor. At the same time, the rotation of the bolt-
head closes the firing-pin interlock contact on the
bolt.

Continued rotation of the rotor brings the inter-
lock switch into contact with the firing contact,
closing the firing circuit and firing the cartridge.
The recoil forces are transmitted through the teeth
on the holt to the rotor, then through the back cover,
and finally to the casing. The recoil adapters on
the casing absorb much of the force of recoil and
of counterrecoil.

During firing, rotation continues with the holt
locked through the dwell period; then the locking
cam actuates the locking lever to unlock the bolt-
head. The main cam then [orces the bolt to the
rear. As thc bolt moves rearward, the empty case
is withdrawn from the chamber by the extractor
fingers. Additional guides in the housing kecp the
case in the rotor slots as the bolt withdraws. When
the empty casc rcaches the ¢jection position, station-
ary fingers on the feeder cam the case out of the
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extractor fingers and eject it through the case dis-
charge opening. The bolt is then carried around
the rotor to come behind the next round fed into
that rotor slot by the feeder.

The finng mechanism continues to strip, fire, and
eject until the firing trigger is released, When the
firing trigger is releascd, the solenoids on ithe drive
unit actuate to declutch the motor from the rotor.
At the same time, the brake is applied to rapidly
stop the rotor.

Note. It i1s recommended that the firing cir-
cuit be kept encrgized until rotation of the unit
stops. A timc dclay relay is used in the test line to
accomplish this.

Control Box. 'The control box contains the re-
lays, switches, capacitors, and connecters used in
operating the firing mechanism during the test. For
wiring, use only approved procedure.

Links. The link being used with the “A” model

guns is a lwo-piece disintegrating type designated
T44E4.

Advantages of the T45 Gun

Advantages of the external power driven gun over
the normal type of gun mechanism are:

1. No gun charger 15 required and gun stoppage
does not result from misfires, round being extracted
automatically.

2. As gun mechanism does not start and stop at
each cycle and uncontrolled reciprocating parts are
eliminated, the resulting impact loads occurring in
normal type guns are eliminated. The majority of
gun failures are caused by impact.

3. The use of springs is reduced to a minimum.
Failurc of gun springs subjected to repeated impacts
at high frequencies is one of the main troubles with
standard type guns,

4. As the belt of ammunition is not subject to the
repeated starting and stopping occurring in standard
type guns, the belt is not as subject to separations.

Operation Precautions

1. Be sure that the access opening on the main
cam is fully scated and thc screws tight before op-
erating the gun. A shight misalinement will damage
the cam rollers,

2. Be sure to use only links of approved dimen-
S1011S.

3. Dummy rounds having open primer holes will
strain or break the firing pins on the slide assemblies.
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4. Load a single belt of ammunition into the
feeder of the gun from the right side with the single
loop first.

3. When loading, be sure that the first round is
fully engaged by the feeder sprocket before apply-
Ing appreciable torque.

6. The firing rate of 4,000 rounds per minute is
obtained at 22 to 24 volts at thc motor terminals.
Highcr potentials will praduce greater speeds which
are above the present safe operating limits.

7. Do not allow brake coil of solenoid to remain
cnergized for more than 5 minutes at a time, to
prevent overheating.

8. Do not run the mator for extended periods,
as the heat rating is critical.

9. If starting or stopping is sluggish, a slight ad-
Justment of the drive unit solenoid may be necessary.

Cleaning, Lubrication, and Inspection:
General

Proper functioning and the accuracy of firing de-
pend largely upon carc, cleaning and oiling. The
weapon should be checked daily for cleanliness and
lubrication. The following instructions should be
carefully observed. Relubricate after cleaning to
prevent subscquent rusting.

Cleaning

All parts should be checked to insure that they arc
clean and lubricated. If not, clean according to
the directions in the following paragraph.

Thorough cleaning after firing is extremecly im-
portant and should be performed as soon as possible.
The bore and other portions exposed to primer foul-
ing should be thoroughly cleaned of primer salts,
using rifle bore cleanser. The corrosive primer salts
are water scluble but are not soluble in petroleum
distillates.

Barrels. Dxcept in emergencies, barrels should
be removed for cleaning to avoid accumulation of
deposits in connector block. Barrels are cleaned
by running wet patches impregnated with bore
cleancr through the bore. After the bore is thor-
oughly coated with bore cleaner, the barrels should
be allowed o sit a minimum of one-half hour or
overnight if possible. After allowing the barrels to
sit, clcan the bore cleaner out of the hore with a dry
clean patch. Loosen the foreign particles in the
bore by running a wire brush through it several
times. Using warm soapy water and a clean patch,
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thoroughly clean thc bore. Follow this procedure
with dry patches run through the bore until they
come out clean and dry. Barrels are then ready
for use. However, they should be coated inside and
outside with a thin coat of Navy specification U51
oll if they are to be left standing more than 2 hours.
Belore firing, all ol should be recmoved from the
barrel bore.

Note. If barrels are to be stored, the preceding
operation should be repeated on three separatc days.

Slide Assemblies { Bolts). Slides are wiped clean
after removing them from the gun. The heads
should be immersed in bore cleaner to permit freer
action of the solvent,

Rotor and Conneclion Block. 1f there appears to
be an excessive accumulation of dirt in the rotor
and/or connection block, remove the upper and
lower housings and clean with brushes.

Lubrication

Lubrication is required according to a chart [ur-
nished with the weapon.  Use lubrication sparingly.

Inspection and Checks

A thorough systematic inspection at regular in-
tervals 1s cssential. These inspections should in-
clude (1) preventive maintenance and (2} deter-
mining whether replacement of parts is necessary
because.of ordinary wear and defective parts.

Prefiring

l. Be sure ammunition and links are in accept-
able condition: clean, free of burrs, and within
drawing dimensions.

2. Be sure that access plate is securely bolted in
place. Failurc to seat properly will damage cam
roller and may cause failure of gun.

3. Check all sliding parts and bearing guides for
burrs or abrasive foreign matter.

4. Be sure that the firing contact pin completely
engages each of the six slide contact pins and that
the interlock contacts engage with approximately
one-eighth inch interference. The engagement
must be positive but not excessive. Sincc wear may
take place on the contact pin, it may be necessary
to replace it. The recommended contact dimen-
sion 15 0.010 to 0.020 inch interference.

5. Check to see that ejection openings for spent
cascs and links are not obstructed. Also make sure

98

that they cannot bounce back into thc cjcction
openings.

6. Check condition of feeder and ejection arms
for looseness of parts, breakage, or wear. The
fecder must be in excellent shape at all times.

7. Make sure that the [eeder chutes are installed
correctly and that there is no interference.

8. Betore loading the gun, check the operation of
the motor and clutch unit to insure proper func-
tioning.

9. Run a belt of at least six dummy rounds
through by hand. I any binding or sluggish move-
ment is noted, determine the cause and make the
necessary checks and repairs.

10. Check all bolts for looseness or breakage of
safcty wires.

11. Be sure that recoil adapter bolts are snug
and suitably locked.

12. Check extractor springs for tension or me-
chanical defects,  All extractor springs should have
one or more pounds of preload and should have an
mitial resistance to lifting by the finger.

13. Check extractor clamp screws.
either replace or restake.

14. Check bearing shocs for deep scratches or
wear.

15. Make sure the firing pin is free and centered
with suitable electrical clearance. Make occasional
ground resistance checks at some elevated potentials
such as 500 volts.

6. Be sure that the ammunition chute (not fur-
nished ) is securely fastened and accurately alined.

If loose,

Performance

1. Check the conditon of the bearings occasion-
ally by turning the gun by hand.

2. Take headspace rcading frequently. Values
should read 0.0025-0.005 inch.

3. Inspect the slide assemblics after every 200-
300 rounds according to prefiring instructions, just
given.

4. Check firing contact pin frequently according
to prefiring instructions,

Removal, Disassembly, and Installation

The multibarrel gun should be disassembled only
to the extent described in applicable manuals. In
cases where a component is faulty, it should be re-
moved, repaired, and replaced in the gun in accord-
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ance with the appropriate instructions. Some units
cannot be removed without prior removal of other
subasscmblies.

Note. It is recommended that the six slide as-
semblies be removed prior to the removal of any
subassembly.

With the exceptions noted, the reassembly of cach
subassembly is the reverse of the dissassembly and
therefore is not included.

Barrels—REMOVAL.

1. To remove the barrel clamp, remove the six
nuts which hold it in place and slide it off the ends
of the barrels,

2, Pry up the barrel lock springs on the bearing
block. Turn the barrel one-sixth of a revolution
counterclockwisec (when looking into the muzzle)
and pull the harrel out.

RepLacING THE BARRELS AND BARREL CLAMP.
Reverse the procedure just given. Care should be
taken to see that the barrel clamp nuts are pulled
up evenly.

Slide Assembly (Bolt). Any of the parts of the
slide assembly may be replaced when necessary.

Nore. All slides are numbcred and should be
inscrted 1n the correct rotor slot.

REMOVAL.

1. Using an Allen-head wrench, reach into the
access opening on the end cover, and remove the
two screws from the cam insert located in the main
cam. Turn the rotor until a rotor guide appears
directly above the insert. Pull the insert out.

2. Turn the rotor one-twelfth of a revolution
cither way and pull out a slide assernbly through
the opening.  Continue bv turning the rotor one-
sixth of a revolution and removing cach shide assem-
bly in turn.

DISASSEMBLY.

1. Remove hcad from body by turning head
clockwise until it unlocks, and pull it off.

2. Remove contact pin, insulation, roller, and
washer from hcad.

3. Remove the two extractor springs from the
head by removing the three screws and clamp.

4, Pull off four bearing shoes.

5. Using an adjusting locknut wrench, unscrew
the locknut on the bottom of the roller assembly.
Be sure to note the position of the mark on the shaft
in relation to the body of the slide assembly. In
reassembly, the shaft must be alined correctly with
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the slide body in order ta give proper headspace.
Push out the shaft and roller assembly. Remove
the washer and roller from the shaft if nccessary.
Note. In reassembly, be sure that one of the
teeth of the locknut lies over the center of the hole

in the slide body. If this cannot be done, use
another nut.

6. Remove the contact assembly by removing the
2 screws, rctainer, insulation, 2 contact springs, 2
insulation washers, and insulation.

7. Tap out the split dowel pin, using a pin punch
and a hammer.

#. Push out the firing pin assembly.

INsTALLATION. When installing a slide assem-
bly in gun, reverse the procedure for removal. Be

sure to check headspace according to procedure in
test section.

Feeder and Gearbox Assembly. 'The feeder
housing is riveted together. Do not remove the
rivets. Replace with a new assembly if the housing
is not usable. Tach guide and stripper assembly is
individually fitted to each feeder. Therefore, if
something is wrong with the guide and stripper
assembly, replace the entire feeder. During reas-
sembly of feeder and gearbox assembly, bc sure to
conduct tests noted later in this section.

REMOVAL.

1. Remove 3 screws and 3 washcers holding am-
munition chute to feeder. Remove chute,

2. Remove 10 screws, 10 lockwashers, and 2
dowel pins holding feeder to housing, and 3 screws,
3 lockwashers, and dowel pin holding gearbox to
housing. Lilt the assembly off the housing.

DISASSEMBLY.

1. Remove gearbox from feecder by removing
3 screws, 3 lockwashers, 2 dowel pins, which hold
gearbox to feeder. Slide gearbox away from side
of feeder housing.

2. Disassembly of gearbox: Remove retaining
ring and spacer. Slide shaft out. Sheft fits fairly
tight, and it may need to be tapped out. Be careful
of Woodrufl key. Press out needle bearings if
bearings are bad.

3. Disassembly of feeder: Tap taper pins out of
sprockets. Slide shaft out. (Do not lose the two
spacers.) Remove gear. Do not lose Woodruff
key. Drive taper pin out of gear. Press out needle
bearings if necessary.
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INSTALLATION.

1. Reassemble gearbox to feeder: Slide end of
gearbox into feeder housing, making sure the gears
on the feeder and the gearbox mesh correctly.
Fasten gearbox to feeder with 3 screws, 3 lockwash-
ers, and 2 pins,

2. Fasten feeder and pearbox assembly to gun.
Be sure to check for backlash and clearance.

Note, Beforc reasscmbly, refer to later section
for timing of feeder.

Drive Unit, The drive unit should not be com-
pletely disassembled. Omnly the pinion, the drive
gear, the solenoid, and the motor should be removed

from the drive unit and disassembled as far as stated
here.

REMOVAL.

1. Remove 4 screws, 4 lockwashers, and 2 dowel
pins holding bracket to gun assembly, and 3 screws
and washers holding flange to gun assembly. Re-
move drive unit from gun. Be careful of wires.

DisASSEMBLY,

1. Pinion: Remove three screws holding gear
cover to drive unit and remove cover,  Remove nut
and lockwasher. Slide stud assembly out of
bracket. Remove two thrust washers and pinion
from stud. Press needle bearings out of pinion if
necessary.

2. Drive gear: Remove retaining ring, Pull off
gear, Be careful of Woodruff key.

3. Solenoid: During reassembly, be sure to adjust
position of solenoid. Remove solenoid by remov-
ing 4 screws and 4 lockwashers holding solenoid to
drive unit. Remove end covers after removing the
4 screws and 4 lockwashers located on both covers.
‘Take top and bottom covers off after removing the
2 screws and 2 lockwashers located on both covers,
Pull out =olenoid coils.

4. Motor: Remove 4 bolts and 4 lockwashers
holding plate and motor assembly to chitch mecha-
nism. Lift off plate and motor assembly. Remove
4 bolts and 4 lockwashers holding motor to plate.
Lift off motor.

InsTarraTiON.  After reassembly, install drive
unit on gun. Be sure to check backlash.

Conlact Assembly.

Removal rrom GUN. Remove 4 screws and 4
lockwashers holding contact assembly to gun. Re-
move contact assembly.
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ReasseEMBLY. Be sure to adjust contact pin.

Housing. Either half of the housing may bc re-
moved at any time during disassembly. The main
cam must be supported when both halves of the
housing are removed.,

Upprer Housive.

1. Removal: Remove the 18 screws, 18 washers,
and 4 pins holding upper housing to lower hous-
ing and end cover. Remove 4 screws, 4 lockwash-
ers, and dowel pin holding housing to main cam.
Remove six lockwashers holding housing to casing
and extension assembly. Lift off housing.

2. Replacing locking cam: Remove upper hous-
ing. Remove 3 screws and 3 washers holding cam
to housing. Carefully tap locking cam out of
housing.

Lowrr Housing.

1. Removal: Remove drive unit and feeder and
gearbox assemblies, Remove the 18 screws, 18
washers, and 2 dowel pins holding lower housing
to upper housing and end cover,  Remove b screws
and 6 lockwashers holding housing to main cam.
Remove 6 screws and 6 lockwashers holding housing
to casing and extension assembly. Lift oftf housing.

2. Replacing guides: There are 12 graduated
guides, 6 on each side of the lower housing. The
guides may be removed from the housing after re-
moving the housing from the gun assembly. If any
of the guides are worn, a complete set should be
replaced. Be sure they are replaced in the correct
order. After replacing guides, run a dummy round
through the firing mechanism and check to see that
the round does not bind between the rotor and the
guides. If the round binds, the position of the guide
should be shifted slightly, (1) Remove guides in-
dividually ar as a set by removing screws and lock-
washers holding guides to housing.

End Cover. Do not remove the end cover before
removing at least half of the housing. Be sure the
rotor is supported when removing end cover, as gun
asscmbly will be top-hecavy.

REMOVAL.

1. Remove onc half of housing.

2. Remove 6 screws and 6 lockwashers holding
other half to housing end cover.

3. Remove end cover after removing locknut,
nut, and washer from rear of gun assembly.

Main Cam. Extreme care should be taken when
removing main cam from gun assembly. Be sure
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to remove the six slide assemblies before removing
the main cam from the firing mechanism.

REMOVAL,

1. Remove upper housing.

2. Remove end cover. Support the rear gun as-
sembly as it will be top-hcavy.

3. Remove 6 screws and (6 washers holding cam
to lower housing,

4. Carcfully slide cam off of rotor.

INSTALLATION.

I. Carcfully slide cam over rotor, being careful
to support the cam when it is positioned.

2. Replace screws holding cam to housing,

3. Replace end cover.

4. Replace upper housing.

Rotor Assembly.

REmoval. Besure to remove the six slide assem-
blics before removing the rotor assembly from the
firing mechamsm.

1. Remove gun barrels, forward bearing block,

casing, and extension according to instructions that
follow.

2. Roll gun over until it rests on the upper hous-
ing.

3. Remove lower housing. (The feeder and
gearbox assembly and the drive unit may be replaced
if desired.)

4. Remove end cover, using extreme care nol to
let the rotor drop on the upper housing.

3. Slide the rotor assembly (rotor and connec-
tion block) and rotor extension out of the main cam
and upper housing.

6. Remove the six screws and washers holding
the rotor extension to the connection block and re-
move the cxtension. (The rotor and connection
block have been fitted together in manufacture
and require a special key. If it is neccssary to re-
place a rotor or a connection block, they should
be replaced as a unit.)

Rerracing Rotor anp CoxNecTiox Brock
COMPONENT.

1. Guide plates: Certain rotors have removable
plates: If the guide plates on thcse rotors become
damaged in operation, they mav be removed and re-
placed. To remove guidc plates, take out the screws
and lift the plate off. ' When replacing a guide plate,
use extreme carc to be sure it is properly lined with
the other plates in the set. Improper alinement will
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leave protruding corners which will be struck by
the slide assembly.

2. Bearings: The aflter bearings may be removed
and replaced without removing the rotor from the
cun. To do this, remove the end cover. Remove
the bearing retainer and bearings per instructions
below, and replace them. Replace the after bear-
ings as a complete set of five. To replace the bear-
ings, remove the six screws and lockwashers which
hold the bearing retainer in place and lift the re-
tainer off. Using the bearing shaft for a grip, pull
the bearings out. To install the bearings, line the
set up so that the lines on the outer race form a V,
then insert them in the bearing bore with the sharp
end of the V entering [irst.

3. Locking lever assembly: Remove the 2 screws
and 2 washers and lift the locking lever bracket off
the connection block, The dowel pins will remain
in the bracket. Lift the locking lever off the con-
nection block. Press the pivot pin out of the lever.
Replace the damaged part or parts and recassemble
by reversing the above instructions.

Forward Bearing Block—REMOVAL,

. Remove barrels.

2. Remove locknut, nut, and washer, which hold
the bearing block to the rotor extension.

3. Using a bearing puller, pull bearing block off
of rotor extension.

REPLACING BEARINGS ON BEarRING BLoCK.

1. Remove pin on back side of roller assembly.

2. Pull out roller shaft. Roller will drop off as
shaft slides out.

3. Press needle bearings out of rollers if necessary.

Nore. If needle bearings are removed from the
rollers, new bearings should be installed.

Casing and Extension—REMOVAL.

1. Remove barrels and bearing black.

2. Remove 12 screws and lockwashers which
hold the casing and extension to the upper and lower
housing.

3. Slide casing and extension off.

Recoil Adapters. 'To remove the recoil adapter
from the gun, take out the cight screws and lock-
washers which hold it in place. Remove the four
dowel pins and lift the adapter off.

Headspace Adjustment

Checking Headspace.
1. Bring slide assembly up to fire position.
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2. Conncct hcadspacing gage. There are D
pieces (2 with a bushing attached) and 4 bushings
(counting 2 attached bushings).

3. Slide rod into top barrel.

4. Attach end fitting, Bring it against the end
of the barrel. Tighten the thumb screws. Center
as well as possible.

5. Slide the dial indicator into the hole in the
end fitting and fasten in place by tightening the nut,
The dial indicator should be positioned so that it 1s
approximately in the center of travel.

6. Remove the rotor in a counterclockwise direc-
tion (facing thc forward end of the barrels) until
the high spot on the cam is located.  Stop the rotor
with the cam follower on the high spot and zero the
dial indicator.

7. Move the rotor in a clockwise direction until
a follower clears the high spot. Read the head-
space from the dial indicator.

Note. Headspace should be 0.0025-0.005 inch.
If 1t 1s not, adjust headspace as directed below.,

8. After reading headspace on the locking side,
zero the dial indicator before revolving the rotor
further.

9. Revolve the rotor in a clockwise direction until
the high spot on thc unlocking side of the cam is
located. With the cam follower on the unlocking
high spot, read thc unlocking headspace directly
from the dial indicator,

Nore. Locking and unlocking headspace should
be within 10.001 of each other.

10. Continue to check headspace on all slide
assemblies,

Adjusting Headspace.

I. Remove the slide assembly from the gun,

2. Remove the slide roller assembly, taking care
to note the position of the shaft with respect to the
body.

3. Turn the shaft so that it rotates a distance of
one spline tooth with respect to the body. Fasten a
roller assecmbly in place.

Nore. If the headspace is too high, rotate the
shatt so that the small hole in the shaft moves toward
the slide head. If the headspace cannot be adjusted
to within hmits by turning the shaft, a new shaft
should be installed. Two types of shaft are made:
one with the high spot located between two teeth,
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the other with the high spot located on one tooth.
Either type shaft may be used.

Feeder Timing

Feeder-timing marks and holes have been put in
the completed feeder and gearbox assembly to facil-
itate timing. However, timing should be carefully
checked each time the feeder and gearbox assembly
is removed from the gun.

Timing the Feeder and Gearbox Assembly.

I. Rotate the rotor so that the number one har-
rel is on top and the lincs marked 17" are lined up.

2. Rotate the feeder sprockets so that the line {on
the sprocket tooth’ marked “T” lines up with the
upper support.  Clamp or hold the sprockets in this
position, |

3. Rotate the gears in the gearbox so that a Lg-
inch dowel pin will slide into the holes in the gear-
box and the gear.

Norr. If new gears or sprockets are installed,
holes or lines should be added to them in the same
position as the holes or lincs are on the replaced
parts.

4. Assemble gearbox and feeder.

5. With the rotor, feeder, and gearbox locked in
the above positions, slide the feeder and gearbox
assembly into place on the lower housing and insert
the dowel pins. Install several screws to hold the
feeder in place while checking timing.  After tim-
ing i8 checked, install rest of screws and lock-
washers.

