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FOREWORD

This monograph is classified as CONFI DENTIAL and
must be treated accordingly.

The contents represent pertinent extracts fromla
formal report of project prepared by the undersigned for

Army Ground Forces Board No. 2, Fort®Knox, Kentucky. In-

esmuch as these extracts were taken from a draft copy of

the aforementioned report, they represent the personal views
of the undersigned and do not in any way represent the
official views or opinions of AGF Board No, 2. On the
other hand, it is an understatement to say that the patient
guidance and constructive criticism of experienced members of
Board No. 2 was invaluable in the preparation of this project.

As stated above, this monograph presents selections
from a formal report --- a report which was concerned not
only with the development of the Military Characteristics for
a &ehicular nachine gun, but also with the selection of an
interim caliber .30 weapon for‘usevon combat vehicles., 1In-
cluded are the main body of the report and three of the ten
appendices.

The main body depicts the purpose, background, gen-
eral conclusions, and recommendations, It is presented in its
entirety (with references to the interim weapon) in order to

further the continuity of the monograph. Appendix B,

EROANSUER
4

Y

i




»Bibliography, is included to establish the validity of the
"study and to recognize indebtedness to other researchers.
Appendix F, Details and Results of Study, and Appendix H,

Military Characteristics, are, of course, the subject of

this paﬁér. Omitted appendices, listed at the conclusion

of the main body,‘cdve; the more technical aspects of the
report, dea@ihg'with'materiel,.tests, and test analysis

and application. References to these appendices hafe been
included throughout the monograph --- again to further con-
tinuity and éo establish, in addition, certain conclusionse.
Specific footnotes, however, referring to the omitted ap-

pendices have been omitted.

Prepared by: Jown G. Whefodr i

{Name)

Macon, CavacLay

{Rank)




REPORT OF TEST AND STUDY
OF d
MILITARY CHARACTERISTICS
FOR
GUN, MACHINE, COMBAT VEHICLE, CALIBER .30

l. PURPOSE.--The purpése of this test and study is:
é. To compare current available machine guns
and modifications with the intent of selecting an interim
weapon for combat vehicles by testing and research,
b. To evolve military characteristics for Gun,
Machine, Combat Vehicle, Caliber .30, through research, con=-
ferences, and evaluation of above test results.
2., REFERENCES.--
a. Ltr Hgq, AGF, 23 August 1946, subject: "Gun,
Machine, Combat Vehicle, Caliber .30" to President, AGF Board
No. 2, through President, AGF Board No. 3, with two (2) in-
dorsements, file 472.5 (23 August 1946) GNDEV-1ll.
b. Report of War Department Equipment Board.
c. Report of Army Ground Forces Equipment Review
Board.
d. Report of Armored Equipment Board.
e. Report of Board of Officers Convened to
Review AGF Equipment Review Board Report, July 1945, Fort

Knox, Ky.
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f. London Military Attache Report No. R4039-46,
subject: "Sear Modification of the Caliber .30 Machine Gun,
M191944" (MIS 314093), 8 October 1946.

3. DESCRIPTION OF MATERIEL.--

a. The proposed interim Gun, Machine, Combat

Vehicle, Caliber .30, was selected from the following standard

end modified machine guns: (For detailed description, see
Appendix B, Detailed Description of Materiel Tested.)
(1) Browning Machine Gun, Caliber .30,
M1919A4 --- present standard light machine gun for combat
vehicles. |
(2) Browning Machine Gun, Caliber
M191944 =~- modified by the addition of a rear sear
will hold the boit open between bursts.
(3) Browning Machine Gun, Caliber
Aircraft -—- stAndard.
(4) Browning Machine Gun, Caliber
HB -~- ground standard. |
b. The proposed Gun, Machine, Combaf Vehicle,
Caliber .30, is to be designed for the new, shortened caliber
.30 cartridge, T-65. (For detailed description, see Appendix
H, Military Characteristics.)
4. BACKGROUND,.,--
a. The formulation of the military characteris-

tiecs for the Gun, Machine, Combat Vehicle, Caliber +30, is a

%,"
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portion of a general plan contemplating the imﬁroVeﬁent'ofv
combat veﬁicle,armament. Previous reliance upon a general
purpose light machine gun suitable for use by all arms, par-
ticularly infantry, has stunted the development of an offi-
cient and practical machine gun for vehicular use. MNore
recently, the iﬁcfeasing trend toward lightweight ground
weapons with high cyclic rates of fire and a consequent de=-
crease in accuracy and endurance has resulted in an even
greater divergence from combat vehicle necessities. This
trend makes it imperative that a machine gun suitable for
combat vehicle fire missions, as well as for combat vehicle

stowage and operating requirements, be developed. This need

was recognized by the War Department Equipment Board, the

Army Ground Forces Eguipment Review Board, and fhe Armored
Equipment Board.

b. At the same time, recognizing that the above
development was a long-range project, it is necessafy'that a
suitable interim caliber .30 weapon or weapons be selected in
order to fulfill as many of the desired characteristics for
a combat vehicle machine gun as possible. Dissatisfaction
with the present standard machine gun, the Browning Machine
Gun, Caliber .30, M191944, stems from defifiencies mnoted in
combat and_from the continued emphasis upon combat vehicles

featuring remotely mounted and/or fired weapons. From time




to time various machine guns have been considered for instal-
lation in combat vehicles. The Browniﬁg Machine Gun, Cali-
ber .30, M2, Aircraft, for instance, was tested by the In-
fantry Boar& in conjunction with the M2 Light Tanks; was
found satisfactory for tank use, and was recommended for
standardization. Hdwever, priority at that time was being
given to ﬂhe Air Corps for the M2, Aircraft and, as a result,
the M1919A4 was accepted as standard in its place. Subse-

quently, the M2, Aircraft, Machine Gun was modified by the

"addition of & heavy cylindrical barrel designed to decrease

the c¢yclic rate of fi}e and to increase accuracy and barrel
life. The British, too, anticipated overheating and exces~
sive wear of the standard M1919A44 when mounted in restricted
space allowed in new tanks with remote cdntrol ma chine guns.
In an effort to provide greater cooling, thus reducing barrel
wear, and to eliminate ccok-bffs, the British have proposed a
modification whieh will hold the bolt open between bursts.
The modification is simple, cheap to manufacture, and easy
to install in existing guns. ‘Yhis gun has operated satisfac-
torily from the added rear sear and the special components
show no evidence of wear during the limited firing conducted
by the British.

¢c. In order to determine the desirability of

modifying combat vehicle machine guns, three M1919A4 Machine

Yigy
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Guns, modified as proposed by the British, and three M2,

~Aircraft, Machine Guns, modified by the additioﬁ of a heavy
barrel were requested for testing and for comparison with
the standardlM1919A4 and Mé, Aifﬁraft,_guﬁs. To date, the
modified M2, Aircraft, Machine Guns have not béen received
and, as a result, are not included in ;esté conducted in
conjunction with this project,

5. SUMMARIES,~=-

a. Testse=--

(1) A series of machine gun firing tests
were conducted in order to insure complete and factual know-
ledge of vehicular machine guns. (See Appendix D, Details of
Tests.) Two weapons of each type were used in these tests and

new barrels were employed when and where necessary.

(a) Barrel endurance was compared by
firing all weapbns at 140 and 100 rounds per minute through
successive periods of 100 per cent keyholing (permitting re-
turn to ambient temperatures between periods) and by then
comparing the length of periods, number of periods, bore
gage readingé, and by examination of the barrels.

’ (b) Accuracy was compared by firing and
measuring 1000-inch shot groups prior to each endurance period,
by measuring sho; groups fired during the periods, and by
firing and measuring shot groups fired at ranges between 300

and 900 yards with ball ammunition, tracer, ball and tracer

loaded 4 to 1.
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(¢) Barrel heating and cooling rates

were compared by taking recordings during the endurance tests
and by readings taken during separate tests fired under iden-
tical conditions for each gun.

(d) Ability to withstand shock and un=-- -
favorable operating conditions and, as well, the ease of
handling and operation were compared by bbserving allltests
and by questioning personnel participatihg in the tests.

(e) Malfunctions, stoppages, cook-offs,
excessive wear, headspace\and timing adjustments were récorded
and compared.

(f) Ability to engage typical combat
targets was compared by using a series of gunners on each
test weapoﬁ firing at known ranges --- percentage of hits,
number of bursts, and elapsed time were recorded and compared,
and personnel partiqipating were guestioned.

(2) A comprehensive compilation of date was
possible during the coursé of these tests. Reports outlined
in the individual tests were carefully analyzed and enumerated
and with the accumulated date it was possible to compare the
machine guns tested and to arrive at definite conclusions con-
cerning the modificeaetion of machine guns and the selection of

an interim combat vehicle machine gun. (See Appendix E, Selec-

tion of the Interim Machine Gun.) Moreover, with this




information as a basis, iﬁ was possible to correlate the

.dhéracteristics of the propésed machiné gun with reality.

(See Appendix G, Analysis of Test Results.) |
b. Studies.--

(1) studies were conducted of the tactical
and the mounting factérs éffecting'the employment of combat
vehicle machine guns, of the deficiencies in preéent machiﬁe
guns as revealed by combaf experie#ce and by firing tests;
of the various developments in machine.guns, and of the
characteristics as proposed by the different:Boards and other
interested agencies and personnél.' (For sdditional details,
see Appendix F, Details and Results of Studies.)

(2) Upon completion of the study, copies

of the proposed Military Characteristics for the wun, Machine,
Combat vehicle, Caliber .30, (a machine gun capable of instal-
lation and operation in any probable mount and featuring in-
_ereased mechanical reliability and acecuracy --- see Appendix
H, Military Characteristicsfwwv Were submitted to interested
agencies for comment. Comments were evaluated and where ep-
plicable or determined to be desirable were incorporated in
the final characteristics. (See Appendix J; Comments. of in-
terested Agencies.)

6, CONCLUSIONS.=--

a. Concerning the selection of an interim com-

bat vehicle machine gun, it was concluded that:
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(1). The standard Caliber .30, M2, Aircraft,
"Machine Gun is not suitable for combat vehicle usé because:
" (a) Dispersion is approximately twice

the order of'that»of the present standard machine gun.

(b) Barrel life is approximately one-
half that of the present standard weapon.

(¢) The high cyclic rate of fire results
in an unwarranted and undesired expenditure of'ammunitioﬁ.

(2) The standard Caliber .30, M2, Aircraft,
Machine Gun has certain characteristics which are desirable in %
combat vehicle machine guns and which are not present in éhe
M19194A4 now standardized. These desirable features are:

{a) Right or left-hand feeding (by re-
positioning components) which permits right or left-hand
mounting.,

(b) A receiver cover and cover latch
which facilitates loading'and unloading and which is less
susceptible to malfunctioning than that on the M191944.

(¢) . A back plate aerrangement and a back
plate latch which permits the removal of that group in fewer
and more simple steps than required with the M1919A4.

(d) Location of the trigger in a more

protected position than on the M19194A4.




