o o PN A 45 Ty 5 RO, A RN L T %G R BT mg sl - . SRR SRR R 5P a1 g NN L ROR R TBRR SA by R - SH bt AL S S0 s e . -
Poamcamomaime e L e e Eeem, R M ST T TR e e TR T T e e e S PABSL €850 L1 8 e £ POty e SRt i e
FOY y
: B P s
- - sor i
3 * %
> .- f bt .
i
P * .
’ - T, o P )
o . a . :
N o S [
» N N ;
B N ; - i ’ i
- . i . ' . 4 i
- ‘s i ! §
X 2 g -
vy . ¢ H [T
ER 3 - s ]
i - f . v
R . Ml 2 . T
- . 5
s . . M
s B .
. i )

)




Best ,
Available

Copy




BISTRIBUTION OF REPORTS

<
REPORT Ko._ =/ /o~

DATE DISTRIBUTED — R0. OF COPIES 20

Author -/ - //‘,{7er ‘“7 -
Lab. File — / -~

Main Office File {3 ML
2 /07K -
Chief of Ordnance ?7 - 4 PO/ ,
: 1 Cad /—f(Auwﬂ/A'»"" , .
Springfield Arwory — / 1 SPCTR / , LA ,/,9/‘!.‘ A {
e e \

;
{ ¢ -'f-;v\-‘/b{m

S o
/

e o1 et

Watervliet Arsensl — / -
Rock Island Arseral — /
Frankford Arsenal — / ¢
Picatinny Arsenal — /
Aberdeen Proving Sround ——-o/Ff
Extra Copies 2

Other establishments
requesting work.

i3 5

z//_q . 4:7 Y oea T/

,-1’ 3.
ip nilts &




Eapar® No. 313/20-1

Walartown Arsenal
Problem X-12 Jemuary
ZROSION
A Detailed Study of Erosion Data in Report
of Erie Proving Ground on *Test c¢f 37 mm

M1A2 Seanless Gun Tubes, Forging Yumbers
15292-39 snd 9191-24 - Firinz Record #BO97™

OBJECT

Te add to subject report availadle metallurgical informatior pertaining
to the gun steols, and to determine the extent of erosion, the rate of
erosion, and the advance of the forcing cone of the two 37 mm MIA? guns man-
ufactured from seanless tuding &nd of the 37 = MIA2 gun mamufactured from a
centrifugal casting. ,

REFERENCE

Frie Proving Oround Revort, “Test of 37 mx Mla2 -
Seamlest Gun Tudes, Forging Nos. 15292-39 and ~
9101-2k* (W.A. ¥o. 313/20)

SUMMARY AND COBCLUSIONS A

1. The stoels and yield strengths of each of the tubes tested are as
foliswe:

Prccess of Yield Strength
Tube lo, Manufacture Steel at _Mursle (psci)
15292-39 Seanless Tube Cr-¥o-St +40 C 86,300
G191-24 Seamless Tube Cr-Ho +o ¢ 97,700
P3u8 (C~-7742)  Centrifugal Casting Cr-Mo-¥ +20 C 97,500

2. Tube 28u8 (centrifugal casting C-7742) was eroded the least and
tube 15292-33 (seanless tuding) the most. The difference in the extent of
erosion tetween tie tubes was small,

3. The rate of erosion of the lands &t the origin of rifling in the
three tubtos was rapid at first but gradually slowed down. At the 100Cth
round the rate of change in diameter waz around .005%/1000 rounds, whereas
at the 6000th round the average rate waa ,C0157/100C rounds. The rate of
erosion of the grooves was censtant #nd was around .0005%/1000 rounds. In
two of the tubes, Nos, 9191-24 (scamless tubing) and 2848 (centrifugal casting
C-7742), the rate of erosion of lande &nd grooves increased markedly zfter
&bout the 6800th round. This rapid increase in the rate of erosion was not
observed in tube Wo. 15292-39, possidly dbecause of the fact that the test
of it was ternminated tos soon,




4, The rapid incresse in the rate of erosion late in the life
of the gun tubes is the first to be observed at Watsrtown Arsensl
based on American data on the erosion of camaon.

5. The estimmted advance of the forcing cones of 37 mc gun tubes
MLA2 Xo, 9191-24 (seamiess tudbing) and No. 28US (centrifugal casting
C-77U2) did not become extensive until after about the 6800tk roand,

6. The behavior of the estimated advance of the forcing cone was
consistont with reported findings at Aderdeen Proving Grownd for guns
of other caliber in that, when the dispersion in mussls velocity became
excessive, with increase in the number of rounds fired, the advance of
the foreing cone was large,

7. The accuracy life of esch of the 37 mm MIA2 gun tubes 9131-24
(seanless tubing) and 2848 (centrifugal casting C-7742) is sbeut 5800
ronnds.,

e g L
S ({A nj\;g/
Peter R. Kosting
Metallurgical Eagineer
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INTRODUCTICN 3