Checking Timing.

1. Remove the cam insert.

2. Remove the number one slide (all slides may
be left out if desired).

3. Turn the number one barrel to the “Fire”
position, and insert a dummy round in the feeder,

4. Slowly revolve the rotor in the clockwise direc-
tion {viewing from the front}, at the same time
watching the round through the opening in the end
COVeEr.

5. If the feeder is properly timed, the round
should just clear the leading edge of the rotor slot
(0.001-0.005-inch clearance).

6. If the feeder is not properly positioned, re-
adjust the feeder and gearbox assembly so that the
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POWER-DRIVEN CANNON

gear in the gearbox mates with the next tooth m
the connection block or so that the gearbox pimon
mates with the next tooth in the internal feeder

gear.

Contact Assembly Adjustment

Checking Travel.

I. Remove the electrical fitting.

2. Remove the insulation washer, spring, and
stop from the contact.

3. Insert a '"4-inch dowel pin into the contact
and place a dial indicator on the housing such that
it will read the travel of the dowel pin.

4. Rotate the rotor in the running direction not-
ing the recading on the dial indicator as each slide
passes uncler the contact.  This travel should read
0.010-0.020 inch. If not, remove a shim from un-
der the contact or replace the contact button.

CONFIDENTIAL

Solenoid Adjustment

The solenoid should be positioned so that the
movement fore and aft is approximately the same,
measurcd from the free or midposition. This
should produce a starting and stopping time of from
0.2-0.4 second.

1. Loosen the four screws holding the solenoid to
the drive unit.

2. Slide the solenoid forward to dccrease starting
time or aft to decrease stopping time.

The gun should at all times be supported by a
suitable cradle. The firing stand may be used as
a support for the shop servicing. The main frame
of the firing mechanism is sufficiently strong, but the
total weight should not be supported by the external
auxiliaries, such as the firing contact, the feeder
bracket, or the drive motor. Barrels arc normally
removed for handling.
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Chapter 4

ORDNANCE CORPS SHORT-RECOIL-OPERATED
AUTOMATIC MACHINE GUN

SECTION 1. HISTORY AND BACKGROUND

During the first year of American cntry into
World War 11, the Army Ordnance Corps, in antici-
pating the needs for a machine gun for aircraft use
having a bore of larger diamctcr and higher muzzle
velocity than the universally used Browning caliber
.20 machine gun, started development of a caliber
.60 aircraft machine gun.

The first attempt to meet the characteristics for
the caliber .60 aircraft machine gun was to modify a
20-mm M1 Hispano-Suiza automatic cannon. The
receiver was identical, and parts of the gun were
interchangeable with the 20-mm M1. The chief
diffcrence was in the barrel, which was chambered
for the 20-mm case, bored and rifled for the 15-mm
bullet and fixed in relation to the mount. The
whole gun was rigidly mounted and the muzzle
brake and recoil mechanism used on the 20-mm gun
were eliminated.

‘The Eclipse¢ machine division of the Bendix Avia-
tion Corp. undertook the modification and fabrica-
tion of the modified gun. A type of fceder known
as the “Burgess,” which was operated by the recoil

of the weapon, was tried at first but was not success-
ful. The pilot model was equipped for a 47-round
magazine, to be mounted rigidly on the gun. This
magazine was similar in appearance to the 60-round
drum which was standard on the 20-mm M| gun.
'The pilot weapon was fired more than 800 rounds,
but further testing was discontinued alter it was
found that the velocity obtainable from the cartridge
used was approximatcly 150 to 200 fect per second
less than could be obtained with the caliber .60
cartridge casc.

A sccond modification of the 20-mm Hispano-
Suiza cannon was made by rechambering and bor-
ing and rifling the barrel for the caliber .60 case and
bullet. Corresponding changes were made in the
bolt and extractor., This gun was fired a small num-
ber of rounds (not more than 50) automatically.
Official designation of the gun was caliber .60 T18.
Since radical redesign of the Hispano-Suiza cannon
appeared necessary if this gun was to meet aircraft
requirements, work on this model was discontinued.

General Data: Caliber .60 T18 Machine Gun

Gun length: 100,625 inches.

Gun weight: 115 pounds,

Rate of fire: G50-700 rounds/minute.

Muzzle velocity: 3,000 feet/second.

System of operation: Gas unlockine, blowback actuating.

System of locking: Swinging lock.

Svstem of feeding: Drum and spring-wound feeder,

Method of headspace: Governed by component manufac-
turing tolerance.

Location of feed opening: Top of recciver.

Location cjection opening: Bottom of receiver.

Method of charging: Air, hydraulic, or manual.

Mecthod of cooling: Air.

Barrcl length: 67.52 inches,
Barrel weight: 47.8 pounds.
Rate control: None.
Barrel removal: Not designed for field rerowal,
Bore: Number of grooves: 8.
Groove depth: 0.016 inch.
Groove width: 0.150 inch.
Pitch: One turn in 18 inches.
Dircction of twist: Right hand.
Form of twist: Constant,
Norte: Moedification of 20-mm Hispano-Suiza cannon
by using barrel chambered for cal. .60 (see Fig. 1-12,

p. 12}.
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After approval by Headquarters, ASF, 1t was
recommended that further investigation of caliber
.60 mechanisms be conducted with a new design
(T31) and a modification of the 20-mm Hispano-
Suiza automatic cannon M2, This modified 20-mm
weapon was designated T18EI because there had
previously been made a gun called '1'18, which was
a 20-mm automautic cannon M1 modified to fire the
caliber .60 cartridge. The earlier gun was fed from
a five-round magazine and served only to show that
the action was sufficiently strong to fire the cartridge.

In August 1944, it was decided to reopen this
phasc of the development in order to determine
whether a caliber .60 gun could be produced from
the 20-mm M2 weapon by replacing or modifying
a small number of parts. It was hoped that a sat-
islactory weapon could be produced rapidly by
utilizing several thousand 20-mm guns which were
on hand and for which there existed no immediate
military requirement.

A contract was placed with the Autovre Com-
pany. lhe speaifications called for a gun with a
quickly detachable barrel, a feeding mechanism, a
front (synchronizable) sear, and a rccoil adapter.
A new link was also developed to facilitate the
design of the fced mechanism.

It was decided to retain the cxisting gas-operated
means of unlocking the bolt. An extension was
fastened to the forward end of the receiver to pro-
vide for the quickly removable barrcl. The feed
mechanism was operated by an additional gas pis-
ton and cylinder mounted above the unlocking
cylinder. This upper piston was arranged so that
gas pressure would compress the feed springs which
would then expand and fced the belt as rapidly as
the timing of the gun pcrmitted.  The cartridge was
forced from the bottom of the feed link and was not

SECTION 2, CALIBER

Summary of Development

In September 1942, the Ordnance Corps initi-
atcd a project to convert the German Mauser MG
151/20 to a caliber .60 machinc gun. The MG
151/20 was a 20-mm short-recoil-operated, air-
caoled, belt-fed weapon. A German gun had been
shot down in the Battle of Britain and turned over
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pushed through it. The caliber .60 cartridge was
larger in diameter than the 20-mm cartridge and,
accordingly, the height of the bolt was increased so
that the extracted casc would not be pushed off by
the {ollowing round. The link used with the new
cjector proved to be one of the major causes of
troublc.

Modificativns were made to the firing pin and
locking slides so that the gun could be fired with
the bolt in the forward position. This was done
by placing the plunger of the finng solenoid in the
path of one locking slide.

Functioning of the gun was believed good, con-
sidering the short time which had clapsed since the
development had started. However, difficulty was
encountercd with cjection, with stubbing of the car-
tridge, and with [ailures to fire. It was found that
the latter were caused by the bolt rebounding from
the brecch face, a malfunction which was carrected
by the use of brass impact surfaces. The feeding
difficulties were traced to slowness of feed and faulty
design of the fcedway opening.  The ejector troubles
required complete redesign of the ejector assembly.

Because of the heavv workload at Aberdeen Prov-
ing Ground, Md., the development program was
transferred to Springfield Armory and final tests
were conducted there, It was found that the sear
relcase time was slow due to the large mass of the
firing parts. This characteristic, together with the
extensive modifications which had to be made to
the 20-mm gun, made it impossible to achieve the
original aim.

Had all the malfunctions bcen corrected, the
product would still have been a conversion, but the
amount of work required to change or replace exist-
ing parts would have justified an entirely new start.
Accordingly, the project was dropped.

60 T17 MACHINE GUN

by the British authorities to the United States for
study and development.

In October 1942, the Colt Patent Fire Arms Co.
of Hartford, Conn., undertook this conversion. The
Ordnance Corps designation was caliber .60 ma-
chine gun T17. It was found necessary to recham-
ber the barrel, lengthen the receiver, fecdway, bolt,
cam Lube, and cover, and also to make a few other
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Figure 4-1.

minor design changes. New links were provided by
the Autovre Co.

The first test firing of the gun was at the Colt
plant on 23 November 1942. It was found that
the recoil was very heavy and that extraction was
too early as evidenced by expanded cases. It was
assumed by the designer that the ratec of fire was
much above the desired rate, and a recoil brake was
added to the muzzle. However, this did not reduce
the rate of fire as much as expected. The gun was
then sent to the Aberdeen P’roving Ground, Md.,
where 1t was fired approximately 350 rounds. The
rate of fire was then determined to be approximatcly
700 rounds per minute.  Bursts of four rounds were
hred satisfactorily, A barrel 51 inches long, the
same length as the German gun barrel, was used.
A muzzle velocity of 3,000 feet per sccond was
obtained.

Unlocking and extraction occurred carly, as evi-
denced by expanded shoulders of the cases. It was
discovered that minor modifications should be made
to strengthen certain portions of the bolt and to
provide for later unlocking in extraction. Further
development at Colt’s was discontinued as the Colt
plant was not suitably adapted [or continuing this
development as speedily as was desired.

Basic Barrel Development

Development work on the gun barrel has been
carricd on by Springfield Armory and Frankford
Arsenal. The imitial requirement for the T17 gun
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German Mauser 20-mm Automatic Gun MG-151,20.

called for a quickly detachable and replaceable
barrel.  This feature, suggested by Frigidaire, had
carlier been taken from the German MG 151/20
design. Springfield Armory made the first barrels
and integrated the barrel design. After the initial
barrcls were fired, Springfield Armory worked on
improvements in metal strength characteristics and
heat treatment problems. Frankford Arsenal devel-
oped the original data on bore diamcter and depth
of rifling, and 1t determined that 590 grains of
powder (IMR 4996) would yield an instrumental
velocity at 78 fect of 3,500=30 fcct per sccond with
a 1,200-grain projectile.

In March 1944, a groove diameter of 0.601=*
(.002 and a land diameter of 0.588=0.002 with one
caliber of [ree travel were adopted. Data presented
by Frankford Arscnal showed that onc caliber of
free travel reduced the peak chamber pressure ap-
proximately 2,000 pounds per square inch and the
initial muzzle velocity by approximately 100 feet per
second. The standardized depth of rifling of 0.007
to 0.009 inch was an increase of 0.004 inch in depth
over the first barrels used.

At approximately the same time, it was desired
to increasc the capacity of the cartridge case and to
make 1t more nearly cvhindrical to facilitate manu-
facture and stowage. Accordingly, modified cham-
bers and cartridge cases were designed and tested.
The old cartridge (T1} was characterized by a
0.050 body taper. the new (T22) by a 0.035 body
taper.
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Figure 4-2. Gun, Machine, Caliber .60, T17. Bolt components.

SECTION 3. CALIBER .60 T17E1 MACHINE GUN

Summary of Development

In Janumary 1943, the Frigidaire division of the
General Motors Corp., Dayton, Ohio, undertook
to provide 10 pilot modcls of the aircraft machine
gun, caliber .60, T17E1. The model was to be essen-
tially the same as the T'17 except that the rate of fire
was to be increased to 800 rounds per minute and
the high trunnion reactions were to be lowered by
incorporating in the design a recoil adapter devel-
oped by the Edgewater Steel Co. at the request of
the Ordnance Officer at Wright Field. Links for
the gun were developed by the Autoyre Co. of Oak-
ville, Conn. Complete drawings of the T17 gun
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were precparcd by Frigidaire and an engineering
study was made to redesign the weapon for cheaper
mass production.

The pilot model T171:1 was dehivered to Aber-
deen Proving Ground for test on 2 May 1943, Tests
indicated that the bolt either was made of improper
material or had been overhardened, as the locking
lugs and a section of the bolt face were broken after
anly a few rounds had been fired. New components
were made and after firing 70 rounds on 24, 25, and
26 May 1943, an explosion occurred which rup-
tured the cartridge case and destroyed all of the
operating parts of the gun.
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Figure 4-3. Ammunition and links for Caliber .60 Machine Gun T17.

Figure 4-4. Gun, Machine, Caliber .60, T17El. This design was derived from the German MG-151.
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Figure 4-3. Gun, Machine, Caliber .60, T17EL. Top view.
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THE MACHINE GUN

SECTION 4. CALIBER .60 T17E2 MACHINE GUN

Summary of Development

The Frigidaire division was then asked to prepare
two additional models which would use strength-
ened components and a barrel with a thicker wall
chamber, as thc chamber had expanded during
tests of earher models. SAE 1060 steel was used
in the T17E1 wherever possible.  In the T17LE2 this
policy was abandoned and SAE 464() steel was sub-
stituted. Fabrication of these models involved the
use of sheet metal stampings and hydrogen brazing.
‘This gun was designated the T17E2.

In May 1943, the General Electric Co., Bridge-
port, Conn., accepted a contract to devclop an elec-
tric charger for the T17E2 gun. It appeared at

this time that the most profitable development of
this item would be a charger integral with the gun,
The electric reloader drive unit is composed of an
electric motor which drives a lead screw, a bhall nut
assembly which travels on the lead screw and moves
an adapter group, and mechanical and electrical
controls to govern the operation of the motor.  The
adapter group picks up the drive bushing as it moves
to the rear down the lead screw and retracts the bolt
to the rear. The lead screw passes through the
center of the drive spring and drive bushing. The
drive bushing engagces the bolt.  As the bolt passes
over the sear, it depresses a device that determines
the rotating direction of the charger motor, called
the telltale, which actuates a switch and reverses the
rotation of the motor. 'The adapter group travels
forward into the cam tube lock and 1s forced against

SECTION 5. CALIBER .60

Summary of Development

Beginning in September 1943, attention was con-
centrated upon the manufacture of seven T17E3
guns with both mechanical and electrical ignition.
The electrical ignition mechanism was modcled
upon that of the German MG 151/20. A program
was also initiated for the development of a bolt with
the sear forward. It was expected that this arrange-
ment together with the clectric ignition would per-
mit synchronization of the gun with either electric or
percussion primed ammunition.,
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the rear of the cam tube lock. Since the ball nut
cannot turn, this pressurc forces the lead screw to
Lthe rear; and in this way, the switch arm is actuated,
the current to the motor is broken, and the circuit
to the solenoid 1s closed.

The mechanical linkage between the solenoid and
the sear is so arranged that it retracts the telltale
when the sear is retracted, but the telltale may be re-
tracted by the bolt without retracting the scar. The
solenoid was mounted as an integral part of the gun.
By this methad an integrated unit assembly was pro-
vided which, it was believed, would be superior to
the previous practice of developing the gun scp-
arately and then attaching the charger as an
appendage. |

Two T17E2 machine guns were delivered to
Aberdeen Proving Ground for tests on 23 August
1943, Each was equipped with manual charging
and firing equipment and recoil adapters.  Electri-
cal charging and firing solenoids were provided as
alternate components. One gun was fired 337
rounds. Ejection difliculties developed, but after
modification of the ejector, the gun functioned
fairly satisfactorily with a rate of firec of 600 rounds
perminute.  Thesecond gun with the General Elec-
tric charging mechanism was fired 143 rounds. A
combination gun was built from parts of guns num-
bered 1 and 2 and fired 327 rounds at 658 rounds
per minute with a maximum muzzle velocity of
3,696 feet per second. Numecrous malfunctions
were encountered which indicated that considerable

further development work was needed.

T17E3 MACHINE GUN

On 15 December 1943, because of increased in-
terest by the U. 5. Navy, this order was increased
to 10 guns,

On 16 November 1943, Frigidaire had been re-
quested to develop four auxiliary gun charges to be
used as a standby device in case of the failure of the
clectric charger.

Because of a requirement placed with the Ord-
nance Corps by the Navy Burcau of Ordnance for
the delivery in 1944 of 2,500 caliber .60 aircraft
machine guns with auxiliaries and spare parts, lim-
1ited procurement of the T17E3 was initiated 2 De-
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cember 1943 and approved on 16 December 1943,
This procurement was begun immediately even
though preliminary service tests of the T17E3 had
not been held.

When the decision was made to rush the prepara-
tion for manufacture of the caliber .60 machine gun
at Rock Island Arsenal, it was recognized that the
expenditure of large sums of money would be re-
quired to put changes in design of the components
into production. However, it was felt that a major
portion of the tooling for the gun would ultimately
be usable, and that the plan followed would save
priceless time in getting fully developed guns into
the hands of the Air Force and the Navy. The
Rock Island Arsenal was commissioned to make
these guns,

Up to this time, the only unit to fail consistently
was the bolthead. Redesign of this unit was imme-
diately undertaken. The breech ring, firing pin,
bolthead buffer springs, and a few minor compo-
nents had broken, but it was believed that improved
metallurgy of these components would satisfactorily
increase their life.

This gun weighed 135 pounds including recoil
mounting adapter, electrical charger and solenoid,
and feed mechamsm. The rate of fire was 600
rounds per minute, the muzzle velocity was 3,500
feet per second. The gun was 92 inches long and
had a maximum trunnion reaction of 3,500 pounds.

At the request of the Army Air Force, the original
procurement was increased 5,025 guns by Ordnance
Committee action on 23 Decemhber 1943. Twenty-
five guns of this procurement were allotted to the
Ordnance Corps for cxperimental purposcs.

Two TI17E3 machine guns manufactured by
Frigidaire were delivered to Aberdeen Proving
Ground on 29 December 1943 for test. 'T'he breech
ring on gun number two broke after a few hundred
rounds, severely damaging the gun. Gun number
one successfully fired several thousand rounds.  The
gun fired erratically with frequent and long hesita-
tions. These hesitations were later found to be
caused by stubbing of the bullet point against the
breech face of the barrel. A 25-round burst was
considered good.

During January 1944, a research project was es-
tablished with the Battelle Memorial Institute, Co-
lumbus, Ohio, for the purpose of making recom-
mendations on heat treatment and other metallurgi-
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cal vperations of the caliber .60 machine gun. Bat-
telle recommended a longer draw temperature and
larger fillcts in the breech ring,  These proved suc-
cessful.

During February and March 1944, Frigidaire
engineers decreased the weight of the bolt to 5
pounds, increased the diameter of the bolthead roller
trunnions to 0.636 inch, removed the link stripper
from the feedway since 1t was found unnecessary
and added a cartridge holddown lever and a feed
pawl control lever to the feed box. The feed pawl
control lever prevents a round from heing fed into
the feedway by the feed pawls while another round
is already over the feed slot in front of the holding
pawls. This is accomplished by a linkage attached
to the feed pawl control lever, which lifts the feed
pawls and prevents them from engaging the feed
belt when a round is already over the feed slot and
forward of the holding pawls. The cartridge hold-
down lever positions the round in the feed slot and
holds the round down as the bolthead drives it
forward.

In April and May in 1944, this gun was tested.
It fired 100 rounds at a uniform cvclic rate without
a stoppage and the cyclic rate was estimated to be
approximately 600 rounds per minute. Malfunc-
tions were reduced to 1 percent and breakages to
().3 pereent.,

On 13 March regular weekly conferences were
initiated by the Small Arms Development Division,
Rcscarch and Devclopment Scervice, United Statces
Army, to integrate all information on the progress
of the project. This conference series was attended
by representatives from Field Service, Industrial
Service, Office of the Air Ordnance Officer, Navy
Bureau of Ordnance, Frankford Arsenal, and occa-
sionally by representatives from Aberdeen Iroving
Ground, Rock Island Arsenal, and Frigidaire. In
these meetings, all changes in the gun design were
discussed and transmitted to the Industnal Service,
which in turn sent the information to Rock Island
Arsenal. The minutes of these meetings, which
were held weekly until 15 January 1945, biweekly
until 27 August 1943, and monthly thereafter, were
filed in the Small Arms Development Division, Re-
search and Development Service, and in other Ord-
nance cstablishments.

By June 1944, Rock Island Arsenal through the
Industrial Service had been furnished complete
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drawings for the caliber .60 T17E3 machine gun
and all accessories developed up to that time except
the bore-cooling device. Tooling at Rock Island
Arsenal was approximately 80 percent completed.
Every effort was made to cooperate and assist Rock
[sland Arsenal in this tooling and to modify com-
ponents and assemblies and simplify design to assist
manufacture. The weekly meetings were almost
cntirely devoted to this work.

Rock Island Arsenal had completely assembled
three caliber .60 T17E3 machine guns from parts
made at the Arsenal and by its subcontractors.
These guns were test fired approximately 100 rounds
each. Ammunition did not feed properly. The
cam tube was redesigned by Rock Island Arsenal
as a two-piece construction without prior firing tests.
This was not satisfactory, as the forward locking
cnd became separzted from the remainder of the
tube. This was corrected by Rock Island Arsenal
as soon as observed.

Further firing tests disclosed that these guns fired
erratically with a cyclic rate of approximately 600
rounds per minute. Frequent bolthcad and breech
ring breakages were encountered. Rock Island
Arsenal breech rings failed at an approximate aver-
age of 1,000 rounds cach, whilc Frigidaire breech
rings were failing at approximately 5,000 rounds
average life. Later, one Frigidaire breech ring was
fired more than 20,000 rounds. Difficult extrac-
tion was encountered with frequent breakages of ex-
tractors. As a result of this performance, manu-
facturing operations were reduced.

