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Rip~rt No. 313/20-1
*datrtown Arsenal
Problem K-12 Januar7 15, 1943

EROSION

A Detailed Study of Erosion Data in Report
of Erie Proving Ground on *Test of 37 an
M1A2 Seamless Gun Tubes, Forging Numbers
15292-39 and 9191-24 - Firing Record 0O697'

OBTECT

To add to subject report available metallurgical information pertaining
to the gun steels, and to determine the extent of erosion, the rate of
erosion, and the advance of the forcing cone of the two 37 am MIA2 guns man-
ufactured from seanless tubing and of the 37 = H4A2 gun manufactured from a
centrifugal casting. :) TIC

-'xie Proving Ground Report, "Test of 37 am .141A2 SEP 1 1 1981.

Seamlesa Gun Tubes. Forging Nos. 15292-39 and
9191-24, (W.A. No. 313/20) %V

SU.MAARY AND CONCLUSIONS A
1. The steels and yield strengths of each of the tubes tested are as

fo'lI ,ws•

Process of Yield Strength
Tube Do. Manufacture Steel at Muzzle (nst)

15292-39 Seamless Tube Cr-Mo-Si .40 C 56.300
9191-24 Seamless Tube Cr-Mo +.40 C 97,700
P348 (C-7742) Centrifugal Casting Cr-Mo-V +20 C 97,500

2. Tube 2g4$ (centrifugal casting 1-7742) was eroded the least and
tube 15292-39 (seamless tubing) the most. The difference in the extent of
erosion between tie tubes was small.

3. The rate of erosion of the lands at the origin of rifling in the
three tubes was rapid at first but gradually slowed down. At the 1OOCtt
round the rate of change in diameter was around .0051/1000 rounds, whereas
at the 6000th round the average rate was .00150/1000 rounds. The rate of
erosion of the grooves was constant Pud was around .0006"/1000 rounds. In
two of the tubes, Nos. 9191-24 (seamless tubing) and 2849 (centrifugal casting
C-7742). the rate of erosion of lands and grooves increased markedly efter
about the 69OOth round. This rapid increase in the rate of erosion was not
observed in tube No. 15292-39, possibly because of the fact that the test
of it was terminated too soon.
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4*. The rapid Increase in the rate of erosion late in the life
of the gun tubes is the first to be observed at Watertown Arsenal
based on American data on the erosion of cannon.

5. The estimated advance of the forcing cones of 37 mA gun tubes
_LA2 No. 9191-241 (seamless tubing) and No. 28418 (centrifugal casting
C-7742) did not become extensive until after about the 6900th round.

6. The behavior of the estimated advance of the forcing cone was
con-istent with reported findings at Aberdeen Proving Ground for guns
of other caliber in that, when the dispersion in RUSSI velocity became
excessive, with Increase in the number of rounds fired, the advance of
the forcing cone was large.

7. The accuracy life of each of the 37 am NIA2 gun tubes 9191-241
(seamless tubing) and 2949 (centrifugal casting 0-7742) Is about 6800
rounds.

Peter R. Kosting
Metallurgical FAgineer

I. E. 4- 7
Colons,/Ordnan e Dept.
Directt. of laboratory
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I ITRODUOTIO I

At the Erie Proving Ground firing tests were carried out with two
37 mm IA2 gun tubes which were made from seamless steel tubing and one
made from a centrifugal casting. The behavior of the forzer two was
comparel with that of the latter. The purpose of this work was to
determine the suitability of seamless tubing for the manufacture of 37 c=
gun barrels.

In carrying out the tests, periodic observations of pressure, muzzle
velocity, bore diameter, accuracy and yaw were made throughout the life
of the barrels. After quite a large number of rounds had been fired under
usual circumstsncss the barrels were subjected to pressure firings. A re-
port on *Test of 37 mm "lA2 Seamless Gun Tubes, Forging Nos. 15292-39 end
9191-240 was issued by Mrie Proving Ground givine complete records of ob-
servations. A copy received by Watertown Arsenal was assigned the No.

13/20 for filing purposes. The present report is regarded as supplemental
to the basic one, Its purpose is to supply metallurgical information taken
from invoection data pertaining to the gun tubes used in the test. and more
Darticularly to make a detailed aidy of the erosion data.

In most work guns at Proving Grounds the ammunition is usually varied
and tressures and muzter velocities are usually changed from one group of
rounds to the next. Intercooarison of the behavior of gum tubes is difficult
if not impossible under such conditions. However, throughout the endurance
firing of these three gun barrels fixed am--unition frox the same lot was used.
For this reason the data are inportant.

In the Xrosion Test Data Sheet, given in Appendix A, are. the conditions
under which the firing tests were conducted; a deicription of the gan tubes.
including their chemical analyses, mechanical properties, and macrostructures;
and a description of the ammunition used ir the endurance firing, including
the chemical analysis and dimensions of the propellant powder grains.

D)uri•g manufacture the seamless tubings were upset oy forging at one

end in order to obtain sufficient stock for the breech ends of the gun
barrels. Inufficient metal was available at the time of inspection for
determining tne tensile pronerties at the breech ends of the tubes actually
used in the firing tests. But a study of similar -ieces of upset tubing
wat carried out by those involved in the development of this method of man-
ufacture of gun barrels. The metallurgical data in this report nertains
only to the setal used in the gun tubes which were fired.

PROCIEDU-R FOLLOWED Il T STUDY OF EROSICl-

0O' TEE- THRE GUN BAMM~S

The erosion data were taken from the Erie Proving Ground Stargauge
Records which are part of Firing Record iOO97.