(e) A trigger éafety device which permits
poéitive iocking of that unit.
(f) Utilization of link belts which more
- nearly insures proper and continuedvpoéitioning of cartridges.
| {(3) The open-bolt btype ofnopération is a de-
sirable but not an essential characteristic of combat vehicle
‘machine guns, despite the fact thatlit does not retard heating
or improve cooling, because this type of operation:
(a) Prevents cook-offs.
{b) Facilitates firing single shots and
Vshort, fixed burstse.
(¢) Does not appear to reduce barrel
life, impaii functional reliability, or to decrease accuracye
(4) The sear modification proposed by the
British and tested in conjunction with this project is not
suitable for combat vehicle machine guns because the added
rear sear, if partially depressed without releasing the breech-
block, does not return to full engagement, remaining in a
“hair trigger® position. (See Test No. 8, Appendix D, Details
of Tests,.)
be Concerning the brOposed caliber .30, combat
vehicle machine gun, it was concluded that: -

(1) The Military Characteristics for the Gun,

Machine, Combat Vehicle, Caliber .30, outlined in Appendix H,




incorporates the most desirable feasible requirements for this

weapon as determined by past combat experience, present devel-

opment trends, and projected ground warfare doctrine.

(2) The general Military Characteristics
outlined in Appendix H are in agreement with the requirements
for a machine gun for armored use established by the war De-
partment Equipment Board (Section VIII of report referenced
in paragraph 2b, above) except for the high cyclic rate pre-
scribed in that report.

7¢ RECOMMENDATIONS,=-=-
a. Relative to the selection of an interim com=-
bat vehicle machine gun, it is recommended that:

{1) The standard M2, Aircraft, Machine Gun
be eliminated from further consideration.

(2) The modified M1919A4 with the sear modi-
fication be eliminated from further consideration.

{3) Consideration be given to the suita-
bility as an interim weapon of the M2, Aircraft, Machine Gun
modified by the addition of a heavy cylindrical barrel de-
signed to increase barrel 1life and accuracy and to decrease
the cyclic rate. (See paragraph 4, above.)

{(4) Consideration be given to the suitability
as an interim weapon of the M1919A4 Machine Gun modified to in-
clude alternate feeding, utilization of link belts, and such

other features, enumerated in paragraph 6a(2), above, as are

feasiblee.




{5) The present standard machine gun,
M1919A4, be retained as a combat vehicle machine gun pend-
ing testing of the recommended modified weapons described in
paragraphs 7a(3) and (4), above. |

"(6) No machine gun with a lesser degree of
 functiona1 reliability, accuracy, and garrei life tha; that
of the standard M191944 be accepted.

b. Relative to the proposed combat vehicle
machine gun, it is recommended that:

(1) The Military Characteristics outlined
in Appendix H and the Details and Results of Study sét forth
in Appendix F be used as a basis for preliminary engineering
studies.

(2) The Military Ch&racte;istics and De=-
tails and Results of Study not be construed so as to limit
or restrict development agencies in any way, but be con-
sidered as a statement of needs inherent in combat vehicle
mechine guns.

(3) The Military Characteristics be con-
sidered as an enumeration of end results desired.

(4) The Details and Resulté of Study be
considered as a guide in arriving at compromises and in

selecting means to the desired ends.
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APPENDiX,-‘F - DETAILS AND RESULTS OF STUDY

Paragraﬁh & Subject
1. Purposé' h |
2. AMethod 

3. Results’

‘a.. Defermination'of'ﬁéctqrs
(1) 1Initial Steps
(a) Missioﬁé of Combat Vehiélé
Machine Guns : :

(b) Inherent Advantages

(¢) 1Inherent Disadvantages

Major Deficiencies of Cal .30, M191944

"(a) 1Inaccuracy

(b) Short Barrel Life

(¢} Lack Qf‘Quick Barrel Change Feature
(d) Difficulty re Headspace adjustment
(e) Sf0ppages |

(£) Diffiéulty Clearing Stoppages

(g) 1Inability to Repoéition Feed |
Desired General Characteristics

(a) Dependability

(v) Accuracy

(¢) Ease of Loading and Operating

w @ © @ .0 =1 ~3 =3 =~ = =3

(d) Cyclic Rate
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Paragraph « Subject

b. Determination of Requirements
(1) General
(a) Construction
. {b) «Weighé
(¢) Dimensions
(d) Cooling
(e) Rate of Fire
{(f) Dispersion
§ .(g) Safety
(h) Protection
(i) 1Interchangeability
(2) Functioning '
{a) General
(b) Adjustments
(c¢) Method of Operation
{(d) Cocking and Firing
(e) Method of Feeding
(f) Ejection
(g) BExtraction
(h) Lubrication
(3) MAccessibility and Stripping
(a) Stripping
(b) Incorrect Assembly & adjustments
(e¢) Field Replacement
(d) Quick Barrel Change
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Paragraph « Subject

(4)

(5)

(6)
(7)

4, Summery

(e) Loading and unloading
(f) Fastenings

(g) Versatility
Components

{(a) Barrel

(b) Barrel Jacket

(c¢) Feed Mechanism

{(d) Breechblock

(e) Driving Spring

(f) ﬁarrel Return Spring
(g) Extractor

{(h) BEjector

(i) Recelver

{j) Rear Face of Receivgr

(k) Buffer Group

(1) Trigger Group

{m) Bolt

Method of Mounting
(a) Coaxial in Turret
(b) Remote Control
(¢) 4Anti-Aireraft
Ammunition

Ammunition Belts
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DETAILS AND RESULTS OF STUDY
FOR .
PROPOSED GUN, MACHINE, COMBAT VEHICLE CALIBER 30

1. PURPOSE.-eTo obtain through research, discuésion,
and analysis sufficient data for the formulation of the Mili-
tary Characteristics for Gun, Machine, Combat Vehicle, Caliber
30, )

2., METHOD.-=-A thorough digest of available publica-
tioﬁs and documents, in the main, brought out the desirable
qualities for a combat vehicle machine gun. (See paragraph
2, main body of the report, .and Appendix B, Bibliography,
for sources consulted.) Conferences and discussions with
véfious combat-experienced personnel were held to insure
‘that the experiences of the fecent war, as well as the cur-
rent trends in combat vehicle development and employment,
were considered. iIn addition, results of past and current
firing tests were evaluated aﬁd analyzed in order to corre-
late the proposed characteristics with reality. (See Appen-
dix D, Details of Tests and Appendix G, Analysis of Test
Resulfs‘)

3+ RESULTS.--

a. Determination of Factorss=-

(1) 4s an initial step in this study, i%

was determined thatb:

APPENDIX - F PAGE 4
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(a) Missions peculiar to combat vehicle
machine guns are:

l., Primary: Attack enemy personnel.

2e Secondary:
a8+ Reconnaissance by.firé.

3; Attack enemy transport.
Co Attgck unarmored installa-
tions. |
d. Bmergency anti-aircraft use.
(b) Combat véhicle machine guns have
certain inherent advantages:

1. A rigid mount,

E', Exéellent éighting equipment.

3+ Relative security in the form of
armor protection for the gunner,'
thereby permitting him to take
advantage of the foregoing in
laying and adjusting.

4, Weight of the gun not a hindrance
to mobility.

5. Ability to maneuver without con-
plete elimination of the ability
to fire.

6. Ammunition supply not dependent

upon manpower.

AFPPENDIX -
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(c) Combat vehicle machine,guné have
certain inherent disadvantages: |
1. -Restricted acceés to wéapon for
repleniéhing_ammunitién,-cleér-
ance of stoppages, "dis-assembly
and assembly.

2 Confinemenﬁ of vehicular mount-
ing, hindering installation and
removal of the gun.

-3+ Inability of the gunner to be
present to service the weapon
due to brevalence of remotely
mounted ani/or fired gunse.

4, Divided control of coaxial
weapon between gunner and
loader.

5+ 1Inclosure with resultant high
temperatures and limited cooling.

6. Relatively réstricted ammunition
supply because of the limited
stowage space.,

7 Reiatively fleeting nature of
target due to limited fields
of vision and movement of the

vehicle.
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(2) Further, it was determined that the
present standard machine gun, caliber .30, M191944, has cer-
tain major deficiencies as follbws:

(a) 1Inaccuracy --- figures obtained
from the Urdnance ¥roof Manuul indicate that tne extreme
group dispersion to be expected from machine guns, caliber
«30, firing from vehicular mounts is:

Mils Dispersion

Vertical Horizontal
, 7 Coaxial Cal. .30 3.0 3.0

¢

{b) Short barrel life.
{c) Lack of a quick barrel change feature.
(d) Difficulty in obtaining and retaining
proper headspacse adjustmenf. 4
(e) Stoppages resulting from:
l. Failures to feed.
2. Bent trigger bar.
(f) Difficulty in clearing stoppages.
(g) Inability to reposition the feed to
operate as either a right or left-hand‘feed.
Firing tests conducted in conjunction
with this study substantiated these charges and disclosed
that all current standard and modified machine guns, caliber
« 30, have; to a greater or lesser degree, the same deficien-
ciess (See Appendix D, Details of Tests, énd Appendix G,
Analysis of Test Results.)
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(3) As a result of the above determinations,

it was decided that a machine gun bharacterizedvby great mech-

anical reliability, long life, and an ability to deliver accur- -

ate sustained fire at reasonable rates for “extended periods of
"time ﬁas required for combat vehicle.use. Primary use will
probably be as a remotely mounted or controlled weapon effec-
tive againét personnel at ranges less than 1000 yards.

Further evaluation of all pertinent data
revealed that the general attributes desired, in order of
priority, are:

(a) Dependabiiity: .

le Minimum malfunctions and break-
age because of lightweight con-
structién or complex design.
2, Minimum stoppages because of
féilure to feed.

(g) Capaﬁle of obtaining hits on person=-
nel at 500 yards and upon small transport énd installations
at 1000 yards.

..(c) Base of loading, operating and ser-
vicing.

(d) 4 cycliec rate, in so long as it does

not fall below or above reasonable limits, conducive to the

realization of the first three qualities.

APPERDIX - F PAGE 8
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In addition, it is essential that fhe
combat vehicle machine gun use the same type of ammunition as
is issued the Iﬁfantry, and it 1s & desirable, but not a limit-
ing, factor to have interohangeab{lity of parts with the new,
general purpose machine gun.

| Any contemplated méchine gun designed
t§ fulfill the above general qualities necessarily has to be
a compromise =-- it is readily apparent that one gun could not
completely satisfy all requirements. Consequently, in the
following discussion, which bears directly upon the selection
of the specific military‘characteristics for the gun, machine,
combat vehicle, it is mnecessary that the foregoing results of
§tudy be kept in mind; that the-priority of general qualities
outlined in paragraph &, above, be utilized as a yardstick in
adjudging the military characteristioé which follow. .

bs Determination of kequirementsi~-

(1) Generals
{a) Construction: It is firmly believed
that maximum dependability must govern construction in order
to insure mechanical reliability, proper functioning, and to
facilitate rapid component replacement without complicated
adjustments. Hence, simplicity, ruggedness, and the incor-
poration of a minimum number of parts without increasing com=-

plexity must keynote both design and manufacture. Too, both
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the designer and the manufacturer must adhere to closer tol-

erances, must utilize new alloys of lighter weight only when
equal or greater strength is also present, and must avoid
methods that invite subsecuent breakage and maladjustment.
A combat vehicle machine gun, particularly when the preval-
ence of remotely mounted and/or fired guns is considered, 1is
obliged to be dependable above all other considerations.