An invitation from Army Ordnance brought
Navy, Rock Island, Industrial Service, and Army
Ordnance representatives to Abcrdeen Proving
Ground on 15 August 1944 to witness a firing dem-
onstration of the Frigidaire manufactured gun. It
was fired 1,000 rounds with one malfunction and
no breakages. A few days later, a firing test was
conducted at the Frigidaire plant. Frigidaire per-
sonnel fired another Frigidaire manufactured gun
2,138 rounds without a malfunction. An intensive
development study was initiated to correct the dif-
ferences between the Frigidaire division and Rock
Island manufactured guns.

At the end of World War 11, the development
picture as a whole was considered very promising.
Manufacturing difficultics had been overcome to an
extent, and the drawings had been entirely stabil-
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ized. With a continued delivery of uniform pro-
duction parts, performance of the gun became truly
predictable, the malfunctions were localized, and
their number and occurrence were reduced.

In March 1946, the average malfunction rate
was one per thousand rounds. This was based upon
the firing of not more than 5,000 rounds in any
single gun and required replacement of parts ac-
cording to the schedule below.

Replacement required after
round
Component - o

1,000 2,000 3,000 | 4,000
Firingpin........coouun.. x X X X
Drivespring.............. X X X X
Bolthead............... .| .... b, G X
Bolthead cam. . ..........|..... X X
Bolthead rollers...........[..... X |..... X
Bolthead buffer spring. . . .. A . S P X
Bolthead buffer blocks. ... .|. ... . KoL x
Extractor cushions. . . .....[..... X | X
Extractor................|..... X |, X
Roll pins A7160389. . ..... . .. .. X ... X
Roll pins A7160220. ...........| X X

More than 309 T17E3 guns had been manufac-
tured and more than 950,000 rounds of ammuni-
tion of various types had been fired in them. Tests
were continued to ascertain the life of the various
components and to reduce the malfunctions. The
principal components requiring early {1,000 round )
replacement are the firing pin and the drive spring.
Several types of these were then under development
and test. Because the major components of the gun
appeared to be serviceable for much more than
5,000 rounds, work was started to establish a 10,000
round life for the gun by replacing a few parts at
5,000 rounds and by continuing the replacement
table beyond that point. Ground tests in several
aircraft and Eglin Field Air Force Proving Ground
tests were completed.  The Ordnance Corps certi-
fied to the Air Force that it believed the gun to be
operational. Consideration was being given to use
of the gun as an antiaircraft weapon in armored
vehicles.
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General Description of the Model

A gencral description of the T17E3 machine gun
is as follows. Tt consisis of a receiver supporting a
cover, breech ting and barrel. Within the receiver
slide a bolt and bolthcad. In the cover is a cam
tube with a helical slot cut in it. Riding within the
cam tube, guided by a helical slot, is the drive bush-
ing which cncloses one end of a drive spring. On
the outside of the cam tube near its forward end is
cut a spur gear which engages the rack that oper-
ates the feeding mechanism. When the cover is
closed, a stud on the drive bushing cngages a raised
portion of the bolt and in operation the bolt, bolt-
head, and drive bushing travel together. The firing
pin is fastened in the front of the bolt and projects
into the bolthead. The charger retracts the drive
bushing which in turn pulls the bolt hack to the
sear which is located at the rear of the receiver.
When the sear is rcleased, the bolt goes forward,
and the bolthead is rotated and locked by the cams
on the breech ring and bolt. As the bolt head ro-
tates, the bolt moves forward in relation to the
bolthecad. lhis causes the firmg pin to protrude,
ready to fire the primer.

A buffer spring and a buffer platc arc mounted
in the buffer block at the rear of the receiver. This
assembly arrests the rearward movement of the balt
assembly and with the assistance of the drive spring

returns the bolt assembly to battery during auto-
matfic fire.

Component Development

Development of a New Type Eleciric Reloader.
The electric reloader developed by the General Elec-
tric Co. for the T17E3 gun is an apparatus designed
to replacc the manual reloading mechanism in the
T17E2 gun with equipment that will clear stoppages
automatically and reload the gun when required.
The standard 27.5-volt d. c. system for airplanes
is used as the power source for the operation of this
charger and its controls.

This reloader includes all parts and assemblies
necessary for its operation. The cable and cross pin
in the cover (used iIn manual reloaders) are replaced
by the reloader drive unit which consists of a motor,
lead screw, and adapter group, plus other miscel-
laneous connecting and mounting parts.

The adapter group houses a ball-bearing thrust
nut which rides on the lead screw. As the lead
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screw is rotated by the motor, the adapter group 1s
driven to the rear along the screw, picking up the
drive bushing and retracting the bolt until it engages
the sear. This operation also compresses the drive
spring. The adapter group is then returned to the
front of the lead screw ahead of the bolt by reversing
the direction of rotation of the motor by means of a
telltale and switch located in the rccciver.

The electric operation of the sear is accomphished
by the firing solenoid, which is bolted to the back of
the buffer block. The armature in the solenoid 1s
attached to a lever arm, which actuates the link
bar. The bar, in turn, is fastened to the sear mech-
anistn, When the solenoid is energized, the link bar
is moved to the rear. This action depresses the sear
and frees the bolt, which is forced forward by the
drive spring and fires the gun.

The motor of the drive unit is series wound with
a reversing field and 1s rated at (.4 horsepower at
10,000 r. p. m. at 25 amperes and 24 volts d. c.

First Bolt for Electrically Primed Ammunition.
During Apnl 1944, two T17E3 machine guns were
completed at Frigidaire and fitted with bolt assem-
blies to fire electrically primed ammunition. These
holt assemblies were adapted from the bolt used in
the German MG 151/20 to fire electrically primed
ammunitionn. The electrical connector between the
outside power source and the bolthead passes
through the right side of the receiver opposite the
casc cjcction chute. During the firing of a fcw
rounds of electrically primed ammunition at Frigid-
aire, a bolthead was severely damaged by primer
failure. 'T'his experimental work was continued on
the caliber .60} machine gun T'39.

Preformed Strand Wire Spring Development.
In the initial test firing of the T17E3, the drive
spring set severely at approximately 30 rounds.
This drive spring was of the conventional type. It
was believed that the very short life of this compo-
nent was due to surges set up in the spring by the
high cyclic ratc. Helical coil springs made from
three-strand prelormed wire were then tried. These
springs had been used successfully by foreign gun
manufacturers as drive springs on machine guns.
The usage was confined to applications requiring
relatively long, soft springs capable of large amounts
of deflection with a minimum change in loading,
as 1s generally required in machine gun drive springs
and frequently in firing pin springs.
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The first springs of the multiple-strand preformed
wire type were observed in Russian machine guns
used during the Spanish Civil War. This type
spring had also been used for driving and c¢jector
springs in the British Hispano-Suiza automatic
20-mm cannon Mark II. Springs of this type were
adopted and were in actual use in the early part of
1940 by the French and British. The preformed
wire spring is not claimed to be interchangeable
with conventional springs.

A project to develop multistrand preformed wire
springs was initiated by the Wilham D. Gibson Co.,
Chicago, Ill., in Navember 1942. Trouble was
experienced in obtaining wire from the wire manu-
facturers and in coiling the wire. A quantity of
springs of various wire sizes were made and various
tests conducted. The following information was
obtained:

1. The overall diameter of the stranded wire after
coiling remained very close to what it was before
coiling.

2. The outside diameter of the coil increased
greatly when the spring was compressed.,

3. Under static loading there was very little en-
ergy absorption due to friction.

4, It was indicated that these springs gavc longer
life under dynamic loading.

5. It was not possible to coil these springs on
production coiling machincs.

In June 1944, the Gibson Co. stated that they
could not continue the research on this projcct
as their facilities were occupied with work on air-
craft valve springs and other vital war production.

The Eaton Manufacturing Co., Detroit, Mich.,
was given a contract to develop a number of springs
suitable for small arms, particularly drive springs
for the caliber .60 machine gun, and to design and
construct a fatigue testing device capable of testing
these springs under conditions similar to those en-
countered in machine guns.

The company started on the assumption that the
motion imparted to onc end of the spring is propa-
gated along the longitudinal axis with infinite veloc-
itv. Actually, the spring has a finite velocity of
propagation; but so long as the velacity of propa-
gation 1s quile ligh in comparison with the velocity
of displacement, no great crrors result from the de-
sign assumption based on the concept of infinite
propagation velocity. If the velocity of displace-
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mcnt cxceeds the velocity of propagation, a condition
inherent in conventional machine gun drive springs
and firing pin springs together with almost all types
of counterrecoil springs, the resulting motion pro-
duces higher stresses in the end coils than in the more
centrally located intermediate coils.

The beneficial damping efTfect of the [riction pro-
vided by the use of preformed wire strands and heli-
cal springs is influenced by the number of clements
in the strand and by the pitch angle of the ¢lements.
For a small number of elements, the strains sct up
in the stranding arc greater than those for larger
numbers of clements. It is important in preformed
wire springs to coil the helix in such a manner that
the twisting momcnts tend to produce frictional
binding on the strand elements. It is vitally neces-
sary to coil these springs to a helix opposite in direc-
tion to that in which the strand elements are twisted.

A comprehensive fatigue schedule permitted the
conclusion that the optimum preformed wire-strand
spring would be made from music wire material
using three elements in the strand, the elements
being twisted at a helix angle of approximately 73°
and the elements of the strand in the coils of the
spring being formed as helixes, in opposite directions
to one another. On the average, such springs were
indicated as having a life expectancy of three and
onc-half times that of the equivalent conventionally
designed single-wire spring.

A fatigue testing machine was developed which
would vibrate the spring at its resonant frequency
and would induce in it the wave motion which 1s
characteristic of the duty imposed on the spring.
This machine is similar 1o a conventional crank-rig
testing machine in that it consists of an electric
motor, a variablc spced control umt, a belt drive,
flywheels, adjustable throw crank, and a vertical
crosshead which is connected to a means for actu-
ating the spring under test.

The most important difference concerns the ro-
tational speed of the crank. In a conventional
machine, the crank rotates at such a low speed that
one can assume an infinite velocity of propagation
of the distribution along the coils of the spring
arinder test, and one can therefore base stress com-
putations on ordinary “static” formulas. In the
machine constructed, the rotational speed of the
crank is relatively high and is adjusted for each test
so that the spring is substantially in resonance, in
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which case, the velocity of propagation is approxi-
mately cqual to the velocity of displacement. In
consequence of this condition, the motion imparted
to the coils 1s a wave motion of extreme amplitude,
substantially likc the wave motion imparted to the
coils of the spring in the actual gun or other mech-
amsm which the spring was designed to actuate.

Another difference found in the use of this ma-
chine, compared with a conventional machine, con-
cerns the lives of the springs tested in the ordinary
low speed tests.  Where failurcs arc generally found
to occur in hundreds of thousands and millions of
strokes in the resonant machine, failures occur in
thonsands and tens of thousands of strokes.  This is
an important consideration, because the springs in
service under highly vibratory conditions generally
fail in the latter order of number of strokes.

The location of failures in the coils of the springs
15 anothcr characteristic difference found when test-
ing in the respective machines.  Failures occur in
any coil when a conventional machine 15 used, hut
in the resonant machine failures occur invariably
in the region of the end coils.  This latter location
15 typical of actual failures in service under highly
vibratory conditions. Fatigue failurcs were ob-
tained in this machine which duplicated in appear-
ance and location those which occurred in service.
Hence, results obtained from the fatigue test could
be counted upon as indicative of the service life ex-
pectancy.

After several trials the Eaton Co. furnished a
three-strand preformed wire drive spring which sat-
isfactorily met the requirements as to life except the
end coil would spread and creep out over the conical
surface on the motor mount seat, thus interfering
with the drive bushing, To prevent this, five coils
were wound solid on this end and the end of the last
coil brazed to its adjacent coil,

Bolt Assembly. In June 1944, 10 boltheads
made at Rock Island Arsenal by production meth-
ods were received at Frigidaire for test in the original
Frigidaire guns. [live were broken with a maxi-
mum life of 287 rounds. Examination revealed that
production boltheads were made of WI) 4340 steel
instead of the recommended WD 4640 steel, from
which the Frigidaire boltheads were made.

It was observed that the finish on these boltheads
was not as good as the finish on those that Frigidaire
manufactured. The undercut at the basc of the
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locking lugs had not been finished round to a fine
finish. Metallurgical examination revealed in the
bolthcad surfaces a decarburized laver approxi-
mately 0.010 inch deep, caused by improperly con-
trolled furnace atmosphere.

With these refinements completed along the lines
observed for Frigidaire boltheads, the hfe of the
bolthead increased to approximately 2,000 rounds.
However, when the cyclic rate of the gun was in-
creased to 750 rounds per minute, the frequency of
breakage again increased and the average life de-
creased to less than 1,000 rounds. With a decrease
in bolt weight and an increase of the locking cam
angle on the breech ring to 101°, the trunnions
broke less frequently and locking lug failures re-
mained as the predominant form of breakage.

Various hcat treatments were tried on WD 4340
metal. The most successful was the “Martemper-
ing” operation submitted by the Battelle Memornal
Institute. Because the entire lot of WD 4340 steel
had been purchased for the manufacturer of the
boltheads, only a few heads were made of WD 4640
steel for Iimited tests. Many types of patented tool
steels were tried without success,

In Junc 1945, Rock Island Arsenal submitted for
test three bolthcads made of W1 4820 steel. These
boltheads were fitted with replaceable trunnions and
had a carburized and ground fimsh. 'These bolt-
heads failed in the locking lugs at approximately
3,500 rounds. Early investigations had cstablished
that no increase in life in the bolthead is obtained by
using removable trunnions if breakagces arc occurring
elsewhere on the bolthead, so this bolthead with
integral trunnions was established as standard.

About 15 February 1945, Frigidaire was re-
quested to design a bolthead and breech-ring com-
bination which would consistently fire 5,000 rounds
without breakage. No restrictions on redesigning
the gun were applicd. In April 1943, Frigidaire
submitted their first model made from WD 4640
steel, together with drawings of the required gun
madifications, to Aberdeen Proving Ground [or test.
The bolthead fired approximately 1,000 rounds
when the trunnion broke. This bolthead was then
returned to Irigidaire and equipped with a remov-
able trunnion made of WD 3312 steel and returned
for further test.  The bolthead fired an additional
5,000 rounds without breakage.
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Three more additional bolthead breech-ring com-
binations were delivered for test.  The breech rings
were all fired more than 9,000 rounds without
breakage, and the boltheads fired more than 6,000
rounds each with replacement at approximately
1,000 rounds of the original trunnions with trun-
nions made from W1 3312 steel. This design called
for a longer bolthead with a different style locking
lug and required that the barrel and barrel recoil
ring springs be moved forward seven thirty-seconds
inch to compensate for the increased length of the
bolthead. The design required retooling and could
not be incorporated in the first production lot of
guns.

BoLTHEAD ROLLER Guipe. In the early T17E3
model, the bolthead rollers were held onto the bolt-
head trunnions by a € ring, which fits into a groove
in the center of the trunnions and the center of the
rollers. ‘T'he C ring was compressed into the groove
in the trunnion, the roller slipped over the C ring
and relcased. The C ring expanded into the groove
in the roller and prevented the roller from coming
off.

By leaving the C ring off, it was observed that
the rollers moved out and rolled along the full sur-
face on the unlocking cam, thus greatly reducing
the pressurc on the cam surface and increasing the
life of the unlocking cam. To assure that the bolt-
head rollers would remain on their trunnions while
they were returning to battery and locking the bolt-
head, Frigidaire added a recoil spring slecve be-
tween the unlocking cam and the breech ring. This
guide limits the distance that the rollers can leave
the trunnions at that ttme. By the addition of the
bolthead roller guide, the bolthead rollers were con-
fincd to the trunnions of the bolthead at all tmes,
thus making possible the removal of the C clips as
suggested by Rock Island Arsenal and greatly in-
crcasing the life of the unlocking cam.

BorLrueap Burrer SpriNgs. At the beginning
of recoil, the bolthead is in a retracted position in
relation to the bolt body with substantially zero
velocity.  As recoil proceeds, the bolthead is un-
locked as 1t passes through the unlocking cam. Iis
velocity and acceleration to the rear are the same as
that of the recoiling barrel while the bolt travels
rcarward as a free body at an increasingly greater
velocity.

Soon after the bolthead is unlocked from the
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breech ring, the bolt body picks up the bolthead,
the system now having been forced into an extended
position during the unlocking. The bolt then im-
parts additional energy to thc bolthead, and this
energy 1s transmitted through the bolthead buffer
spring assembly. On the early T17E3 pguns and
earlier models, this assembly consisted of a U-shaped
piece of spring steel with a steel plug inserted mn the
U to limit the travel of the spring. As the cyclic
rate was increased from 450 to 700 rounds per
minute, the ameumt of energy per round transmitted
through this assembly increased as the velocity of
the bolt group increased. Breakages became more
frequent until they were excessive. The U-shaped
spring assembly was removed and a small steel block

containing a very stiff helical stcel spring was
substituted.

When the cyclic rate was increased to 800 rounds
a minute, this spring became highly stresscd with
the increased load, and the tips of the ends [re-
quently broke when the spring was ground flat.

This tip would fall into the bolthead cam and jam
the bolthead. The manufacturer of these spring
ends was then changed from a “grind flat” to a
special end, which gave the wirc a square cut ground
only one quarter flat on top. This proved highly
satisfactory. |

EXTRACTOR AND IEXTRACTOR SPRINGS. The first
T17E3 and subsequent models gave diflicult ex-
traction and frequent failures to extract. The ex-
tractor spring set quickly. As the cyclic rate was
increased, the failures to extract and broken extrac-
tors became as frequent as 20 per 100 rounds. Ex-
perience showed that the extractor spring was not
heavy ‘enough to move the extractor lip up behind
the rim of the case in the time required. A double
spring assembly with one spring placed outside the
other was substituted. This arrangement did not
prevent the extractor from slipping over the rim
of the case and only increased the number of broken
extractor lips.

In June 1944, a widened extractor with a heavy
lip was tried at Frigidaire. These extractors would
extract several thousand rounds but gave nm shears
and continued to slip from the rim of the case.
Some rounds were so diflicult to extract that notice-
able hesitations occurred during automatic fire.

Space limitations prevented the use of a higher
rate spring, so a solid rubber plug was used. This
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proved to be quite satisfactory and entirely elimi-
nated failures to extract caused by the extractor
not engaging the rim of the case. To reduce the
operations required of the extractor and improve
its service life, a slot the width of the base of the
cartridge was cut from the top of the bolthead; ac-
cordingly, when the bolthead drove the cartridge
into the chamber, the base of the round would follow
across the bolthead face and force the rim into the
entrance groove without the extractor snapping over
the rim of the case when the bolthead closed. To
strengthen the lip of the extractor, the extractor was
increased 0,020 inch in length and the breech face
of the barrel shortened 0.020 inch for clearance.
This permitted the design of an extractor with a
heavy lip. This proved to be the first entirely sat-
isfactory extractor lip. This slotted bolthead, to-
gether with the rubber extractor spring, was found
to be a real improvement. .

There was also tried an extractor design with
the extractor hole the same size in both the extractor
and the bolthead. A solid steel pin was used. The
pin sheared or the extractor broke in a few rounds
in all modecls tested. The clearance between the
extractor and the extractor pin allowed movement
forward of the extractor when load is applied so the
load is taken on the cxtractor wings.

Aberdeen Proving Ground submitted a bolthead
with a projection on the lower edge into which was
milled a slot that scrved as an cxtractor.

Frigidaire tested a bolthead with an extractor
welded into the bolthead. These designs were not
thoroughly tested becausce the extractor slot in these
designs would not engage the rim of the case if
the round chambered with the rim in advance of the
extractor slot, a condition which would not exist
except under unusual circumstances. Preliminary
tests conducted on these designs gave good results.

Excessive rim shears and erratic firing caused by
difficult extraction were not eliminated until fluted
barrels were adopted.

Bort. In May 1944, an effort was made to in-
crease the cvclic rate of the TI7E3 gun from an
average of approximately 615 rounds to 800 rounds
per minute. The bolt body weighed 334 pounds,
A series of bolt bodies, weighing from 314, pounds to
24 pounds were made at May’s Auto Parts, Inc.,
and tested. The cvclic rate increased approxi-
mately 75 rounds per minute for a 254 pound bolt

CONFIDENTIAL

CAL. .60 SHORT RECOIL

and substantially ehminated bolthead breakages in
the rear around the cam lugs., It also greatly in-
creased the life of the bolthead buffer spring assem-
blv. The bholt was standardized after discussion at
the caliber .60 meeting of 1 May 1944 at 234 pounds
with a center cross section which was square on
three sides and round on the bottom. The 24-
pound bolt produced at May’s Auto Parts, Inc., had
a hallow center ¢ircular cross section with additional
holes drilled at right angles through the bolt to re-
move weight, Preliminary tests on this design
showed 1t to be entircly satisfactory.

Firmve Piv.  The firing pin designed for the T'17
series of guns originated with the German MG
151/20. The tip of the firing pin was 0.078 inch
in diameter with a 0.038-inch radius point. The
primer used in the caliber .60 round 15 the same as
that used in the caliber .50 round. Because of
pierced primers and firing pin tip breakages, the
point was changed to 0.90 inch in diameter with a
0.045-inch radius point.  Firing pin breakages were
still excessive. The firing pin frequently broke for-
ward of the shoulder which passcs through the bolt-
head cam. This breakage was found whenever a
gun accidentally fired out of battery.

The major redesign was done on the firing pin.
The clearance was greatly increased between the fir-
ing-pin hole in the bolt, and the firing pin. The
halthead cam in the firing pin, had a large fillct
placed on the shoulder which is forward of the bolt-
hcad cam. The firing-pin hole in the rear of the
holthead was chamlcered to accommeodate this fillet,
The firing pin point was increased to 0.110 inch in
diameter with a 0.015-inch spherical radius blended
with a 90° conical cut.  Firmng-pin breakages were
so numerous, there were times that, if a few hundred
rounds were cxpended per firing pin, it was con-
sidered excellent firing.

After extensive firing tests with different firing-pin
point diameters and designs, it was conclusively
shown that a 0.090 inch diameter tip with a 0.045-
mch radius spherical point gave the best results and
fewer pierced, plugged, and blown primers. How-
ever, this design did not entirely eliminate the con-
dition. Firing pins with chrome-plated tips of the
preferred dimensions were then tried with success.

