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Engineering Branch
Res & Eng Division
30 October 1964

REPORT OF EVALUATION ON NAVY CONVERSION OF

RIFIE, U, 8. CAL .30, M1l TO FIRE 7.62M

AMMUNITION BY MODIFICATION TO THE BARREL
I. OBJECTIVE

The primary purpose of this investigation was to evaluate and
determine the feasibility and practicability of modifying repuilt Rifle,

U. S. Cal ,30, Ml to fire:7.62MM ammunition utilizing a Navy design steel
bushing assembled in the barrel chamber employing the Navy assembly -
procedure, This modification was primarily intended to be a simple and
quick economical field conversionm.

II. QOECLUSIONS

1, There is no positive mathod of assuring that the bushing will
be retained in the barrel chamber during life of bgrral.

2, The M1l Rifle converted to fire 7,62MM ammunition is considered
unsafe for launching 'grenades because of excessively high bolt recgil
velocities,

3. The MIE1l4 Rifle has a large muzzle flash, The use of a £lash
hider will eliminate flash; but addition of a flash hider will increase
weight, cost and supply problems,

4, Results of limited firing tests conducted in comnectioa with
the study indicate that there will be a tendency for a greater frequency of -
foed type malfunctions than is normally associated with the M1 Rifle,

"5, The MI1E14 Rifle conversion is not considered to be a quick

ocononical field comversion,




III. _RECOMMENDATIONS

1. In the event of adoption of the MIE14 Rifle, it is
recommended that the solid barrel with 7.62MM chambsy Us jGizred inscead
of Ml Rifle barrels converted by means of a separate bushing to avoid
potential unsafe conditions.

2, The MIEl4 Rifle should not be used for grenade launching.

3. A flash hider should be used with the comverted M1l Rifles.

: YL
4., A spacer|similar to the Navy versigﬁfghghﬁﬂgifle, Cal .30

T35 version should be used with the converted rifle to aid in guiding the
shorter 7.62MM cartridge into the chamber, and also preveat the loading
of a clip £illed with Cal .30 ammunition,

IV, PROGRAM

1, As directed by Headquartars AWC during a 3 June 1964 meating
at Springfileld Armory, & program was outlined to evaluate ths Navy
convarsion of rebuilt M1l Rifles to fire 7,62MM ammunition by assembly of
a Navy Bushing, Drawing 2256892, Rev B4, dated Oct 24, 1963 (see‘Appendix A)
into an Ml Rifle barrel chamber, ‘

2, On 13 August 1964, Springfield Armory was funded and
authorized to ﬁrocecd with the program. During an 8 October 1964 mceting
‘ralative to reviewing the status of the program at Springfield Armory,
representatives from Headquarters AMC and AWC requested tha Armory
cémplata and submit a report including conclusions and recommendations
on caertain phases of the original program.’ Thesa phases perta-.dd to
engineering studies, kinematic tests and preparation of a suitaile
bushing design.including refinemonts based on rcaults of engincering otudy..
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V. DESIGN EVALUATION AND RESULTS

1. The design evaluation described in the above program is
outlined and the results summarized as follows:
a. Review of M1l Rifle barrel drawings to ident..y design
changes released during mass production, for effect on bushing retention.

A review was made of M1 Rifle drawings used in
connection with production of M1 barrel. Two chamber rcquirements
affecting pre-1942 manufactured barrels at the front neck diameter and
location of second shoulder were found which could significantly
affect.assembleability of bushing. These dimensions are shown in sketch
number 2.

b. Review of all barrel deoviations authorized for cffect
on iecention of the bushing.,

A review of authorized deviations relative to Ml barrel
chamber dimensional requirements indicated that the deviaticns would not
cdversely affect assembleability and retention of the bushing'ip barrel
chamber, .

¢, Conduct dimensional studies of the interclationship
between the M1 Rifle bolt assembly, headspace condition, 7.62M
| cartridge case and the bushing in the M1 Rifle barrel chamber,

(1) Study showed that there can be a resultant
dizmetral interference of ,008 inch between the chamber body and the
mating surface of the 7,62MM cartridge case as shown in Sketch Number 3.
This yould necoessitate modification to M1l Rifle barrel chamber Lody to

eliminate cartridge case interferenca,'




Headquarters AWC authorized the Armory during
early phase of the program to design a special reamer to rcuove the
interference after the bushing was seated by firing two M80 Ball
rounds,

(2) The Navy drawing 2256892 Rev B4, dated 24 Oct 1963,
required phosphate coating of the bushing. This would affect retention
of bushing in barrel chamber, since the coefficient of friction between
phosphated surfaces and steel 18 less than that of steel on .ccel.