(v) Weight: Necessarily, the first
major pfoblem-to be resolved concerned the weight and dimen-
sions of the gun. Although the need for a light, compact
machine guﬁ is recognized and respected, it was decided that
s weight above that acceptable for ground use could be readily
tolerated in a combat vehicle machine gun. Ground use of
vehicular guns is limited and, in addi#ion, is normally con-
fined to relatively short carrys from the vehicle. Conse-
quently, ease of mounting and.dis-mounting alone dictated
this particular characteristic insofar as the top wbight limit
was concerned. As a result, 40 pounds was selected és the
meximum desirable weight but a greater weight is acceptable
if necessary. Moreover, reliability and light weight are
not easily reconciled, and it was determined that this weight
figure would more nearly permit the attainment of the ultimate
in reliability and, as well, an exceptionally high degree of
acouracy =-=-- the two latter attributes being first and second
respectively on the aforementioned priority list of desired

gqualities.
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{(c) Dimensions: The question of over-

all dimensions was not as easily or as definitely solved.
Bulkiness, in contrast to weight, is a distinct handicap in

& combat vehicle gun. Necessarily, the length of the we;pon
must be such that it can be mounted'in £he fighting compart;
ment or ballistic blister and must be such that it does not
overcrowd the already limifed space in the compartment of the
smallest combat vehicle. That much is axiomatic but still
permits fairly elastic limits. Unfortunately, other factors
influence the size of a machine gun --- design exactments of
dependability, accuracy, cyclic rate, muzzle velocity and,

as well, accessibility to the feed mechanism, cooling, and even
the method of mounting. As a result, it was deéided to limit
the maximum cross section of the barrel jacket to two inches
in order to permit minimum mounting aperture; to reguire the
over-all length of the gun (in so long as it can be readily
mounted and dismounted; to “be consistent with other design
requirements, primarily those affecting dependability,
accuracy, and accessibility; and to fix influencing factors
(where possible without sacrifice of primary objectives) in
order to promote compactness and to further accessibility.
For inséance, the front sight should fold into a recess in

the barrel jacket.
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{d) Cooling: 1In order to allow the ful-
lest utilization of the permissible weight andlto encourage
compactness, the combaf vehicle machine gun must be air-cooled.
Various features designed .to offset or compensate for the
lack of a more efficient cooling medium have been included or
incorporated in other characteristics and will be discussed
subsequently. wmevertheless, full regard should be given to the
employment of fins or other devices which will facilitate
cooling or dissipation of heat. An aluminum fin radiator
attachment, for example, with a round casing protruding beyond
the muzzle will enable the bullet, as it passes from the
muzzle, to pull a cooling draft of air over thé fins. This
attachment, if feasible, should be forward of thet portion
of the barrel jacket which guides the recoiling barrel and
should be attached permanently to the jacket proper. This
action must not interfere with the gas trap located at the
muzzle and housed in either a prolonged barrel jacket or in
the extension formed by the radiator, if that featﬁre is
necessary to achieve proper functioning.

(e) Rate of fire; The second major
problem, the guestion of the rate of fire, was equally vex-
ing. 1nitial studies, including those embracing the reports
of the var.ous béards, revealed that fairly high rates of

fire =--- from 800 to 1200 rounds per minute =--- were desired.
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Recént discussions with combat-experienced personnel revealed
that the preponderance of opinion (exclusive of thaf of the
boards cited previously which were necessarily not consulted)
was shifting to more moderate rates --- in the vicinity of 600
rounds per minute., In no case did anyoné ﬁish to sacrifice
dependability and accuracy in order to obtain a high rate of
fire.
4s a result, fairly elastic¢ limits

are advocated and for the proposed combat vehicle machine gun
a minimum rate of 450 rounds per minute and a maximum of 700
rounds per minute were set in order to achieve good distribu-
tion, observation of strike, and to conserve ammunition. The
tactical and psychological advantages of. a high cyclic rate
are highly debatable. Certainly, combat vehicle machine guns
do not require a high rate of fire in order to project a unit
of projectiles upon the target. Although normal targets are
relatively fleeting in nature, they do not approach the order
of those engaged in the air by eircraft which themselves move
at exceptional speeds. On the other hand, high cyclic rates
do have a tangible effect upon the essential requirements of
dependability and accuracy, decreasing same markedly.

| High cyclic speeds require a light
barrel which is undesirable from the standpoint of accuracy

alone, and a light breechblock, both moving at high speeds
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with a lessened belt-pulling capacity. If, on the other
hand, barrel and breechblock weight is retained, increased
recoil and counter-recoil power is needed to maintain the
cyclic rate. This, although it increases belt-pulling
capacity, does introduce accelerated extraction with its
inherent dangers and accentuated poundihg with its cor&llary ’
buffering problems. Reliability egain was the deciding fac-
tor. Positive feeding, minimum pounding, and even iﬁcreased
barrel 1life take precedence over the rate of fire. |

In addition, cyclic rates directly.
and indirectly affect dispersion; When the gun is firing with
a cyolic rate best suited to it, there is a smoothness of
operation £hat gives uniform performénce and compact shot
groups. This does not necessarily mean that the slower the
rate the tighter the group, but rather that for any one design.
of a machine gun there is a point of balance or sensitivity
below or above which dispersion increases. As stated above,
other factors of design must take precedence in order to
achieve a dependable, accurate weapon. The rate of fire is
secondary and should, in so long as it does not fall outside
of the established limits, .be & result of gun design and not
a factor of that designe.

1t was further decided that there
must be one rate of fire only, full automatic, in order not to

increase the number of parts or the complexity of design.

#
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It was felt that the best way to control or to. obtain a selec-

tive rate of fire was to train the gunners properly, to regu-

late the rate, so to épeak, by spacing and firing bursts as
desired. vNaturally; single'shofs, possible by pulling and
releasing the trigger, are desirable. The open-bolt type of

0perationbfaciliﬁatés firing single shots and is acceptable

"fior a vehicular machine gun,

(£) Dispersion: Another outstanding
problem was,that.qf accuracy. The personal factor of marks-
manship does/nqt enter into the application;of‘full'automatic-
firé as much as it doés in other small arms. In the case of
machine guns, éécuracy is contingent upon gun design: u?onk
mounting,land upon the relative adjustments of the component.
parts of the gun. |

"As a result of consulting combat-
experienced personnel, the combat vehicle machine ‘gun was
vishalized as a long chokg shotgun: in other words, a weapon
that was capable of'plécing‘a compécﬁ shot group upon a rela-
tively small,ﬁarget at 500 yards and a somewhat larger group
ﬁpon a larger target in the vicinity of 1000 yards. The
normal rate of delivery, bursts of 10 rounds, laying between
bursts, is between 100 and 150 rounds per minute and is often

far less due to the somewhat fleeting nature of targets, the

need fofAshifting and relaying, and the.time required to spot

>
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targets and to adjust sights.. Only occasionally is a sudden

4
application of intense fire from a single source necessarye.

Consequently, the majority of the time, a well-placed burst
from an advantageous pgsition is worth m§re than a vclume.
In addition, the process of bracketing a target is expédited
by precisely.deliveredagroups. A small cone of fire, or
burst accuracy, is essential.

In order to fulfill the above general
requirements and in order to take advantage of the rigid mount
and excelleﬁt sights afforded, plus the armor protection which
will permit full exploitation of mount and sight, a standarad
of 1% mils maximum dispersion for a 100 per cent group at 500
yards was established. This will permit the projection of "’
one compact unit of projectiles upon normal combat vehicle
machine gun targets at 500 yards with the minimum of delay
resulting from erratic adjustments; will assure minimum waste
of ammunition, and will minimize the danger to closely supported
ground troops from excessive dispersion. 1t is not felt that
the sheer volume possible with machine guns is even a partial
substitute for accuracy. Accuracy in the fullest,senée of
the word not only means the number of hits, but alsoc the num-
ber of rounds ekpenaed fp obtain those hits and the fate of
delivery. Efficiency of fire, perhaps, is a more apt expres-

sion for accuracy and the combat vehicle machine gun should
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certainly be as efficient as a semi-automatic rifle, lb—
round magazine, which in the hands of a trained rifleman can
deliver 16 shots in 1 minute, all grouped within a 25-inch
ci?cle, centered on fhe aiming point, at 500 yards.

{(g) sSafety: A4s in any automatic weapon,
there must be positive and adequate safety arrangements. Con-
sideration should be given to & trigger safety device which
can be used, as desired, to hold the trigger in the “"no fire"
position. In addition, the gun must not be able %o fire'if
the bolt is not fully locked, if the receiver is not correctly
locked to the barrel jacket, if .the various covers are not
closed, and, last but certainly not least, if the quick re-
lease barrel 1s not properly positioned. No recoiling parts
should be locéted outside of the gun casing in order to avoid
interference with functioning in the cramped confines of the
turret or blister. Similarly, fumes must not be able to pass
from the muzzle or any port in the barrel into the fighting
compartment and thus lower the efficiency of the crew.

(h) Protection: Working parts, particu-
larly recoiling parts; must be enclosed against weather and
unfavorable operating conditions in order to insure continuous
funectioning. Furthermore, protruding components such as the
trigger must be protected so as to eliminate the possibility

of bending if jarred during mounting, dismounting, or operation.
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(i) 1Interchangeability: Interéhange-
ability of parts with the new lightweight, all—purpose machine
gun, caliber .30, is,of.coﬁrge, a desirable, but not a limiting,
factor., This would simplify manufacture as well as supply but
must,nét be sought at the expense of méré essential character-
istios. |

(2) Functioning:

(a) General: The combat vehicle machine

gun must function reliably whether upright or on either side

and at angles of elevation between -45 and / 90 .degrees to

permit installation in special mounts and use as an emergency

anti-aircraft weapon. In addition, it must function reliably
within the extremes of ambient temperature.prescribed by the
War Department. |

(v) Adjusfments: The matter of adjust-
ments 1is part and paréel with dependability and ease of opera=
tion and, because of its singular importance, is worthy of .
separate‘disdussion. Control of the combét vehidle maching
gun is either divided or decidedly limited. unlike the ground
machine gunner, the vehicle crewman is distracted by a multi-
tude of servicing and maintenance problems --- radios, sights,
the primary pieces, gun stabilizers, turret traversing

mechanisms, several secondary weapons, and the vehicle itself.
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Under these conditions it is readily apparent fhat dependability
is an essential quality, and, although less apparent,'it is mo
less impértant that adjustments, particularly during Operétion;
be reduced to a minimum.

Headspace, timing, and adjustmént of
the barrel muzzle gland have always been sources of trouble
in the Browning --- not only affecting mechanical functioning
but also dispersion. Proper adjuéﬁment is difficult to obtain
and is subject to loss during operation, particularly the
uniformity of packing in the muzzle gland. The proposed
vehicular machine gun should eliminate these adjustments inso-
far as possible. Increased permissible welght higher stand-
ards of manufacture, and improved alloys will mitigate this
problem eonsiderably. However, adjustments that cannot be
elimineted must be simple, positive, aﬁd once procured should
be capable of retention.