Mounting Supports. The rear support used on
the T17E2 and the earlier models was designed from
the German MG 150/20. This support was quite
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difficult to manufacture and was difficult to fit on
a mount or cradle. Originally beneath the gun, it
was raised on the T17E3 to provide a more nearly
axial mounting.

Soon after mockups were furnished the Navy De-
partment, a proposal was submitted by it to change
this feature to a rear mount which would be more
convenient to use and a front mounting scheme
which would give less dispersion than the trunnions
with which it was originally provided. The Navy
binlt a number of cradles which used both type rear
mounts and a new annular ring type front mount
and furnished them to Abcerdeen Proving Ground
for test.

Based on the results of this test, the Navy tvpe
rear mount [flat slide type) and the annular rings
about the rear of the ring spring adapter were
adopted as AN standard. The Air Force insisted
that the forward mounting trunmons be retained,
so both types of front mounting were included 1n
the approved design.

Feed System. Om models previous to the T17E3
the feedway was held in place by the cover and lat-
terly by two small tabs on cach side which slipped
over the outside of the receiver. On the early
T17E3 guns, the cover rose during firing. This
allowed the feedway to rise and the bolt missed the
rim of the cartridge which was to be fed into the
chamber. When this condition was established,
Frigidaire was requested to design a feedway which
would remain down against the receiver at all timeg
regardless of the position of the cover.

The first model submitted had pins attached to
the receiver over which slipped hocks that were
welded to the rear of the hottom of the feedwav.
‘These hooks had a slight interference with the auxili-
ary charger bracket and were not very wide. Two
holes were placed in the front of the [eedwav into
which slipped two dowel pins that were mounted in
the receiver just above the unlocking cam.

Rock Island Arsenal took this design and pro-
duced a fecedway with wider lugs and with the inter-
ference eliminated. This feedway arrangement
was adopted as standard and all guns manufactured
by that date were modified accordingly.

As the rate of fire increased and the belt pull
was improved, the cartridge stop became tattered
and loose in a few thousand rounds and permitted
the cartridge to carry over the feed slot. Rock
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Island Arsenal began extensive tests on an improved
method of securing the cartridge stop. Bolting
the stop to the feedway was tried but was found
unsatisfactory because of sheared bolts.

After extensive trials during which high speed
motion pictures were taken, it was discovered that
the feed pawl spring did not depress the feed pawls
fast enough for the feed pawls to catch the round,
thus causing [ailures to feed. Also it was believed
that the feed pawl control lever and its linkage,
plus the cartridge holddown lever, required enough
energy to reduce the belt pull as much as 50 rounds.

The Autoyre Co. was engaged to design a feed
system which would be more easily manufactured
and have an increased belt pull. The Autoyre Co.
designed the belt feed shide which replaces the car-

tridge holddown lever and the feed pawl control
levers and its linkage. This slide was fired approxi-
mately 33,000 rounds with good results.

Ejector Development. The ejector on all the
T17 models prior to June 1944 was located in the
bolthcad. The cjector formed a portion of the top
of the bolthead face and was pivoted about a pin
which passed through the bolthead. The top of the
cjector was struck during recoil by a projection of
the feed tray which forced the ejector downward,
displacing the case from the bolt face.

If the projection on the feed tray was too high or
moved upward when the gun recoiled, it would
either fail to strike the ejector or strike it across the
very tap, thus giving poor ejection. I the projec-
tlon was too low, it interfered with the movement
of the bolthead and reduced the cyclic rate.  Manu-
facturing tolerances and wear in a few hundred
rounds often caused ejection to pass from the latter
to the former condition.

Boltheads having an integral ejector were often
cracked back of the front locking lugs where the
cjcctor slot passcd. The recoil plate used had to be
thin to prevent cracking between the recoil plate
hole and the vertical ejector slot. To improve the
strength of the bolthead and reduce manufacturing
costs, a project was Initiated to improve the ejector.

Rock Island Arsenal submitted a model which
consisted of a large leal spring attached to the rear
of the feed way and bent in a loop so that the end
rode in the horizontal ejector slot in the bolthead.
This model was not successful because of excessive
breakage in the spring.
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Frigidaire submitted two models. The first one,
submitted in August 1944, was a bar hinged in a pin
attached to the rear ol the [eedway and confined by
a slot in the cover, which limited its movement up-
ward and rcarward. The bar was further guided
by a pin attached to the feedway and which passed
through a long slot in the end of the bar opposite
the hinge.  On the bottom of the bar, a second bar,
the ejector bar, was welded perpendicular to the first.
This second bar rode in the horizontal cjector slot
in the bolthead. A small spring mounted belween
the guide pin and the first bar held the ejector down
against the bolt and bolthead., This model was
difficult to adjust to proper height, and the upper
bar soon bent the cover slot until it was Impossible
to make an adjustment. To make this adjustment
last the life of the gun, a bar was welded across the
cover slot which served as an ejector stop. This
arrangement was entirely successful except that it re-
quired hand fitting to each ejector and made the
cover and feedway of each gun not interchangcable,
The ejection was entirely satislactory. Because of
the 1mproved ejection, all T17E3 guns manufac-
tured at that time were fitted with this ejector.

Frigidaire continued development, and in May
1945 a full floating self-adjusting ejector was sub-
mitted for test. This ejector fired 15,000 rounds
without adjustment or failure. This ejector was
guided by two pins which were attached to the feed
tray and passed through two slots in the ejector bar.
Two small helical springs held this bar away from
the face of the feedway and against the slot in the
cover.  The vertical movement of the bar was regu-
lated by an angular stopping surface cut at the bot-
tom of the cover which engaged two angular shelves
on the face of the ejector bar. These surfaccs were
at a 45° angle with the vertical, and parallel with
the ejector surface on the bar which rode In the
ejector slot of the holthead and ejected the case dur-
ing rccoil.  All T'17E3 guns manufactured after 1
November 1945 were fitted with the latter design.

The Sear. The scar used in the T17 and
T17E1 were copies of the sear used by the German
MG 151/20. The development of a satisfactory
sear to be operated by a solenoid was undertaken by
the General Eleciric Co.  The solenoid should be
as small as possible; therefore, the sear must have as
low a release load as possible.
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The General Electric Co. based its design on the
roller-tvpe scar which would give minimum fric-
tonal loads on the searing surface. Three designs
were tested extensively and several others failed in
preliminary tests, The “roll and counterweight”
tvpe designed to maintain balance and prevent acci-
dents on rough landings of aircraft carriers, was used
on the 1T'17E2 and the T17E3 models. This sear
would not alwavs stop the gun and even if it did it
was often several rounds after release. High-speed
motion pictures showed that the sear assembly had
too much mass to recover and remain in a position
to stop the bolt after the bolt bounced off the buffer.
Also, the force required to stop the bolt was too great
to be accomplished without some type of shock ab-
sorbing mechanism.  When the mass of the sear was
decreased so that it would operate properly, break-
age was caused in the sear frames and roller
trunnions.

The final design adopted was the “block type”
sear, which has a light sear frame and a shock ab-
sorber to take the load when the bolt is seared. "This
construction has been entirely satisfactorv and is
unique in machine gun sear design. In this design
the sear roller, when released, 15 moved upward by
a spring under the sear frame and engages a pro-
jection on the bottom of the bolt, which drives the
sear roll and frame upward and forward. A pin
which passes through the sear frame and sear block
1s carried forward against the spring which is housed
i the sear block and which absorbs the inital shock.
This pin also guides the sear roll and the sear roll
stop on thc rcar of the scar block.

Several other designs were tested. One was a
roller which replaced the projection on the bottom
of the bolt.  Another had a spring-operated projec-
tion attached to the bottom of the bolt, which
dropped down after passing over the sear roll and
engaged the sear roll on its return from the buffer.
These designs were discarded because the adopted
design gave better performance.

Electrical Controls. To operate the reloader
automatically, it was necessary to build into the gun
and synchronize with the scar, a tclltale device to
ascertain the position of the bolt in relation to the
scar, and to opcratc the switch that controlled the
reloader. This device operated in parallel with the
scar and was actuated by the scar bar. The adjust-

ment of this arrangement due to tolerance buildup
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and wear became the major problem. An adjust-
able telltale was designed, but even then some guns
could not be adjusted properly.

In the new sear assembly, a double bar replaced
the single har. This design permitted independent
adjustment of that portion of the mechanism con-
necting the solenoid to the secar. It was not neces-
sary simultaneously to adjust the part which con-
nected the telltale with the motor control switch.
Both parts were operated in parallel by the sear sole-
noid. This arrangement proved quite satisfactory.
In the T1/12 design a double switch and cam were
operated by the telltale, but the second switch, which
was in series with the solenoid control side of the
first switch, was found to be unnecessary because of
the rapid charger opcration in production chargers.

Breech Ring, The original breech rings devel-
oped by Frigidaire and fired 1n Frigidairc guns gave
satisfactory performance and life. The original
breech rings manufactured by Rock Island Arsenal
did not meet these standards. Many of the first
lot of Rock Island breech rings failed at less than
1,000 rounds. Carecful inspection and examination
revealed that the heat treatment of the breech nings
was not as recommended by Frigidaire and that the
finish on the interior working surface was not
adequate.

Examination of a Frigidaire breech ring disclosed
that the generation of the locking cam bcgan at
100507, while the Frigidaire and Ordnance draw-
ings specified 96°3(Y. The Rock Island Arscnal
breech rings were made to 96°30’. This error oc-
curred when the Frigidaire drawings were first
made. After many lavouts and conferences, a
quantity of breech rings was fabricated, having an
improved heat treatment, finer ground internal and
external surfaces, and a locking cam angle of
102°3(0¥. Samples with locking angles of 103%30/
and 1057307 were also tested. These were unsatis-
factory as they had an average hife of only 1,500
rounds,

A third lot was made with heat treatment recom-
mended by Frigidaire. This lot also had additional
metal added under the locking cam and at the rear
of the recoil spring shoulder. These breech rings
proved satisfactory, firing 3,000 rounds without
failure.
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The Bureau of Ordnance, Navy Department,
submitted a design, and later samples, for firing
tests of a breech ring with new locking and stop cam
surfaces, and which operated with a special unlock-
ing cam and bolthead cam design. T'wo of these
combinations were tested and found to give a
marked improvement in gun performance, longer
lite of operating parts, and a higher cyclic rate.
Because of the expense and difficulties in retooling
for this design, it was not used in the T'17E3 machine
gun.

Bolt Buffer Assembly. All models prior to the
T17E3 and the first TI7E3 guns had a nest of
three high-rate helical springs made of wire with
a rectangular cross scction. These springs were
found to be satisfactory when used in a low cvclic
ratc gun, but at cyclic rates in cxcess of 700 rounds
per minute, thesc springs set quickly and broke after
a few hundred rounds.

In January 1945, Frigidaire made and submitted
for test several sets of Belleville bolt buffer springs.
Rock Island Arsenal had carlier suggested the use
of Bellevilles to aveid a difhcult maninfacturing
problem. These springs decreased the cyclic rate
ol the gun approximately 15 rounds per minute, but
provided springs which would last the life of the
gim. These were adopted as standard, and manu-
facture was begun by Rock Island Arsenal.

Bore Cooling Devices. Research on a hore cool-
ing device for the caliber .60 machine gun was
actively pursued at Purdue and Frigidaire. The
average barrel lifc for this gun was less than 400
rounds when fired in 25 round bursts with a 2-
minute cooling interval between bursts.

In Februarv 1944, the fundamental studies were
completed at 'urdue University and in March 1944,
resecarch and development projects were accepted
hy the Bendix Aviation Corp. and the Dicsel Engi-
neering and Manufacturing Corp. It was found
that a bore cooling device for this wcapon was
highly desirable to increase the barrel life.

Concurrently other methods of incrcasing barrel
life were being investigated and before a satisfac-
tory bore cooling device was obtained, the life of
the barrel had been considerably increased by the
use of chromium plating and stellite liners. Be-
cause of the success of the liner and plating program,
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the bore cooling project soon became of minor
importarncc.

Barrel Development. Because of difficult extrac-
tion, an extensive barrel chamber investigation was
launched, Barrel chambers were honed, horizor-
tally lapped, or fine ground, for test firmg. None
of these consistently gave “easy” extraction. Ex-
periments in headspace and “‘crush-up” were con-
ducted but failed to give conclusive data. The
Oldsmohile division of General Motors Gorp. was
engaged to flute the chambers of the trial lot of
barrels by an extrusion process which used a man-
drel. The initial requirements were for 16 futcs
010 inch deep running from forward of the bullet
seat to two-thirds the length of the body of the
case. The initial barrels were delivered about 15
November 1944 and proved a great success. For
the first time, the gun fired at long bursts at a uni-
form cyclic rate. The cyclic rate increased 75
rounds a minute and no other trouble was experi-
enced with difficult cxtraction. Barrel chambers
having 12, 16, 20, and 24 extruded flutes 0.006 inch
and 0.012 inch deep wcre test fired, but unfor-
tunately the flutes did not carry forward of the
bullet seat. Chambers having 16 cxtruded flutes
0.012 inch deep but running various lengths down
the chamber from forward of the bullet seat were
tried.

Three-fourths of the length of the case was found
to be optimum. These were the first fluted cham-
ber machine gun barrels adopted for use in the
United States.

Forward Sear Belt. 'The military characteristics
for the caliber .60 gun called for automatic syn-
chronized fire. Two concurrent developments were
mnitiated: A bolt to fire electrically primed ammu-
nition, and a bolt with a mechanical forward sear
to bec operated by a trigger motor.

In June 1944, the first models of the forward sear
bolt were fired at Frigidaire. Because this bolt had
to replace the standard bolt, the design was greatly
handicapped by limitations imposed by these space
requirements. Nine models were prepared by
Frigidaire, four cntircly different designs were tested.
Three of these designs were mechanically perfect,
but only one decsign had sufficient life of parts to
warrant extensive test. This design had a cocking
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lever similar to the caliber .30 machine gun which
operates in a slot in the receiver and which is inter-
rupted by using a standard trigger motor.

The mechanism was quite complicated and re-
quired a complete new bolthead and bolt design.
Adcquatc tests were conducted to determine the
frequency of the breakage of parts.

Heater Development. Since most aircraft ma-
chine guns are equipped with gun heaters when they
are used in combat, a program for the development
of a heater was initialed about 1 October 1943 with
the Pioneer Products division of the General Elec-
tric Co. Most aircraft gun heaters manufactured at
this time were of the “sandwich™ type. They were
bolted onto the receiver where the heal was re-
quired. Since the heat would be required the full
length of the track on which the bolt travels, it was
believed that thc sandwich-type heater would be
inadequate. One-quarter-inch tubing was brazed
beneath the bolt tracks in the rcceiver with ends pro-
truding from the rear. General Electric initiated a
project to develop a “Calrod™ unit to fit into these
heater tubes.

Several units were installed in reccivers and tested
at Aberdeen Proving Ground. Two units had the
Calrod heater element inside the heater tube of the
gun. These units failed at the rear end where the
electrical conductor joined the Calrod umt. The
vibration of firing flexed the joint until it broke after
a few hundred rounds. Four reccivers were sub-
mitted with Calrod units in the annular space be-
tween the two brazed sections of the receiver out-
side the heater tubes. Each unit was one con-
tinuous Calrod tube, grounded at one end and
fastened to an amphencl connector on the other.
These units broke after less than 50 hours and 3,000
rounds, either at the ground or at the amphenol
connector. When statically tested, without firing,
one heater unit was operated for 1,400 hours and
was still operating successfully when the test was
discontinued. No satisfactory connection was made
between the Calrod unit and the amphenol connec-
tor on the gun.

No sandwich-type heating elements were tried,
but one unit was being prepared for tests when V-]
Day was proclaimed and the project was discon-
tinued with thc General Electric Co.
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SECTION 6. CALIBER .60 TI7ES MACHINE GUN

Description

The gun standardized as the caliber .60 T17F5
aircraft machine gun is a recoil-operated, air-cooled,
belt-fed weapon. 'The belt is of the metallic link
disintegrating type. The gun can be prepared for
either left- or right-hand feeding. Firing is by
means of a solenoid, but a manual relcase for the sear
15 also provided. The weapon is provided with a
shock absorbing adaptor which also serves as a [ront
mounting. The gun is charged by an electric

charger mounted in the cover and fired from an
apen bolt.

The gun is composed of several groups of parts:
barrel, cover group, bolt group, feedway and ejector
group, rcceiver and barrel support group, and
adaptor group.

Barrel. The function of the barrel is to direct the
discharged projectile.  The rifling in the bore {8

grooves, 1 turn in 18 inches) causcs the projectile to
rotate.
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Fiqure 4-6, Gun, Machine, Caliber .60, T17ES,

General Data: Caliber .60 T17E5 Machine Gun

Gun length: 91.7 inches.

Gun weight, completc with charger: 127 pounds.
Rate of fire: 700-750 rounds /minute.

| Muzze velocity: 3,400-3,500 fect/second.
Svstem of operation: Short recoil.

Svstem of locking: Rotating bolthead,

System of feeding: Disintegrating metallic link belt,
Method of headspace: Factory established.
Location of feed opening: Right or left hand.,
Location of rjection opening: Bottom.

Mcthod of chargineg: Electric.

Method of cooling: Afr,

Overall width at fced assembly: 8 inches,

Ovwerall height of gun: 6.3 inches.

Barrel length: G0 inches.

Barrel weight: 30.25 pounds.

Kate control: None.

Barrel removal: Quick disconnect,

Bowre

Number of grooves: 8.

Croove depth: 0.01640.002 inch.
Groove width: 0.1504-0.010 inch. |
Pitch: 1 turn to 18 inches.
Direction of twist: Right hand.
Form of twist: Constant.

Cartridee: "1'77.
Weight of round plus 1 link: 0.607 pound.
Muzzle velocity: 3,510 feet/second.
Weight of projectile: 1,150 grains.
Range, maximum: 5,520 yards.
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Figure 4-7. Gun, Machine, Caliber .60, T17E5. General assembly of groups.

A hardencd barrel liner has been provided to
lengthen the life of the barrel. Three knurled bands
down the middle provide a convenient gripping sur-
face when assembling the barrel.  An enlarged
fluted section to the rear of these knurled bands
slides within the barrel, bcaring the recoil and
counterrecoil of the barrel.

The barrel flares outward to a shoulder, to the
rear of the fluted section.  This shoulder contacts the
barrel buffer thrust collar near the end of recoil to
stop the rearward travel of the barrel.

Buttress locking lugs around the outside of the
barrel, at the breech end, engage mating lugs in the
breecch ring to lock the barrel in the breech ring
assernbly,  Two small projections, which extend
from the breech end of the barrel, are partial safety
devices which will interfere with the bolthead if
the barrel is not turned to at least two-thirds of its
fully locked position. If the bolthead interferes
with these projections, but cannot move the barrel
forward, as when the barrel is turned less than two-
thirds of its locked position, the bolthead will not
lock and the firing pin will not strike the primer to
fire the cartridge. However, if the barrel is not fully
inserted in the breech ring, or if the bolthead inter-
fcres with these projections but moves the barrel
forward, as when the barrel is fully inscrted but not
turncd at all, then the firing pin can protrude to
strike the primer and fire the round if the extractor
is holding the cartridge against the face of the bolt.
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At the top of the barrel, near the breech end, 1s a
longitudinal locking groove which engages the bar-
rel lock. If the gun is fired with the barrel rotated
beyond two-thirds of its locked position, but not
locked, it will rotate progressively to the left until the
barrel lock engages the locking groove.

Cover Group. The cover group includes an elec-
tric charger as well as those parts and assemblies
whose function is to feed ammunition into the gun.

The front end of the cover is attached to the re-
ceiver by means of a cover hinge assembly, which
engages the hook projection on top of the receiver.

This cover hinge 1s designed to permit the removal
of the cover when the gun is mounted in a limited
space. The design also permits removal by raising
the rear end of the cover and pushing it forward.
When the cover is closed, it is secured by the cover
latch which engages the cover latch block on the
recetver. Lhe cover latch spring maintains pressure
on the cover latch handle to keep the latch closed.
The rolled machine edges of the cover form an upper
guide for the bolt.

The belt feed tube is mounted in the top part of
the cover and is held in place at its forward end by
the belt feed tube lock.

The electric charger, which is assembled inside
of the belt feed tube, has a motor assembly with a
set of electrical contacts which engage a matching
sct of contacts in the receiver when the cover is
closed. The motor rotates in either dircction de-
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BELT FEED RACK
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Figure 4-8. View showing how belt feed rack is moved outward during counterrecoil.

pending on the duty required.  “T'he motor contains
a locking plunger which engages a mating hole in
the cover for retaining the charger. The motor
mount also provides the housing for the lead screw
which is rotated by the motor through the friction
drive assembly.

The feed assembly is mounted on the under side
of the cover and is secured to the cover by two feed
body locks. The stripper rack assembly includes
the belt feed rack, universal stripper and belt pawl,
as well as minor parts. The belt feed tube moves
the stripper and rack assembly back and forth in a
sidewise direction to feed the ammunition. The
purpose of the stripper is to position the cartridge
for feeding and to held the link during stripping.

Ammunition may be fed into the gun from either
side, depending on which belt feed tube is used and
the installation of the feed assembly. ({Both right-
and left-hand belt feed tubes are supplied to provide
movement in the proper direction for feeding am-
munition from either side of the gun.)

The drive hushing assembly slides inside the helt
feed tube. A stud projects downward from the
drive bushing and cngages a socket 1n the top of the
bolt. A roller on this stud rides in a track [ormed
by the sides of the cover to kecp the drive bushing
assembly from turning in the cover. Hardened cam
surfaces at the base of the stud contact a spiral slot
in the belt feed tube. During the forward m ve-
ment of the bolt assembly and the drive bushing »s-
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Figure 4-9. View showing how belt feed rack is moved inward during recoil,
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sembly, these cam surfaces cause the tube to rotatce
about half a turn, thus moving the belt feed rack
out towards that side of the gun into which am-
munition is being fed. This movement of the rack
with the tube 1s a result of the tube being geared to
the rack. As the bolt assembly and the drive bush-
ing assembly move rcarward, the cam surfaces on
the drive bushing cause the belt feed to rotate in the
opposite direction.