R At the Erie Proving Ground firing tests were carried out with two

E: 37 am MLA2 guan tubes which were xade from seaszless steel tubing and one
mede from a cantrifugal casting. The behavior of the fcraer two was
compared with that of the latter. The purpose of this work was to

N * A Geternine the suitadility of seamless tudbing for the manufacture of 37 nz
H E

i gun barrels. 2
: q
3, In carrying out the tests, periodic observations of pressure, muzzle ;
1 velocity, bore dismeter, accuracy and yaw wsre made throughout the life

of the barrels. After quite a large number of rounds hsd been fired under

usual clrcumstarcss the barrels were subjscted to pressure firings, A re-

poTt on “Test of 37 mm MIA2 Seamless Gun Tubes, Forging ¥os. 15292-39 and

t G191-24* wag iesued by Erie Proving Ground giving complete records of ob- 3

E: servations, A copy recelved by Wetsrtown Arsensl was assigaed the o, 3

. 3 313/20 for filing purposes, The present report is regzrded as supplemental

- 3 to the basic one. Its purpose is to asupply =zetallurgical informaticn taken

4 fron inrvection date pertaining to the gun tubss used in the test, and more
particularly to =ake a detailed atudy of the 2rosion data.

In nost work guns at Proving Grounds the amwunition is usually varied
apd pressures and mmzzle velocities are usually changed from one group of R
rounds to the next. Intercomparison of the behavior of gun tubes is difficult '
if not impcssible under such conditione., GHowever, throughout the endurance
firing of these three gun barrels fixed amzunition frox the same lot was used,
For this reason the data are important.

3 In the Erosion Test Data Sheet, given in Appendix A, are: the conditions

; under whick the firing tests wers conducted; & description of the gun tubes, .
including their chemical anzlyses, mechanical properties, and macrostructures; 3
and a description of the ammunition used ir the endurance firing. including
the chemical analysis acd dimensions of the propellant powder grains,

During manufacture the seamless tubings were uvset ty forging at one

end in order to obrain sufficient gstock for the dreech ends of the gon 1
barrels. Insufiicient metal was available at the time of iuspection for 3

* Y deternining tre tensile vroverties at the breech ends of the tubee actually 3
used iz the firing tests. But & study of sizilsr vieces of upset tuding 3 ,'
was carried out by those involved in the developaent of this method of man- 3
ufacture of gun barrels. The mstallurgical data in this report vertains 3
orly to the metal used in the gun tudbes which were fired.

,’, ,
WS N

/3

PROCEIURE FOLLOYED IN THE STUDY OF EROSICK
OF TEZ THREE GUR BARRELS

’ The erosicn data were taken from the Erie Proving Ground Stargaugse
M Records which are part of Firing Record ¢8097.

The advancs of the forcing cone was not measured at Erie Proving Ground,
b It was estimatzd by taking frox a piot of the stargauge records, the in- E
S -3 crease in distance from the breech end of the point where the diameter of the ¥ . 3

-3-




lend was wvorn to the extent of the nominsl diameter of the groove.

Graphs were made for only that part of the life of the gun tudes
during which 81l firing was carried out with ammunition from Lot No.
5315-2 having 10C% charge with 6.34 oz. of single base powder and
the practice projectile MH5A1,

RESULTS

Tabulated in Appendix B are the data showing the dlametsrs of
the lands and grooves at 9.75" from the breech end (near the origin
of rifling), the chunges in dismeters at this point, the estimated
advance of the forcing cone, the aaximum major axis and meximum
orientation of yaw, the mean radius of dispersion on target, the ob-
gerved prsssures, the estimated and measured mursle velacities, snd
the dispereion or range in measured muszzle velocity as observed through-
out the life of thre gun tubes. In Fig. 1 the relationship between the
number of rounds fired and the following data pertaining to gun tube
15292~39 are shown:

A - the erosion cf lands and grooves at 9.75% from
the breech erd

B - the esticated advance of the foreing cone

C - the meatured muzsle velocity

D - the dispersion in murzle velocity as measured
b7 the range in muzzle velocity

E - the size of target as zsesured by the mean
radius of dispersion at the target

Sinilar information 1s shown on Figs. 2 and 3 for gun tubes 91C1-2k
and 2843 (C-TTh2) respectively.

Erosion curves for lands at 9.75", 10%, 10.5", 11", and 12" froa
the breech end of ench gun 2re shown on Figs. 4, 5, and 6. In Fig. 7
the erosion date for the landa at 9.75" from the btreech end of the
three tubes are shown in ordsr to facilitate the comparison of the
three guns.

The extent of srosion and the rats of erosion of the lands and
grooves at 9.75" fro» the breech end at the 1000th, 6000th, and 7500th
round are tadulated in Tadle I,




Table I

Extent of Ercsion and Rate of Erosion at 9.75" froz

Breech Fnd of 37 = MLAZ2 Gun Tubes, Nos. 15292-39,

919124, and 2848 (C-7742) at 1000th, 6000th, aad
7500tk Round

Extent of Frosion:

15292-39 9191-24 288 (C7742)
Gun Tubes Seemless Tudbing Seamless Tubing Csntvifugal Casting
0.001*

Groove lLand Groove Land Groove

1000th HBound 0.6 LR 0.6 b2 0.5
€000th Round 3.5 2.2 3.8 19.3 2.8

7500tk Round 52. 38. 31. 25.