By the same token, the possibilities
of incorrect assembly must be reduced or eliminated. Too,
parts withstanding great strain or susceptible to uneven wear
or bending should be materially strengthened in design and
composition., This is particularly true in the case of the
triggef group assembly and in the feed mechanism. Moreover,
all locking devices should be positive in action, conducive

to simple operation but not affected by vibration or jarring.
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Every effert must be made to eliminate the human elément in
adjustments, the effect of frictioﬁ,'vibratibn; and strain,
as well as high Operatiﬂg;temperatureSa

| (c) Method of operation: The question
of recoil or gas method of operation posed another paramount
problem. ' Short recoil provideés mass, positive breech unloéking
power without the harshness of the éas system. Loﬂg;recoil
functions -well with a low eycéliec rate but requires a long heavy
frame .with resulting loss of compacﬁnéss ahd'a‘wastefﬁl'utiii;
zation of allowable weight. Tooj, in any recoil system the
barrel pounds the whole gun and must not only be buffered bqt‘
also returned to battery with a spring. ~ On the chér’hand,
the fixed barrel éf”the gas systems is preferasle for that
reason and for the fesulting simplicity of mouhtingu Yet, this
advantage is more thaﬁ sffset‘in'the gaé exﬁanSiohvfype Systemv
because of the complicated ﬁeéhanism needed to allow the poWef
gaé-tb expand in theicylinder'--- the inlet ﬁusf be quickly
opened -and closed in order to controi the volume of gas en-
tering; while the .gas impinging system accentuates the afore-
mentioned harshness of acéion and increases the problems of
extraction.
after investigation‘it\was decided‘
that a short recoil, gas assiéted if necessary, system was the

most suitable for a combat vehicle machine gun. -This system
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provides positive action, permits more worthwhile utilization

of permissible weight, avoids the'danger of gas fouling,
ejades the introduction of additional gas fumes into the
,compa;tment, facilitates slow extracfion, permits minimum bar-
rel aperture in the mantlet, and, above all, offers the most
suitable de&ggn for rapid barrel replacement. It‘was further
felt that some of the disadvantages of the recoil system can
be obviated by use of the new shortened cartridge and the re-~
sultlng shortened breeohblock stroke. Long recoil affords the
next most su1+able type of operation for a vehloular machine
gun. .

To review =---"2a self—Operaoing weepon
depends~upon the.basic forces of7each cartridge discharged to
supply supplementary power, which, in turn, must impart momen-
tum to the operatlné parts. Momentum equals mass times initial
velocitys The recoil system provides a positive me ans of trans-
mitting the force_of discharge, particularly since the proposed
machine'gunefeatures'a relatively moderate cyclic rate and,
consequently, decreased velocity end increased mass. The
short recoil will then enable the designer to juggle or
"balance the cyclic rate and the weight of the recoiling parts
and to arrive at a proper proportion without introducing the

complications jnherent in a gas system and without sacrifice

of other primary characteristics.
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In order to reduce vibration and to
decrease dispersion, the recoiling parts should move directly
along the prolongation of the axis of the ﬁore. For the
same reason, the weight of the recoiling parts should be
distributed along the same line. This will enhaﬁcé the re-
sults ofvhaving & cyclic rate that ié in phaée with the re-
coiling parts so that the gun and muzzle are hot out of posi-
tion in respect to each shot in such a way as to create cliéé.

In this short recoil system, the
breechblock stroke should be as short as practicable in order
to conserve space and to take advantage of the new, shortemed
cartridge. 1t must, of course, be long enough to impart the
desired action to the belt feed lever. 1n addition, considera-
tion should be given to a means for accelerating the stroke
of the breechblock and, at the same‘time, retarding the rear-
ward movement of the barrel., The accelerator as it is known
in the srowning machine guns provides an efficient, simple
method ﬁf transmitting momentum.

Consideration should be given to the

elimination of cook-offs by, if needs be, designing the weapon

so that the breech remains open between bursts upon releas ng
the trigger. <the combat vehicle machine gun, therefore, can
incorporate the open-bolt type of operatiom, if this is the

only effective means of preventing cooking-off. rhe resultant
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dispersion of the initial shot is slight. and can -be disregarded.
Natrually, it is also desirable that the breech remein open .
at thé end ofba belt to facilitate changing-belts, if this

can be accomplished without increasing the complexity of

the gun undulye. »

o (d) Cockingland firing: To permit right
or left-hand mounting, the combat vehicle machine gun must be
capable of being»cgcked, by repositioﬁing parts, from either
sides In addition, the gun must readily lend itself to adap-
-tation to a remote confrol attachment or a splenoid_since‘
manual firing'of the weapon when mounted in a tank or armored
car will normally be either impossible or undesirable.

| (e) Method of feediﬁg: The method of
feeding must permit the greatest flexibility of mounting and
~employment., In this connection, consideratioh should be given
any means or device that will provide an uninterrupted flow
~ of a volume of cartridges to a_remétely mounted and/or comn-

trolled machine gun. Such means or devices must be certain

in mction and must be superior to the Belt method of feeding,

If such means or devices are not feasible, it is considered

absolutely essential that combat vehicle machine guns be
capable of using the ammunition béxes or liners issued to

other using arms, and, although this study includes the

charascteristics of a linér suitable for vehicular use, any
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standard liner can be utilized in so long as it can be
readily positioned. The ammunition tray subsequently described

provides this versatility.

On the other hand, it is firmly

believed that this method of positioning cartridge belts
should be supplemented by additionéi means. In the case of
remotely mounted or fired weapons where servicing is impos-
sible or'impracticable, a bulk container with a capacity
for as many linked rounds as the size of the mounting will
permit is recommended. Such containers can be loaded when
the Opportunity is present and will permit extensive periods
of firing without the delays and possibilities of stoppages
encountered in loading under fire.

These bulk containers should be
capable of holding<and feeding a large number of rounds in a
link belt. They should be conducive to easy mounting and
dismounting; should be capable of being reloaded easily and
quickly with two or more normal link belté without special
loading equipment. The method of coiling the belt and feed-
ing from the container must preclude any stoppages from that
source if properly maintained. Maximum protection of the am-~
munition from dust, moisture, and unfavorable .operating con-
ditions is essential. Full consideration should be given to

any device or means that will permit the attainment of the
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aforementioned quélities. Similarly, the employment of a
means, such as gravity, spring, or power, to assist feeaing,
should Be considered.

At the same time, emergency feed must
be possible by use of the normal ground ammunition boxes
mentioned previously. Sealed, expendable liners are desired
so that combat vehicle machine guns can utilize the same |
packaged ammunition as is used by the‘Infantry. The liners
should bé provided with an atfachment to facilitate mounting;
should afford a high degree of protection; and should have a
hinged 1id -~~~ the open end of which has overlapping sides and
which can be locked in a partially raised position to.permit
feeding while still furnishing protection. An offset handle
which will permit carrying two or more liners in one hand and
a wire loop on one end which will lessen the difficulties of
removal from storage racks are desirable conveniences.

An alternate method of feeding,
convertible by‘repositioﬁing components, in the form of a 100-
round drum should also be considered. This will permit use
as an anti-aircraft weapon. Such conversion should not be
considered as a field replacement and must not detract from
other primary characteristics.

(f) Ejection: Normal ejection must be

downward in order to permit wide variation in mounting and in
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order to simplify collection of empty brass. Necessarily, the
empty case must be thrqwn clear of the ejection opening and
should be substantially out of that port before the bolt en-
gages a live round. In other words, ejection should take

place ahead of the point-whére the breechblock picks up a new
round in order to reducevthe possibilities of jams from that
source. Moreover, when the gun is on its side, empty cases
must have just enough energy to clear the receiver and a live
round when ejected should not be able to roli back and obstruct
the breech.

(g) Extraction: ‘The extraction must be
of the slow type -~- the relative speed df the extractor and
breechblock should be slow prior to disengagement of the lock.
This will reduce the possibility of ruptured cases, which is
a continual source of difficulty in automatic weapons operating
at high temperatures. Barrel recoil, incidentally, is a dis-
tinct aid to slow extraction. In addition, consideréfion
should be given to a chamber design that will facilitate ex-
traction without interfering with the seating of the cartridge.
4 fluted chamber, for instance, may enable the gas to exert a
compensating pressure upon the outside of the case. Fluting
in the chamber of a combat vehicle machine gun will not be as
susceptible to dust and dirt és in a ground weapon. Normally

there should be no necessity for lubricating cartridges.
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(h) Lubrication: The combat vehicle
machine gun should not require special lubricants in order to
simplify supply. .

(3) lﬂccessibility and Strippiﬁg: Initially,
it was pointed out that ease of loading, 0perating,'and servic-
ing was a prime requisite --- one of the.general quaiities
most desired. Various items furthéring'this quality or
characteristic have already been touched upon; howevér, a
detailed enumeration of features especially worthy of incor-
poration in the gun for that purpose is necessary, because the
inétallation of a machine gun in the limited Spaée'of a combat
vehicle imposes some vefy real limifafions and requires equally
real measures to eounter-balancef Acéessibility as it pertains
t; mounting will be covered later. |

{a) Stripping: It should be possible
to carry out complete stripping of the gun, when mounted in
the vehicle, without using tools .and in a minimum of time.

This must include the remcval of such major items as the re-
ceiver, the breechblock, énd the feed ﬁechanism. Removal of
the receiver from the barrel jacket, for instance, leaving only
the jacket and attachments in the mount will facilitate clean=
'ing, repair, and replacement, and will permit seot;onélizing
the gun for handling. semoval ofvthe breechblock as a unit
when the gun is cocked, by opening the rear face of ‘the re-

ceivér,'will permit cleaning and replacement of the unit and
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testing of sights. Furthermore, it must be possible EP re-
move the feed mechanism as a unit or the'receiver cover with
feed mechanism attached as an entity in order to further ease
cf maintenance and figld repiacement, and to reggve the‘buffer
group complete from the rear face of the receiver when the
latter is opened downward or removed.

(b) 1Incorrect assembly and adjustmentss
The design of the weapon must preclude incorrect adjustments
as well as incorrect assembly so that replacement of parts can
be made with a minimum of difficulty and practice.

(é) Field replacement: Parts fequiring
field replacement should be designed with a view to ease of
assembly and disaessembly. Zase of maintenance and unit re-
placement should be sought.

{d) Quick barrel change: A&s the prin-
cipal solution to the questi;h of.adequate barrel life, a
quick barrel change from the breech requirement 1is recommended.
The average accuracy life of present .30 caliber barrels is in
the vieinity of 1200 rounds (when fired at the rate of 50 rounds
per minute) and while it is entirelvaithin reason to expect
a higher limit, it is seriously questioned that this 1limit
will ever approach that desired in a combat vehicle machine
gun. It is obvious that it is inefficient to secure a high

degree of initial accuracy and dependability omnly %o lose

_ "APPENDIX - F PAGE 28

CONF




those qualities through barrel wear occasioned by sustained
firing. It is equally apparent that the limited ammunition

in a combat vehicle is more profitably spent through a new
barrel than through a burned out barrel; that, in addition,
serious stoppage might result from continued use of an expanded
barrel. 4s stdted. previously, the solution is a barrel suited

to the gun design and incorporating approved advances in

parrel design itself and in metallurgy; a barrel that can be

replaced readily and easily from the breech so that two or more
barrels can be rotated, thereby sustdining the initial high
efficiency.

Rotation of barrels will not unduly
increase étowage problems since three barrels will normally
be sufficient -—-‘two for rotation purposes and the third in
reserve for emergenéy substitution. It is also recommended
that 211 combat vehicle machine guns be equipped with &
readily detachable thermostat or other device.for use on the
gun in the vehicle so that a positive.means is present to warn
the gunner when a barrel change is mandatory. Naturally,
sustained fire missions Qtill sometimes prohibit a barrel change,
but  such instances will be the exception rather than the rule.
Furthermore, sustained missions requiring such intense fire
are.normally fired on large concentrations and do.not re-

quire as high a degree of efficiency as is habitually expected.
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A quick barrel_change feature is, naturally, somewhat less

essential in remote mounts, dbut it is still a distinct asset

- for it will permit and encourage changes when the opportunity

is present.