This movement forces the belt feed rack inward
and pulls a4 cartridge toward the center of the cart-
ridge belt feedway.

When the gun is ready to fire, the bolt assembly
is held rearward and a cartridge is centered in the
cartridge belt fcedway by the universal stripper.

As the bolt assembly moves forward, the cart-
ridge is forced out of the link by the top front edge
of the bolthead and the belt holding pawls continue
to rctain the cartridge bell in position by holding
the empty link. At the same time, the belt feed rack
is moved outward and thc belt feed pawl hinges
upward to ride over the link of the next cartridge.

At the completion of the forward movement of
the bolt assembly, the belt feed rack has been car-
ried still farther outward, and the belt feed pawl
snaps down behind the next cartridge.

As the bolt assembly recoils, the belt feed rack
and the belt feed pawl draw the belt into the gun.

CAL. .60 SHORT RECOIL

The belt holding pawls hinge outward to clear the
entering cartridge.

As the bolt assembly reaches the rearmost position,
the belt holding pawls snap downward against the
link to hold the cartridge and the universal stripper
holds the cartridge down in the slot of the cartridge
belt feedway so that it projects below the fecdway
where it can be engaged by the top front edge of
the bolthead.

The cartridge ginde assembly is shd onto the cover
and retained by the contact of the cartridge guide
spring with the cover. Attached to the cartridge
guide assembly 1s a spring loaded cover safety catch,
which is positioned under the edge of the cover.
Whenever it 18 in a raised position, to prevent the
cover from accidentally closing on the hands of the
operator, this cover safety catch must be swung out
of the way before the cover can be closed.

Bolt Group. 'The bolt group includes the bolt,
bolthead, bolthead roller, bolthead cam, bolthcad
huffer bodies, volute springs, extractor, extractor
spring. firing pin, recoil plate, and minor parts.

The recoil plate is pressed into the front end of the
bolthead. The extractor spring exerts pressure
against the rear end of the extractor, which 1s pivoted
to the bolthead by a double roll pin.  This pressure,
at the rear of the extractor, forces the front end
firmly into the extractor groove of the cartridge and
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Figure 4-15. The extracting phase in the operating cycle of the Caliber .60 T17ES Machine Gun.,

pulls the empty casc loose from the chamber.  The
extractor is provided with projections 1o take the ex-
traction and ejection load instead of the load being
transmitted to the pin.

As the recoil continues, the extractor holds the
cmpty casc in the recess of the bolthead and bolthead
rollers operate against cams to cause the locking
and unlocking of the bolthead during the firing cycle.
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These rollers rnide on the track in the receiver during
the forward and rearward travel of the bolt assembly.

Cam lugs on the sides of the shank of the bolthead
operate in spiral grooves in the bolthead cam as-
scmbly, which is recessed in the bolt. The cam 1s
positioned, during assembly, by the bolthead cam
pin. While the gun is being cocked, prior to firing,
the travel of the spiral cam grooves past the lugs

CONFIDENTIAL



CONFIDENTIAL

CAL. .60 SHORT RECOIL

BOLT HEAD CAM

.Hl e, .I'-:l'---.l'.iﬂl H-n!.lrl\.—ln-\.

BOLT HEAD BUFFER BODY

| B{::LT HEAD ASSEMBLY
_ROLL PINS

VOLUTE SPRING

Figure 4-16. Cutaway view of bolt of Caliber .60 T17ES Machine Gun, showing buffer between bolt body and bolthead,

causes the bolthead to turn and unlock from the
breech-ring assembly. This makes it possible to
cock the gun without compressing the recoil spring
or contacting the unlocking cam. The bolthead
cam assembly also holds the firing pin rearward in its
recess in the bolt.

The bolthcad buffer bodies and volute springs are
assembled into each side of the bolt. The rounded
inner surfaces of the buller bodies bear against the
shank of the bolthcad. Double roll pins hold the
buffer bodies in position. The buffer bodies project
into the squared section of the slot in the bolthead
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cam to keep it from turning and prevent it from
moving forward. The buffer springs cushion the
shock as the accclerated bolt pulls the bolthead rear-
ward after being unlocked from the breech ring as-
The forward surface of the cam lug on
each side of the shank of the bolthead is driven
agamnst the rear surface of the bolthead buffer body.

The under surface of the wider section, at both
front and rear of the bolt, slides on the track of the
recciver. A lug. which projects outward from cach
side at the rear of the bolt, nides m a slot between
the receiver and the cover. A horizontal hole

sembly.

BOLT GROUP

Figure 4-17.
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~BARREL

Recoiling mass of Caliber .60 T17E5 Machine Gun.
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Figure 4-18. Bolthead locking lugs of Caliber .60 T17ES Machine Gun.

through the projection at the rear of the bolt is to
provide clearance for the cjector when the bolt as-
scmbly 1s in its forward position.

The complete cycle of the recoiling portion of the
gun, which takes place as each cartridge is fired, con-
sists of the recoil stroke, when certain parts of the
gun move rearward, and the counterrecoil stroke,
when these same parts move forward. At the in-
stant of firing, the recoiling portion is in the forward
position of the gun. At this time, the bolthead is
locked in the breech ring assembly against the base
of the cartridge. Buttress locking lugs on the inner
surface of the breech ring assembly arc cngaged with
mating lugs on the outer surface of the bolthead.

As the cartridge is fired and the projectile travels
out of the barrel, the force of recoil drives the re-
coiling portion rearward.  After recoiling about 714
inch, the bolthead rollers cngage the cam surfaces
of the unlocking cam. Continued rearward travel
of the recoiling portion causes the bolthcad to rotate
and unlock from the breech ring assembly.

As the bolthead is thus rotated, the rearward
movement of the bolt, which has been nested with
the bolthead, is accelerated and the holt moves rear-
ward from the bolthead by action of the bolthead
rollers pushing against the bolt nose cams. This
acceleration occurs as the bolthead is being unlocked
[rom the breech ring assembly. The firing pin,
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which 1s retained in the bolt, 15 withdrawn from the
surface of the bolthead during this action.

The recoil spring 1s being compressed throughout
thc rcarward travel of the barrel and breech ring
assembly.  Following the unlocking of the bolthead
from the breech ring assembly, the barrel and
breech ring assembly continuc to travel rearward.
until stopped by the snubbing action of the barrel
buffer spring inside the barrel support assembly.
The total recoil distance of the barrel and breech
ring assembly is approximately 1%} inches.

During the rearward travel of the bolt assembly,
the drive spring assembly is compressed by the bolt
acting through the drive bushing assembly. The
rearward strokc of the bolt assembly is finally stopped
as it strikes the buffer plate which is cushioned
against the Belleville buffer springs.

While the bolt assembly is still recoiling and re-
cocking the gun, the barrel and breech ring as-
sembly are forced forward in counterrecoil by the
energy stored in the recoil spring.  When the barrel
has moved forward into firing position, the barrel
buffer spring inside of the barrel support again
comes into action to stop the barrel and breech
ring assembly.

If the sear roller has been held down, cither man-
ually or electrically, the bolt assembly rebounds from
the buffer plate and is driven forward on another
firing cycle by the encrgy stored in the drive spring
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Figure 4-19. Unlocking action of Caliber .60 T17ES Machine Gun.
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Figure 4-21. View showing recoil spring compressed.
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Figure 4-22, View showing how barrel buffer stops barral receil.
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Figure 4-25. Beginning of locking action.

assembly and buffer spring, thus producing auto-
matic firing.

When the next cartridge is within about %4 inch
of being chambered, the bolthead rollers contact the
breech ring cams. This gives the bolthead a chance
to begin rotating in preparation for locking to the
breech ring assembly,

While being rotated by the breech ring cams, the
bolthead continues its forward travel and chambers

the cartridge. After the cartridge is fully cham-
bered and the forward motion of the bolthead has
stopped, the rotation of the bolthead continues
through thc action of the bolt nose cams against the
bolthead rollers. This locks the bolthead to the
breech ring assembly.

During this locking action, the bolt continues to
move forward and nest around the bolthead. The
final forward movement of the bolt pushes the firing
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Figure 4-26. Completion of locking action.
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Figure 4-27. Ignition phase,

pin bevond the face of the bolthead to strike the
primer and fire the cartridge.

Feeding and Ejecior L:mup The feedway and
ejector group is mounted n the top forward portion
of the receiver and is held firmly in position when
the cover is closed. ‘The group consists of the feed-
way and ejector assembly and the cartridge stop as-
sembly, When the empty case is extracted from the

e R bkt

'~ RECEIVER ASSEMBLY
~———EJECTOR '
EXTRACTOR

chamber and carried rearward by the bolt assembly,
it strikes the ejector, which is mounted on the rcar
of the feedway. This causes the case to hinge down-
ward over the extractor, ejecting it through the open-
ing in the bottom of the receiver. The cartridge
stop assembly prevents the cartridge from overriding
the slot in the feedway and guides the empty links
as they arc forced from the feedway.

(e i L] PEE S ETT

T TR L e vl o

Figure 4-28. Ejection of empty case from gun.
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Receiver and Barrel Support Group. The re-
ceiver assembly provides a housing for the buffer
group, solenoid assembly, lower contact group,
switches, telltale group, sear assembly and sear
manual release group, and minor parts,

The buffer housing is located at the rear of the
receiver and houses the buffer group. This group
1s composed of the buffcr plate, Belleville buffer
springs, buffer housing screw, and buffer housing
screw retainer. These parts cushion the recoil with
the bnlt assembly when the rear of the bolt strikes
the buffer plate. The energy 1s transmitted to the
Belleville buffer springs which are positioned by the
buffer housing screw. This screw is held in ad-
justment by the buffer housing screw retainer. The
cncrgy stored in the buffer springs starts the bolt
assembly forward on the counterrecoil stroke.

The solenoid assembly, which is used to electri-
cally operate the sear, is fastened to the rear of the
buffer housing with two solenoid mounting screws.
The solenoid assembly is composed of the solenoid
coll assembly, armature, solenoid arm, solenoid
shield plate, solenoid mounting plate, and minor
parts. The solenoid arm is attached to the arma-
ture by the solenoid hinge pin. The arm is held
stationary at the upper end by the pivot pin, causing
the lower end of the arm to move through a dis-
tance greater than the travel of the armature. The
electrical contact is made by the solenoid contact
plug engaging the solenoid contact receptacle lo-
cated in the rear end of the buffer housing.

The lower contact group is mounted above the
rcar cnd of the buffer housing. When the cover is
closed, the three contacts mate with corrcsponding
contacts on the electric charger and provide for two
clectrical circuits, namely, the power stroke circuit
and the return stroke circunt.

The shroud switch assembly 1s located above
the front cnd of the buffer housing and includes the
switch, switch shroud, switch shroud insulator, and
shroud shims. The insulator lines the inside of the
shroud and the switch is fastened in the shroud with
two screws, There is an opening in the top of the
shroud to allow the lower switch arm and switch
arm shoe, located in the motor mount of the charger,
to operate the switch. The switch assembly is
fastened to the receiver with four screws and is
properly spaced with the shroud shims. The switch
opens and closes the return stroke circuit of the
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charger, and opens and closes the firing circuit.
When the return stroke circuit is open, the firing
circuit 1s closed; and vice versa.

The telltale group, located forward of the buffer
housing, determines the rotating direction of the
charger motor. This group is composed of the tell-
tale spacer, telltale, telltale spring, telltale spring
capstan, capstan pin, and telltale pivot pin. The
spaccr, tclltale spring, and capstan, respectively, fit
over the pivot pin which is positioned by holes in
the side walls of the receiver. One end of the spring
engages the hole in the telltale, and the other end
is connected to the capstan. The capstan is turned
until the correct forward pressure is put on the tell-
tale, and the capstan is then fastened by inserting the
capstan pin into one of the holes in the capstan and
allowing the capstan to turn back until the pin is
stoppcd by the bottom of the receiver.

The sear assembly is mounted in the bottom of
the receiver, forward of the telltale group. The sear
assembly includes the sear block assembly, sear
frame assembly, sear frame pin, sear roller, sear
roller pin, scar voke, sear locating spring, sear spring,
and minor parts. The scar block 1s fastened to the
receiver by the sear block screw and two sear block
valve screws. The sear frame is mounted to the
scar block by the sear [ramc pin. The scar roller
1s held in the sear frame by the sear roller pin. The
sear frame and the sear roller are normally held up-
ward by the sear spring. The scar roller and re-
lated parts hold the bolt assembly in the rearward
position by engaging the shoulder on the bottom of
the bolt. L'he sear yoke and the scar locating spring
serve to cushion the imtial shock as the sear roller
engages the shoulder on the bottom of the bolt at
the start of counterrecoil stroke of the bolt assembly.

The sear manual release group is located on the
right sidc of the receiver. This group is composed
of the sear manual release lever, sear manual release
shaft, sear manual release retainer, and the sear
manual release spring. The lever is used to manu-
ally depress the sear roller. Normally, the lever is
held out of engagemcent by the spring.

The switch housing assembly, located {orward of
the sear assembly, is composed of the housing switch,
switch housing, cam rod, cam, switch cam adjusting
nut, and minor parts. The switch is fastened in the
switch housing with two screws. The cam rod, on
which 1s mounted the cam that operates the switch,
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passes through one side of the housing., The switch

assembly is fastened to the receiver by the two switch

housing screws. The telltale bar is positioned on
the cam rod by the switch cam adjusting nut. The
sear bar extends through a hole in the buffer hous-
ing and is connected, at the rear end, to the solenoid
arm. The switch is controlled by the position of the
telltale. The power stroke circuit is closed through
the switch when the telltale is in the upward posi-
tion. The return stroke circuit is closed through the
switch when the telltale is in the downward position.

A connector is fastcned to the night side of the
receiver with four screws. The purpose of this con-
nector is to provide means of making electric con-
nections to the gun.

To the mside of the receiver are the tracks on
which the bolt assembly rides. The heater tubes,
which are underneath the tracks, are used to house
electric resistance heaters with which to heat the
tracks to avoid congealing of oil at low temperature,
which would cause sluggish operation of the bolt
assembly.

The bolt holding keys are attached to the receiver
in front of the buffer housing. The holt slides un-
derneath the kevs as it nears the end of the recoil
stroke. These keys serve to prevent the bolt assem-
bly from being forced upward over the scar by the
pressure of the drive spring assembly when the cover
15 raised with the bolt assembly in its rcarward
position.

The rear support slide, which is welded to the
under side of the recciver, provides a rcar support
for the gun.

The hock-shaped projection on which the cover
hinges is located on the front end of the receiver.
The cover hinge spring serves to hold the cover rear-
ward when the cover is in a raised position.

The unlocking cam is located in the forward part
of the receiver and serves to unlock the bolthead
during firing,

‘The barrel support assembly provides a housing
for the breech ring assembly, recoil spring, barrel
buffer spring assembly, barrel bufter retaining sleeve
assembly, barrel lock, and various parts.

The breech ring assembly is located at the junc-
tion of the receiver and barrel groups and serves to
couple the bolthead to the barrel. Near the for-
ward end of the breech ring are internal buttress
locking Ings which retain the barrel, and near the
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rearward end are similar lugs which retain the bolt-
head during firing. Cam surfaces at the rearward
end of the breech ring bear against the bolthead
rollers to start the rotating motion which locks the
bolthead to the breech ring for firmg. Following
the initial rotation, the breech ring cam serves to stop
the forward mation of the bolthead as the balt nose
cam bears against the bolthead rollers to turn the
bolthead approximately one-sixth turn and complete
the locking action. Tangent to the surfaces which
stop the forward motion of the bolthead are surfaces
which bear against the bolthead rollers to stop the
rotation of the bolthead after locking has been
completed,

'T'he recoil spring surrounds the rear section of the
breech ring assembly and is compressed between the
unlocking cam in the receiver and the shoulder on
the breech ring. The recoil spring cushions the
recoil of the barrel and returns the barrel to its for-
ward position. The bolthead roller guide, which is
assembled to the rear of the reconl spring, prevents
the bolthead rollers from flying off as the bolthead
moves 1nto the locked position.

'1'he barrel bufter spring assembly, which 1s com-
posed of a series of buffer springs, exerts a snubbing
action to keep the movement of the barrel uniform
on hath the recoil and counterrecoil stroke.  Near
the end of the recoil stroke, the shoulder on the bar-
rel strikes the barrel buffer thrust collar and com-
presses the buller spring against the barrel bufler
collar assembly which, in turn, contacts the shoulder
on the barrel support and stops the rcarward move-
ment of the barrel.  Near the end of the counter-
recoil stroke, the front of the breech ring strikes the
barrcl bufler collar assembly, compressing the buffer
spring against the barrel buffer thrust collar
which, in turn strikes the barrel buffer retainer sleeve
assembly and stops the forward movement of the
barrel.

The barrel buffer rctainer sleeve assembly per-
forms two functions, narmely: it holds the barrel
buffer thrust collar, buffer spring, and barrel buffer
collar asscmbly in position against the shoulder on
the barrel support; and it contains the barrel bear-
ing, to support the bearing surface of the barrel.

The bharrel lock 1s located near the rear end of the
The front end of this lock is forced
downward by the barrel lock spring to engage a slot
in the top of the barrel ta keep the barrel from turn-

barrel support.
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ing out of engagement with the breech ring assem-
bly. The rear end of the lock engages a notch in
the barrel suppaort coupling to prevent the coupling
from turning out of engagement with the receiver.

A key which projects upward from the barrel
support, forward of the barrel lock, rides in the key
way in the adapter assembly to keep these parts prop-
crly in line as the barrel support assembly moves
back and forth inside the adapter assembly.

‘The barrel support coupling provides a means of
fastening the barrel support assembly to the receiver
assemhly and provides the means of supplying the
initial compression to the recoil spring,

Adapter Groufp. The adapter body assembly pro-
vides a housing for the adapter spring assembly,
which s composed of a series of adapter rings and
two adapter thrust rings, one on each end. The
function of the adapter spring assembly is to exert
a snubbing action to stop the movement of the gun
on both the rccoil and counterrecoil strokes.

The trunnions at the rear of the adapter assembly
arc provided for mounting the gun in the cradle.
A groove in the yoke also serves for mounting in the
cradle as well as for installation in aircraft.

Operation

Loading.

1. The cover should be closed before any firing is
attempted. This also includes loading.  Make cer-
tain that before the cover iz closed, the bolt assembly
is in its forcmost position. This will insure that
the stud on the drive bushing engages the socket in
the top of the bolt.  As a check on the correct posi-
tion of the bolt assembly before closing the cover,
the recar end of the bolt should be approximately
five-sixteenths inch rearward of the end of the ejec-
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Figure 4-29. Method of inserting ammunition belt.

tor. Neverload the gun when the bolt is being held
by the sear roller in the cocked position.

2. Insert the ammunition belt with the open side
of the links down against the feedway.  Push in on
the belt until the second cartridge is well inside the
cdge of the fecedway.  Pull outward on the belt to
make certain that the belt is properly engaged by the
belt holding pawl.

Fring,

1. When the ammunition belt is started into the
gun, the cocking of the gun places the mechanism
in a ready to fire position with the bolt assembly
held rearward and the cartridge positioned for
chambering in the feedway.

2. To firc the gun, the scar roller must be de-
pressed either manually or electrically. To depress
the sear roller manually, push in on the scar manual
releasc lever until it engages the sear frame assembly.
Then turn the lever downward about one-sixth turn.

To depress the sear roller clectrically, close the
firing switch. "This energizes the solenoid, pulling
the sear bar rearward and depressing the sear roller.
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Figure 4-30. Caliber .60 T17ES Machine Gun ready to fire. Longitudinal section,
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Figure 4-31. Guiding the cartridge toward the chamber,

With the sear roller depressed, the bolt asscmbly
moves forward.  The top front edge of the holthead
hits the base of the cartridge and moves it forward,
stripping it from the link. The cartridge is guided
downward toward the chamber through the front
end of the slot in the feedway assembly by means of
the cartridge guide asscmbly.

3. When the forward motion is completed and
the cartridge is held securely in the chamber by the
bolthead assembly, the bolt pushcs the tip of the fir-
ing pin beyond the face of the bolthead to strike the
primer and fire the cartrnidge.

4. The gun will then fire automatically, until the
sear roller is permitted to spring upward, either
manually or clectrically, so that it engages the
shoulder on the bottom of the holt. The telltale,
however, is still held downward by the bolt which is
directly above it.

5. Combat firing is unrestricted, but bursts of
longer duration than 150 rounds (12-second bursts)
may lead to a stoppage due to overheating. Non-
combat firing should be restricted with the duration
of bursts and cooling governed by the “life expect-
ancy” of the barrel.

CauTtion. In case of misfire with a hot barrel,
the gun should be cleared within 10 seconds after the
stoppage. If the gun cannot be cleared within 10
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seconds, the round should be allowed to remain in
the chamber a minimum of 10 minutes, making sure
the gun is aimed in the opposite dircction from per-
sonnel and equipment. If the gun is cleared be-
tween the 10 seconds and 10 minute period, the ex-
tracted cartridge may explode outside the weapon
causing serious injury to personnel or cquipment.

Unloading.

1. To unload the gun, the cover must be raised.
Before raising the cover, carelully note the position
ol the bolt assembly.  If the bolt assembly is in the
extreme forward position, the cover can safely be
raised. However, if the bolt assembly is held rear-
ward by the sear roller or jammed ahead of the sear
assembly, extreme caution must be exercised when
raising the cover.

CauTtion. The bolt assembly must positively be
held rearward using a screwdriver or some such tool
while the cover is being raised. On guns which are
provided with a slot in the cover, a screwdriver or
somc similar tool should be used to jam down into
the rear of the feed rack.

2, After the cover 1s raised, remove the ammuni-
tion belt.  Depress the sear roller with the sear man-
ual release lever and move the bolt assembly slightly
forward to clear the bolt holding key. Remove the
bolt assembly and also the fcedway and ejector
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assembly from the gun. Then make a careful in-
spection to determine whether or not there is a
cartridge in the chamber and if there is, the barrel
should be removed. Then the cartridge can be
easily removed from the chamber.