The advance of the forcing cone was not measured at Erie Proving Ground.
It was estimated by taking from a plot of the stargauge records, the in-
create in distance from the bresch end of the point where the diameter of the

-3-
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land was worn to the extent of the nominal diameter of the groove.

Graphs were made for only that part of the life of the gun tubes
during which all firing was carried out with amunition from Lot No.
5315-2 having 10C0 charge with 6.314 oz. of single base powder and
the practice projectIle Y55A1.

RESULTS

Tabulated in Appendix 3 are the data showing the diameters of
the lands and grooves at 9.752 from the breech end (near the origin
of rifling), the chunges in diameters at this point, the estimated
advance of the forcing cone, the maximum major axis and maximum
orientation of yaw, the mean radius of dispersion on target, the ob-
served pressures, the estimated and measured muzzle velocities, and
the dispersion or range in measuz-ed muzzle velocity as observed through-
out the life of the gun tubes. In Fig. I the relationship between the
number of rounds fired and the following data pertaining to can tube
15292-39 are shown:

A - the erosion of lands and grooves at 9.75r, from
the breech end

B - the estimated advance of the forcing cone
C - the measured muzzle velocity
D - the dispersion in muzzle velocity as measured

by the range in muzzle velocity
E - the size of target as seasured by the mean

radius of dispersion at the target

Similar information is shown on Figs. 2 and 3 for gun tubes 91ý1-214
and 2943 (r-7742) respectively.

Erosion curves for lands at 9.75", 10', 10.5'. 11". and 12" from
the breach end of ekch gun are shown on Figs. L, 5, and 6. In Fig. 7
the erosion date for the lands at 9.75' from the breech end of the

three Vibes are shown In order to facilitate the comparison of the
three guns.

The extent of erosion and the rate of erosion of the lands and
grooves at 9.750 from the breech end at the 1O0Oth, 6000th, and 7500th
round are tabulated in Table I.

4-



Table i

Extent of Erosion and Rate of Erosion at 9.75" from
Breech lkd of 37 um MU2 Gun Tubes, Nos. 15292-3,
9191-24, and 284g (C-7742) at 1000th, 6000th, and

7500th Round

Extent of Erosion:

15292-39 9191-24 2849 (C-7742)

Gun Tubes Seauless Tubing Seamless Tubing Cantrifugal Casting

0.001'

Land Groove Land Oro ove Land Groove
10ooth Round 7.0 0.6 4.,4 o0.6 4.2 0.15
6oooth Round 23.2 3.5 21.2 3.8 19.3 2.E

7500th Round - - 52. 38. 37. 25.

Rate of Erosion: 0.1.1/1000 Rounds

1000th Rounk 5.2 04.: 4.14 0.6 14.2 0.5
6000th Round L.0 0.6 1.7 0.6 1.2 0.5
7500th Ro,4 - - 59. "44. 22. 29.I!
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DISCUSSICN

Erosion

Up to approximately the 6800th round the rate of erosion of the lands
in each of the tubes was rapid at first, ithen slowed down, whereas that of
the grooves avpeared to be constant. This is indicated in all the figures
and in Table I. But the extent and r-ate of erosion of the lands and
grooves of tubes 9191-24 (seamless tubing), and 2849 (centrifugal casting
C-7742) increased markedly after about the 6800th round. This change was
not limited to the origin of rifling but occurred along the length of the
barrel forward from this point up to at least 12 inches from the breech
end, as shown in Figs. 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 which all the tubes were subjected occurred at a period later in the
life of the tubes than is now under study.

This increase in the rate of erosion late in the life of the gun was
not observed in tube 15292-39. However, there ws fired in this one tube
a total of only 6752 rounds and the rapid erosion was first noticed in the
other tubes only at the 7236th round. it may well be that tube 15292-39
had not been fired long enough to establi-h the condition favorable to
the rapid erosion rate.

This is the first instance that has come to the attention of this
Arsenal of American data showing a marked increase in the rate of erosion
at the origin of rifling late in the life of some cannon fired under
constant conditilons throughout.

More information regarding reproducibility of data is needed before
conclusions can be reached regarding effects of comoosition, hardness,
and processing upon erosion. In general, it again appears that the effects
of such factors are small within the range studied.

Advance of the Forcing Cone

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

The rapid advance becomes noticeable after the 7236th round in tubes
9ln1-24 and 2841 (C-7742), but is not noticeable in tube 15292-39. The
latter tube has already been found to have been taken out of service before
the rapid erosion occurred.

At the time the rapid advance of the forcing cone and the rapid erosion
become noticeable, the dispersion in muzzle velocity increases markedly.
The average muzzle velocity begins to fall rapidly at about this time too.
The loss in accuracy, as shown by the increase in radius of dispersion at
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the target also occurs at this point. The accuracy life of the two 37
am i0A2 barrels fired under the prevailing conditions may then be con-
sidered to be 6s00 rounds.

In general, there are inadequate data concerning the advance of the
forcing cone before and beyond the 7000th round. However, the indications
are consistent with recent observations of Aberdeen Proving Ground regard-
Ing the advance of the forcing cone and its correlation with the loss in
muzzle velocity and dispersion In muzzle velocity. The curve of thoz 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 does not. The erosion curve is not as suited as the
forcing cone curve for predicting loss in muzzle velocity.