Unfortunately, & gquick barrel changse
from the breech charadteristic; does introduce complicatipns»i
Three-main-posgibilities for effecting this_replacément were
apparent. ‘Yhe first, and the simplest from a construction
standpoint, involves pushing the barrel forward through the
muzzle. This will, of course, require clearance thfough the
receiver; i.e., easily removable rear cover, ability to quickly

withdraw the entire breechblock assembly to gain access to the

rear of the barrel --- desirable features in any event. This

chain replacement by shoving a new barrel in from the rear of
the receiver and pushing the old barrel out through the muzzle
requires considerable time, means loss of the old barrel, and
necessitates sufficient space in the rear of the receiver to
handle the inserted barrel.

A variation of this system involves
withdrawing the barrel through the rear of the receiver. This
does away'with'barrel loss but does_not obviate the space

problem which is actually only pertinent in awkward, remote

"mounts where quick barrel change is a convenience, not a neces=-

sity., However, the time element is again excessive.

APPENDIX - F PAGE 30

CONFIDEREIAL




. )

The second possibility consists of a -
barrel release cover and latch in the jacket that would permit
the barrel to be WithdraWn through the side or, preferably,
through the top of the jacket. This solution conserves space,
saves the. barrel for furoher use, and is the guickest method
. possible. It also provides positive access to the chamber
‘area,'anvimportant advantage.

The third solution i's somewhat more
r;dical --=- rotation of the receiver about its long axis and
away~from‘toe‘barrel‘jaoket, ﬁhereby ‘exposing the rear‘end
of the Earrel. this method provides a positive means of
.barrel replacement ready access to the ohamber‘area~aha, if
the receiver is oapable of botn clockwise or: counter- clockwise
‘rotatlon, it does away'w1th spaoe difficulties and should be
usable in any conceivable mount. 4As a var:atlon of this method,
the receiver could break:or turn away from the rear of the
jacket, providing much the same advantage as rotatioo but, of
course, increasihg space requirements. However, any_method
involviog receiver movement unnecessarily complicates the
problem of atﬁaohing the barrel jacket to the receiver and
fufther complicates mounting difficulties since both the re-
‘oelver and ‘jacket would require a degree of - r1g1d1ty beyond
ythat needed for a normal design gun. Movement of the receiver,

too, means an extra motion in that it must first be unlocked

from the mount.,
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A Quick barfel change from the breech
feature is_considered to be an absolutg-essentiéI. rigdaécom-,
plish this it 1is recommgnded that the barrel Jjacket iﬁciude a
cover and latch through which:the-old_barrelmﬁay be~withdraﬁn'
and a new barrel inserted; that»in’the interests of.épeed a--

device which will raise or partially eject the rear portion

of the barrel, be operational from either sideudf the gun (by .

repositioning partsj, be included. This method will permit =
barrel change in the minimum amouﬁt of time, will provide'a‘
gquick and positive means of access to the chémber area, and
will not unnecessarily complicate the fastening of the J cket
to the receiver. This cover and latch should be located in
the top of the barrel jacket to permit access to the barrel
from either side of the jacket. Imncidentally, by locating
both the barrel change cover and the recei%er cover in the
top of the jacket and receiver respectively, problems of acces-
sibility are materially reduced. Naturally, barrel ejection
must be possible with a cartridge partially protruding from
the chamber.

Rotafion of the receiver about its
long axis and away from the end of the barrel jacket is recom-
mended as an alternate solution. Here again barrel removal

must be possible with a cartridge protruding from the chamber.
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Considerétion should be given to a
barrel'handle. such & handle, constructed of material which is
a non-conductor of heat, will materially aid in the handling
of hot barrels; it should be/;ermanent_part of the barrel.
if it is péssiblé' to co‘mb.i‘ne the functions of the handle with
the barrel reléasé lever, it will result in increased éfficiency.

(e) Loading and unloading: in a combat
vehicle macﬁine gun the feed mechanism and feed mouth must be
readily accessible. ©no objection can be seen to installing the
feed components in a hinged cover located in the top of the re-
ceiver which, when raised, will expose the vital feed area and
wWays. Tﬁis cover, however, must be fastened in such a way that
no play or distortion of the feed mechanism is possible; and
it must permit the removal of that unit or, if that 1s not
feasible, it must be capable of ready removal itself with the
feed components attached.

(f) Fastenings: All locks or fastening
devices must be positive in action and must be simple to oper-
ate. This is axiomatic.

" (g) Versatility: A combat vehicle machine
gun must be versatile --- capable of installation in a wide
variety of positions, some exceedingly awkward or cramped.

Consequently, all external devices designed to further acces-

sibility must be lotated on top of the weapon or at the butt
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end and open downward, or must be capable, by repositioning
parts, of installation on either side of the weapon. By the
same tokep, the levers or locks operating these devices must

be lbqated'in the top of the weapon or must be capable of
Opergtion,.by repositioning; from either side. In other words,
inasmuch és vehicular machine guns may be mounted on either

side of the primary weapoﬁ or in blisters wﬂioh expose one Or
the other of the sides, everj device designed to aebet accessi-
bility must be capable of repositioning tb allow right or left-
hand operation or must be located on top of the gun. This, along
with the right or left—haqd feed and alternate cocking feature,
makes interchangeability feasible and permits a wide variety

of positions without major changes in design. Naturally, the
mount and ammunition trays are subject to the same requirements.

(4) Components:

(a) Barrel: The length and weight of the
barrel must be consistent with other design requirements in
order to provide in order of priority, accurécy, functional re-
liability, and endurance. The standard of accuracy or effi-
ciency required (14 mils maximum dispersion up to 500 yards
when rigidly mounted and fired in 20-round burst) and func-
tional reliability must primarily dictate barrel design. Other
factors rate secondary, although important, consideration.

Firing tests and studies of past tests
revealed that none of the current modified or standard>caliber

«30 machine guns approximate this degree of accuracy. Disper-

sion is generally on thié?yder of 13 to 2 times that required.
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411 other things being equal, greater
accuracy can be realized'with & heavy, long barrel. In addi-
tion, a heavy, long barrel resists sustained, intense heat
longer, in§reases muzzle velocity to some extent and more
nearly perﬁits the muzzle to protrude through the mantlet with-
out necessitating the mounting of the receiver so far forward as
to materially lessen accessibility. On the other hand, a short,
light barrel is capable of a faster rate of cooling, abets com~
pactness, increases the possible cyclic rate, and decreases the
impact of fecoil. Consequently, any barrel design based on
heating and cooling factors, compactness, and the like, will
be, at best an unhealthy compromise. A4As stated previously,
accuracy and functional requirements must be givén first con-
sideration and endurance second place.

Although endurance or barrel 1life has
been relegated to secondary comnsideration in the conception of
the barrel, it still rates as a problem of major proportions
~and cannot be neglected. It was decided to solve this.problem
through expedients and compromises. Studies revealed and test
substantiated that normal barrel 1ife requirements (8000 rounds
firing in bursts of 50 rounds) when coupled with other features
such as & cyclic rate of 800 rounds per minute, were figments
of imagination. In sober fact, any air-cooled barrel is doomed

.to short life if fired until the temperature rises to a point
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where expansion begins --- at that-point the damage is domne
and, while subsequent cooling is an aid, it is merely a tempor-

ary respite for the accuracy life of the barrel has already

been lessened immeasurably. Only a water-cooled barrel could

give the desired life.

Consequently, it is.recommended that,
after due consideration has been given to accuracy and func-
tioning requirements, maximum obtainable barrel 1life must be
sought through utilization of new alloys, liners, and other
design features. Hinimum requirements are the retention of
barrel accuracy life up to 2000 rounds when fired in approximately
20-round bursts at the rate of 60 rounds per minute in order to
permit normal, firing with a minimum.of bérrei changes, and when
fired at the full cyclic rate for 20 seconds in order to permit
emergency application of uninterrupted fire without barrel des-
truction. The comparatively low cyclic rate, the higher per-
missible weight, and the inclusion of cooling devices were all
motivated in part by a desire to inerease barrel life. 1In ad-
dition, the quick barrel change feature was incorporated in
order to permit rotation of barrels before the above limiting
points are exceeded. Too, as mentioned previously, full con-
sideration should be given to cooling aids such as fins end/or

induced drafts.
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Last, but not least, the design of
the chamber and the breech end of the barrel should be such
as to mitigatelthe problem of headspace adjustment and>t§‘in-
sure uniform seating of the cartridges. This will lesson the
possibility of ruptured cases,Aincréége accuracy, and improve
functioning. It is particularly essential in view of the guick
%;frelndhange feature. It is récognized fhat héadspace ié a
necessary evil but it is felt that the problem of adjustment
can be eliminated or, at least, solved in a more satisfactory
manner than on the Brownings. Naturally, this will require
an increased m;ss at the breeéh end of the barrel and much
closer tolerances.

(b) Barrel jacket: The j.cket must in-
sure maximum stability and minimum vibration for the recoiling
barrel; must house a gas booster or trap, if necessary, in order
to assist recoil by increased gas pressure impinging upon the
end of the muzzle, and should be designed to assist cooling.
I1f necessary, the rearward portion of the barrel jacket should
be designed to facilitate quick barrel change and, as well,
proper and continued positioning of the inserted barrel. The
higher allowable weight was again, in part, motivated by the
need for insuring this latter feature in order to attain ac~-
curacy and uniform seating of the cartridge.

Moreover, if feasible with a quick

barrel change, the rear of the jacket should contain a sleeve,
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rather than barrel bearings, to guide the recoiling barrel.
A sleeve will provide a more uniform surface and will more
readily resist wear. fThe forward portion of the jacket will,
of course, house the aforementioned gas booster, if that fea-

ture is required, and should, if feasible with a gas assist,

contain the cooling aid previously discussed or some other

device that will facilitate cooling.

{¢) Feed mechanism: The feed mechanism
of & combat vehicle machine gun must permit the greatest pos-
sible variation of feed positions to guns in special mounts in
order to meet future d&velopments featuring remotely mounted wea-
pons. 1% must permit the gun firing while - lying on either of
its sides with the belt entering from either the upper or lower
side of the feed mouth. This will permit use of multi-gun
mountings in awkward positions. In line with the established
policy of providing versatility to meet all mounting require-
ments, right or left-hand feed must be possible by reposition-
ing components. 1In addition, emergency use as an anti-aircraft
weapon requires firing at 90 degrees elevation.

Naturally, the feed mechanism must be
easily. and quickly adaptable to a pneumatic or similar type
charging device, if so mounted that that operation cannot be
performed manually. In order for the gun to utilize long,
linked belts, the‘feed must permit utilization of some type

of belt pull assist, such as gravity, spring, or power.
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It is believed that it is impossible
to devise a fool-proof feed mechanism; that any weapon requiring
automatic ingertion of more than four successive rounds is going
to be subject to failures to feed. However, a machine gun feed
mechanism must be as nearly perfect as possible. 1In this con-
nection, the belt feed of the Browning Machine Gun, Caliber .50,
as a result of study and testing,'appears to be as satisfactory
as any, although difficulty has been experienced due to im-
proper adjustment of the belt feed lever and slide. The de-
sign, therefore, must prohibit improper adjustment of the feed
mechanism &as wéll as maladjustment resulting from sustained
fire, and it must seek to reduce sensitivity in the feed mech-
anism to small variations in the size of the belt and in the
positioning of the cartridges. In addition, this defect can
be further obviated by decreasing.the permissible deéree of
tolerance in the design and manufacture of these parts and by
using alloys with a high degree of wearing strength in order
to decrease wear and malformation. As stated previously, no
objection can be seen to housing this mechanism in the cover
as long as the cover is solidly mounted and the mechanism can
be readily removed as a unit, or in so long as the cover with
the feed components attached can be readily removed. a short
round positioning device and a rear cartridge aligning pawl

should be incorporated in the feed group. 100, like every
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other feature of the gun, the feed mechanism should be designed
as a unit ~-- devices‘designed to alléviate feed &ifficulties
should be an integral part of the whole and not just an extra
part added as an afterthought.