CautioN. Never permit the bolt assembly to
move forward to the locked position with the cover
open if a live cartridge is, or can be, chambered.

3. Rcplace the parts that have been removed from
the gun. Push the bolt assembly into its extreme
forward position. Close and latch the cover. Dur-
ing periods of storage or nonuse, the gun parts
should be left in this position as all operating springs
will be under their normal initial compression.

Changing Feed.

1. The gun mav be assembled so that ammuni-
tion may be fed into it from either the right- or left-
hand side. In order to change the gun {rom right-
hand feed to left-hand feed or vice versa, the proper
belt feed tube must be installed, the position of the
feed assembly must be reversed and the cartridge
stop assembly must be repositioned in the feedway
and ejector assembly. The corrcct position of the
various parts for both the right- and left-hand feed
are furnished in an instruction manual that is sent
with each gun.

2. The following description explains in general
tcrms the change from right-hand feed to left-hand
feed. By revemsing the process, the gun may be
changed from left-hand feed to right hand.

Cover GroOUP:

. Remove the cover,

. Remove the cartridge guide assembly.
Remove the electric charger.

. Remove the stripper and rack assembly.
Remove the feed assembly,

. Remove the right-hand belt feed tube and
replace it with the left-hand belt feed tube.

7. Reinstall the feed assembly in a reversed

position,

Note. The opening for the stripper and rack
assembly should always be on the side from
which the ammunition is to be fed.

3. Assemnble the stripper and rack assembly to

the feed assembly.

Nore. Be sure that the feed body locks are all
the way out in thear locked position, other-
wise they will interfere and prevent the

O U1 oW Lo N
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stripper and rack assembly from being
moved into position.
9. Install the cartridge guide assembly.,
Note. The cover safety catch may be located
on either side of the cartridge guide assembly.
10. Install the electric charger.
FEEDING AND E jECTOR GROUP:

1. Remove the feedway and ejector assembly.

2. Detach the cartridge stop assembly.

3. Install the cartridge stop assembly on thc
right-hand side of the [eedway and ejector assembly.

4, Remove the cartridge belt feedway pad.

Nore. Used with right-hand feed only.

5. Place the feedway and ejector assembly in
position on the receiver.

6. Push the bolt assembly into the extreme
[orward position. |

7. Assemble the cover to the receiver.

8. Test the feed mechanism by operating the
charging mechanism to be sure that the parts work
freely without binding, and that they have been cor-
rectly reassembled.

Disassembly by Groups

The major groups of the gun are the barrel, cover
group, bolt group, fcedway and ejector group,
adapter group, and receiver and barrel support
group. It is assumed that the gun is set up for
right-hand fecding.

Cavution. Belore starting to disassemble the gun,
make certain that it is not loaded. Follow the in-
structions scnt with cach gun giving procedure and
detail [or assembly and disassembly.

Barrel. Depress the rear end of the barrel lock
and turn the barrel about one-fourth turn counter-
clockwise. Then pull the barrel forward out of
barrel support.

Cover Groufr.  Press inward on the cover laich
handle and raise the cover just enough to disengage
the cover latch and then allow the rear end of the
cover to rest upon the rear end of the receiver.
Using a screwdriver, turn the cover hinge plug as
far as 1t will go. Then raise the rear end of the
cover at least 2 inches to permit the disengagement
of the drive bushing from the bolt, which should be
in the forward position, and slide the cover rearward
from the receiver. |

Bolt Group. Tull rearward on the bolt to unlock
the bolthead from the breech ring assembly. Then
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grasp the bolt firmly and lift it from its ways in the
receiver. If the bolt is pulled too [ar back befare it
is lifted up, the rear end will engage the belt holding
keys, making it impossible to lift it out until the sear
roller is depressed and the bolt slid forward enough
to clear the keys.

Feedway and Ejector Group. Pull the tecdway
and ejector assembly rearward about three-eighths
inch and then lift it from the receiver. This rear-
ward movement is to clear the feedway retaining
studs and locating pins.

Adapter Group. To remove the adapter assem-
bly from the barrel support, drive out the roll pin and
then unscrew the adapter retainer nut at the front
end of the adapter, using the combination wrench.
With the adapter retainer nut removed, the adapter
can be slipped forward off the barrel support.

Assembly by Groups

Adapter Group. Slip the adapter assembly on
over the front end of the barrel support, with the
trunnions toward the rear of the gun. Line up the
keyway in thc adapter with the locating key on the
barrel support, and slide the adapter back until the
full length of the locating key in the barrel support
is covered by the adapter. Then start the adapter
retainer niut on the threads at the front end of the
barrel support and draw it up tight with the com-
bination wrench. The adapter retainer nut should
be just flush with the adapter ring retainer nut.
Line up the pinholes and drive the roll pin in place.

Feedway and Ejector Group., Ilace the feed-
way and ejector group in position with the ejector
to the rear, Raise the ejector as high as it will go.
Slide the feedway and ejector assembly forward
until the feedway retainers engage the feedway re-
taining studs.

Bolt Group. Start the bolt assembly into the top
opening in the receiver, directly to the rear of the
feedway and with the bolthead toward the [ront of
the gun. With the bolt resting on the tracks 1n the
receiver, push it [orward until the bolthead locks
into the breech-ring assembly. At this time, the rear
end of the bolt should be approximately five-six-
teenths inch rearward of the end of the ejector.

Cover Group. Place the cover group on the re-
ceiver and barrel support group so that the hinge
plug holes come into approximate alinement with
the cover hinge assembly. Release the cover safety
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catch and allow the rear end of the cover to rest
upon the rear end of the receiver. Using a screw-
driver, turn the cover hinge plug until it is as far
out as it will go. Press in on the cover latch handle,
and push down on the cover until the cover latch
Is engaged.

Barrel. Start the breech end of the barrel into
the barrel support with the indicating arrow at the
top. Push the barrel in as far as it will go and then
turn it in the direction indicated by the arrow
stamped on the barrel.

Cavrion. The front end of the barrel lock must
snap down into the locked position to insure that
the barrel is locked in place.

Detailed Disassembly and Assembly

General. |

l. In the following description of the detailed
disassembly and assembly of the gun groups, it is
assumed that the ordnanceman is familiar with the
operations involved in removal and installation of
groups as a whole.

2. Indisassembling the gun, it will be found help-

ful to place the parts neatly in order as they are
removed.

3. Place disassembled parts on a clean, flat sur-

face and guard against loss of pins, springs, and
ather small parts.

4. Parts for each gun should be kept intact and
separated from those of other guns. Although parts
are interchangeable, they will work best in their
original combination.

5. When two roll pins are used, one inside the
other, they should be driven out together and then
separated one from the other before reassembly. In
assembling the roll pins, cach pin should be driven
separately, care being taken that the openings in
the pins arc oppositc.

6. Before assembling, clean all parts thoroughly
and oil lightly.

7. When assembling the gun, always line up the
parts carefully and inscrt the roll pins properly be-
fore attempting to drive the pins into place. Seat
springs correctly, replace and spread cotter pins,
and install locking wire where prescribed.

Disassembly of the Cover Group.

1. Remove the cartridge guide assembly by slid-
ing it forward until it discngages from the cover.
The cover safety catch and the cover safety catch

CONFIDENTIAL



CONFIDENTIAL

spring may then be removed, if necessary, by driving
the roll pin out and then removing the pin retain-
ing collar and the cover safety catch pin.

2. Toremove the electric charger from the cover,
first depress the motor mount locking plunger, which
cngages a hole in the top of the cover, and keep
it depressed while starting to turn the charger in a
counterclockwise direction. Grasp the motor and
turn it about onc-eighth turn, at which time the
charger will be pushed back one-quarter inch by
the compressed drive spring. Turn the cover in an
upside down position. The removal of the charger
may then be started from the cover. In order to
provide clearance for the drive bushing as the
charger is pulled recarward, the charger must be
turned clockwise about one-cighth turn, so that the
stud on the drive bushing will line up with the notch
in the cover. 'LThe charger assembly can then be
drawn out of the cover.

3. Depress the belt fecd pawl and pull the stripper
and rack assembly out of the feed body.

4. The removal of the stripper and rack assembly
permits movement of the feed body locks. Pry the
lock nearest the front end of the cover rearward so
as to release the feed assembly. The feed assembly
can then be removed by raising the front edge of the
assembly.

3. To disassemble the feed assembly, the follow-
Ing operations are necessary.

(a) To remove the feed body locks, remove the
cotter pins from the locks and withdraw the locks
from the feed body.

() To disassemble the belt-holding pawls, re-
move the cotter pins from the belt-holding pawl
studs and unscrew the studs. Then remove the belt-
holding pawls, belt-holding pawl springs, and hold-
ing pawl spacers.

6. To disassemble the stripper and rack assembly, |

the following operalions are necessary.

(@) Remove the three belt feed-pawl springs by
compressing them with a small screwdriver.

(b) Remove the belt feed pawl pin.

(¢) Hold the stripper and rack assembly in one
hand and insert a slender drift or piece of drill rod
(.100 diameter} into the spring channel unul its
end pushes the spring follower out of the notch in
the lockpin. Tap the lockpin in about #j¢ mnch,
using a drift. Insert the drill rod or drift in the sec-
ond spring channel and drive out the lockpin.
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(d) Slide the universal stripper back and re-
move the springs and followers,

Caurion.  As the stripper is moved back, the
spring and follower will fly out and a hand should
be placed so as to catch them to prevent loss.

(e) The universal stripper can now be slid back
until it is clear of the rack.

7. To remove the belt feed tube, place the cover
In a vertical position with the front end up, and
rotate the tube until the arrow on the tube 1s cen-
tered in the opening in the cover. (Precaution
should be taken that the end of the tube is not bat-
tered when dropped from the cover.) The belt feed
tube will then fall, or can be moved, out of en-
gagement with the tube lock and can be removed
from the cover.

8. To disassemble the belt feed tube lock from the
cover, remove the roll pin and turn the lock one-
quarter turn in either direction. Then push the
lock rearward from the cover.

9. To disassemble the cover latch, drive the roll
pin out of the cover latch handle. Then the handle,
cover latch pin, and cover latch spring can be re-
moved from the cover.

Assembly of the Cover Group.

1. Place the cover in a vise and clamp firmly.
Asscmblc the cover latch and cover latch spring into
the cover and line up the cover latch pin with the
hole in the cover.  Also line up the hole in the cover
latch handle with the hole in the cover latch. In-
sert and drive the roll pin home.

2. Push the belt feed tube lock into the hole in
the cover and turn it ¥4 turn so that thc cutout in
the lock is up. Insert and drive the roll pin home.

3. Place the cover in a vertical position with the
rear end up. Insert the belt feed tube into the
cover, with the slotted end up, and carefully let it
drop into place. Rotate the tube untl the arrow
on the side of the tube is centered in the opening in
thc cover. The tube will then drop enough to en-
gage the belt fced tube lock. Alter engaging the
lock, the tube should be turned slightly in either di-
rection to complete the locking action.

4. To asscmble the feed assembly, the following
operations are Nneccssary.

{a) To assecmble the fced body locks, insert the
locks in the holes in the feed body, and insert and
spread the cotter pins.

143



THE MACHINE GUN

(b} To assemble the belt holding pawls, partially
insert the holding pawl stud, assemble the holding
pawl spacer on the threaded end of the stud, and
insert the belt holding pawl spring in the recess in
the pawl. Hold the two picees together and start
the upper end of the spring on the siud on the under
side of the holding pawl spring support. Lift up the
pawl in such a manner as to compress the spring and
push it into the feed body until the spring is in a
vertical position. In order to compress the spring
and to raise the pawl into position, grasp the end of
the pawl with pliers and raise straight up. At the
same time apply pressure to the stud with a screw-
driver and then shift the pawl until the stud enters
a hole in the feed bodv. Now continue to shift the
pawl slightly until the thrcaded cnd of the stud
lines up with, and enters, the threaded hole in the
support in the feed body. Screw the stud in securely
and insert the cotter pin in such a position as to
prevent the stud from turning.

(¢) Assemble the remaining belt holding pawls
using the same procedure,

5. To assemble the stripper and rack assembly,
the following operations are neccssary.

() Insert the universal stripper in position on
the belt feed rack assembly.

(b} Aline the head of the lockpin with the notch
in the stripper, and tap the lockpin into its hole to a
depth of approximately 34 inch.

(¢} Shde the stripper back approximately 1 inch,
insert the first spring and follower, and slide the
stripper forward.

{d) Compress the spring with a drift or picce of
drill rod until the follower clears the lockpin. Drive
the lockpin in until its end passes the first spring
channel. ,

(e¢) Repeat steps (¢) and (d), inserting the sec-
ond spring and follower and driving the lockpin in
until its head is flush with the surface of the stripper.

(f) Assemble the belt feed pawl to the belt feeder
rack assembly.

(g) Tush the belt feed pawl pin into place.

(f) Assemble the three belt feed pawl springs
by compressing them with a small screwdriver.

6. Place the feed assembly in position over the
cover with the opening for the stripper and rack
assembly on that side of the cover into which the
ammunition 18 to be fed.  Tip the front of the feed
assembly upward and engage the rear edge in the
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notch in the cover, being sure that the feed hody
lock toward the hinge end of the cover is drawn
back into the feed body. The feed assembly can
then be lowered into place and locked to the cover
by pushing both feed body locks outward.

7. Turn the belt feed tube until the lengthwisc
mark on the tube is in alinement with the assembling
line on the cover. Then insert the stripper and rack
assemnbly into the feed body, with the pawl end out-
ward. Depress the belt feed pawl and push the
stripper and feed assembly inward. If the belt feed
tube is positioned correctly and if the upper belt
feed tube (left-hand or right-hand) 1s being used,
the gear teeth on the tube and the teeth on the rack
will engage, and the rack can be pushed into posi-
tion. It may be nceessary to turn the belt feed tube
slightly either right or left as reqmred to engage the
teeth. If the rack teeth engage the teeth on the belt
feed tube, but the belt feed tube cannot be pushed
completely into the feed body, it will usually be
found that one of the feed body locks is not fully in
the outward or locked position and is interfering
with the rack.

8. The cover safety catch mav be installed on
either side of the cartridge guide assembly, but 1t is
nermally installed on the right-hand side. Insert
the cover safety catch pin into its proper hole in the
cartridge guide assembly. Place the cover safety
catch over the pin with the long end of the catch for-
ward. Place the cover safety catch spring on top
of the catch, one end of the spring engaging the hole
in the rear end of the catch. Place the pin retain-
ing collar over the pin on top of the spring. Line
up the holes in the collar and the pin, and insert and
drive the roll pin flush with the ccllar.

9. The cartridge guide assembly should be shd
rearward on the flat portion of the cover toward the
feced assernbly.  The cover safety catch spring must
be compressed forward as the cartridge guide as-
sembly 1s being assembled.

10. To install the electric charger, turn the belt
fced tube so that the slot at the rear end of the tube
is toward the opening in the cover. Insert the
charger into the cover so that the stud on the drive
bushing will slide through the notch in the cover.
Engage the stud in the slot in the belt feed tube, and
push the charger assembly forward. The charger
must then be turncd slightly, counterclockwise, so
that the slots in the charger housing line up with the
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studs projecting inward from the cover. Push the
charger completely forward, and turn it clockwise
until the motor mount locking plunger snaps into
positian,

Disassembly of the Bolt Group.

1. The bolt head rollers can be readily removed,
as there 1s nothing to retain them in place.

2. Place the bolt on a wooden block, and with a
hammer and a drive punch of the proper size drive
out the roll pins. Start the removal of the buffer
bodies by tapping with a block of wood. Pull the
bolthead out of the bolt. Then grasp the project-
ing firing pin and pull it forward, removing the bolt-
head cam assembly with the firing pin,  1f the firing
p?n and bolthead cam d"aﬁt'rrlhh' cannot be removed
in this manner, insert a rod, ¥ ¢ inch in diameter and
about 9 inches lnng, into the rear recess of the bolt
and lhmugh the 3 s-inch diameter hole to the rear of
the firing pin. Drive the firing pin and bolthead
cam assembly forward from the holt.

3. With the bolthead assembly, bolthead cam as-
sembly, and firing pin removed, the bolthead buffer
hodies and bolthead buffer springs can be removed
by prying or pushing them out of the recesses on
cach sidc of the bolt.

4. Insert a piece of steel, ¥4-inch square by 3
inches long, into the ejector slot in the bolthead.
Then clamp the bolthead assembly firmly in a vise
with protective facings. With a drive punch of the
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proper size, drive out the roll pins holding the ex-
tractor and remove the extractor and extractor
spring.

Assembly of the Bolt Group.

1. Insert a piece of steel, I4-inch square by 3
inches long, into the ejector slot m the bolthead.
Then place the extractor and the extractor spring in
position with the larger end of the spring bearing
{ilamp the bolthead assem-
bly firmly in a vise with protective facings. Drive
the roll pins in until the ends of the pins are shghtly
below the surlace ol the bolthead.

2. Insert the firing pin into the bolt, and make
sure that 1t seats fullv back in its recess.  Place the
bolthcad cam asscmbly, with the slotted end toward
the front, over the firing pin and push it back into
the bolt.  Care should be taken that the pin in the
holthead cam assembly is in alinement with the hole
in the bolt. When fully seated, the front of the
cam will be approximately one-eighth inch mside
the opening in the bolt.

3. Position the bolthead assembly over thf‘ firing
pin so that the top surface of the bolthead lines up
with the top of the bolt, and insert the bolthead
shank 1n the bolt recess so that the lugs in the shank
slide in the slots of the bolthead cam. Permit the
bolthead to turn and push it rearward. Then insert

the bolthead bufier springs into the recesses in the
holthead huffer bodies. The belthcad buffer spring
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Figure 4-33. View of bhalt group, disassembled.
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may be compressed with pliers and the bolthead
buffer bodies and spring inserted in their reccsscs
on each side of the bolt in such a way that the curved
surfaces of the bodies bear against the rounded
shank of the bolthead and the small ends of the
springs are toward the front of the bolthead. Then
holding the hodies firmly inward against the shank,
insert the roll pins and drive them flush with the top
surface of the bolt.

4. In assembling the bolthead rollers, precaution
should be taken that the chamlered edge of the hole
18 against the bolthead.

Disassembly of the Feedway and Erector Groups.

1. To remove the cartridge stop assembly, hold
the feedway and ejector assembly, and, with the
point of a drive punch, push the cartridge stop re-
taining spring stud out of its hole in the feedway.
The cartridge stop assembly can then be slid rear-
ward until 11s lugs are disengaged from the holes m
the feedway.

2. To remove the cartridge belt feed pad, remove
the serews holding the pad to the feedway.

3. To remove the ejector, place the feedway and
ejector assembly on a wooden block. With a drive
punch of the proper size, drive the roll pins out of
the ejector retaining collars and the ejector pins.
The cjector and ejector springs can then be readily
removed.

Assembly of the Feedway and Ejector Groups.

1. To assemble the ejector, place the ejector
springs in the recesses in the ejector and slide the
cjector onto the ejector pins. Place the feedway on
a wooden block, and, with the ejector retaining col-
lars assembled in place, drive the roll pins in flush
with the collars.

2. Before attaching the cartridge stop assembly
to the feedway and ejector assembly, it should be
noted that the cartridge stop asscmbly is always
attached to the side of the feedway which is oppuosite
to that from which the ammunition is to be fed.

3. To attach the cartridge stop assembly to the
feedway and cjector assembly, engage the hook
which projects downward from the rear of the car-
tridge stop in the square hole on the proper side of
the feedway. Then, holding the cartridge stop
assembly forward, make sure that the lugs on the
front of the assembly enter the square holes on the
vertical front section of the feedway., When the
cartridge stop assembly is all the way forward, the
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cartridge stop retaining spring will force the stud
down into thc locking hole in the fcedway, thus
locking the assemnblies together.

4. To assemble the cartridge belt feedway pad,
position it in the feedway so that the beveled edge
is adjacent to the feedwavslot. Assemble the screws
with a screwdriver.

Nore. The cartridge belt feedway pad is used
with right-hand feed only.

Disassembly of the Adapter Group.

I. Drive out the roll pin in the front end of the
adapter.

2. Replace the adapter on the barrel support in
its assembled position so that the adapter is retained
from turning, and, using the combination wrench,
remave the adapter ring retainer nut.

3. After removing the adapter from the barrel
support, remove the adapter spring assembly, being
careful to retain the spring components in their as-
sembled position.

Assembly of the Adapier Group.

1. If the adapter has been disassembled for the
purpose of cleaning or lubricating, care should be
taken that the components of the adapter spring
assembly are reassembled in their original position.

2. After the spring assembly has been installed,
start the adapter ring retainer nut into the adapter,
and turn it by hand as far as possible.

3. Replace the adapter on the barrel support in
its assembled position so that the adapteris restrained
from turning,

4, Using a combination wrench, tighten the
adapter ring retainer nut until it projects approxi-
mately 17 5 inch beyond the front face of the adapter.
Linc up the pin holes and drive the roll pin in place.

Disassembly of the Receiver and Barrel Support
Group.

1. Place the adapter spring compressor in posi-
tion, and tighten the hexagon head on the front end
until the recoil spring is compressed. Remove the
barrel lock and the barrel lock spring by removing
the roll pin. Using the adjustable spanner wrench,
unscrew the barrcl support coupling. If necessary,
tap the wrench with the rawhide-face hammer until
the coupling loosens. Disassemble the coupling
from the receiver. Remove the adapter spring
compressor and remove the coupling from the barrel
support. Remove the barrel support from the re-
ceiver.
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2. Remove the bolthead roller guide, recoil
spring, and breech ring assembly from the barrel
support. Also rcmove the unlocking cam from the
front end of the receiver.

3. Place a block of wood against the flat surface
of the cover hinge assembly and drive it from the
hook-shaped projections on top of the receiver. Re-
move the locking wire from the two cover hinge
spring screws and remove the screws. Then the
cover hinge spring can be removed.