Firinx Conditions

A review 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 temperature of the gun tubes would
likewise vary because it is dependent on the rate of fire. This lack of
control may account for some of the variations shown in the erosion curve.
However, the temperature control may be better than the record indicates.
If the correct interpretation of the description of the procedure during
firing is that the tubes were cooled after each burst, which for the most

vart was 20 rounds in length, then the temperatures reached at the end of
each burst YM never have been excessive and may have been reasonably
uniform.

The firing conditions are not sufficiently specified so that, should
it be desired to test another gun material, it would not be possible to
fire it exactly like the tubes In this report. Therefore, another 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 NA2 gun tubes is small enough to indicate the desirability
of using another model of shorter normal life for erosion tests. Con-
sideration has already been given to the 37 am M3 gun for this use.

AcknowledMent

Acknowledgment is made to F. D. Weinfeld for his assistance in tab-
ulating the data.
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APPENDIX A

EROSION TEST DATA WWT

Caliber - 37 am Place - Erie Proving Ground
Model - XLA2 Date - October 25 to December 11, 1941
Tube Noe. - 15292-39 Test No. - Firing Record No. 8097

9191-21 Exorder No. - -- xperimentor - --
21s1 (C-7742)

Total No. of Rounds Fired - 6752 In Tube No. 15292-,9
7910 9191-24
7957 5 S 2481 (Centrifugal Casting C-77412)

No. of Rounds Fired with fixed ammunition for endurance testing and ob-
servations of utzzle velocity and accuracy: 6728 in Tube No. 15292-39

7577 ' , 9191-24
7929 • s 254 (C-.7742)

Rate of Fire for Endurance Testing:
Roumds per minute - Not given (GuA fires approximately 120 rounds per

Minute in 10-round clips)
Rounds per burst - Not constant (Rounds were fired in groups varying

from 10 to 50 rounds each, thoug 20 round groups
predominated. Several groups were fired in each
cycle of rapid fire tests so that from 1oo to 450
rounds per cycle were fired. 7h. time of firing
each group wra recorded so that the average period
for each 10-round clip could be estimated. This
average period varied from 1 minute Per 10-round
clip to 6-1/2 minutes per 10-round clip.)

Cooling between cycles -- Wet rags were applied to the outside surface
after each series of rapid fire rounds until the
temperature of the sarface was sufficiently low. It
is not positively known whether the eari** referred
to the 10 to 50 round groups or to the 100 to 450
round cycles previously mentioned, though the former
is most likely.

Temperature control - None used
Temperatures reached - None measured
Observations - Given in Appendix B are date pertaining to stargauge

records, estimated advance of the forcing coue, yaw,
target sizs, pressure, velocity and condition of bore.
Target distance was changed at tne 61.60th round in each
gun from 330 yards to 136 yards.



Description of Tubes or Barrels:
Caliber - 37 ma Type - A.A. Model- M1A2
Drawing - - Revision Date - --

Length of Rifling - Probably 53.53 calibers
IHAnufacturer of Barrel - Tubes 15292-39 and 9l1q-24 not known

Tube 2848 (C-77.42) Watervliet Arsenal
Material Designation - Tubes 15292-39 and 9191-24 Cr-Ho-St and Cr-Mo

Tube 2194 (C-77h2) Seeml-oe--4 , Cr-Mo-V
Maker of Material - Tubes 15292-39 and 9191-214, Timken Roller Bearing Co.

Tube 28348 (C-77142) Watertown Arsenal
Specification No. - - Heat No. - -

Chemical Analysis:"nTbe No. C Mn Si P S Cr Mo V

15292-39 .37 .W6 .755 .009 .01 1.31 .50 Trace
9191-214 .41 .73 .275 .016 .O0 1.11 .214
284•8 (C-7742) .215 .80 .l .012 .017 .945 .UT .145

(Data taken from W.A. Laboratory Report No. 310/3476, 314/7742, and 0.0.
Yore 1234, Heat No. C-77142.)

Heat Treatment;
yo. 15292-39 - 1700oF, 4 hra., air cooledSiS7xoF, 14 oil quenched

.p0oF 1' air cooled

9191-'!' - 17000Y 14 air cooled
16O00? 14 oil quenched
1iO500 14 air cooled

291: (0-77142)- 22000? 16 air cooled
165.0o07 6 water quenched, 4 hrs. 61 min.

B 12100F) 6 furnace cooled
M 12250?)

Centrifugal Casting - Tube 28118 (C-7742) Tubing - 15292-39, 9191-24 Seamless
"*1 Forging - -- Barstock - -

Mechanical Properties:
Y.S. 3long. Red.ofJrea Imoact

Tube No, Prop. Method T.S. % Values

15292-ý9 86,300 Muzzle l16,.30 IS. W1. 37 ft/lbs
9191-24 97,700 ' 127,00 15. 39. 34 ft/lbs
28148 (C-77142) 97,500 i 121.000 18. 58.-

100,000 Breech 125,000 is. 59. -
Impact Specimen - Notched Tension Charpy

Hardness:1
Otclock Position Tube No. 15292-39 Tube No. 9191-24

B.H.N. B.H.!.

12 (outside) 235 214
12 (midwall) 255 269
12 (bore) 2141 24
6 (bore) 2141 255
6 (midwall) 214 26
6 (outside) 2141 21a4

(Data taken from V.A. Lab. 4pt. 313/189 and 0.0. Form 12314 Heat No. c-77142)
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Macrostructure is satisfactory for each Cani
S/.crographic Report No. - No report, but Dhotomacrographs W.A. 223-1947

and W.A. 223-39I46 pertaining to the seamless
tubes are attached. Macro report for centrifugal
casting C-7742 of Gun No. 2548 is attached.