It is felt that there is no single
solution to the problem of feeding. Features pre§iously~dese
cfibed under the heading of extraction and ejection tend to
further a solution. Items subsequently described in the dis-
cussion of the extractor and ejector tend %o obviate the pro=-
blem still further. 1In addition, several other features cited
previously indirectly influence feeding. <The short recoil, gas
assisted if needs be, incorporating a relatively heavy breech-
block provides a positive source of feed power and permits
slow extraction, because the heavy breechblock starts‘more
slowly, loses momentum more slowly and is less sensitive to
friction. &4 comparatively low eyclic rate and the open-bolt
type operation (or other means designed to prevent cook—offs)
both tend to discourage breeching failure due to ruptured cases.

However, the process of feeding =
mechine gun, to use & trite but apt phrase, is no stronger
than its weakest link. bpelt feed permits unlimited capacity
as well as adaptability to any type installation. It also
means that the already strained mechanism mﬁst pull the heavy
belt. It is essential thet nothing interfere with or inter=-

rupt the flow of these belted rounds from their container to
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the feed opening. Hence, the mohnt, ammﬁnition.fra§,.and/or
the emmunition conmtainer should all be designed to facili-
tate this movement and to remove as much of the burden from
the'feed mechanism as is possible under the circumstances.

It is essential also that these rounds arrive at the feedway

positioned for feeding. The metallic or plastic link belt

provides the most efficient means of accomplishing this with- -
out recourse to a magdzine, a clip, or a drum.

(d) Breechblock: 1In order to insure
the required degree of dépendability, ﬁhé breéchblock mﬁst
be heavy enough to supply, in conjunction with the velocity
of recoil, the operating moméentum required in a positiVe ac-
tion belt-fed weapon., If possible, the breechblock should
be heavier than the barrel so that the breechblock will start
to recoil slowly and provide slow extraction and its related
benefits. Too, it will lose momentum more-slowly and will
thus insure complete action, although at the expense of in=-
creased impact and resultant necessity for a heavier receliver
--- 8 limiting factor to this feature. such a breechblock
will, of course, be less sensitive to friction.

(e) Driving spring: The driving spring
as used in the Browning machine guns is a desiréble feature

provided it does not hinder the removal of the rear face of the

receiver, It must have sufficient power to drive the
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breechblock forward, seat a live round firmly in the chamber,
and lock the bolt. It should be'located directly béhind the
breechblock in order to act directly along the axis of recoil.
The oéen;bolt type of operation, if used, necessitates that it
be capable of retaining required tension when compressed for
long periods. It, in addition, aids in cushioning reéoil and
acts as insurance against buffer failure. - & stranded wire
spring is recommended. ‘ : . |

| (f) Barrel return spring: Like the drive-
ing spring, it, too, is a desirable feature. The barrel re-
turn spring relieves the strain on the former and somewhat
cushions recoil. It should have sufficient power to return
the barrel to the forward position without recourse to the
driving spring.

(g) Extréctor: In order to further the
solution of the problem of feeding, the extractor should be
located in the front face of the breechblock so as to engage
two sides of the case rim. It must then hold the empty case
until the ejector positively operates.

{h) Ejectér: The ejector should be of
the hinggd type. Spring ejectors, if possible, should be
avoided in order to escape the dangers of fouiing and loss of

strength due to the proximity of high temperatures.
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It should, agaiﬁ if possible, be located so as to strike ﬁhe
side of the case near the rear end in order to procure adequate
leverage_to»loosen_thg case from the extractor.

(1) Receiver: The receiver must be ex-
tremely rugged in order to protect and gﬁide the recoiling
parts and to withstand their impact and the affect of friction
andbﬁontinual camning action. Naturally, it must not be any‘
larger or heavier than necessary to the accomplishment of its
primary mission. ‘However, its very sturdiness influendes smooth-
ness of recoil, cushioning of recoil, and insures complete and
uniform locking of the bolt over long periods of use; conse-
quently, that selfsame sturdiness is of paramount importance.

In addition, the receiver should prop-
efly position the feed meéhanism and must provide ready access
to that component for cleaning and replacement purposes and
in order to load, unload, and clear stoppages =--- of vital
necessity in a belt-fed weapon. It is recommended that the
feed components be housed in a hinged cover in the top of the
forward part of the receiver. Such a location, if the barrel
change device is located in the top of the barrel jacket, will
mean that sufficieﬂt clearance must be left above the mounted

weapon. This will, in turn, simplify accessibility problems.

Consideration should be given to a spring plunger which will

hold the cover open when raised. Removal of the receiver
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from the barrel jacket should also receive qonsideration.
Sugh a feature will _be an aid to repair and cleaning and will,'
aé well, facilitaté hgndling.

“(j) Rear face of the receiver: The buf-
fer group must be housed in the rear face of the receiver. |
This rear face should be in the fofm §f a hinged plate which
can be opened downward or, at least, removed without undue
difficulty. This will permit the withdrawal of the breech-
block assembly, an important feature, and will expose the buf-
fer group for adjustment and replacement when and if required.
For convenience, the rear face or plate should be prepared for
a pad or a pistol grip.

| (k) Buffer group: The buffer assembly
must be constructed so as to return the breechblock to the.
forward position after the initial round has been fired and
upon completion of recoil without recourse to the driving spring.
No adjustment of this unit should be necessary, but, if required,
it must be simple and must be retained during sustained firinge.
Use of the vertical type buffer should be considered in order
to conserve space. In addition, the entire unit should Dbe
readily detachable from the rear face of the receiver for pur-
poses of replacement,

(1) Trigger group: As bending of the

trigger bar is a recurrent source of trouble, the design of
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the trigger group in the combat wvehicle machine gun must be
simple and extremely rugged. In addition, this design should
prohibit improper adjustment and must permit retention 6f'the
adjustment during sustained firing. Since remote fi}ihg is an
important characteristic of combat vehicle weapons, the trig-
ger group should be readily adaptable to a solenoid. Its loca--

tion should afford maximum proteetion from jarring and also

facilitate the hinged movement of the rear face of the receiver.

(m) Bolt: The bolt should be of the
rotary or horizontal type, locked symmetrically about its long
axis by vertical lugs, in order to distribute the weight along
the axis of- recoil, to reduce the size of the receiver, énd
to insure positive and uniform seating of the cartridge. Such
& bolt also lends itself to more effective utilization in con-
trolling recoil and extraction. It must be an alternate feed
type.

(5) Method of Mounting:

(a) Coaxial in turret: 1In order to take
full advantage of the various features furthering accessibility,
the gun must be mounted or installed so that the gunner can
load, unload, clear stoppages; can readily see and reach the
feed mechanism and feed mouth; and can readily operate the
barrel change device. This means, in short, that the eritical

area in the forward portion of the receiver and the rear portion
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of the barrel jacket should be accessible and should be so posi-
tioned as to provide adequate cléarance and work room at that
point. For this reason, it is’beiievgd'that gun design is
inseparable from the design of the mounting, particularly for

the coaxial weapon.

The mount itsglf must so suppert the

machine gun as %to eiiminate vibration énd permit simple, quick,
and accurate adjustﬁént in elevation and deflection of the gun
with the vehicular sight in order to bring the machiné gun

into coincidence with the main armament at ranges ffom 200 to
1500 yards. It must facilitate quick removal of the receiver
and/or the entire gun; should eliminate as cémpletely as possi-
ble muzzle whip =--- that is, the forward support ﬁust be as
close to the muzzle as practical; and it must permit the muzzle
to protrude through the mantlet or, at least, into the mantlet
aperture for safety and in order to reduce fumes in the com-
partment and to aid cooling.

In order to provide the utmost flexi-
bility, the mount itself should be capable of installation on
either the right or left-hand side of the primary weapon and
it must provide for the installation of either the caliber
.30 machine gun or the anti-aircraft gun with = minimum of
changes and the least possible difficulty. Naturally, all

locking devices and adjusting elements must be positive in
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action, simple to operate, and capable of operation from
either side of the weapon --- right or left-hand mounting.

These features combined with the
accessibility characteristiéé previously discussed provide a
very large order, indeed. As a result of this study, this
mount was visualized in the form of a cradle, adjuétable in
length, with two or, possible, three points of support for
the gun. The rear support, adjustable in length in order to
handle any length weapon, should fasten to the underside of
the receiver near the rear extremity. It must include a mech-
anism or means that will permit small adjustments in elevation
and deflection,so that the gun can be aligned with the &ehicu-
lar sights. Such adjustments must be easily and gquickly made,
should be accurate, and should be capable of retention during
sustained firing. 4 positive lock is essential. This rear
support must insure absolute rigidity and prohibit vibration.
In addition, it should be designed to facilitate the release
of the receiver.

The forward portion of the cradle
must firmly support the barrel jacket and prohibit vibration.
Inésmuch as this point of support will normally be too far
forward to be readily accessible, considération should be
given to designing a support that will enable adjustments in

the receiver to be met by corresponding movements in the
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barrel jacket without any necessity for unlocking that for-
ward support. It is, of course, essential that the clamps or
means ol fastening the jacket to the support be positive and
simple in operation.

This mount should include a detachable
emmunition tray or rack so positioned as to best facilitate
feeding from any position. it must be capable of attachment
to either side of the mount and it must be adjustable both in
size and location so as to firmly hold either a caliber .30
or an anti-aircraft machine gun ammunition box or 1liner, and
so as to always be opposite the feed mouth.

(b) Remote control: The combat vehicle
machine gun must be capable of installation and operation in
ballistic blisters outside of the turret and/or in fender
mounts. Such guns must be coaxial with the primary weapon
and must be so mounted as to be capable of adjustment in
elevation and deflection. The demand for sustained fire,
it appears, is inevitable with the perfection of complets
stabilization. Two or more caliber .30's in turret blisters,
if they are coaxial with the primary arm, will permit low or
high rates and continuous acecurste fire throughout the run by
using alternate guns.

(¢) Anti-aircraft: The combat vehicle
machine gun should be capable of installation and use &as an

enti~-aircraft weapon'with a minimum of difficulty.

Y APPENDIX - F




(6) Ammunition: It is necessary that - the
combat vehicle machine gun be designed to use the proposed,
shortened caliber ,30 cartridge, T-65, for it is essential that
the same ammunition ‘as is standardized and used by other arms
be employed. ‘This will simplify production and supply. How-
ever, full consideration must be given to the effect of new
ammunition upon machine guns. Cartridge design, pressure,
thickness and elasticity of the case directly affect functién-
ing and extraction, which are already ac?te problems. Present
standards of elasticity must be retained and should, if possi-
ble, be improved upon.

The vehicle machine gun requires three
types‘of smmunition. It must have an armor-piercing round
which will be effective against unarmored vehicles up to
1000 yards range, an incendiary which will be capable of ignit-
ing fuels, rubber and duffle under favorable weather condi-
tions up to 1000 yards, and, in addition, a dim~igniting
tracer is necessary for observation of strikes from the
limited vision available from a turret in unfavorable ter-
rain and weather. 4Yhis tracer should ignite at approximately
200 yards and should not burn out much before 1500 yards.

Consideration should be given to the de-
velopment of one cartridge embodying all of the above features

or to combinations embodying two sueh characteristics. It 1s
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normally impossible to predicate loading upon tactical require-
ments or to changé belts to meet changing situations. Hence,
combinations of effect features immeasurably aid a belt;fed
machine gun operator.