The bushing should be free of any protective finish.
Note: Midway through the program the phosphate coating requirement
was deleted, |

(3) The fit between the bushing diameter and mating
barrel chamber diameter (Sketch Number 4) and the front neck can result in
an interference of .0015 with current barrel requirements and .0019 with
pre=1942 barrel requirements., An interference can result at the second
shoulder of the barrel imvolving length A, Sketch No. 2., This study
takes into considetafion the resultant shortening of dimensions based
on extremes of tolerances relative to receiver, barrel and bolt, with
barrel shoulder crush and maximum stock removed from the first shoulder
of the barrel during the headspacing operation of the rebuilt Il Rifle.
Sketch Number 5 illustrates that the front portion of the bushing can
stiike'the second shoulder of the chamber and prevent the bushing from

seatiﬁg because of a ,0015 interference (current barrel design) to .0105

throughout this report.
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interference (pre-1942 barrel design).

(4) The 34° angle on bushing is different than the
34° 26' angle at second shoulder of barrel (Sketch Number 6). An
intorference will result between tha ,130R maximum of bushing end o
parmissibln'sharp corner at tha second shoulder (8ketch Numbez 7). The

abova conditions adversely affect bushing assembleability o ratantioa,

- BT st It

“(5) With the bushing assembled in the barrel there

may be a resultant maximum free run of bullet of ,5177 inch ia bullet
seat area prior to engraving by the rifling (See Sketch Number 8).

The maximum free travel of bullet in Ml Rifle’ia +065 inch. Because

of length of bullet free run, greater than normal gas leakage will

result in large muzzle flash, Excessive flash was observed Auring
kinematic tests explained later in report., Gas leakage will probably
accelerate erosion iﬁ bullet seat area in both ecxiginal barrel and cha_
softer bushing material. This may wear away the bushing material, afiect
holding force of bushing, and result in loosening or complete loss:of the
bushing from-chambef. The bushing material does not have the erosion
resisting qualities of the original barrel material, A loose bushing in
barrel will disable the weapon. Complete loss of bushing can result in
double feeding, ome live round into another. .

d. Study the dimensional relationship of eight round
cartridge clip and the M1 Rifle receiver when using 7.62M ammunition,
1ﬂc1udihg the review éf all deviations on both receiver and clip.

o (1) There are no deviations on record for either the

M1 Rifle receiver or the eight round cartridge clip that would adversely

5




affect entry of a clip loaded with 7.62M cartridge into the receiver,

(2) Skctch.Numbor 9 shows the minimum clecerance
between a cartridge clip loaded with Cal .30 ammunition, inccrted into
the receiver as compared to a ocartridge clip loaded with 7,62MM
cxounition, The ,0035 minimum clearance that may result in certain
weapons with a cartridge clip filled with 7,62MM ammunition may Le
marginal, especially when the rifle is exposed to dust and dirt,

e. Evaluation of Navy Bushing £it in barrel.

(1) The Navy Bushing design under all counditicans
would not provide necessary plastic yielding of material tc insure
permanent assembly in barrel chamber,

(2) The minimum clearance between barrel aad bush ng
must be sufficient so that yleld of bushing beyond limit will provide
plastic flow to conform to barrel chamber configuration with residual
stress to result im sufficient pressure interference fit for retention
of bushing;

£f. Non-destructive examination of barrels in couverted

rifles,

In all converted test rifles in which an interference
condition in first shoulder area was eliminated, X-Ray examination
showaed the bushings were fully seated in barrel chamber,

VI. KINEMATIC TEST PROCEDURE

1. Eight Ml Rifles selected at random that passed rebuild

requiremonts wore function fired 100 rounds each, Four willcs were thenm
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used to obtain kinematic test data as follows:

a, Projectile velocity at 78 feet from muzzla,

b, Pressure readings inside gas cylinder,

c. Time-displacement curves using ball ammunition,

d, Time-displacement curves using cartridge, Cal ,30,
M3 Grenade, Rifle, and Grenade, Rifle Practice, M3L (imert).

