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Repert No, 313/26
Watertown Arsenal ) _
{Probleam B-28) ‘ Octeber 28, 1942

+  OUN_FORGINGS
Metallurgical examinsation of lecgion
from 37 mm, gun forged by Sm{;n-
W, and
machined by mu-&ﬁ—bt—dquu.
IR0

To determine the nature and origin of bore defects in the

forging.
REFRRENCES
0,0, 472,1/5919 -  W.A, b73.1/3883
0,0, ¥472.1/7419 -  W,A, 473,1/3896

0,0, ¥72.1/7751 -  W.A, U73.1/3984

The basic correspondence pertaining to this report is included

in the Appendix,

CONCLUSIONS

1, The defects on the lands appear to have been caused by

corrosion dnring the interval between the finish bore and rifling

operations,

2, The defects were not caused by heat treatment, poor machining

technique, or defective metal,




3« Prom thelr appearance the defects were serious enough to warrant

rejection, The subsequent investigation indicated that they probi’bly

would not have rendered the gun unserviceadle,

_ As M, White,
Assistant Metallurgist,
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AFPROVED:

Director of Laboratory,
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INTRODUCTION
J Boroscopic e’;,.niution of a 37 mm, gun vhich was forged by
smuqu@ummn and machined by the Nevtens: -
Pnnnﬁ{:nm revealed bore defects which appeared sericus g

enough to necessitate rejection., 4 M-1/U inch balf round section

of this gun was sent to Watervliet Arsenal for the determination

of the nature of the defects, That arsenal observed what appeared

to de decarburisation near the defects and suggpsted that. heat

treatment was responsidle for the comdition, It is kmowa, hewever,

that ia usual procedure 37 mm, gun forgings are quenched and drawn
before they are reugh bored,
The section from the gur, wiih only a micro specimer removed,

vas later forwarded to this arsenal and request was made dy the

Office, Chief of Ordnance for a "more thorough metallographic study--—-

¢ ' to determine the nature and seriousness of the defects revesled in
the bore of the specimen in question”,

' Most of the history and data pertaining to the ferging, in-
cluding the forging number, other mamufacturing records, .inspection
reports, and knovledge of the extent of the defects beyond the speci-

¢ . ment submitted, were not obtainsble. The absence of sush information |

is a distinct disadvantage in an investigation of this type.
In order to determine the nature and origin of the defects,

the following tests were performed on the specimen sudmitted:

D e

n3/2% .

(a) YVisual examination

(b) Macroexsainstion : ;

(o) Metallographic imvestigasion
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ERRSULTS

S m——"

1, Visual Examination

The defects in question were pitted areas which were:
scattered on the lands (Figures 1, 2, and 3). By examination of
the pits with a binoculsr microscope, they were seen to contain
a greasy, black substance which could be removed with a sharp
pointed needle, The greatest depth of pitting was sstimated to
be about .0l inches, Figure 3 shows pit'l' in & group whose ap~
pearance is typical of a eorrolion' pattern,

2, Macroexaminstion

Sulphur prints of the transverse and loagitudinal speci-
pens, cut as indicated in Figure 1, were made befers macroetehing,
Neither the macroetched specimens nor the sulphur prints gavé aay
indication of defeects or irregularities which would tend to canse
the pits observed on the land surfaces, (Photomacrographs are
reproduced as Figure li. Sulpbur prints are on file at the Vatertewn
Arsenal Lsboratory).

5. Metallographic Exsminatien

Tranaverse and longitudinal micre specimens were oub as
indicated in Figures 2 and 3. They were electreplated snd meunted
in Vood's metal befors polishing te insure the reténtion of any in-
clusions at the edges, Examination of a pelisked, unetched specimen
shoved that the steel contained relativeély fev aonmetellic imclusions,

(Pigure 5).
A nital etch 41d mot reveal decardurisatien near the pits

or any nonuniformities other than & #liZht degrée of danding And
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micro segregation (Figure 6), Structural distortion which wounld

result from poor machining technique, was not observed,
In an exsmination of the entire edge of the longitudinal
specimen, the severest pit observed was .007 inches deep.
DISCUSSION '
Most of the evidence obtained leads fo negative conclusions,
Macro and micro examinatione indicate that the steel is of suf-

ficiently good quality and that nonmetallic inclusions cannot bde

responsible for the defects, The absence of decarburisation eliminatee

the poesibility that the defects might be a result of scaling after
heat treatment, The slight degree of microscopic banding is hardly
sufficient to affect the machining properties and the apparent
absence of deformed metal further diminishes the prodability that
machining was to blame,

There 18 no absclute evidence which indicates that the defects
are 8 result of corrosion but that possibility should be considered.
Busting might have occurred at some time betweer the boring and
rifling operations if the forging was stored for a period of months
during that interval. If the pits caused by corrosion had deen
deeper than the height of the lands (.04 inches) they would have
been found in the grooves after rifling. The absence of brown rust
in tre pits might be explained if the cutting oil used for the
rifling operation was acidic (as such oils often are). The dark,
greasy subatance in the pits could have been depolitcd.ﬁnring the

slushing procedure before the bore was inspected,

bt 4+
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Yatsevitch/ts
VAR DEPARTMENT