Microstructure - No report
Grain Size - Not observed Coldworked - No
Per cent increase in bore diameter - --

Finish of Bore: Hone, Broach or Not known

DESCRIPTION OF MA.]MUITIONR Ammunition Lot No. 5315-2 was used for rapid
fire tests.

Powder Description Sheet Data:
Maker - E. I. du Pont de Vemours & Co., Inc., Carney Point, N. J.
Contract No. - W-672-ORD-3417, November 5, 1940

Specification No. - 50-12-3, Revision of March 14, 1939
U.S. Arx, Lot Ho. X-4386 of 1941 Type II for 37 an Gun, MI12
Nitrocellulose Accepted Blends Noe. 5770, 5771, 5772
Nitrogen Content (per cent) K.I. Starch Test (65.5CC) Stability Test (1350C)
FAxiaun 13.16 45' + 30 min.
Minimum 13.16 45' + 30 ain.
Average 13.16 45k + 30 min.
TESTS OF FINISHED POWDER:

Constituent Inspector's Analysis

Nitrocellulose 83.19%
IBT and M (1& - 10%) V4.57%

(MHP -5%)
Potassium Sulphate added .96%
Diphenylamine added 1.00%
Volatile solvent .19%
Moisture .43%
Ash .03%
Glazed with graphite .20

Stability and Physical Tests:

13500 heat test, S.P. 55 min.
lbEplosion None
Form of Grain Cyrlindrical
No. of perforations 1
Ho. of grains per pound 22.660
Burning surface per pound (sq. inches) 1,761
Gravity density, or pounds per cu.ft. 49
Specific Gravity 1.5,
Hlygroscopicity 1.09

Grain Dimensions:
Inspector's Mean Variation in Per cent

Analytsis of Mean Dimension

Length (L) .2807 in. 2.29
Disaster (D) .o634 2.30
Diameter of Perforations (D) .0163 R

Web Average .0225
Difference between inner and outer % Var.above median from av. Web 8.00

web in ver cent of web average % Tar.below median from Av. 'feb 8.00

L;D (Y) 14.143%
D:d MI 3.146

Date Packed - 1/114/41 Date Offered - 1114/41 Date Samled - 1/17/41S ' iii



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

•emarke:-

Weight of Charge - 6.34 oz. at 700r, with 1.14 lbs. projectile, at
nu:,le velocity of 2600, developed 28,300 p.s.i.
pressure

Pressure-time curve for type of gon under test is not attached.
Primer:
Kind - -- Typo - - Designation - -

Lot No. -- Weight - Composition - -

Pr*@ectile:

Kind - H.E. Practice Type 37 am Model 1455A1
Drawing No. 75-2-279 Revision Date -

Nominal Weight - 1 . 3 h lbs. Loading: Hand, Machine
Material of Projectile - Material of Band -

Material of Jacket -

Sample Rounds:

Nfumber of Rounds in Semple No data available
Diameters of Projectiles: Average ____*Mean Dev._ ReDange -

in. in. in.
Weights of Projectiles: Average *M Mean Dev. , Range._____

Weights of Propellant Average 0_. *Mean Rev._ __ RangeOZ

Charges: os. oz. oz.
Yuzzle Velocities: Average __ *Mean Dev. Ra ngnge

Cartridge Casef

Material No data available Drawing No.
Revision Date _Maker Lot No.

_ Mean deviation = -um of deviations
number of observation

p eace = Absolute difference between value of smallest item and
value of greatest item.

iT



AMV/abk Copy -/eck

Laboratory Report No..q

Ux. 0.. 6M2).(0L-J" ,14

on
I - 37-mm Gun Centrifugal Casting No.C-77_ _

... i__ ji An cast

an"ALnJ=I 100' est .eta Loc... , . r.sc 2.5P tro•

SA x._• t.J rnI P3-s sc 2.5' rro• ~rr

Kong

- o.t. 5.85' 1- .71*

There is a ring of castimn segregates near the 1.30 diameter, From
this diameter to the outside there are columnar dendrites. A ring
of casting segregates Is seen near the 4.61 diameter.

1,k - 3.00' - .25'

The gun body area has a mixed dendrittc structure. There are a fe"
"scattered impurities. The bore is filled with slag.

Acet Continued manufacture.

Tested by
N. L. Reed

Accepted ACCEPTID

Information

Rejected

Centrifugal Casting C-7742



~ ~ ~e-

SI T 1 I T1- 1 I 1 .rrr



T.'� --

I

/

-� -. �

�

I &
4

�

it

* 0�

�

I: **�

S

I Z

37 W SCA�(SS � �

S.



t

'I
�PPL�DIX B - DRTAILXI) HISTORY OY riaiio

1�p

'I



APPIMDIX B

l~CS108 ST=~

37 mcGtm Tube 141A2. No. 91.1-2
flet~led Ifeo o Ir

"~Chalw~ In Advar~co N a x I m u a Target *-r
"Diameter Diameter of Forcing Xs~or Orient- Mean Radius a

Round Land Groove Land Or" Come Arit ation of Liaperelon Cbar~e Mec&sur

Ira. (Itches) (Ior~c Ichies) (lnch.es)(De,'reeý_) (:tch,) pEr cent r.s.l.