2. The above eight rifles were converted to MIEl4 coniiguration
using the Navy design ﬁushing excebt that the bushings were free of
phosphate coating as follows:

a. Thoroughly clean chamber with trichloroethylegé.

b. Eliminate sharp corner in first shoulder area of chamber
of all rifles, using & special design reamer,
Nota: This operation eliminated the interference as shown in gkaetch
" number 7 and was not included in original procedure.

¢ Re=clean chamber thoroughly with trichloroathylvzﬁ.

" ds Imsert bushing and M80 Ball round into breech, chambez,
lock action and fire round., Feed a second round of MEO Ball into chazber
and fire,

Note: It was necessary to hand charge the action a number ol times on
majority of rifles to seat the bushing and M80 Ball round im chuouber,
This was primar?ly due to interference of 7,62 cartridge case in
M1 Riflo chamber body as.shown in sketch number 3.

e. After seating of the bushing, the Ml Rifle barrel
. chamber body configuration was re-ahaped to accommodate the 7.62M




cartridge by using another special dasign reamer. This also was not in
the original procedure but was found necessary to preclude incrdinmate
hand charging during subsequent testing. Excessive hand charging
introduced a possible safety hazzard. The reamed area of chamber.body
was polished to insure ease of cartridge extraction,

f. The gas port hole diameters (.0790 + .CUOL5) of the
eight M1 Rifle barrels were enlarged to .0995 diameter om four barrels
and ,1065 diameter on four barrels. The eight converted rifles were
then function fired 100 rounds each without utilizing a spacer, -

8. Two rifles each with above barrel port diamata?s were
selected and re-tested in accordance with par 1.

h. Still photographs were taken to record resultant flash
on tast weapons without and with a T-37 Hider, Flash,

VII. SUMMARY OF TEST RESULTS

1. The eight rifles were fired a total of 3100 rounds cfter

conversion. Once the bushings were seated, there were no bushing

S

extractions,

2. Headspace measurements of the eight M1 Rifles prior to
conversion were within M1 Rifle rebuild requirements,

3. Headspace measurements of seven out of eight comverte
rifles were up to ,0055 inch under the 1.6355 winimum headspace
requircnont for the M14 Rifle, This may cause difficulty in lecking

the Bolt in converted rifles,

4. Kinematic data and pressure readinSa‘(}nqiéa ags cylindar)
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are tabulated in Chart I, II and III,

a., The peak pressures taken inside the gas cylinder and
tha bolt recoil velocities are lower in the converted MIL14 rilles than
in M1 rebuild rifles, MIE1l4 rifles having the ,1065 inch barrel port
diameter more closely approximace the power of the Ml rebuild rifle,

b, Imstrumental projectile velocities are tab.. .ted inm
Chart II. Réund to round variation in projectile velocities im the
M1E1l4 rifle is greater tﬁan that recorded on rebuilt M1 Rifles, and
muzzla velocities were higher in the MIE1l4 Rifle,

| c. Data on Grenade Launcher tests are tabulated in Chart III,
Bolt opening velocities were dangerously high on the converted rifles,

On two rifles, the bolt recoiled violently enough to strike rear of

.Receiver and bounce back into battery. This condition occurred in

rifles having barrels with port-hole diameters of either .0995 or .1065
inches, ‘ |

5. Malfunction data are tabulated in Chart IV, There was ea
indication that feed type failures would be greater than the M1 Rifle,

6. Muzzle flash on the converte§ M1E14 Rifle was comsidered
excessive using ball ammunition, A Hider, Flash (T37) designed for use
with the MIC and M1D Snipers Rifle was used in an effort to supress
fla?h., The T-37 Flash Hider climinated.thig flash as shown in photographs
taken during firing of single shots (see Ai)pendix a).

T
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VIII, MODIFIED DESIGN

' 1. A modified bushing design and M1 Rifle barrel chamber
| configuration including an assembly procedure are shown on Sketch
SA A28552 dated 30 Oct 64, sheets 1 through 5 (Appendix B).
2, Also included are two additional concepts as shown in
i alternative designs, Numbers 1 and 2 which would provide greater
assurance of bushing retention in barrel chamber. These designs are

considered more coa;lybfor manufacture,

3. It should be recoghized that further effort to design,

test and evaluate the above designs will be required beicre aay'dacision

on adoption.

-
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IX

COMPARATIVE ANALYSIS OF M1 RIFLE BARREL WITH
BUSHING VS NEW BARREL WITH 7.,62MM CHAMBER

BARREL WITH BUSHING

NEW BARREL WITH 7.62MM CHAMBER

2,
3.