Eate of Erosion: 0.033* /1000 Rounds

1000th Round a. 'R 0.6 4.2
6000th Round C. 2.7 0.6 1.2
7500th Round - 59. Ly, 22,

0.5
0.5
28
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TRy

DISCUSSICN

Erosion

Up to approximately the 6800th round the rate of erosion of the lands
in each of the tubes was rapid at first, inen slowed down, whereaa that of
the grooves appeared to be constant. This is indicated in &l) the figures
and in Table I. But the extert and rute of erosion of the lands and
grooves of tubas 9191-2U (asemless tubing), and 2848 (centrifugal casting
C-7742) incressed markedly after about the 6800th round. This change wvas
not limited ¢o the origin of rifling dut occurred along the length of the
barrel forward from this point up to at least 12 inches from the breech
end, as shown in Pigs. 5 and 6.

No change in the conditions of firing was found that would account
for this marked difference in extent of erosion, The high pressure firings
to whick ell the tubee were subjected occurred at a period later in the
1life of the tubes than is now under study.

This increase in the rate of erosion late in the 1ife of the gur was
not observed in tube 15292-39. However, there was fired in this one tude
a total of only 6752 rounds and the repid erosion was first noticed in the
other tubes only at the 7236tk round. It may well be that tube 15292-39
hed not been fired long enough to establish the condition favorable to
the rapid erosion rate.

This is the firat instance that has come to the attention of this
Arsenal of American data showing 2 marked increase in the rate of erosion
at the origin of rifling late in the 1life of some cannon fired ucder
constant conditions throughout.

More information regarding reproducidilily of data is needed before
conclusions can be reached regarding effects of comvosition, hardness,
and processing upon erosion. In general, it agein appesrs ihat the effects
of such factors are small within the range studied.

Advance of the Porcing Cone

The advance of the forcing cone could only be estimated. In practice
there iz to be anticipated a small though measurable advance followed by a
more rapid one. In this study the anticipated smell meagursble advance is
about 1/4 inch in approximately 7000 rounds.

The rapid advance becomes noticeable after the 7236th round in tubes
91°1-2% and 288 (C-7742), but is not noticeable in tude 15292-39. The
latter tube has already been found to have besn taken out of service before
the rapid erosion occurred,

4t the tize the rapid advance of the forcing cone and the rapid erosion
tecome noticeadble, the dispersion in mursle velocity increases markedly.
The average mzsle velocity begins to fall rapidly at about this time too.
The loss in accuracy, as zhown by the increase in radius of dispersion at

-5~
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the target also occurs at this point, The accuracy life of the two 37
nn MLA2 barrels fired undsr the prevalling conditions may then be con-
sidered to be 680C rounds,

In genosral, there sre inadequate data concerning the advance of the
forcing cone before and VLeyond the 7000th round. Eowever, the indications
are consistert with recent observations of Aberdeen Proving Ground regard-
ing the advance of the forcing ccne and its correlation with the loss in
muzzle velocity and dispersion in murzle velocity, The curve of the ad-
vance of the forcing cone vs. the number of rounds tends to be a straight
line, whereas the curve for the extent of erosion of the lands vs. the
number of rounds dces not. The erosion curve is not as suited as the
foreing cone curve for predicting loss in muizsle velocity.

Firing Conditions

A reviev of the firing conditions recorded in Appendix A reveals
that the rate of fire in rounds per period, rounds per burst, and rounds
per cycle varied quite widely. The temperaturs of the gun tubes would
likewise vary becanse it is dependent on the rate of fire, Thls lack of
control may account for some of the variations shown in the erosion curve.
However, the temperature control may bo better than the record indicates,
If the correct interpretation of the description of the procedure during
firing is that the tubes were cocled after each burst, wvhich for the most
part wos 20 rounds in length, then the tesperatures reached at the end of
oach burst mey never have been excessive and may have been reasonably
miforn,

The firing conditions are not sufficiently specified so that, should
it be desired to test another gun materisl, it would not ba possidle to
fire it exectly like the tubes in this report., Therefore, ancther tube
representative of present manufacture would have to be fired as a com-
panion to the tube under test. However, the extent of erosion of the
subject 37 =m MIA2 gun tubes is small enongh to indicate the desiredility
of using another model of shorter normal life for erosion tests. Con-
gsideration has already been given to the 37 mm M3 gun for this use,

Acliovledement

Acknowledgment is nade to F. D, Weinfeld for his assistance in tad-
ulating the data,
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APPENDIX 2

EROSIOX TRST DATA SHEET

Celiver - 37 ma Place ~ ZErie Proving Ground
Model - MIA2 Date ~ October 25 to December 11, 194l
Tube Nos. - 15292-39 Test Yo, ~ Firisg Record ¥o. 8097
9191-24 Exorder No. ~ - Experizentor - -
2848 (C-7742)