1.1458 19
3 - 10 - - -- - - -- 6.2c std. -

11 -13 - 0- - ~ - 00 -

31L - 3 16 -a-- -- - - ,

332-3s - - - - - -- 3418

691 1 L-62 1.1208 *CNoY4 (W0 l? --- -

692 -701 - - - - - - - 1.3 Std. -

702 - 704 ~ - - 0 0 -

J cc ~- 357 !-.50 - - 115 -

8ts -~6 e, 6? - - - - 4.72 -

1235 IJ'62 1 Lq .C,04 .000 0 -- - -

121,6-1255 4 -- L - - - 1 1 Std.-
Ir(1506-1 r,15 -- 8 - - - - -

261.9-20'29 "-'- - - - .51
2.,)L9-2021 -- - . -- C --

P031 1."76 1 409 .-*a rc-l 05 - - - -

22?221 - - - . - 0 0. - Std.

c^57,14 1-1470 1 1.99 012 .: 10 --

2r57r-2577 - - - - - 0 0 -- Ste.I. 257i-2587 - - . -- - - - 4.76 -

?92~236 ------ 0 0 5,142

31F6&-3190 - - - - - 0 0 - -

3191_l20O - - -- - - - - 41.14j

352 1.71 50 . 11 ki OO nl 10 - - -

I 7r5ý-755 -- - - - 0 0 -- Std. -

*79 36 2. c.ý
3~7-3~2 - - - -. - 0 101

'4016 ' .L711 1.5W0 01 X.' .15 -- - -

4?417-LPLO - - - - 0 0 Si ld. -

14250_4565 -- - -- - 0 3.69
!,r6q11A77 - - - .L.1 --

4;5g 1.1.76 ,I 001~ oi . .15 -- - -

a 1~.48!q-1162 co -11 - - 0 1 3 91 Std. -

5113110 1 501 .02 3 XI~2 . -- - --

512Lr,!26 I." - .5 - Std

c* 378-510 3- 1.50, 186 3.15 -

6 31;_=.6-6 I LL70 1.502 .021- 0^14 20 3.50 90 5.37

t17~i-6i - - - -- - 15z

61:2U61-- - 1.52 35 -.i
~6~z ~..x.18~.1.00040~. . 0 .-........- -



APPUDIX B

* ~ ~ MSICON STUJDY

____Dmtalle~ 2Hietorr- of fli~rin

I au a Target 'Pre~eure !r-
2Orient- Heat Radius Ir 4 e 1 o 0 1

atior of D13perulon Charge WM.-ouud Zstiruated !4oatur2td tr'
a)Dres (:chs Rer csnt r 1.1._~~j ~ __

6- .20 Std - 2C - -

-- 1.95 -- 26M ~ -

-- ---- - - - Cooc-r~Ig 15-601 from rear
-- 21303 Std. -. 260c. - face, Light ring of wrosiQor

o0 - - 26coo - tT r#Ar of Crigin ýf Riflinp

- 4.12 -- O

- - R- - - - !ing~ e ercsion in crAight
4 -- , L Std. - 26(2 - -f chs~ber. ind riens of
A-579- 26%:C -- P rroion 20"~ froc Origin of
4.1- 2600 Rifl- i1ng.

0 ~ - 2600W

O - Std. -- 0 ?oO - f rhy~r. Cmocpering P09

- 3.53 - boo -- , O-:- rigin `-' 34fline.
-- - - - -- -n,~n of *!rr'w:. nIncreatod.

- * 0 S. id. 2600 - - 'slon oct r nats uf
4.76 - 2600 - - t anA Zroc,7ez.

O1 3.42 -- 26or
0 -- 2600 - -

- s.41 260 R -

-- -- - - - -- - of erosioc increasce.
0 -- Std. - 26(cc - -

5 ~ 6 0 11 - 0

-- - 6LWo - r~ IL

0 S- te. - 26000 - - --rstgrt - ~

-- -- - - *- - Lirht ;Itp' tnez~c
91 Std. -- -

-- ~~~~Rn )f -- - - -- M t~ rcsiom edvancing

l~b -- . - -- grooves..
90 :A 60 - - ontlnnel advance of
150 ~ 7 .- r03alon -iig

16: 4.~1 Std. - oO - -

15 .3L 2600-W
- -- -- - -- - -- Atdv at Origin ef Rifling

0 -- Std. - 2555 -.1 ter~ding to be flatiemed.
- 3.45- 29

O L-33 --

- ------ - M~arkcee erogion of grovet.
117 St ad. - -- - -2515 -29 Etr,ir havy pittintg 4' in

A_ -_'NSM



- - - .6 35) 4 3L

S6692 l1 b!0 1.-50C .022 .004 .20 -- - - --

66934706 - - - = -- 0 0 Std..-
61o-6,in . .. - - 3 -4 • -
6911-6986 - - - - - 0 0 11-33-

*7236 1.493 1.525 .035 '12-7 25 - - --
72a43-7252 -1" .. . .. . 1.0 117 -- Std. --
"727ý-?282 -- -- .53
7523'-7538 - . .. .. .. ..5 101 1.? --

7798 1A.ý ? I .55o .o19 0 52 1-1/ .- --
779q-7SI5 - - - -- -- 1.55 9? io. 7: Std. --

-~78Ui2-7J8 - - - - -- --

759-78968 - -. - -. . ... . -

7877 1.5Z6 1.552 .o69 .054 1-1/4 .. . .. 100 *--1200oo7817%..7•S5 . .. .. ... ..--- - 110 °*o677

7896 1.524 1.557 .066 01Y; 1-1/4- .... 135 0....479oo

7909 -- -- -- - -- - - 150 0-465600
7910 1 .5R:) 1.561 .10 063 , ..1/4 .. ... 19 0 -- 3700

lutedi Pressure 28300 p 4.t. and ka"to Velocity' 2600 f/a with b.34 oz. propellant cbarge.
Amnition Lot No. ,15-2.