&,

Se
6.
7.
8.

9.
10,

11,

& 12.

Bushing conversion less costly, . Lo
Life questionable, . 2,
Poorer accuracy, especially at 3.

longer ranges.

No economical means of inspection 4,
of bushing in barrel. No positive
assurance bushing will remain in

chamber,

Free run of bullet approximately .
9 times that of M1 or M14 barrels.

Bushing may become loose presenting 6.
a safety hazard,

Barrel bullet seat erosion 7.
accelerated,
Muzzle flash greater due to greater 8.

gas leakage.

7.622M M80 Ball ammunition not designed 9.
for compatibility with M1 Rifle
rifling twist,

Mechanical properties of bushing 10.
material do not match barrel steel.
More susceptible to wear,

Possibility of damaging or removal® ' 1l,,
of bushing by use of a ruptured

cartridge extractor and chambet

cleaning equipment.

CGrenade launching results 1n a i il 12

hazardous coridition,

11

Cost greater than bushing.

Barrel 1ife should be equal to ML
Barrel,

.Accuracy equal to that of M1 Rifle,

No problem.

Free run controlled to minimum by
barrel design.

No hazard.
Erosion should be comparable to that
experienced in the Ml barrel, °

Flash will be less due to control of
free run of bullet, .

Barrel can be manufactured with 1
turn in 12 inches rifling twist,

No problem.

No problem.

Grenade launching results in a
hazardous conditicm.




s e i

Ol2 INCL

SSE Appeubix B
LO24. % pp| ——
—. 040 DA —-. 002
: 005 INCL. TP
— 3418 DA
+.,. 00|00
§ e
i /
?\ 7L I 3%5
. A
(o a T2

05

1/ < i .
\ﬁ“\L—L— OVERZ

| ToLeEeANCE o

262+

: bl
o Y

B ‘fU‘g e

0“7]

I s \\ =< AATUCT, W <'r\,_

T e T T T L

R e A S S AT R A N e e

/ooogu\la_
TP

-am—'(g,bo ——
—e 522

m:}—.ﬁ_g'

Tooh |

A\

_/

AN GUL AR

><§I\% |

e

o

Beaak_ EceEs
. 005 -+ OO;

.0@2 R MAX

OBER . olo

SURFACES AND ALt DIAS

TO B CoNCEVTRIC WITH *S1IDIA

W/N 10005 T,

SUQFHNC,

N NOF L s DA

A7~ M ==~

2 ‘li-'\ el R i L A



1.
2.

4,
3.
6.
7.
8.

9.

10.

11,
12,
13,

14,

PROCESSING PROCEDURE OF MLIE1l4 CONVERSICH
REMOVE BARREL AND RECEIVER ASSEMBLY.
REMOVE BOLT FROM RECEIVER,

REAM CHAMBER TO NEW DIMENSIONS (.013 INCL TPI BODY TAPER, 1,955
SHOULDER DEPTH, ,450 SHOULDER DIAMETER) USING SPECIAL REAMER.

CLEAN CHAMBER.

CLEAN BUSHING,

RE-ASSEMBLE BOLT IN RECEIVER.

RE-ASSEMBLE ENTIRE WEAPON,

INSERT PROOF ROUND (7.62vM) IN BUSHING.
INSERT BUSHING WITH PROOF ROUND IN CHAMBER,

CLOSE BOLT MAKING SURE LOCKING LUGS ARE ENGAGED IN LOCKING SURFACES
OF RECEIVER,

FIRE PROOF ROUND TO SEAT BUSHING,

USING PILOTED AND ADJUSTABLE REAMER, FINISH HEAD SPACE AND CLEAN EODY,

CLEAN CHAMBER,
CHECK FOR HEADSPACE REQUIREMENT, s

FUNCTION FIRE 16 ROUNDS.