Tetal No. of Rounds Fired - 6752 in Tube No. 15292-39
7910 " ¢ ¥ Qg191.p

7957 * * % 2843 (Centrifugal Casting C-7742)

Yo, of Rounds Fired with fixed ammunition for endurance testing and ob-
servations of muzzle velocity and accuracy: 6728 in Tube ¥o. 15292-39
871 * * * 91912k
7928 * * * 288 (C-7742)

Rate of Fire for Endurence Testing:

Rounds per minute - Not given (Gun fires approximately 120 rounds per
minate in 10-round clips)

Rounds per burst - Not constant (Rounds were fired in groupa varying
from 10 to 50 rounds each, though 20 round groups
predozinated. Several groups were fired in each
cycle of rapid fire tests so that from 100 to U50
rounds per cycle vere fired. The time of firing
sach group was recorded so that the average period
for each 10-round clip could be estimated, This
everage period varied from 1 minute per 20-round
clip to 6~1/2 minutes per 10-round clip.)

Cooling between cycles -- Wet rags were applied to the cutside surface
after each series of rapid fire rounds until the
temperature of the surface was sufficiently low, It
is not positively kcown whether the series referred
to the 10 to 50 round groups or to the 100 to U%0
round cycles previously mentioned, though the former
is most likely,

Temperature conirol - Hone uzed

Tezperatures reached - None measured

Observations - Glven in Appendix 3 are dats pertaining to siargauge

records, estimated advance of the forcing cone, yaw,

target size, precsure, velocity and condition of bore,

Target distance was changed at tne §1.60th round in each
gun from 330 yards to W36 yards,

AT

«;




& s~ s Mmmwyw o—r -
o S .

Description of Tubes or Earrels:

Caliver - 37 um Tyoe - A.A. Model - M1A2
Drawing - -- Revision Date - -~
Length of Rifling -~ Probably 53.53 caliders

Hanufaciurer of Barrel - Tubes 15292-39 and 9191-2 not known
Tobe 2848 (C-7742) Watervliet Arsenal
Material Designation -~ Tubes 15292-39 and 9191.24 Cr-Mo-Si and Cr-Mo
Tabe 2848 (C-77:2) Seemless-Tubing, Cr-Mo-V

Haker of Material - Tubes 152G2-39 and 9191-24, Timken Roller Bearing Co.
Tube 2848 (C-7742) Watertown Arsenal

Specification No, - Heat No, - -—

Chemical Analysis:

Tube No. C Yn sS4 P s Cr Mo v

15292-39 57 46 .56 .008 .0if 1.31 .50  Trace

31912k RN .13 275 016 .00 1.1l 28 »

28ug (Cc-7742) .215 .80 .21 012 017 I IR TY B 2113

(Data taken from W.A. Laboratory Report No. 310/3476, 314/77L2, and 0.0.
Vorm 123k, Heat No. C-77L2.)

Heat Treatment:
Yo, 15292-33 ~ 1700°F, b hrg., air cooled
V60OF, 4 011 guenched

L2H0°F 4 eir cooled
9191-"% - 1700°F X4 air cooled
1660°F 4 o1l quenched
1050°F L air cooled
285 (C-7742)~ 2200°F 16 air cooled
1650°F 6 water quenched, 4 hrs. 6} min,
_3 igg:g [ furnace cooled
Centrifugal Casting - Tube 2848 (C-7742) Tubing ~ 15292-33, 9191-2L Seamless
Forging - - Barstock -~ -
Mechanical Properties:
.S, Zlong., Red.ofArea Impact
Tube Ho, Prop, Method 7.8, 4 g Values
15292—39 86,300 Muzzle 115,300 18, W, 37 ft/lbe
9191-2 97,700 * 127,800 15. 39. 34 £4/1%a
2848 (C-7742) 97,500 * 121,000 18, 58. -—
100,000 Breech 125,000 18. 58. -~
Inpact Specimen ~ Notched Tension Charpy
Hardness?
Ofclock Position Tube No. 15292-39 Tabe No. 9191.24
BN, B.H.¥,
12 (outside) 235 2lg
12 (midvall) 255 269
12 (bore) am 248
€ (vore) 21 255
6 (nidwall) 2kg 268
6 (outside) 2u 2m
(Data taken from ¥W.A. Lab. Rpt. 313/189 and 0.0. Form 1234 Heat No. C-TTh2)
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Macrostructure i satisfectory for each gun
Macrographic Report Xo. - No report, but photomacrographs W.A. 223-1947

! and W.A, 223-18L6 pertaining to the seaxless

tubes are attached. Macro report for centrifugal

d casting C-7742 of Gun No. 2848 1z attached,
Hicrostructure - No report k.
Greadn Size - Not observed Coldworked - Xo E
Per cent increase ia bore diemeter - -
Finish of Bore: Hone, Broach or Not known

oy

3 DESCRIPTION OF AMMUNITION: Amgunition Lot Xo. 5315-2 wae used for repid

] fire tests. g
Powder Description Sheet Data:
Maker - 5. I, du Posat de Nemours & Co,, Inc., Carney Point, X. J.