00 At 0.R7# free! rooch We.
see igh pressure roumd* useda ovowr from •upont L.ot Yb%.5.-19hO.

i gh pressrwe rowds mood powder from Lot 111611-1939. 3
SeRm1nst Thjt.1nC

i.M



35 4. Tr 2600

Landu at Origin0 of ifling
0 .- S-d. 2555 ;1- tendIng to be flattened.S-1 -- -td . .. . -• - ~ r ev lt~••P••0 L-.33 R260'c

-- - M=arked Progion of groo.es.17Std. 
- 2515 29, Ertr,. hravy pitting 40i

10.1 3 -- 2600 -- - adi'nco of Origin of Riftlig.0 . -- 2600 -. - Copper deposits hoay
throughout tuzbe.-- .. Land at .- 9 -12 o'clock97 1. Std. -- 260C -1' -WR I ~ to 2* forwr~rd-- 

2t463 156 fr-n OrigiQ of ELIfling.
-- 24:-5 163-100 

'1200S. ... ! I , es 6775 .. ...* -- -- 135 ""-047900 -- .... .. 150o .'0.63oo
i -- "" 190 *"S37

6W~~. f/ ih -4o. proptellant chrg. Amunition Components: shr11 prsvt-ce kt59,A and

39.

|,-!



MJ~IX B

37 an Oun Tu"be 3(12. so. 15?92-39
Detailed Eisto= of Yrl -

Estimated Ya.
"Change in Avance X a x I m -a m Tar- et Pr9-

-Diataeter Diameter of Forcingu Ma.or Crjent- Mean PladIu-
Round Land Groove land GraonT Cone Axis ation of Dispers-o- Charge Mea_

No. - (lchesg) (Inches) (loches) (inehesipa)( eees) (inches) ocr cert

1 45S 1.497
1 - 10 -- -- - - -14.53 Std.
11-3 - -- - - - 0 0 -

* 31L-1 - - 1.52 16 -

332 -3141 -- - - - - - -- 5.16
691 1.464 1.!497 oo6 ODO .05 -- - -

692 -701 - - -- - - - -- 62 Std.
70 - 7014 - -. - ~1.50 57 --

8r- -g -- - - .60 152 -

"76-585 -- - -- -- -- - .08
1235, 1 L66 1.149' 009 &YM 05 -- ---

124'6-.125zi - - - -- 4.7t Std.
1506-151i - - - -- 5.62
2017-2025 - - - - -

?029-2031 - . 1.50 163-
2031 1.147o 1 .Iq9 01? .002 .10 -- - -

22C52-22.0- - - - * 153 111 -Std.

22135-22914 - .- - - -- - 4.41l

257's 1 u7.I t~'Q Oil .000 .10 - - --

2575-?587 - - 1.50 175A 5.19 Std.
n,4-I29 36 l- - .50 133 5.39
31tt7-31899 - - - 1.50 1142 -

3193-3203 - - - - - -- - 5. V.

*3502 1.014 1 149S .015 001 .10 - ----

3753-376#,' -- - -- .5 120 6.25 Std.
- - -- ;- .7 112 4.62

404l6 1 477 1~9 '119e 00? .5
1424'7-426? .- - 70--- I' 101 b qq Std.

-- - - - r 16S b 61
1.~7? ~9 Z19002 .5 .

- - . - -- I.6 L92 14.'.? Std.
~.1'I 1148 1.501 Ong~Y~ 20 -

5~'. -5126 -55- - - 121 -- Std.
51'5-.53%i 1. - - -. i 2 151- 5.78

- - --- -- - -- 5.32~44-L6'46 '. L21 1500 023 m03 20 1.55 157 -- IN
9l97-5c- - -- 1.52 114 5.54
6159 14'1 1 5-)' 02 1 00'. 20 - - --

Oi -.61-.3 - -.. 1.55 15. 4 5.8 Std.
- i 6-25-61 - I -.. .1.. 159 8.00

(92 i 1- ,l 'Ci .021o cgh 20 - -
669ii4eL - -- -.. -- - 1.60 F? - Sc.

-- !!-a-7o . .. .. .. ---- 8 . s,8 -

A7ill 1.'-E 1.-02 .026 .0r5 .20

,=, -70 . . .. 1.o 7 -



A2PpI2DIX D

DROSIOI S=UD
37 2m Out Tube M 1A. Yo. 15292- 39 ( Por ging)

1

Detailed Eistory of FiriqA _

2 1 a u i Targot Pressure in

or C'rient- Mean Radiu an e¥ • 1 o c I t y Measured
£ ation of Dispersior Char-ge Meaesured Estimated Xeasoud Yelocityhas e Lre.•., (Inches) oer cent p.s.. fit,, ftL T. Remarks

__.I4.53 Std. 260_-•-
0 -- 2 -- 2600 . .52 76 -- u2600 -- --- -- 5.16 2- 600 -- _

- - -- -- - --- Coppering 36.5-.51' from4- _g2 Std. -- 2600 -- rear face. Light ring50 5720 
-- of erosion It straigbt

63 15-2 -- 2600 -- of chabr.
-- - L_•- - 260- --
[] _- e.-- -- t,2.5-45" fr

S u.?8 Std. - 26c rear face. Ring of

5.- 26o eroeton in stret~ght of
26,) chamber.