(7) Ammunition Belts: Ammunition belts should
be of the disintegfating link type, close pitch, easily attach-
able. Consideration should be given to the use of either metal
or plastic. The present web-belts vary in uniformity, react
unfavorably to dampnéss or excessive dryness, and do not clasp
the rounds firﬁly enéugh to prevent the vibration of the vehi-
cle from shaking them loose. Combat has definitely proved them
to bé unsatisfactory. Metal or plastic belts eliminate or
mitigate all of these deficiencies, and, in addition, the
disintegrating link feature solves the probleﬁ of disposing of
empty belts. In addition, links should be near the center of
gravity of the cartridge to obtain balance and so that the
rounds will lie flat.

4, SUMMARY.--A serious effort has been made to merge
tactical and technical considerations in evolving the proposed
combsat vehicle machine gun. The contemplated weapon must be
mechanically reliable under all conditions, must be capable of
furnishing a small cone of fire or burst accuracy, must be
capable of installation, operation, and maintenance in any
probable mounting or position, and must have a capacity for

sustained fire.

APPENDIX - F . ’ PAGE 50




This weapon should be a recoil—oPerated, belt~-fed,
air-cooled type, incorporating an alternate feed belt and usiﬁg
metal or plastic link belts from bulk containers. The gun must
necessarily be designed for the new, shortened ammunition, but

gun, mount, ammunition belts and, to a lesser extent, contain-

ers and other accessories must be designed as a unit in order

to realize the full potentialities of, as well as to overcome
the limitations of, vehicular ﬁse. Accessibility to recoiling
parts and to>the feed mechanism and feed ways is essential.
The gun should be designed to insure functioning
with & minimum of adjustments and to insure ease of maintenance
by unit replacement with minimum édjustments. The gun should
not be a hybrid built to achieve irrelevant ends. Dependa-
bility, accuracy, and ease of loading, operating and servic-
ing are the desired ends and can be obtained only through a
weapon that is rugged, simple, and operating with an inherent
smoothness resulting from good design and careful manufacture.
These ends must also be the main factors, as a result, which
influence design. Less stringent weight and size requirements
must be tolerated to permit application of these as factors.
Compromises will be necessary, but they must be based upon a
sound consideration, in order of priority, of relevant ends
and factors directly affecting such ends. Barrel life, for

instance, is both & factor and a result. 1Its importance as a

APPENDIX - F PAGE ©°1




factor was minimized by inclusion of a quick barrel change
feature, thereby permitting more essential results, such as
accuracy, to retain primary design consideration. The ecyclic

rate, on the contrary, is a result of design --- not a factors
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MILITARY CHARACTERISTICS
_ FOR ' 4
COMBAT VEHICLE LIGHT MACHINE GUN, CALIBKR .30

1. GENERAL.--

a., Constructionse-

(1) shall be simpie~and rugged in order to
gohiéve maximum dependability.

(2) 8hall incorporate a .minimum number of
pa;ts without complicating the design. |

(5) Shall utilize new élloys of lighter weight-
only when equal or greater strength is also present.

(4) Shall adhere in design and manufacture

to close tolerances in order to insure dependability, proper

functioning without complicated adjustments after rapid com=-

poﬁént.replacement, and to'facilitate servicing.
b., Weight:-- '

(1) Shall be consistent with other design
necessities. | |

(2) Consideration should be given to a weight
in the vicinity of 40 pounds so és fo more near1y~permitlthe
realization of the ultimate in reliability without éacfificing
relative ease of mounting aﬁd di smounting. However, a greater

weight is acceptable if necessary.
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Ce Dimensionsgse-

(1) Over-all length shall be as short as

possible consistent with accuracy and funotioning_réquife-
ments in order fo facilitate handling an& mounting in a éon-
fined space. |
| (2), Maximum cross section of the barrel
jacket‘shall be consistent with other.design needs but shall
pot.exceed two inches ‘in orderAto allow ‘the barrel to be fitted~’
into a small aperture. The front'sight should fold into a re-.
cess in the barrel jacket.
" (3) See paragraph 5, Method of Mounting, for
further requirements.
d; quiing:--

(1) Air-cooled.

(2) Consideration shoéld be given to the
utilization of fins, induced drafts, or other devices whiph

will facilitate cooling or dissipation of heat.

e, . Rate ofvfire:-—

(1) shall have one rate of fire, full auto-
matic, in order mnot to increase the number of parts.or the com~
'plexity of the design.. |
| (2) Rate of fire itself shall be consistent
with the design requirements of accuracy and functional re-

liability. It shall not fall below 450 rounds per minute nor

.
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exceed 700 rounds per minute in order to achieve good‘dis-
' tributioﬁ,wobservation of strike, and to. conserve ammunition.
(3) Single shots, possible by pulling and

e

releasing the trigger, are desirable.

f. Dispersion:--Shall not exceed 12 mils up to
and including 500 .yards range when rigidly mounted and fired

in 20-round bursts.

g. Safetyi--.

(1) There_shéll beApésitive andladequafe
safety arrangements to include definite 1ocking of the trig-
gerAin the "no fire"™ position. . |
| (2) The gun shall not be able to fire if the

bolt is not fully locked, if the receiver is not correctly
locked to the barrel jackef, if the various covers in the re-
ceiver are not closed, or if the quick reiease.barrel is not
proPefly positioned.

(3) It is desirable that né-recoiling parts
be located outside of the gun casing.

(4) Fumes Qhall not be able to pass from
the muzzle 6r any port ‘in the barfél into the fighting com=

pértment.

h. Protection;--Working parts, particularly re-

coiling parts, shall be encloéed against weather and unfavor-

able handling and operating conditions.
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.i. Interchangeability:~--Interchangeability of

parts with the new;lightweighf all-purpose machine gun, cali-

ber .30, is a desirable, but not a limiting, factor.,

2 FUNCTIONING.=-~
ae Generals~-

(1) shall function reliably whether upright
or on either side and at angles~of elevation between -45 and
A90 degrees to permit installation in special mounts and use
as an.emgrgendy anti-aircraft Weépon. | .

{2) Shall be designed to funotion within the

extremes of ambient temperature prescribed by the war Department.

be Adjustments:--No adjustments affecting func-
tioning shall be required, or, if initial adjustments are es-
sential, such adjustments shall be simple and retained even
during extended firing. This characteristic is expressly aé-
plicahle to headspace and tihing.

ce Method of operationi-—

(1) Consideration should be given to short
recoil, gas assisted if necesséry, to permit mihimum mounting
éperture, to decrease weight, to provide positive action, and
to facilitate répid barrel changg.

(2) It is desired that the recoiling parﬁs
move directly alohg the prolongation of the axis of the bore
and the weight of these parts should be distributed along the
same axis in order to reauce vibraﬁioh énd-to d@crease disper-

sion.
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(3) 1t is desired that the breechblock stroke
be as short as practicable to conserve épace and to take ad-
ventage of the new, shortened c;rt;idge, T-65. .

' (4) It is desirable that a means be iﬁcorpor-
ated for accéléraﬁing the mo&ément of the breechblock and, at
the same time, retarding the recoil of the barrel.

- (5) Consideration should be given to a means
for eliminating éook-offs --- open-bolt type of operation is
acceptable as a method of acéomplishing this.

| | (8) 1t is desired that the bfeech remain open
at the end of a belt to facilitate changing bélts, if this.‘
can be accomplished without unduly increasing the complexity
Sf the wéapon.. |

de Cocking smd firings-=-'

(1) It is desirable that the gun be capable
of being cocked, by repo§itioning components, from either side
in order to mak e possible right or ieft-héndAmounting.

(2) .The gun shall be capable of being fitted.
with a remote control attachment or a solenoid.

e. Method of feeding:--

'(1) Shall permit greatest possible flexibility
of mounting and employment.
(2) YNormal feed should be by disintegrating

link belt from bulk containers, préferably located above the
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‘gun in order to utilize gravity feed.

(3) Emergency feed Shoﬁid,be byvdiéintegrat-
ing link 5élt, 256-round capaciﬁy,.ffém normgl gréund”ammuni-
tionvbo;es, positioned‘by an ammﬁniﬁjon‘tray attached to the
mount. ‘ o ‘

(4).3Alternaté feed,‘converfible by changing
feed_mechanism, in the form of looléound drum for aenti-aircraft
ﬁse,.should be considered, |

(5) Although belt feed is cited throughout,
consideration should be given to any method of féeding that
will provide an uninterrupted flow of cartridges to a remotely
mountéd and/or fired machine gun. »

| fe Ejection:i=-- \

(i) It is desired that normal ejection be
downward through- bottom of the receiver.

(2) Shall be capable of throwing empty cases
clear of ejection opening. ¢ _ |

| kS) Empty cases shall be substantially out
'of'the.ejectiqn port before the bolt engages a live rodnd.

(4) When gun is on its side, empty éases

shall have just enough energy to clear the receivér'and a"live

round shall not be able to roll back and obstruct breech..

ge Extractions=--

(1) There shall be slow extraction ~-- the

relative speed of the extractor and breechblock shall be'slow

%,
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prior to lock dlsengagement in order to avoid ruptured cases.
(2) Con51derat10n should be given ‘to a chamber

design that will fecilltate extractlon without 1nterfer1ng

with the seatiné’of“ﬁhe cartridge. |

(3) Normally, there shall be no necessity to

. lubricate caftridge cases.

h. Lubricants:--Shall not reqﬁire special lubri-

‘cants in order to ®implify supply.

3. ACCESSIBiLITY AND STRIPPING,-~-
ae Striggin s--Shall be possible to carry out

complete strlpplng of the gun when mounted in the vehlcle w1th-
- h

out u51ng tools and in & minimum of tlme, to include removal of;

(1) The receiver from the barrel Jacket.

(2) The buffer group from the rear face ef
the recelver when’ 1atter is opened downward or removed.

{3) The breechblock as unlt when the gun is
cocked {(by 0peniﬁg tﬂe rear face of the.recelver) in order to
permit replacement and-cleening~of the unit, and testing of
sights. |

(4) The feed mechanism as a unit or the cover

with feed mechanism attached as an entity.

be Incorrect Assembly and Adjustments:--Design

shall preclude incorrect adjustments as well incorrect assembly.

c. Field replacement:--Parts requiring field re-

placement shall be designed with a view to ease of assembly and
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disassembly. Ease of maintenance and unit replacement. shall

be sought.

- de Quick bérrel change:~-Barrel dhange from -the

breech sﬁéll be possible without dismounting the gun and with
minimumidelay so that barrel replacement, cleaning, and ex-
traction of ruptured and/or jammed cases can be accomplished
easily and without re-testing the sights. Consideration
should be given to the’incluéion of a non-conductive handle
for the Barrel.

e. Loading and unloading:--Feed mechanism and

feed mouth shall be readily accessible in order to load, un-
load, and clear stoppages in a minimum of time and with a
minimum of diffiqulty;

f. Fastenings:--All lockiné or fastening devices

shall be certain in actlon and shall be s1mp1e to operate.

go Versatility:--4ll external devices, except the

rear féce of the redeiver shall be designed to further accessi-
bility and all locks or 1evers 0perat1ng those items-shall be
located on Top of the weapon or shall be capable of installa-
tion or operation, by repositioning; on or from either side of

the weapon.

h. See paragraph b, Method of Mounting, for far=-

ther discussion of acceséibility.
4. COMPONENTS.--

8. Barrel:=--

APPENDIX -




(1) Length and weight shall'be consistent"
w1th other de31gn requlrements so as to provide, in order of
priority, the following:

(a)”AAccuracy prescribed: 1% mils maximum
dispersion up to 500 yards when rigidly mounted and fired in
20-round bursts. |

(b)‘.Funotional reliability in order-to
attain positive feeding, smoothness of operation.