, Coatract No, - W-672-ORD-3L17, Novemter 5, 1940

[ Specification No. - 50-12-3, Revislon of Merch iU, 1939

k- U.S. Army Lot Ho. X-U386 of 1941 Type II for 37 mm Gun, MIA2

3 Nitrocellulose Accepted Blends Nes. 5770, 5771, K772
Nitrogen Content (per cent) X.I. Starch Test (65.5°C) Stadility Test (135°C)

gt

T 8 ¥Yaxinum 13.16 L5+ 30 min.
Hinimun 13,16 L5t 30 min.
Average 13,16 b5+ 30 min.
T2STS OF FINISHED POWDER:
Constituent Inspector's Analysis 4
E Hitrocelluloze o) §3.19%
INT and DEP (IWT - 1 -
(18P - 5%) 1k.57% 3
4 . Potessium Sulphate added .96% R
Diphenylamine added 1.00% X
Volatile solvent .19% 3
3 Molsture a3 E
C 3 Ash .08%
4 : Glazed with grephite .28%
; ‘1 Stability and Physical Tests: 3
g 135°C hest test, S.P. 55 =tn,
s Al Fxplosien None E
. Porm of Grain Cylindrical 3
'y ¥o. of perfcrations 1 x -
; ¥o. of grains per pound 22,660 -
. Barning surface per pound (sq. inches) 1,761
2 i Gravity density, or pounds per cu.ft. L9
2 ’ Snecific Grevity 1.58
-3 Rrgroscopicity 1.09 3
Grein Dimensions: %
Inspector's Mean Varistion in Per cent 3
3 Anslysis of Mear Dimension
. Length (L) .2807 in. 2.29
; Diameter (D) L0634 » 2.30 :
Diaxeter of Perforaticnms (D) .C183 *
Veb Average .0225
Difference betwesn inner and outer £ Var.above median fror av. Web 8,00 3
wed in ver cent of wet average % 7ar.velovw medisn from Av, Yeb §.00 -
LD (1) u.b3g 4

D (X) R
Date Packed - 1/1k/hy Inte Offered - 1/14/11 Date Sazpled - 1/17/U1 3




s Remarks: —
] Weight of Charge - 6.34 oz. at 70°P, with 1,3k lbs. projectile, at

E muzrle velocity of 2600, developed 28,300 p.s.i.
E pressure
. Pressure~-tinme curve for type of gun under test is not attached.
E Primer:
Kind -~ - Typo - -— Designation - -~
Lot Xo. - Weight -— Composition ~ -

Projectile:?

Xind - H.E, Practice Type 37 mm Model M55A1
Draving ¥o. 75-~2-278 Revigion Date - 4
; Hominal Weight -~ 1.3k 1bs. Loading: Hand, Machine —- 3
k. Material of Projectiie —— Meterial of Band —
4 Material of Jackst —

3 Saxple Rounds:

Fumber of Rounds ia Sample No data available

Diameters of Projectiles: Average *Mean Dev, ¢*Range 3
. in, in,
Weights of Projectiles: Average *Mean Dev, ** Range 3
0%, oz, oz.
1 g ¥eights of Propeilant Average *Meen Dev. ** Range &
o Charges: og, oz, oz, = .

Muzzle Velocities! Average *Hesn Dev. ** Range -
f; [ !7 s 171 =

Cartridge Casei

Materisal Fo data available Drawing ¥o. -—
Revision Date Maicer Lot Yo. 3

* Mean deviation = sum of deviations
aumter of observation -
**  Raage = Abzolute difference betveen value of smallest item and <

valus of greatest item.
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AM¥/abk Copy - [eck
WATERTONN ARSENAL

Laboratory Report No. __ C=TTh2
_ 60 sa Mavch 22, J9HL
MACRGGRAPHIC TEST

on
1 « 37-am Gun - Centrifugal Casting No.c:ma_____

Sunditicn As cast
2 : Sresent Leagth 100" Tesy Metal Locailon B flIsc  2,5F  fromem
I A2 tiona) Taza wootse  2.5%  tromerz
Kone

Sreesh - 0.I. H.85% 1o, T1%
- There is a ring of castings segregates near the 1,3 diameter. From

o o this diameter to the outside there are colunnar dendrites., A ring
. | of cesting segregates is seen near the 4.6" diameter,

mecle - Lo 3,000 ES 0 28%

The gun body arsa has a mixed dendritic structure. There are a fevw
scattered impurities. The bore is filled with slag.

RESTmmendanicq
Accept. Contlnued manufactiure.