S- -. - Ring of erosicn is3 i 1 - Std. 2 600 - -. larger lroewan on
- . - 26oo - - lands and grooves 21.

from Origin of Rifling.175 529 Sd. -- -- of eroo lrge.
1Soc - Erosion on 11ands and133 5.39 2600 - grooveS •t•:reased.

:142 - C 2600 - - Cooper d"e.-sitc less.S.. . . -. l? * -2600 -- o
- -- - -- -- -- -- Ring of erosion In-120 6.25 Std. 260- creases. Copper de-12 4.62 26.00 -- Poit less.

_ i---- - --0 .o 21
- - -• • Marked Increase In

1CI 6 q Std. ,600 ..-. erosion. Co;per de-
is b 61 5 - 2t.X - - posits very evident.- -_m-...... - Lifht pitt in grooves"192 V Sta. - -26X

-li... Light pitting in groores.5 121 -- Std. -- 260r -15L 3.75 - - -
- .• 157 -- s-- ,2&.0 ... .

14' l 5.54 - 20 -- -- "-- - - MA.. rk#. n:a-ease In
1514 51.8 Sta. - &00 D rinA if erosion.
159 8.00 - 26)0e,

- -. - 006, *r-.SI~f at 9.2"'F7 t.- 2--522 I f:'~s breýerh fetce. Lend
d.38.!5 -) - etSI" at 

9 
'0 nd at-- .... 100 **3 400 .. ... - 12:C,0 ec'-!*ek 1' fro&n"" ,, " -- 114O #61;0 . .. Origtr cf Rifling.



67'11-6720 - - - - -s.

6- __729 1.l44' .0. .x26 .005 .20 .. .... 100 ..
6730-6731 --.... ..... 110

"" 6739 1 481 a .026 .oor .20 .. ...-
67,46-674 -- . .. . . . ...-- 4 1-5
6752 1 ý1 1 509 .01 2 .012 .25 - - -6

RAtrd Pressure 26303 p a I and Rated vol.city -6C0 f/r with 6.!. ot nr-tellant charge
Aumnl:t',.. Lnt Mfr. 'tW-2.

• At q.75* from Brch Eo. a.
EIrh vrsz~ ro-mcs etc ccd- f: :-a~tt Lot X'4¼191.0-1

.h peur," rmunde used Dooder from LofLT --1 !" 3 .SSeamless Tubingz



-- - - - - 0.0060 erosimr at 9.e259

97 - t. -- 2552 is from breach face. land

-- 8.13 6 260 - - staxing at 9:30 anl At
---- 100 *0*364M - - - 12:00 o'clcok 19 fro&

-- -- 110 9040300 - - - riglln f Rifling.

-- -- 145 0**51s600 - -

- - 165 **0*599- -

f4 wieth 6.!-. ot on-tellarnt cha~rre k: ,rt oM~r. C~rmponents - hen1 pract~ce Y51, an~d

VI'414)-19/

39.
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37 uj. Gui. Tube Y:A2- Soi 281.
Detiled Pittr ,f Fl ft

.*'CMn~p in Advar~ce x a x i . . a. T~lrtFreas re~

'P!aefte'r Diaez"ter of ?Frc2., M4akor Orient- Ptan Red'%... am
Round& no.t rr cc !An,! aroove csne Axis atlen of Dli~s~ Ct~argt Ye~as ord

____ '1 keknhe1R_____ c ' 'IncIhe, per Cent pji

1 -10 L1458 1.,qE 0 1 - .96 -Std
1-13 - - . - . -

311V. -316 -- - 0- -

319 _118 C- - - - - . .11k
;5. 1.461 1 4j'e .003 .000 0 -)-.

792 -7011 -- -t,--C 0 0 -

705 -TOL c- 0- - - -

585 -Z67 - - - - - -320

1235 1.1'63 1 1199 .005, G00 10 ----
12L6125 -- - - - - -- 3.99 Sid -

2016-2025 - - - - - - 52
2029-20341 - - - - 0 0
2011, 1.li69 1 4"9 .010 001 .10 -- - .-

2292-2294 0- - -- 0 1.9q Sid.-
2571 i.116o 1.11"9 On 001 10 - .----

2575-2597 - - . 0 0 6 95 Std-
2924-~2936~ - ? 15 1.
3197-3200 - - - - - .C -' I'*-

3502 1 L70 1 bOq CI ev 10 - .--

3753...769 - 5- - - 129 1 Std
3e70-m382 1- -- - - .- 10 go

3905-1.006 --- - - -

zao16 1.1174 1.500 016 .002 15 - .-

41247-b1259 - - I- - ,o 1.5 o9 5 ;29 St~ -

4563-4577*-- - 52 115 29
4 15q8 j1-.7? 1.500 .015 .002 .15 -

11852-b'861 - - - - - 5 70 Std. -

C5113 1.476 I-SO! .018 .003 15 - --- -

5177_5ý0-- - - - - 0 0 0 t2 Ste -

r.632-q16't -- -- 1- - - 35 22 L. 6-,
'.b47 '1 01 .019 .003 -5 - -- --

5897-5~~~~09 u - - -- 10 8J39 Std-
I~Ž L~77 1.5CO C 0 002 20 - - --

6 C6170412 - - 0 5E 3 Sic
644,. -- 5-- 1.---s ~21

'b92 1J7~151 .020 .(C. 2c.