4. Clamp a stecl bar, %5 inch by 14 inch by 5
inches long, in a vise. Place the front end of the
barrel support so that the bar engages the slots in
the barrel buffer retamner sleeve.  Insert a steel rod,
I/a inch in diameter by approximately 18 inches long,
through the holes in the barrel support and turn in

a counterclockwise direction until the sleeve is dis-
assembhbled.

J. Remove the barrel buffer spring asscmbly and
the barrel buffer collar, being careful to retain the
spring components in their assembled position.

6. To remove the solenoid asscmbly, rcmove the
locking wire from the solenoid mounting screws.
Then remove the solenoid mounting screws, using
the nut-and-bearing-spanner wrench from the clec-
tric charger tool set.  Pull the solenoid straight back
for about one-quarter inch to disengage the solenoid
contact plig from the solenoid contact receptacle
which is located in a 2-o’clock position in the rear
end of the receiver. Then, being carelul not to
strain the sear bar, tilt the solenoid to the left far
enough to disconnect the solenoid arm [rom the pin
in the end of the scar bar.

7. Remove the buffer housing screw retainer
screw and the buffer housing screw retainer.  Place
the receiver In a vise and unscrew the buffer housing
screw, using one cnd of the combination wrench,
until it can be removed from the buffer housing.
Care should bc taken not to damage the end of the
sear bar with the handles of the wrench in removing
the buffer housing screw. In order to retain the
Belleville buffer springs in their assembled position,
insert a rod or large screwdriver through the springs
and the recoil plate, and remove them from the
rear end of the buffer housing.

8. To remove the scar assembly, remove the lock-
ing wire, the sear block screw, and two sear block
dowel screws from the bottom of the receiver, being
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careful that the sear bar or the telltale bar is not
sprung during the removal of the sear assembly.

9. Inscrt the drift pin from the clectric charger
tool set in the top hole of the telltale spring capstan
and pull forward. Then remove the capstan pin
from the capstan. Insert the drift pin and a similar
pin alternately into the holes in the capstan, allow-
ing the capstan to turn slowly counterclockwise,
thus relicving the tension of the telltale spring. Re-
move the cotter pin from the end of the telltale pivot
pin and remove the telltale pivot pin from the left
side of the receiver. Then the telltale spring cap-
stan, lelltale spring, telltale, and telltale spacer can
be removed from the receiver.

10. To remove the telltale har, disengage the sear
bar spring hook from the slot in the telltale bar.
Then pull the telltale bar from the shank of the
switch cam adjusting nut.

11. Remove the switch cam adjusting nut from
the cam rod. Then the sear bar spring hook can
be removed from the cam rod. Withdraw the sear
bar from the hole in the buffer housing and re-
move it from the receiver. The sear bar must be
turned approximately 90° in removing it from the
hole in the buller housing. Care should be taken
not to strain the sear bar during removal.

12, If it is ncecessary to replace the housing switch
in the switch housing, remove the two switch hous-
ing screws and the switch housing screw locks. Tilt
the switch housing about 90°, taking care that the
wires are not chaled in doing so. Remove the two
screws and the switchette screw anchor, Keep the
terminals sufficiently free to permit the removal of
the wires. Then replace the housing switch with a
new unit.  Resolder the wires to the terminals, tak-
ing carc that cach wire is connected to its proper
terminal. Replace the switchette screw anchor and
the two screws, and resolder the ends of the screws
on thc top of the switch housing.

13. If it is necessary to replace the clectrical plug
conncctor on the right side of the receiver, remove
the locking wire and four screws, Pull outward
on the connector to take up the slack in the wircs.
Push the wire insulators back on the wires. Heat
the connector terminals sufliciently to permit the
removal of the wires. Replace the connector with
a new unit and resolder the wires to the terminals,
taking care that each wire is connected to its proper
terminal. The polarity plug of the connector must
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be to the rear. Replace the wire insulators in posi-
tion and bend the wires downward, so as to prevent
grounding on the heater tube because of pinched
wires. Place the connector in the hole in the re-
ceiver, twisting it back and forth to set the wires into
position. Replace the four screws and locking wire.
Replace the two switch housing screws and switch
housing screw locks. Also replace the ground wire
unider the head of the rear screw.

14, If it is necessary to replace the shroud switch,
remove the locking wires and the four screws hold-
ing the switch shroud to the receiver. Then remove
the two screws holding the switch to the shroud,
Remove the shroud and insulator from the switch,
keeping the insulator intact in the shroud. Also
remove the shroud shims from the receiver. Heat
the terminals on the switch sulficiently to remove
the wires, preferably one at a time, and connect
them to the new unit, care being taken that each
wire is connccted to its proper terminal.  Replace
the shroud and insulator on the switch and replace
the screws holding the switch to the shroud. Re-
solder the ends of the screws to the shroud. Replace
the shroud and switch groups, shroud shims, and the
four screws and locking wire.

15. If it is necessary to replace the solenoid con-
tact receptacle, remove the wire retainer by pulling
it out of the buffer housing. Lift the receptacle
straight up from the slot in the bufler housing, Heat
the terminal on the receptacle sufficiently to remove
the wire. Replace the receptacle with a new unit
and resolder the wire to its terminal. Be sure that
the solenoid wire insulator is positioned properly.
Replace the receptacle in the slot in the buffer hous-
ing. Replace the wiring retainer by inserting it in
the slot and pushing it rearward.  Stake the retainer
in place.

16. To remove the sear manual release, drive out
the roll pin and remove the sear manual release lever
and the sear manual release spring.  Position the
sear manual release retainer, then remove the re-
tainer and the sear manual release shalt.

Disassembly of the Sear Assembly. The sear
assembly may be completely disassembled by per-
forming the following operations,

l. Place the sear assembly in a vise and remove
the sear frame pin. Then the sear frame and roller
assembly can be removed.
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2. Place the sear block assembly in a vise and
remove the double roll pin. Then remove the as-
scmbly from the vise and remove the sear locating
spring support, sear locating spring, and sear yoke
from the sear block.

3. Place the sear frame asscmbly on top of the
vise and remove the scar roller pin. Then the sear
roller can be removed from the sear frame assembly.

Assembly of the Sear Assembly. The scar parts
can be assembled into a complete sear assembly by
performing the following operations:

1. Place the sear frame assembly, sear roller, and
vise and remove the sear roller pin. Then the sear
sear roller pin in a vise, and press the sear roller pin
being assembled.

2. Assemble the sear voke, sear locating spring,
and sear locating spring support into the sear block.
The sear voke must be so positioned that the slots
in the head line up with the heles in the sear block.
Place these parts in a vise and drive the roll pin
into place.

3. Place the sear block in a vise and place the sear
frame and roller assembly 1n position. Drive the
sear frame pin into place. The sear frame and
roller assembly should move [reely after being
assembled.

Assembly of the Receiver and Barrel Support
Group.

1. Examine the sear bar belore assembly to see
that it is straight. In assembling the sear bar, in-
sert the rear end of the bar into the hole in the buffer
housing, allowing the {ront end to lie flat with the
notched surface up. Push it through the hole until
the rear end protrudes beyond the rear of the buffer
housing. IPlace the sear bar spring hook on the cam
rod, and screw the switch cam adjusting nut on to
the cam rod until 1t 18 flush with the end of the rod.

2, To assembhle the tclltale bar, place the sear
bar spring hoak in the slot in the telltale bar,  Place
the front end of the bar on the shank of the switch
cam adjusting nut. Then position the telltale bar
on the sear bar. Take hold of the front end of the
telltale bar and the rear end of the sear bar and move
them back and forth to see that the sear bar moves
freely in the buffer housing and also that the cam
rod moves freely.

3. Insert the telltale pivot pin in the hole in the
left side nf the receiver. DPlace the telltale spacer
on the pivot pin, pushing the pin in far enough to
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hold the spacer in position.  Assemble the telltale,
telltale spring, and telltale spring capstan, in the
order named and as a unit, with one end of the
spring in the hole in the telltale and the other end
in the hole of the capstan. Insert the telltale stud
into the slots in the telltale bar and the sear bar, and
rotate the unit until it is in alinement with the pivot
pin. Push the pivot pin through the hole in the
right side of the receiver. Insert and spread the
cotter pin. Insert the drift pin from the electric
charger tool set and a similar pin alternately into
the holes in the capstan, turning the capstan for-
ward until the ninth hole comes to the top. Insert
the capstan pin into this hole and allow 1t to rest
against the receiver. Push down on the telltale and
observe the action of the telltale bar. The telltale
bar and the cam rod must be [ree (o operate on the
tension of the sear bar spring.  Also see that the sear
bar operates freely on this spring.

4. Place the scar spring in place on the sear spring
guide pin in the bottom of the receiver. Then place
the scar asscmbly 1n position and see that the pin in
the sear frame enters the slot in the sear bar without
straining the sear bar or the telltale bar. Replace
the sear block screw and the two scar block dowel
screws.  Replace the locking wire through the heads
of these screws.

5. To assemble the sear manual rclease, insert the
sear manual release shaft into the hole in the night
side of the receiver, with the projection on the end
of the shaft toward the front. Insert the scar man-
ual release retainer into the slot in the shaft, and posi-
Then line up the retainer with the shaft so
that the prongs on the retainer are on the inside of
the recceiver., Assemble the scar manual release
spring and the sear manual rclease lever into posi-
tion. Insert and drive the roll pin 1n.

6. The Belleville buffcr springs and the Belleville
buffer plate should be positioned by a large screw-
driver and assembled into the rear end of the buffer
housing. Push the parts forward until the smaller
end of the buffer plate protrudes from the front end
of the housing. Screw the buffer housing screw 1nto
the housing until the buffer plate can no longer be
turned with the fingers. Then, using one end of the
combination wrench, tighten the buffer housing
screw from threc-quarter to one complete turn, until
one of the locking slots i1s vertical.  Care should be

tion 1t.
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taken not to damage the end of the sear bar with
the handles of the wrench in assembling the buffer
housing screw.

Caution. Do not tighten the bhuffer housing
screw excessively so as to fully compress the buffer
springs.

The rear surface of the buffer housing screw will
be approximately flush with the rear end of the
buffer housing when tightened properlv. 'lace the
buffer housing screw retainer in the locking slot in
the buffer housing screw and fasten it in place with
the bufler housing screw retainer screw.  When the
retainer screw is tightened, lock it in place by bend-
ing up the locking tip on the lower end of the retainer
against onc of the flat sides of the screwhead.

7. Hold the scar bar rearward and connect the
pin in the rear end of the bar with the solenoid arm.
Swing the solenoid assembly up Into position. In-
scrt the solenoid contact plug into the solenoid con-
tact receplacle, and push the solenoid into place.
Replace the solenoid mounting screws, using the nut-
and-bearing-spanncr wrench from the
charger tool sct. Replace the locking wire.

8. Check the height of the sear roller and check
the position of the switch cam adusting nut.

9. Place the cover hinge spring in position be-
tween the hook-shaped projections on top of the
receiver.  Replace the cover hinge spring screws
and the locking wire. Position the cover hinge
asscmbly and, placing a block of wood against the
lal surlace of the hinge assembly, drive it into place.

10. Assemble the unlocking cam into the front
end of the receiver with the narrow key at the top.

11. Place the barrel support in a vertical position
with the small end up. Drop the barrel buffer collar
into the end of the barrel support with the large end
up. See that the holes in the collar are in alinement
with the holes in the barrel support. Place a screw-
driver through the holes in the barrel support and
the collar. Place the barrel buffer retainer sleeve in
a vertical position with the threaded end down.
Position the harrel buffer spring assembly on top of
the sleeve with the barrel buffer thrust collar con-
tacting the end of the sleeve, Place the small end
of the barrel support over the spring assembly and
the sleeve and slide it down until the thread on the
end ol the sleeve is engaged. Screw the sleeve into
the barrel support as far as possible by hand. Retain
the screwdriver in the holes in the barrel support

electric
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and the collar until the spring assembly exerts pres-
sure on the collar and then remove it.

12. Clamp a steel bar, % 5 by 2 by 5 inches long,
in a vise. Ilace the front end of the barrel support
so that the bar engages the slots in the barrel buffer
retainer sleeve. Insert a stcel rod, ¥4 inch in diam-
eter by approximately 18 inches long, through the
holes in the barrel support and turn in a clockwise
direction until the sleeve is tightened. Line up the
pinhole in the sleeve with the hole in the barrel sup-
port and drive the roll pin in.

13. Asscmble the breech ring assembly in the
large end of the barrel support, lining up the key on
the brecch ring with the keyway in the barrel sup-
port. Assemble the recoil spring against the breech
ring assembly, and place the bolthead roller guide
into the head of the recoil spring.

14. Assemble the large end of the barrel support
into the front end of the receiver, lining up the stud
in the barrel support with the slot on the bottom of
the receiver.  Place the barrel support coupling on
the barrel support.

15. Place the adapter spring compressor in posi-
tion, and tighten the hexagon head on the front end
until the recoil spring is compressed. Assemble the
barrcl support coupling to the receiver and turn it
as lar as possible by hand. Using the adjustable
spanner wrench, tighten the coupling. Place the
barrel lock and barrel lock spring in position, and
drive the roll pin in. Check the barrel lock to see
that it works freely and that it engages a notch in
the barrel support coupling. Remove the adapter
Spring compressor.

Note. Make certain that the barrel support
coupling is [ully tightened before attempting to fire
the gun.

Adjustments

It may be necessary to make various adjustments
to compensate for the normal wear of certain gun
parts. The following instructions for making these
adjustments should be carefully followed.

Height of the Sear Roller.

1. The height of the sear roller in its depressed
position should be approximately flush with the top
of the sear block. With the cover opened, this
should be checked in two ways.

(a) Depress the sear roller with the manual re-
lease lever, and pull the bolt assembly to the rear.
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With the holt held firmly down on the receiver
tracks, it should not contact the sear roller. If the
bolt does contact the sear roller, examine the asscm-
bly ta determine the cause. Probable cause may be
a sear spring with too great a solid height, or, the
sear spring stop on the sear frame may be too long.
If so, replace the sear spring or file the end of the
sear spring stop until the condition is corrected.

(b)) Depress the sear roller by closing the firing
switch and manually depressing the shroud switch.
Pull the bolt assembly to the rear and with the bolt
held firmly down on the receiver tracks, it should
not contact the sear roller. If the bolt does contact
the sear roller, remove the solenoid and add shims,
one by one, between the solenoid mounting plate
and the buffer housing until the bolt does not con-
tact the roller.

2. The height of the sear roller in its released
position should be approximately 0.250 inch above
the scar block, and should be such that it will just
contact the bottom of the bolt just forward of the
scar projection.

Switch Cam Adjusting Nut.

I. The proper relation of the bolt to the opening
and closing of the power stroke and return stroke
circuits is obtained by the adjustment of the switch
cam adjusting nut.

2. Depress the sear roller with the manual sear
release lever (both the sear and telltale are con-
trolled by the firing switch and solenoid, preventing
use of the firing switch for this purpose). Pull the
bolt rearward, holding 1t firmly down on the re-
ceiver tracks until the housing switch is heard to
release with an andible click. Make a reference
mark on the receiver edge using one of the rear guide
lugs of the bolt as a point of origin.  Frece the manual
scar release and pull the bolt (o the rear until the
sear roller rises and engages the bolt. Press the bolt
forward as far as the scar roller permits. Again
mark the receiver edge using the same point of
origin. If the distance between the two marks on
the receiver edge is between three-sixteenths and
one-quarter inch, the telltale setting is correct. If
incorrect, adjust the switch cam adjusting nut until
the correct setting is obtained.

3. The analyzer may be employed to determine
the make ar break point of the power circuit instead
of depending on ear to hear the housing switch click.
Connect the analyzer. Hold the analyzer test prod
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on the power circuit contact of the lower contact
asseinbly,  Flashing of the blue {continuity) an-
alyzer indicator will disclose the make or break point
of the housing switch.

Shroud Switch.

1. Suflicient play may develop between the cover
and the receiver to prevent the switch arms from
properly depressing the shroud switch button.
Shims should be added under the switch shroud
until this condition s corrected.  Spare shims are
kept on the top of the switch shroud flanges.

2, Shroud switch adjustment should be made
after the follawing check of cover clearance.

(a) Close the power switch to permit charger
operation through one cycle; closc and open the
firing switch to release the bolt {manually operate
the sear if necessary}. The power switch must be
left open during the succeeding operation to pre-
vent reoperation of the charger.

(&) With the fecler gages, check the clearance
between the cover and the receiver at a point imme-
diately below the cover latch. 'I'his clearance should
be the maximum at which the cover will just latch.

(¢) Raise the cover and add 0.040 inch to the
previous gage reading.

(d) Insert the combined gage, and close the
cover. Although the cover will not latch, the sole-
noid circuit should be closed. Check by closing the
firing switch to cnergize the solenoid and actuate
the sear. (If the circuit analyzer 1s connected cor-
rectly, the green indicator should flash.)

() If the circuit does not close, adjust the shroud
switch by adding sufficient shims under each flange
of the switch shroud. This adjustment { cover 0.040
inch from closed) is suflicient to compensate for
wear and no further adjustment should be needed
during the normal life of the gun.

SECTION 7. CALIBER .60 T39 MACHINE GUN

The caliber .60 machine gun T39 differs only
from the T17E3 in that it has a special bolt and
bolthead interchangeable with the percussion bolt,
and a contact switch with the necessary wiring to
an external power source to fire electrically primed
ammunition. It was expected that this model would
meet all the Air Force requirements for synchroniza-
tion and fire interruption.

The first electrical bolt was a copy of thc German
MG 151/20. This bolt gave excellent ignition time
and was remarkably free from “contact bounce,”
but the contactor which passed through the bolt and
bolthead cam broke with great frequency. This
design was complicated and required major modifi-
cation of the bolt, holthead and bholthead cam, and
receiver.

Frigidaire was requested to redesign this bolthead,
reduce the number of contactors required, and re-
duce the number of modifications required to con-
vert T17 guns to T39 guns. The new assembly
required no modification to the bolthead cam, but
a new recoil plate in the bolthead, an enlarged fir-
ing pin hole in the bolt, and a contactor attached

to the rear of the bolt wcre necessary. A switch at-
tached by a bolt was added to the side of the re-
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ceiver. The firing pin in this model was a WD 1090
wire 0.040 inch in diameter, which ran from the
bolt contact in the rear of the bolt to the face of the
bolthead when the assembly was retracted. The
time of firing was controlled by the location of the
switch on the receiver engaging a contact in the
rear of the bolt, The firing pin used in this design
failed after a few hundred rounds, and the contacis
arced and chattered.

Frankford Arsenal Laboratory developed the L3
design independently. It was an improved EI
which required less modification of the T17 parts.
This modcl {ailed because of excessive part break-
age.

Arrow [ingincering Co., Chicago, was engaged
to redesign the E1. This redesign was called the
E4, and it had an improved firing pin and contact
mechanism in the bolt and a knife blade switch
hetween the holt and the receiver. The timing of
the bolt was the same as in the E2.

Quality Hardware Corp. was then engaged to
develop the E3.

The timing of this firing pin was accomplished
by the movement of the bolt body in relation to the
bolthead and is independent of the bolt switch.
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This design also incorporates a chatterproof contact
in the bolt. Test data on the E4 and 25 bolt assem-
blies was submitted and eventually accepted.
Various other experimental.designs of electrical
units were tested and efforts were made to modify
T17E3 guns along with T39 weapons using electri-
cal units fabricated by the Alpha Engincering &
Machine Works. These guns were furnished by an
order of 50 such guns at Rock Island Arsenal. Re-
sults of tests as a whole were unsatisfactory and
further development of electrical firing units for
this gun were limited due to the changcover to the
T17ES mechanism.  Of the tests that were con-

~ CONFIDENTIAL

ducted at the Aberdeen Proving Grounds to obtain
data for possible use in future gun development, the
designs tested did not prove to be satisfactory; how-
ever, somc {eatures in their switch and contact de-
signs did appear desirable. The Naval Gun Factory
at Washington, ID. C., also built two types of bolt-
heads of the 139 type.

The demand for a short aircraft gun led to a radi-
cal redesign of the T17 type guns to producc a ver-
sion known as the T51. The bulTer, receiver, bolt,
and barrel were shortened to the minimum possible
length to give an overall length of 52 inches. Thas
development took place in 1947,

Figure 4-34. Wooden mockup of Caliber .60 TS51 Machine Gun, view of receiver portion.
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Figure 4-35. Wooden mockup of Caliber .60 T51 Machine Gun. Casing removed and feed hinged up.
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Chapter 5

75-MM AMERICAN AIRCRAFT CANNON
DEVELOPMENT

SECTION 1. HISTORY AND BACKGROUND

The military characteristics for airplane cannon
approved in January 1937 called for an experimen-
tal cannon not to exceed a caliber of 75 mm, which
would be capable of firing time and impact fused
shells,

By October 1938, the Ordnance Corps expressed
a desire to push with all possible speed the project
for mounting a 75-mm gun and its necessary fire-
control equipment in a suitable airplanc. Thor-
ough study of the problem by the Ordnance Corps
revealed that the simplest possible solution should
be attempted first. From an artillery point of view,
this meant mounting the 75-mm as a fixed gun with
limited movements in elevation and traverse. The
gun should be capable of firing at a predetermined
range with fuses set to burst at a chosen distance.

Two months later, a project was initiated, known
as 73-mim airplane gun mount T'1, for mounting a
French 75-mm gun, model 1897, in a B-18 airplane
together with a telescopic sight and a range finder.
The Army Air Corps cooperaled with the Ordnance
Corps in the development of this improvised unit,
which was tcsted by Ordnance Corps personnel on
the ground and in the air. When firing tests for
accuracy were conducted against aerial targets, the
results obtained were far better than had heen an-
ticipated. The airplane successfully withstood the
shock resulting from firing the 75-mm cannon, prov-
ing conclusively that the mounting of a 75-mm gun
in an airplane was feasible from both an engineer-
ing and a tactical point of view.