Tested by c—moe
N. L. Reed

Accepted ACCEPTED
Information

E Rejected

Centrifugal Casting C-7742
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RRCSI10F STUDY

27 == Gim Tude MLA2, Yo. 2191-2M
Doetoiled History of Fir

; . 8 A
: 4 ntizated Yaw 2
**lhange in deasce ¥axiaue Target *Precgeury

®*Cl{aneter Diazeter of Yorcizsg Majlor Orient- Mear Rodius 2 3

k. } Round Lang Groove Land Croove Cone Axle ation of Dispereion Charge Mexeured
1 1 ¥o. (Inches) (Ioches’® _{izrches) (Inches){Desrees) {:=chce) per ceat  r.s.4,’

1.458  1.u9¢ 6
1 - 10 - .

L 1 - 13 - - - - ~— ) 0 - ’ -3
! Al - NE - —_ - - -- 0 0 — . -
R 312 - 30 - - -- - - - - 3.98 . - 4
gl 691 1 k62 1.m08  00%  nOO o - -- - - - A
3 ] 692 ~ 701 - - - - - -- - h.c3 Ste, -~ 3
702 - J0U - -~ -~ - - 0 0 -- . -
\ 858 L 357 - - - - — 1.0 1§ - . -
a 858 - 267 — —~ — - - - — L, 72 . -
F 1235 1.u62 158 .04 .0 0 - - - - - 3
A 12h6-1255 - - -- -- - - -- 47k sud. -
g 1 1506-1515 - - -- - . - - 5. 72 . - 3
E: : 3 2019-202¢ -- - - -- - -- - .51 . - 7
. f 2029-2031 - -- -- -- -- 3 o - . -3
| . - 2031 1.467 1 LoQ 00 L 0% - - -- - --
‘ - # 2282-273M -— - -- - -- 0 o] - Std. -~ B
. 2285-229L - - -- -- - -- - 3.82 . - 3
{' I 3 57 1% 1499 012 ace 12 - - - - - 3
3 A 25752677 — — ~ - -- 0 0 -- sta, —
] e 2578-2587 - - -~ - .- -- - 4,76 . - 3
3 i 297u-2236 - - - - - [ <] 3.2 . - B
1 2 31832160 — - - - - [V} 0 -- ] -
3 3191.3200 -- - - - - - - vk s - 3
it — 3502 .in 1500 .m0z 10 - - - — —
17575-3755 ~ - .- - - 0 0 -- Ste —
i 1750-3768 - - -- -- - -- - i 65 * -~ 3
i3 2ETO-388C - - -- - — 5 0 401 » --
: 3808-.10%€ - -- -- -- - -- -- - . 2600
3 R 5046 1.7 1.500 maA we 15 - - - - -
. L2L7-b2lo - ~ -- .- -- ¢ 0 - sté. -~ 3
© g L2R0-NEEE - - - - - 0 0 3.69 " - 3
LEERLLETY — — — — - -— T L} 4 -- 3
. | usG8 1,076 1 we? e 00 15 - - - - - 3
S ughq-ug62 - - - - - .80 R hH 19 st4 - 3
3] ‘ 5113 1.58¢ 1501 .02 WO} 20 -2 -- - - -
3 S12L-R12¢ - —_ ~ _ - 1.56 20 - Sta. - 3
1 3 5318-53%0 - - - - -- 1.50 125 1.35 " - 3
- 3 S63-cEL6 1 lge 1502 022 O 20 1.5 90 5.37 " — N
% 5e07.£003 - -- - - - 159 150 ka7 . --
E : 6152 1479 1,801 021 .003 .20 - - - -- -~ 3
: £173-5122 - — — - - 1.52 162 311 St4, -
1 Bok-6Lu2 5.3k . 2
_669 .



APPEEDIX B

ERCSICE STUDY

37 = Gun Tubs MIAZ, No. 0191-2h (Forgizz)!
Detuiled History of Firing

F:Yav R nee
{fauve Target *Preezure ir
Orient- Hear Radits ac *Velocity Mazwred
- atior of Dispersion Charge MeaauTed Zetiznted Mozriured Telootity
2 )(Dezrees) {Izches) percsat ¢ s.i. zle s /e

.
¥

26cC
2%0n
2500
2600

- Coozaring 35 - &0% froe rear
2000 face iight ring of srosion
2600 ts rear of Zrigin of Rifling

Ring <7 ereglon in etralght
~f chowber, 1nd elens of
erngion 20" froe Crigin of
Bifling.

Zine of ercrinn {n stiratght
of ~wawarer. Covpering 20
S-nap Crigdn of RUfliog.
Fins nf ergel,n infreaced,
2raslog 12 Tartets oarts of
lsnie ant grouves.

Stz 0f erosior incrcased.

Incrense? ercslcn !n
wraigrt f chasder.

Lirht plte in grovves

Rirg >¢ ercsion cdvancing
iat> rifling Fits in
grosves,

Sontinued advance of
er>3alon -ing

3regves roughly vitted,

Lac2e at Origin ¢f Rifling
terding to be flsttened.

Marked erosion of groovee,
Eytra heavy pitting L® ia

5. 0f Qrixts Rif) 1o
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127 3-7282
7523-153%

7788
7799-7815
78427848
7850-7868
7817
7875-7885
7896

* uted Pressure 28300 p s.4.