(e) Endurance requireds

l. Retention of accuracy life up to
2000 rounds minimum when fired in
épproximately ZO-rotndvbursts;at
the rate of 60 rounds per minute
in order to permit normal firing
with a~@inimum number of bar}el
changes.

2. Retention of accuracy life when
fired at full cyclic rate for 20
seconds miﬁimum in order to.pgr-
mit emergency a?plication of un-~
ihterrupted fire without barrel
destructiqﬁ.

(2) Maximum obtainable 1life shall be sought
thfough utilization of new alloys, liners, and other design

features.
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- (3) Replacement'of the barrel by one man

shall be accompllshed from the breech without removal of com-

ponent parts and in . the minimum amount of time in order to per-

mit rotation of barrels before the above limiting points are

exceeded.

(4) Consideration should be given to the de--

sign of the breech end of the barrel and the chamber so as to

mitigate the pioblem of headspace adjustment and tO0 insure

\

. uniform seating of the cartridge.

b. Barrel jacket:--

(1) Shall insure maximum stability and mini-
mum v1brat10n for the recoiling barrel in order %o promote the
requlred degree of accuracye.

(2) Shall house a gas‘booster or trap in
order to help re001l by increased gas pressure 1mp1ng1ng upon
the muzzle end of the barrel, if such an assist is required.

{3) 8Shall assist cooling in order to obtain

. maximum barrel life.

N ' (4) Shall, if necessary, be designed to
facilitate quick barrel change and, as well, proper and coﬁ-
tinued positioning of the inserted barrel.

¢ce Feed mechanism:=-

(1) - Shall permit greatest possible variation

of feed positions to guns 1in special mounts in order to meet

" future developments featuring remotely mounted weapons.

APPENDIX - PAGE 13
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(2) Shall be changeablé from left to righ£
as desired by reversing 6omponents ﬁifhin the weapon‘in order
to permit interchangiﬁg'wéapons within a vehicle.

(3) Shall permit gun firing while lying on
either of its sides with the belt entering from either the
upper or lower side of the feed mouth so as to permit use of
multi-gun mountings in awkward positions,

(4) Shall permit firiné at 90 degreéé eleva=
tion to allow émergency use as‘an.anti—aircraft weapon.

(5) Shall be eésily and quickly adaptaﬁle,to
a pneumatic or similar typé charging devioe if so mounted that
that 0peratién cannot be perforhed.mgnually. |

’ (6) sShall be capable of utilizing séme type
of belt pull assist, such as gravity, spring, or power. |

(7) Shall have posifive action with suffici-
ent reserve power to cope with long ammunition belts or a?oi—
de£tal obstructions.

‘ ‘ (8) Consideration should be given to incorpora~
tion of a rear cartridge aligning pawl and a short round posi-\
tioning device as intégral components in order to insure con-
tinuous feeding.

{(9)  Shall lend itself to easy removal and

replacement as a unit.
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(10) Design shall prohibit impfoéer adjust-
ment as well as maladjustment ;esulting from'éuétained firing;
nust seek minimum‘sensitiviﬁy to small #ariation; in the siie
of belts and in the positioning of cartridgés.\ |

de  Breechblock:~=~

(1) Shall be heavy enough to supply, in con-

junction with the velocity of recoil,.the 0perating-momentum
reédired in a positive action belt-fed machine gun.

) (2) 1If possible, the breechblock shall be
heaviér than the barrel‘so that it will start recoil slowly
(%hereby providing sjow extraction); so that it will lose
momentum more slowly (thus insuring complete actionj; ahd 50 .
that it will be less sensitive to frietion. It shall not be

so heavy that the frame cannot withstand the increased impact.

e.  Driving string:-—

(1) It is desired that it be locatedvdirectly
behind the breechblock in order to act direbtly along the axis
of recoil. | »

(2) Shall have sufficient power to drive the
bréechblock forward, seat a live round firmly in theuchamber,
and lock thevbolt. |

(3) 'Shall be capable of retaining required
tension when compresséa fér long periods during the openfbolt

type operation.
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' (4) It is desirable that it not hinder the
removal of the rear face of the receiver.

f. Barrel return spring:--Shall have sufficient

power to return the barrel to the forward position without re-

course to .the drivipg spring in order to relieve the load on

the latter.
| e Extractor:--it is desired that it be located
in the front face of the breechblock éo as to engage two sides
of the case rim ahd so tﬂat it can hold the case until the
ejector‘posifively 0perates;
| he Ejector:-?lt is desired that it be hinged and
located so as to strike the side of the case near the rear_end
in order to pfocure adequate levérage to loosen the case from
the extra;tor.
i. Receiver:--

(1) shall be rugged in order to ?rotect an d
guide the recoiling parts, to withstand their impact and the
affect‘of friction an& éamming action,

(2) Shall provide steady support fgr and
feady access to the feed mechanism for.cleaning ahd/or re-
placement and in order to load, unload, gnd clear stoppages.

(3) 1t is d;sired that it be capable of re-

moval as a unit from the barrel jacket for repair and cleaning

purposess.
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~Js Rear face of the receivers-- .

(1) 1t is desired that it house the buffer
group. - | S |
| (2) Shaii be capable of removal or of open-
ing downward in order to edese.the‘buffer group:and'tqspermit
witﬂdrawal of the breechblock. | ‘ ‘

k. Buffer group:=--

(1) sShall be constructed so as to return the
breechblbck to the forward position after the initial round
has been firéd and upon completioh of the rearward movement
without resort to the drivipg spring. _

(2). Shall not_requireiadjustment,‘but,vif.
such adjustment is necessary, it shall be simple and shall
be retained. during sustained firing.

(3) Consideration should be given to a Vegr=
tical type to conserve space. | :

(4) Shall be readily detachable from the rear
face of thg.receiver fbr‘purpoéés of replécement.‘

1., Trigger groups=--

(1) Design shall be simple and extremely
rugged in order to prohibit bending. _ -
' - (2) Design shall prohibit improper adjustment
and shoula permit retention of initial’adjustment during pro-

longed operation{
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(3) Shall be adaptable to a solenoid.

(4) "It is desired that its .location should
facilitate the removaljor.ppening of the rear face of fhe re-
ceiver and affoidﬂéroteofidn:against‘bending.

ne BOIf:-{

(1) ConSideratibﬁ should be given to a rotary
or horizontal t&pé, locked symmetrically about its long axis by
vertical lugs, in order to distribute weight along axis of"
récoil, to reduce sizé of the receiver, and to insure.ﬁniform

seating of the cartridge.

(2) Shall be an alternate feed type.

5. METHOD OF MOUNTING.--

a, Coaxial in turrets--

.

(1) Mount shall permit ready access to,
well as provide sufficient clearancebfor the 0perat;on or
ment of, the:‘

(a) Feed mechanism (and feed mouth)
order to allow loading, unloading, clearing of stoppages,
replacement of the feed group.

. (v) Barrel’@hange device in order to faoc-
ilitate replacement and to‘permit removal of ruptured énd/or
jammed cases. B |
(¢) Rear fate of the receiver in order

to remove the breéechblock,
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(2) The mount shall so sup?oft'the gun as tog
.(a) $Iiminate vibration, N
(p). ‘allow simple, quick, and accurate
adjustment in elevation and deflection of the gun with the
vehicular sight in order to bring the_macﬁine gun into coin-
cidence with the“main_armament at ranges from 200 yards to
1500 yardé;
. (e) Permit quiﬁk-reﬁoval of the receiver
. and/or ﬁhe,entire gun. v
(a) Eliminate as completely as possible
muzzle whip. | |
(3) The mount shall permit the muzzle %to pro-
trude'through.the mantlet, or, at least, into thé mantlet
pperture.: | | | A
| (4) A1l 1ocking devices and adjusting ele=-
ments shall be positive in aétion and simple to operate.
‘(é) The mount shall provide for the installa-
tion of the calibér .30 or the anti-aircraft machine gun with
e minimum of difficulty.
(6) The mount shall include a detachable
ammunition tray or rack so positionéd'as to_facilitate feéding
from any position, capable of attachment to either side of»the

‘mount and adjustable so as to firmly hold either a caliber « 30

or anti-aircraft machine gun ammunition box or liner.
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be. Remote control;--

(1) Shall be capable of installation and use

in blisters outside of the turret and/or fender- mounts coaxial

with primary weapon.
(2) Shall befcapable of-adjustmeni in eleva-

tion and defléction;

¢c. Anti-aircraft:--Shall be capable of installa-
tion and use as an antiiaircraft machine gun with minimum of
difficulty.
6e AMMUNITION,--
a. Shall use proposed, shSrtened caliber .30
cartri@ge,.T-SS,-in'order to simplify supply.
_be. ‘nges:-- ‘ |
(1) Armdr-piercing which must be effective
against unarmored vehicles at 1000 yards.
| (2) Tracér, dim-igniting, which ignites at
apprdximatély 200 yards and burms out at approkimately 1500
yarés. .
| (3) Incendiary, which will be capable of
'igniting fuels, rubber, dufflé under favorable weather condi -
tions at ranges of 1000 yardse

ce Trajectories of all types of ammunition shall

coincide ‘as nearly as possible and must intersect at 1000 yards.
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de Present standards of case elastlclty shall be \

retained énd; if poss;ble, shall be improved upon.
e. Consideration should be given to one cart-
ridée, AP-T;i, or combiﬂgtioné“such'as'AP-I, AP-T; of T-1,
which are the most feasible for belthed weaponé.due'to normal . ;
ipability to prediocate ioading upon tacfical rquirements or to
change belts. buch a cartridge or such combinations shall not
.result ia the: sacrlflce of effect requlrements cited above in
paragraph 6 c.
7. AMMUNITION BELTS.--
| ae Shall‘be disin%egrating~link, close pitch,
ea311y attachable. ‘ _
- b. Llnks shall lie near the center of gravity of
the cartridge to obtain balance and so that rounds will lie
fla&. |
8. ACCESSORIES.--
8. Fittingé Shall be provided for the rear face

of the receiver to suit various. types of mountings.

e il

b. Consideration .should be given to a thermostat,
readily detachable; so as to furnish an adequate means of
fegisﬁering barrel temperature in order to warn wheﬁ barrel
reﬁlacement is re@uireda

| c. Coverss=-- . .
(1) Barrel jacket cover.
(2) Receiver cover.

(3) Expendsble muzzle covers.

%@.
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d. Spares:~--

(1)
(2)
(3)
complete, or receiver
(4)
(5)
(6)
(7)
(8)

Sub-assemblies only =-- no loose parts.

\,

Breechblock assembled complete.

Feed mechanism with feed pawls assembled

#ojer and feed group complete.

Two (2) barrels with covers. -

Muzzle attachments.

Buffer group complete.

vReturn_spring and guide.,

Spare parts box for items 2, 3, 5, 6, and 7.

es Toolss=~-

(1)
(2)

\3)

(4)
(8)

Carbon-removing tool.

Combination wrenche.

‘Appropriate gages.

Jammed case extractor.

Barrel extracting tool

and holding hot barrels, if required.

(6)

f. Bmpty brass and link container (s)e

APPENDIX ~ H
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to assist changing

Cleaning rod, double pull through typé;

%,
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