The first 73-mm aircraft cannon, standardized as
the 75-mm gun M4, with airplane gun mount M6,
was essentially an adaptation of the 75-mm gun M3
designed for tanks. Subsequent research and de-
velopment resulted in lighter guns known as the
75-mm gun M5, with airplane gun mount M9, and
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the 75-mm gun M10), with aircraft gun mount M 10.
These installations weighed approximately 500
pounds less than the M4 gun with the M6 mount, a
reduction in weight made possible by the use of
high-strength alloy steel and the design of concen-
tric recoil mechanisms. The saving in weight per-
mitted the installation in aircraft of additional for-
ward-firing caliber .50 machine guns.

Much of the variation in design of the 73-mm gun
and its supplemental equipment was a result of
space limitations and other characteristics of the
airplanes into which it was to be installed. Up to
the end of 1944, the M35 gun had been placed in the
A-20, XA 38, XP-58,P-71, XA 26B,and B 25H
airplanes, while during the same period the M5 gun
was also installed in the light tank M?24.

In October 1940 approval was given for the
Ordnance Corps, in cooperation with the Air Corps,
to proceed with the design and manufacture of a
combat unit consisting of a 75-mm gun, an aircraft
mount, a stereoscopic rangefinder, and a fire control
system, as well as an airplane designed and built to
carry this combat unit.  The Ordnance Corps was
to design and manufacture the gun, mount, and fire-
control system immediately, while the Air Corps was
to start the design and manufacture of the airplane
when facilities became available, but not later than
fiscal ycar 1942,

Plans were made to mount the 75-mm gun M2 in
the nose of an XP-71 plane, with a bulkhead sep-
arating the gun and the crew. Although this type

of plane was to be primarily a high-altitude fighter,

requirements had also materialized for a plane with
a large cannon whose primary mission was to destroy
ground targets. Consequently, it was planned to

mount the 75-mm Gun M3 in the XA-26B plane
then under development.
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Figure 5-1, 75-mm Gun M1897A5E]l mounted in the B-18 Airplane. This mounting was used in 1939,
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The 75-mm guns M2 and M3 were derived from
the 73-mm gun T6. The Ordnance Corps orig-
inally planned to use the T6, a low-velocity antiair-
craft gun, as armament for the medium tank. Later
it was found that the T6 gun would have to be modi-
fied to make it suitable for use in tanks. and the
modified design was designated 75-mm gun ‘1'7.

The firing mechanism of the T7 gun used a trigger
tvpe with provision for the use of a solenoid, instcad
of the lanvard type of trigger actuation as nsed on
thc T6 gun. TIts recuil mechanism was rotated 90
degrees about the barrel.  With the addition of an
operating handle for initial opening of the breech,
the T7 gun was standardized in April 1941, desig-
nated 75-mm gun M2, as part of the armament of
medium tank M3.

Improvements in tank design required mounting
the 753-mm gun in the turrct rather than in the right
sponson mount. When a gyrostabilizer was in-
stalled, the gun became out of balance, because of
breech prepondcrance; however, this difficulty was
overcome by lengthening the barrel from 28.47 cali-
bers to 37.5 calibers. This modificd M2 gun was
standardized as 75-mm gun M3 in June 1941,

The M3 gun required two mounts: 75-mm air-
plane gun mount '3 without a muzzle cover, and
73-mm airplane gun mount T3E1 with an auto-
matic muzzle cover.

The muzzle cover was designed to prevent flare-
backs caused by the action of the air blast through
the open gun tube, which might carry powder gas
and unconsumed particles of burning powder rear-

~ 75MM CANNON

ward into the airplane. In addition, the muzzle
cover was to aid in the loading of the gun by reduc-
ing the force causcd by the air blast through the tube
while the airplane was in flight.

In Junc 1942 at a meeting of rcpresentatives of
the Air Corps and the Ordnance Corps in Cali-
fornia, it was decided to replace the 73-mm M3 gun
in the production XA-26B airplane with the 753-mm
T9 gun. Pending development of the T9 gun, how-
ever, production was authorized for 750 mounts us-
ing the M3 gun.  The T'3T. 1 mount was modified to
facilitate manulacture after relocating trunnions in
such a way that the T9 gun could be installed with-
out further change in the production airplanc. In
August 1942 this mount was standardized as 75-mm
airplane gun mount M6. ‘l'o fit the M6 mount, the
M3 tube had a seat machined on it to accommodate
the muzzle cover spline ring. Standardization ol
this modified M3 gun as 75-mm gun M4 took place
at the same time that the M6 mount was stand-
ardized.

In the fall and winter of 1942, the M4 gun on the
M6 mount underwent firing tests using M72 and
M61 projectiles against an M4E2 tank hull.  Tirings
were also conducted with a towed target represent-
ing a submarine with the deck awash. In March
1943, trunnion rcactions were measured and exten-
sive tests of the muzzle cover were made under con-
ditions simulating a plane at rest on the ground. By
April 1943, shght modifications had been made to
the muzzle cover, and the gun and mount were in
production. Tests conducted at Eglin Field, Fla,,
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Figure 5-3. Ordnance Corps 75-mm Gun M4 on Mount M6. Right side view.

CONFIDENTIAL

2080570% —54——13

157



THE MACHINE GUN

CONFIDENTIAL

IIZE COVER
PETAL ASSEMALY

SAFETY SWITCH

- HEPLEMIGHER

ﬂEEtff:t- &wﬁ

% TR B :
. ' : "‘ o - s e
t ] ._- :.. ::-: -. ! ...I .. -_.- l_:: : . .. :
FROM! TLEE EXTENHON | CCABE T g FED4G MECHARNIESM
CIPERATING LEVER SPRG ) COLLAR 1 S OCHEMOR i ABSRMELY
FRONT TVRE OFRATING CCIOSING SPAING
CARLE ASSEMBLY S PISION RO

Figure 5-4. QCidnance Corps 75mm Gun M4 on Mount M&8. Left side view.

in May 1943, showed that the petals of the muzzle
cover would not stay closed; accordingly, the Air
Force abandoned the muzzle cover as a require-
ment.

Initiated 1n May 1942 75-mm gun T9Y, which
was designed as a light weight 75-mm gun for air-
craft use, had the same ballistic characteristics as
those of 73-mm gun M4. Two pilot models were
constructed; one had a closed and the other open
breech ring. In Dccember 1942 these pilots were
redesignated 75-mm guns T9 and T'13 respectively.
The T9 gun was intended for use with mechanical
loading devices and the 'I'13 gun with hand loading
installations.  In November 1942 limited procure-
ment was approved for 100 T9 guns, with 75-mm
fced mechanisms 113 and 75-mm airplane gun
mounts T1), all for installation in experimental
aircraft.

In March 1943 during a preliminary test of the
/3-mm feed mechanism T13 with the 75-mm gun
T9, a power failure of considerable magnitude de-
veloped making it nccessary to balance the breech

H.lmq-un- e etk "L
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ring so that the center of gravity of the recoiling
parts lay on the centerline of the bore. Becausc of
the similanty hetween the breech rings of the T13
and '1'Y guns, this was also necessary for the T'13 gun.
These balanced guns were designated 75-mm guns
TIE] and T13E1.

Extensive tests were conducted at Aberdeen Prov-
ing Ground with production 75-mm guns T13E1,
including extended firing at excess pressure, cold-
room firing, and detonation tests. Examination of
tubes at Watertown Arsenal showed that satisfactory
tubes could be obtained only when the tube was heat
trcated after boring during the manufacturing
process.

The prototype B-25H airplane with 75-mm gun
T13E] and 75-mm airplane gun mount T13E2 was
subjected to service tests at Eglin Field, Fla. Fol-
lowing this test, standardization of the cquipment at
75-mm gun MD), 73-mm airplane gun mount M9,
and firing lock M 15 was authorized in March 1944,

In May 1944 the Joint Aircraft Committee
adopted the above umt with the nomenclature of

- "l"fﬁ-*" i-u!' -

Figure 5-5. Crdnance Corps 75-mm Gun T13., Right side view.
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Figure 5-6. Oidnance Corps 75-mm Gun T13. Left side view.

75-mm gun AN-MS5, 75-mm aircraft gun mount
AN-M9, and firing lock AN-M15 as standard for
use by the Army, Navy, and the British,

The 75-mm gun AN-M5 was mounted as a lixed
installation in the nose of the plane. The vertical
sliding wedge type breech mechanism of the AN-M5
gun was opened manually for the first round and
closed by the action of the projectile, tripping the
extractors and allowing the breech to close under
pressure of the closing spring.  During counter-
recoil, the breech mechanism was opened automati-
cally by action of the breech operating crank as it
struck the breech operating cam on the mount. A
collar on the forward end of the gun tube retained
the counterrccoil spring.

The M9 aircralt gun mount consisted of a cradle
which formed the outer cylinder of the concentric
recoll mechanism.  T'wo trunmmons located on the
cradle provided for mounting the gun, recoil mech-
anism, and cradle in the airplane. The cradle sup-
ported the replenisher and the recoil guide. The
counterrecoil spring was located ahead of the cradle
and was inclosed by the rcar tube. A front cover
was snapped in place on the front end of the rear
tube. A hinged guide was provided on the rear
right side of the cradle to guide the gun during
recoil and counterrecoil.  During inactive periods
the guide could be swung -across the rear face of the
breech ring to conserve space.

The M15 firing lock was operated by a motor
driven firing actuator, controlled by a cannon sc-
lector switch and firing button which were airplane
equipment mounted in the pilot’s compartment.

By the end of 1944, extensive rescarch work had
produced 75-mm guns of greater firepower than
those the field artillery had used in World War L
Many differences were cvident: The original ficld
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artillery weapon weighed 1,015 pounds, but the
modern airplane gun of the same bore weighed only
406 pounds. The M5 was three calibers longer
than the French model. The hydropneumatic re-
coil system used by thc French permitted a recoil
of 46 inches, while the airplane gun hydrospring
concentric recoil system limited the recoil to 21 to 23
mches.

The trend of 75-mm development was marked
by reduction in weight and increase in firepower.
Increased fircpower was attained through the devel-
opment of an automatic feed mechanism and a fuse
setter-rammer. On 1 July 1944, for the first time,
a 75-mm gun was fired automatically in bursts of
three rounds from an airplane in flight. Personnel
were released for other purposcs than gun loading
bccause power operation made possible use of the
gun in aircraft where space was inadequate for
manual operation. A cyclic rate of 30 rounds per
minute and ammunition capacity of 20 rounds were
achieved.

B-25G and the improved B-25H bombers armed
with the 75-mm cannon sank lightly armored war-
ships and destroyed enemy gun emplacements, ship-
ping, and tanks. Extremely accurate attacks in the
New Guinea area scored five direct hits on a Jap-
anese destroyer, which was left in-a sinking condi-
tion. In the Lanywa oil ficld of Burma, an oil
storage tank was destroyed with 3 out of 4 shots
put in the target. During operations in the Mar-
shalls, the 75°s were reported as extremely eflective
in silencing antiaircraft positions. In the Mediter-
ranean, 73-mm aircraft cannon were used success-
fully against shipping.

While the French originated the 75 and its accom-
panying matericl, the Ordnance Corps adapted it
to the needs of modern warfare. The 75-mm gun
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Figure 5-7. Ordnance Corps 75-mm Gun MS., Firing Lock M15 in firing position. Sectional view.

has been supplanted as a ficld weapon by an equally
mobile 105-mm howitzer but was still an ontstand-

ing weapon in World War II when used n its
modern form 1n an airplane or tank.

SECTION 2. 75-MM GUN M4

General Description

The 75-mm gun M4 was a single-shot, hand-
loaded, flat-trajectory weapon with an automatically
opcrated vertical sliding wedge type of breechblock.
A breech ring anchored two recoil mechanisms.
‘The breech mechanism was composed of a breech-
block percussion type mechanism, right- and left-
hand extractors, breech operating shaft, breech and
breechblock operating cranks, and a chain terminal
crank cuuncctcd to the breech closing mechanism.

The 75-mm airplane gun mount M6 consisted of
a cradle in which the tube assembly was supported
longitudinally in a large central boring. Bored sec-
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tions of the cradle above and below the tube boring
and parallel to the tube carried the two recoil cylin-
ders. A replenisher mechanism was mounted on the
left side of the upper scction of the cradle; an elec-
trical firing circuit was on the left rear side of the
central section of the cradle, and a cam ejector
mechanism was on the right rear side of the cradle.

The muzzle cover mechanism consisted of a rear
tube, front tube, and muzzle cover petals, which
opened antomatically when a round was inserted 1n
the chamber and then closed on counterrecoil of
the gun. A safety switch, connected to the electrical
firing device, prevented firing of the gun when the
muzzle was closed.
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75-MM CANNON

General Data: 75-mm Gun M4

Gun length: 129.23 inches.

Gun weight: 893 pounds.

Rate of fire:

Normal: 3 to 4 rounds/minute.
Maximum: 50 rounds/minute.

Muzzle velocity (average velocity with new gun) :
Shell, HE, M48, with supcrcharge: 1970 feet/second.
Shell, APC, M61: 2030 feet/sccond.

Shell, AP, M72: 2020 feet/second.

System of aperation: Long vecoil {semiautornatic).

Bystem of lecking : Sliding vertical block.

System of fecding: Manual,

Location of feed opening: Rear.

Localion of ejrction opening: Rear.

Barrel length: 110 inches,
Length from muzzle to rear face of breech ring: 118
inches.

Barrcl weight: 628 pounds,

Rate control: None,

Chamber pressurc: 38,000 p. s. i.

Bore:
Number of grooves: 24.
Groove depth: (LD2,
Groove width: (.248.
Direction of twist: Right hand,
Form of twist: Uniform.
Length of bore: 37.5 calibers.
Length of rifling: 96.2 inches,

Mcthod of charging: Manual.

Method of cooling: Air,

Breech mechanism: Vertical sliding wedge, semiautlomatic.
Type of firing mechanism: Percussion.

Type of mount: 73-mm Mb.

General Data: 75-mm Gun M5

Length of gun {muzzle to rear face of breech ning):
116.373 inches,
Weight of gun: 406 pounds.
Muzzle velocity;
Projectilc APC, Mb1: 2,030 foct/sccond.
Shell, HE, M48 {supercharge) : 970 fect/sceond.
Shot, AP, M72: 2,020 feet/sccond,
Type of firing mechanism: Continuous pull, sclf-cock-
Ing.
Breech mochanism: Vertical sliding wedge, scmi-
automatic,
Length of barrel: 37.5 cahbers.
Welght of gun and mount (including receil mecha-
nism): 763 pounds.
Leneth {muzzle to rear cnd of hineed guide) : 129.25
inches,
Type of mount: 75-mm M9.

Cumparative Data: 75-mm M6 and M9 Gun Mounts

Mount M G M3

Recoll mechamsm . .............. Hydrospring, two separate re- | Hydrospring concentric recoil mechanism counter-
coil cylinders (recoil mech- recoil springs are housed in separate cylinder ahead
anism is considered part of of cradle {considered part of mount M9),
mount MG),

Weight of recoil mnechanism. .. .. 3 pounds. ... L.

Maxirnum allowable recoil . .. .. .| | 23inches. ... ... .. ... .. ... ‘

Normal recoil .. .. ... .. ... ... ... 2linches. . ... ... ... ...

Breech ring guide . .. . .. ...... ... Solid construction........... Iolds against rear face of breech ring.

Loading tray. _ .. .. ... _ ... ... .. Swingsupout of way..... ... Mone.
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SECTION 3. 75-MM GUNS M5, MSA1, AND AN-M5AL

The 75-mm gun M5 used the standard 75-mm
gun rifling with a twist of 1 turn in 25.58 calibers.
The stability factor of 75-mm HE shell M48 was
1.373 when fired on the ground; when fired from
an airplane in flight (because of the incrcasc in
linear velocity with no increase in rotational veloc-
ity), the stability factor was reduced and reached
a value of 1.000 for a true air speed of 228 milcs per
hour at sea level. At higher speeds, the stability
factor was even less. This condition of instability
precluded the application of adequate fire control
and substantially reduced the effectiveness of the
round.

To improve the stability of 75-mm HF. shell M48
for aircraft firing, it was necessary to provide a gun
with increased twist. Accordingly, two 75-mm guns
M4 were made with a twist of rifling of 1 turn in
22 calibers.

With this increased twist, the stability factor for
ground firing of 75-mm shell M48 was raised to
1.857, with a corresponding increase for aerial firing.
Extended firings were conducted with one of these
guns at Aberdeen Proving Ground, and the second
gun was sent to Eglin Field, Fla., for aerial firing.
The results of Eglin Field tcsts were in agreement
with this and indicated satisfactory stability with
HE shell M48 when fired from a gun with a twist
of 1 turn in 22 calibers.

Two other tubes with twist of rifling of 1 turn in
22 calibers were built and tested at Aberdeen Prov-
ing Ground. One of these guns had the standard
75-mm gun form of rifling and the other, a modified
75-mm howitzer form of rifling (28 lands and
grooves, (130 in. deep with a fillet radius of 0.03
inch),

SECTION 4. 75-MM

In July 1944 75-mm gun T9E2, with 75-mm feed
mechanism T13 and 75-mm airplane gun mount
TISE2, were installed in the XA—38 airplane and
fired on the ground at Tulsa, Okla. This test was
essentially a proof test of the airplane structure. At
the same time the unit was fired from the XA-38
airplane in flight at Greal Bend, Kans. Through-
out this test, the mechanism functioned satisfactorily.

The 75-mm gun 1'9E2 differed slightly from the
75-mm gun M5AI1, but was used with the T15E2
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One gun of each type was fired approximately
1,000 rounds at maximum rated pressure and
ambient outdoor temperature, followed by 200
rounds at 115 percent maximum rated pressure and

—50° F. Series of shell M48 and projectile APC
M61 inert were fired for recovery and ¢xamination
of the rotating bands at intervals of 500 rounds.
In addition, spin measurements were taken with
M48 shell fired from the standard gun contour of
rifling to obtain comparative results of firing from
a new gun and from one which had been fired
approximately 1,800 rounds.

The results of these tests indicated that there was
no appreciable loss of spin in a gun which had been
fired 1,800 rounds. Accordingly, it was approved
in July 1944 that the twist of rifling of 75-mm gun
tubes for aircraft use be increased to 1 turn in 22
calibers, retaining the standard form of rifling for
75-mm guns. These guns were then designated
75-mm gun M3AIl and 75-mm gun 1'9E2, and the
75-mm gun M5 for aircraft use was reduced to
limited standard,

In November 1944 the Joint Aircraft Committee
considered further development of the M3A1 gun.
It was pointcd out that although the AN M5 gun
was satisfactory for firing from aircraft, such as the
B-25, at speeds up to 230 to 250 m. p. h., it was
unsatisfactory on the A-26 and in other aircraft
having maximum speeds above 250 m. p. h. Con-
sequently, the M5A1 gun was standardized as 75-
mm gun AN-M5AI, and the AN-M) gun reduced
to substitute standard, with the understanding that
the AN-M5 gun would not be procured for air-
planes having speeds above 250 m. p. h.

GUN MI10 (TSE2)

mount and T13 feed mechanism. It wasnot inter-
changeable with the 75-mm gun M5A1 and MY
mount. The breech rings were made from the same
castings and were alike except that provision was
made on top of the breech ring of the T9E2 gun
for mounting the feeder mechanism which started
the opcration of the feed mechanism. The T15E2
mount differed from the M9 mount anly in the loca-
tion of the trunnions and the provision of certain
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bosscs and pads for mounting the feed mechanism.
Standardization of the T9E2 gun as 75-mm gun
M10, the feed mechanism T13 as 75-mm fced

75-MM CANNON

mechanism M4, and the TI5E2 mount as 75-mm

aircraft gun mount M10 was approved in October
1944,

Figure 5-8. XA-38 Airplane armed with 75-mm Cannon M10.

SECTION 5. 75-MM GUN T9E3

In August 1944 a development program was au-
thorized to reduce the installation weight of the com-
bination T9E2 gun, T13 fced mechanism, and
T15E2 airplane gun mount in the XA-38 airplane.
The new gun, designated 73-mm gun T9E3, was to
be provided with suitable bearing surfaces to guide
it in recoil, to mount the piston of the recoill mecha-
nism directly on the tube, and to have the standard
75-mm gun form of rifling with a uniform nght-

hand twist of 1 turn in 22 calibers. The ballistic
characteristics were to be identical with the 75-mm
gun TIEZ,

A new mount, designated 75-mm airplane gun
mount T15E4, was to be used with the T9E3 gun,
This mount, unlike its predecessors which were of
the hydrospring concentric recoil type, embodied a
hydropneumatic concentric recoil mechanism.

General Dara: 75-mm Gun T9E1L

Gun length: 116.375 inches.
Gun weight:
Without mount: 406 pounds.
With mount: 763 pounds.
Rate of fire:
Maximum: 30 shots/minute,
Average: 3 or 4 shots/minute.
Muzele velocity: 2,030 [vet/second (when using projec-
tile APMGbG1).
System of operation: Long recoll,
System of locking: Vertical sliding wedge.
System of feeding: Manual.
Method of headspace: Locking wedge designed to take up
any cxecssive headspace.
Location of feed opening: Rear of breechblock,
Location of ejection opening : Rear ol brecchblock.
Method of charging: First round loaded by punner,
Method of cooling: Alr.

Barrel length: 84 inches.
Barrel weight: 178 pounds,
Rate control: None.
Barrel removal: Not desiened for field removal.
Bore:
Number of grooves: 24,
Groove depth: 0.020 inch.
Groove width: 00.248 inch.
Pitch: 7 deerces. (Equals 1 turn in 25.587 calibers
and 1 turn in 20,137 inches.)
Direction of twist: Right hand.
Form of twist: Uniform.
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Figure 5-9. Ordnance Corps 75-mm Gun M10.

Modifications to the T13 feed mechanism were
carried on with the designation 75-mm feed mecha-
nism T13E1.

Tests of the gun, mount, and feed mechanism
combination showed that excess impact load was
caused by rapid ejection. A new ejector cam for the
T15E4 mount was consequently required to slow
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down the ejection.  Before completion of this latest
cam design, the Aberdeen Proving Ground was
ordered to stop further testing.

The 75-mm aircraft weapon program came to a
halt after the effectiveness of rockets was proved
by their promoters, but not before the weapon had
been successfully modified to fire full automatic.
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