SA - A28552, SHEIT 2
30 Oct 64
Appendix D
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~_YGMEMATIC AND PreSSURE DATA ( Ave OF 10 ReADINGS / EACH RIFLE)

RiFLe TYPE = U.S.CAL.3D ,’H| T7.62MM , M| E\L&- (CONVERS(ON>
_CAL.30 ,M2 BALL CAL T.62 MM , MBOBALL
AMMUNITION-=— | | oT RA 4253 LOT WRA 22075 :
- BoLT BolT VEL, | PeAaK GAS | Bowr BoLT VEL,| Fepx TRes -
RiFLe NO || orening END OF CYLINDER | OPENING | eNp OF | SURE \WN GAS
i NVewoemy- | Recow. — | Pressure-| veroeny- | Recow — | CYHINDER
FT/sec Fr [Sec Bs.1. ET/SEC FT/see | PS.1.
1| 2630715 24.% 12.5 1930 249 s.R. | I®IO
SN S S L ¥
2| 3211416 Sl T e 2370 26.% | (4L.9 2070
B _ ~ movdip 2 : %% %R %K
13| 219701 21,4 20.7 2100 | 26.3 15.€ S
4 ’)_5'0136"! '2.5’2, 13'-/ < g0 23‘? % sR. x| [E50 g
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CHI‘?\RT E
[INSTRUMENTAL PROJTECTILE VELOUTIES (F\vc, OF 10 RemDINGS [encH R’an.e)
Y\FLE TypPe —& VS, CAL.3D , M| 762 v, MIE 14 (cougeasxoa\l \) :
LCAL.20, M2 BALL | cALT.b2 MM , M30 BALL ChRL 7.62 M, MEOBALL
AMMUNITION — | [ o7 Re 4353 LoT WRA 22075 LOT RAL 513D
Ave VeL | extrerme | Ave Vel | exTreme Ave veL | ExTeeme
K\FLe NO, AT 78 Fr| YARIATION AT 9% FT=| VARIATION, | pr 7% FT—| VARIATION,
y Er/sec FT/sec Fr/secC FT / SEC FT/<ec FT/S€ec
250(369 2.6 0Y | 07 219328 s 2754 1€
22€ 701| 2632 i 2¥3¢% 197 212 e s
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CHART T[T

_KINEMATIC, DATA FOR GRENADE FIRING { Ave OF 5 Reabmc,s/ep.m RiFLe )

RiFle TYpe ~| U.S.CAL.30 ,Ml 7.62 MM, Mig14 (conversion)
i | carTRiDeE, GrenpdE ~M3 CPARTRIDGE, GRENADE — MG4
AMMUNITION == | LOT LC 12201 (.20 cal) Lot FA 4 (7.¢2MM)
: LeNGeTH OF BolT VeLowiTy leNGTH OF BOLT veloaty
RiwFrLE NO. "BoLt RecolL - ST END OF BoLT Recow - P_g END OF
_ NC ) ECOiL. — ecoiL —
v e FT / Sec, e FT/Sec.
- NoT Kecoeped :
2501369 %25 (ONLy PARTIAL FuLL 25,50
EcoiL ) d
2| 222%701] 1.2 o7 FuLl 1S.10 .
: 3| 2630715 150 " FuLL ¥ x BLEO oy
4 32”“”é g l.“{é o Cuie R 12.50 ¥ 3
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LEGEND |
‘ CHART TV EF - FAILURE TO FeeD, BoLT. CLOSED ON €MPTY
‘ : F¥-— FRILURE TO Ekar\cr CHAMBEeR.
o ‘ . BFR-Bowr FRILED To Revain RS UND
S - FuncTioN DATA . OPEN ,CLIP FALED 1O €TeCT, URE.OE%’E gsJLbr?
_RWFLE TYPE~| US, cAL30,M 1 7.62mM ,Miei4 (conversion )
: CAL.30 , M2 BALL cAL 762 MM , M%0D BALL
~AmMuniTioON = LOT RA 43153 LoT WRA 22075
MALEFUNCTIONS PeER MALFUNCTIONS Per | MALFUNCTIONS Per
RiFLe ND. * |00 RDS.—STANDARD |00 RDS— .0995 \00 RDS - .1065
\ PORT HOLE PORT HOLE., PorT HOLE
| - 2 -FF :
I|-25013e9 1-FF . - BFR No MaLruncTions
2| 20305 No MALFUNCTIONS —_ No. MALFUNCTION S
;‘_ - 2| 2033164" No MALFUNCTIONS NO MMALFUNCTIONS _—
4| 4723502 |- UR \~BFE —_—
5| 6090632 No MavLFuncTions L No MaLFuNCTIONS
¢| 8419867 " No MALFUNCTIONS e No MpLeunceTions
o ' - Brore N ) ~ IR
1 - |T] 22570l No MALFUNCTIONS |\ - FX ( A TR A ToR ‘l-— R
| :
| g| 3211416 No MALFUNCTIONS e -Fx (= \?S\RED>
| ) 7 .