b?01-ý675 -- Std-- - - .- -

6708-6717 -- . - - - - -C

6911-6ý93 - -- - - 1.50 70 5.65
7236 1.49! 1 519 .0310 0:11 25 - --- -

72412-7249 - - - - -- 0 0 - Sid. -

~,727-2S2 ~- ~- - 5.141



APPMIL'1X B

ZROS0ON Snflhy

3 v GuL ?,Ubi VIAP So ?F'48 (C7""2'

a u a Target "?ressure In

"sent- Yean RsA'%.* as ae 1 c CI t y Yea ured

:atlcnCharjc N.~esred'%tiinbted M4entured VelcelttY ~ ~ a4l t i e s o f D i s t o r t o en Ch r e n M -a se. . d C ' . f L f i r". • ~

* •:--" 3.96 •.sd -- 2v"• ..."0M __ -- 2520 -- --

_-- 6oc ....2.

- -- . . -$e r'g 1 -- f r o m r e a r

4 (-C6 Ste - 6w0 - face, Light rin~g of erosion
0 -- 260 -•. -- in atraight of chamber.

* C - 26cC-• ,2 - 2• --

-- 20 - -e.dcton iInccpperive.

-- 3.99 Sid -. 26W .

I2 -- 26cc -

-- 260 -

- -.. ..... .. -- Reduct• on it cooering.

0 19 Std. - 260 -O-

- -- - Heavy coppering Erosionl

0 6 95 Std. 26C "- - ring in str" •fht of cIAmaber

0 . -- " 2600 -

•i-• , .9.-. -- ?o' -- -- "" o " ./" r.
-. -~ Rine o:s'ros jOD deeper

i--__ !td Do.. ...,.,. . - er'. io7-1/2n from

go 39. 10'- bre

Sgrovs -. OrginofRl7i L

* 62co ?60c. -

- -~ -- -- - Ring Pn~f erosion Increasing

0 Z9 Sd.
11 529 - 20 - -

R- in of ero scin increased.

- 570 Std -- 2600 r- Light pihsan lande&ad

-- - -~ - - grooves at Origin of Rifling
Ring of erosion increased..

0 " 6? .. 2600 R~ton of pits extending
0 62 Ste- 2,1 ... forward.

122 - 7 * _--- ...---
122.... . .. . ir-oves r:utb

ee 4 9 Ste - 26,w - -

- --- - - HesY7, eo CI ~n
2.2,- 2-)r -

-- - -- -.... -. Lar.ets flattened 1* forvard

G-- Std _- 60 .... fro, Crhrin of Rifling

_- 2F9 12

70 565 -- ;,oco ?too
- .. .. .... . .. ..-- liHeavy erosion ring 5"

0 -- Std .. .. 2510 10 forward from Cr~gin of

- 8 -- 2600 -- - Rifling yIrst notable

9.4 d."0 2600 - - increase in erosion of groove
il " -- _-' . .. .- Ring of erosion deepened

13 li.61. SUd. -. 26oo - considekrably. DePP Pits in
a~ straight of chanber.



6971-6993 - 1.50 - 5 6

7236 1.499 1 519 .070 021 25 - -- --
7242-724,9 - - - - -- 0 0 - Std. --
7273-7282 - - -.. L --1
7523-7535 - --- 1- i6o 1.37 9.40-

7798 i.5O6 1 534 014 0.36 1+ - - --
7?00.451 - - -- -. 1.60 13-. 11 6. S,4. --
?S7g-U 9S ..5 -
7926 1.501 1 514 .04s3 .0 .5 ic - -10 ***'3lJ30
793%(-.793 ..--..... : I0 A,37300
7935-T931 ... . .. ...- 115 L05 o
793g - - -- 120 I47500
7952 1.50L 1.536 .o•46 .0!S .5 - - 170 62"00 -
7957 1.5C6 I.5b -0.s .042 .5 . . 155 75300

PRntod Presware 29500 , s.i. and a*,'d velocity "?607 fi/ with 6. 34 os. pr.-o"I'ant c.*rge.
At 9.175 from Breech EMd.

A Ammunitin Com-,onente, she-. Practice H45qU ftnd "Aaualtioi - so. 5315-2.
"- - 0 1*I,1,h prl.,ure ro,,ds • ,s,d zý,,Ier fr. 2u•.n• Lot XI4O3-019uO.

Centrifugal Casting

a1



O 4L.3g Ste. - i&7-7Z
so 3.21 - 2600 --

S ..... . ..- lands flattened 1" fervard

-- Std -- 2600 .... froe OrLign of Miling.

.... -- -- 259 212

70 5.65 I -- 6co - - 9

- -.... Heavy erosDin ring 5'
0 - Std. --- 2530 10 forvard frob Cr••in of
- 14h - 296o -- - Rifling. First n;atale

i17 9 Z- 0- 2'60C - - Itzrese in erosion of groove.

... -- ..- Ring of erosion ceepened

13- II 6, S'd. 2600 -- - considerably. Deep pits in
-- -- - - 2500 52 st:elght of chmber.

- -- 10o •'3s0 -. ...-~ -- 11 A,~ 37300 -

- - -- 115 40500 - -

u612 4?500
-_ • - 170 62300 .. ..

.• -- -- •15 75300 . ..

f/v with 6.34L ot. pooellant ckhArge.

Ition Lot- . 5315-2.

__0-.1__..

--- 1