H‘N -
pinluttl

w
~

$

as
A

.066

120

Asmunition Lzt No, 7 ,15-2,
*® At Q75" frac Breech Tnd,

Seanless Tubing

3

1-1/4

1-1/4
1-1/4
g..I;b

—
1.8

std.

*

L]
100
110
138
1%
190

*0931200
n.-}érm
ese0l7900
0.0-63600
**e883700

and kated Velocity 2600 f/a with 5.3%4 oz, propellaat charge.

Bigh pressure rounds used onwder fros Tupoat Lot YUIEC.19M0,
1 1gh pressure rownds 2sed powder fros Lot 4164-1973,
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Lande at Origin of Rifling
terding to be flattened.

.

Marked eroeion of groovee. £
Std. i Ertra heavy pitting 4* iy 5
. advaace of Origin of Rifliag,
Copper deposits hoavy
throughout tude,
- Land at &.9.12 o'clpek
Std, Movn avmy 1 to 2° forunra
. 156 froz Origin of Rifidng.
" - 163
100 00.312w -~
11N 00036775 -—
135 o‘o.h*’em -—

: 150 000063600
— 190 **+*g3700 -_— -

I 600 £/s vith b.34 oz, propellant charge. Acmunition Components: sbell praceice KSEALl and

7/4

| YuIeo_ 10h0
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IROSIOF STUDY

<

37 am Gun Tobe MLAZ, No. 15292-39 (
Detailed Eistory of Firing 3

3
Estinstsd Yav 3
**Caangs 1n Advance Kaximan Target *Prosy
s*Diameter Diszster of Forcing Malsor (rient- Meap Padiue :
Land Groove land 4Groats Cone Axis ation of Dispersion Charge Measd
Ko, _f‘loches) _ (lnches) (Izches) {(aches){Degrees) {inches) ver cept

1.497
1 - 10 . k.53 Sta,
1n - 13 2z
L - 6 -
332 . 3
1

£2 ~ 701
702 - TOk
255 ~ BR7
k7% . 8BS
1238

124621255
1506-151%
2017-2025
2029-2031
2031

22824228Y
22852294

2674
25752587
2924-293€
3187-3169
3193-3203

3502
31533789
8703806
3899-7306

Lohg
L2u7.4u262
Lapi-LE 7

Lsgg
13k3.h35t

8113
51545i26
9Y784516¢
S632-REN)
foliliob6 6
589 7=5%03

8159
0170-6143
6L25-pL 37

€692
£ tLarey
g 27;1-67cc

: 128,

;, 6730=67

AN n
B!

1
A 4 e
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APPENDIX B

EROSICN STUDY

37 a8 Qun Tube MLA2, No. 15292-39 (Forging)?
Detalled Eistory of Firiag

2
Yaw Range
faxinue Target * Pressure in
or J{rient- Mean Padius 2 *Veloctity Meazared
s ation of Dispsrsior Charge MYeasured Estimated Meaeured Veloncidy
jehes )(Degrees) (Inches)  oer cert _ p.s.i. 2/s fie _ _2ls

L .53 sta.

-— L]

5.16

Coppering 36.5-51" froa
rear face. Light ring

of erosion in straight

of chamber.

Coppariag 12.5-45" from
rear face. Ring of
erasfon in straight of
chazber,

Ring of erssjon s
larger Eros$sn on
lands and grooves 2"
rom Origin of Rifling.
Ring of erozion larger.
Ercaton or lands and
grooves {nzresaed,
Cooper doncsite less.

—
——

Ripz of erosion ia=
crsases. Copper dee
posits less.

Harked increase in
erosion. Copper de-
pesits very evident,
Lizht pitr in grooves

Light pitting in grooves,

Karkel insrease in
ring 2f erosiozn,

C 006" ercsicn at 9.z5*
fron Sreech fuce, lend
xiasing at 9 310 and ot
12:60 c'cleck 1* froe
Origir ¢f Rifling,

RN N NN TN N NN




S GQLETeY T -- T T sl
€711-6720 - . »
6128 1.bhet 1.5 . 100
6730-6712 -- 1i0
6739 1 gk 2 . -
Erib-67E - - 5
6752 1.%0 1509 072 . .25 165

Rated Pressure 28300 ¢ s | and Rated Vel city 600 t/e witk 6,3% 02 wrnrellant charge
Azmmunition Lat Ne, 631°.2,

At 9.715* fruz Sreeck Zoa.

High ereesute roupcs czed cowder fror Tapept Lot XNI6£.10LG

H.gh prescure rounde used sowder from Lot L1EL-18135, !

Seanless Tubing 7

P
]
\
i

.
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W




- 0.006" erosicn at 9.25°

- from dreech fuce, land

- ztsaing at 9:30 end &t
- - 100 0036400 - - — 12:00 ofcleek 1* froe
- - 1i0 *+240300 — — - Origin cf Riflipg,

Sté.
"

— — ;;5 "”5‘1-6‘00 — —. ——
- — 155 %e oosem — — —

£6CO /e with 6.1- 02 cororellant charge A= anttion Components. shell practice PEOAY and
.
%

»

FHE0-19L0
3. . ! ; . -x-24

-

s >
R E
g k>
z - %
- .
3 g
3,
Lt
. t
H
<t
2 .
: i
K
S 4
g ‘
% -
-
. E]
H 3
i3
3
- 3




PENZIX B

ERCSIOB STULY

X7 rm Gur Tube VIAF No 28L8 (
_.Dezsiled Hitrcry of Firing
Ertioated Yaw E
s«sChange {n Advar.ce Maxinum Target *Pressuresy
*eDigmerer Dierrter of Porcisy Mujor Orlent-~ Fean Radius as 3
Round Land Greove lmn2  Sroove Cene Axis atien of Disverzinn Cuarge Metsured ¥
Mo, _ilmches’  {lrches)  (lzches! (lvchea)Degrees” _ ‘Inches)  oer cent

,

1 <10 1.u458 1. bag 1,96 —5td
1} -3

31k -316
119 -8

.
3
.
.
L]

-701

~70u
g5 -ge”
858 ~2£7
1235
12L6u12ss
1508-1515
20162025
2029-2031
201}
2282-2294
257
2575~2587
292b-293€
3187-3200

-

s x ".ﬂ:ﬂ
gllgoely

Pidvrarveperre it

N

Fal

o b
:Egglgdofnioliizfoollicoi
-

= o
Vinmwi

%02

3753-3768
3870-1882
g08-1002

o re
I

'
E IRV Ry
N

L2uy.k259
4563..4577
1598

Lgse-bgs)

[
t X’;\‘s
S
33

- l
Qo

5113

51775300
£612-5616 -
fouf L
5897-5409 -
6159 1 L7
€175-6182 ~
[ L2 TR AN S,
&6G2 1 ury
6091-3695
67016705
6708-6717
6971-9%83
7236
724247249

-, 127 301282,
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APEEIDIX

XROSIOR STURY

37 am Gur Tube PIA? No 26LE (crmut
o Dersiled Baarcry of Fizing

Rar.ge
Target *Pressure in
Fean Radiue as ey el ity Mepgured
of Disvereisn Charge Yeascred iltu'\.'.l-d Mensured Velccity

__(inches)  per cent _p.e% _ L% ffe tie

3.96 —$%d - 2600
— ’ -—- 260
- 200C
- 2600
-— Sopverting 13-LET frox Tear
2600 face, Light ripg cf erosicn
2610 tn ztratght of chamber,
260C
26C0

2600
2600
200
2600
- Reduction in covpering.
260C

B - Beavy coppering Ercelenm
Hed rinz in straight of chamder
2600
200

- Rims ol drosicn deeper
KW De: csggioc 17-1/2" from
2600 bre .

Redruction in coppering.

260K

- Bing nf erosion increasing

— ir dtazecer

2500

—_ Ring of ervusion increased,

260C Light pits on lands and
grocves at Origln of Bifling
Ring of erosicn increasged.
Rezion of vits extending
forwatd,

Sr-oves rzuzh

Heevy coppecing,

larcs flattened 1® forward
from Crigin of Rifling

Henry erosion ring &°*

forvard fros Crigin of
Rifitng First nolable
{ncrease in ercsion of groove
Ring of erosion deepened
considarably, Deep pits in
straight of chamder,

fay




v

6971-6983

50 ; s

1236 1.U82 1519 6w G2 2% - - - .- -
T242-7249 —_ - - - o o - std -
1273-7282 = — - - - -— £ 14 ¢ — 7
75231538 - — - - - 160 137 3.0 . —
7768 1.506 1 534 0ug 036 b - - -~ - -
7800.7631 - - - - 1.60 13 11 6 Sud. - 3
73UL.TEHE - - - - - - , -
1928 1,500 1 &3 .ou3 935 .5 - - - 100 eeeeluzor I
7930~7934 - — - - — - - - 0 A 37300 7
1935-7937 - — - — - - - - 15 10500 23
7938 - — - - —_ - - .- 120 ur500 H
7952 1.50L 1.936 046 .0 .5 - - - 170 62170
1957 1.566 1.5%0 088 .02 .5 ~ - - 125 75300

* Ratad Prescure 28300 5 s.i. and Eated Velocisy 2607 f/s with 6.3% og,. prooe!lant charge. =

¢ At G, 75" froa Breech fnd,
80 Azmunitisn Comnenente, she. practice M55A1 and Ammumition Lot Mo, 53152,
eses Tyish prossure rounds used tocier fros Duocont Lot XW350-19u0, .
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Av 37300
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62300
75300

f/v with 6,34 os. prooellant charge,

attion Lot Ho. 5315-2.
N350-1940,

lards flattened 1® foruvard
from Origin of RifXing.

Heavy erosisn ring 4"

forward fros Origin of
Rifling. Firet nctatle
iriresnse in ercsion of groove
Ring of erosion ceepened
considerakly. Deep pits in
staight of chamber.