OFFICE OF THE CHIEF OF ORDNANCE

0.0. 472.1/7%19 Vashington
Attention of
Ind, Serv,~-Arty, Div,

March 17, 1942

e

Subject: 37-mm Tube Forgings froam Strethere-Welle-
Titusvilie- Cerpezatian,

Tos Commanding General,
Vatertown Arsenal
Watertowm, Massachusetts,

l, VWatervliet Arsenal has been instructed to
furnish you with the material described in the
attached copy of 0,0. 472.1/5919, in order that s
more thorough metallographic study may be made,

It is requested that this material be subjected to
a metallographic examination as soon as it reaches
you, and that a report he furnished this office at
the sarliest possidble date, It is desired to deter-
mine the nature and seriousness of the defects
revealed in the bore of the specimen in question,

By order of the Chief of Ordnance:

(s & ¢) D, J. Martin,
Lt. colo. Ord.. D.pto,
Assistant,
1 Inec.
¢ Tile 0.0, U472.1/5919
(Copy).




Tassevitch /o8-
VAR DEPARTMEN? T
OFFICE OF THN GHIXP OF OXINANCE
e itasiorss | Yesmisgtos | |
Ind, SQrv.Ar_ty. Dv, - ‘ -

Jaguary 23, 1942,

Sudb ject: 3I7-mm Tubes from the -Seredthere-WellesTrtulville

To: Commanding General,
’ Watervliiet Arsenal,
Waterviiet, New York,

1. Yorwarded under separate cover is a plece of & ,4

37-mm tube mamufactured by the Struthurs-Voltwwitvewridle
Cerperation and rejected because of defects revealed by
Boroscopic examination. It 1s regquested that this

- specimen be subjected to a metallugrsphic iavestigation
with a view to determine the nature of the defects, and
that a report be submitted to this office at the earliest
date poasidble,

‘- By order of the Chief of Ordmance:

D, J, Martin '
Ilt. c‘l.. 01“.. 'D'pt. §
Avsistant,

1 Incl s/c Seat (6l8Y) :
Plece of 37-mm tubde.

b TN S s -
) o . ek 2 4 ;
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0.0, 472.1/5919
¥r.A. h72.46/2967 1st Ind, SLC/WK/ js

. Watervliet Arsenal, Watervliet, New York; March 7, 1942, ‘
To: Chief of Ordnance, Washington, D, C.
Att: Lt, Col, D, J. Martin, Industrial Service, Artillpry Divisien,

1, The half section, (longitudinal) 4~1/4" long, of & 37 mm, .
tube which was submitted to this Arsenal for metallographic examina~
tion exhidits numercus heterogeneocus shaped pits in clusters on the
lands of the rifling, In the pits there is present what sppears to
be dark mill seale, A cluster of these defects is shown in negative
PL 233 at 4X megnification. The faces of the grooves are entirely
free from any sort of pitting or other defects and shov moderately
good machined surface.

2. Microscoplc mination made at right anglo to the face of
the land and including an avor.;o Sype of pit is shown in photomicro-
graph negative PL 232, The photomicrograph shows that there is present
s partially decarburised sone at the land face and at the root of
the pit, This sone, which also follows the root contour of the pit,
is approximately ,0025" in depth before it begins to blend into the
metal showing normal carbon content for this tube, The microstructure
at the face of the groove shows norsal carbon content and is repre-
sented by the structure in the area 2" from the straight edges which
appear to the left and right in the ph.otolicromh. (Negative PL 232),

3. This Arsenal has no information as to tho method of mamie
( facture empleyed in the mamufacture of this tube, It would appear
. most probable that the tube was subjected to heat treatment after
rough boring and that the pits are spots in the gun which would not
clean up in finish machining, Thie ~mmdition could be caused by
‘ either too large a diameter of rough bored hole, or by excessive
crookedness, or by hout tmtlent of excessive length, resulting
in abnormally dup scale, or a cembination of these,

Tor the Commanding General:

8. L, Conner,
o : . Lt, Col,, Ord, Dept.,
E - Assistant,
¢ 1l Incl A1
‘ (Photos of defective 37 mm.
tube section - in &up,)

ko

e

cc Major Hammersley .
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Yatsevitch /o8-
. WAR DEPARTMENT
OFFICE OF THE CHIEF OF ORIBIANCE
0.0. ¥72,1/5919 ' ‘ Washington ‘

Attention of . .
Ind, 80!'1'.41"t!. Div, ~7 ' >

Jenuary 23, 19%2,
Subject: 37-mm Tubes from the -Strevhers-WetlssTITusvIlle &

To: Commanding General,
o : Watervliiet Arsemel,
- i Watervliiet, Wew York,

" 14 Yorwarded under separate cover is a plece of & A -
37-mm tube manufactured by the Strutherv-VellswTtvuwviile
Corporetton and rejected decause of defects revealed dy
Boroscopic exsmination, It is requested that this
. - specimen be subjected to a metallegraphic iavestigation
. with a viev to determine the nature of the defects, and
. that & report be sudbmitted to this office at the sarliest
date poasidle,

« By order of the Chief of Ordmance:

D, J. Martin
: Lt. Oel., Ord, Dept, °
| . Assistant.,. -

1 Incl s/c Seat (6U8Y) :
'< Plece of 37-mm tube,

A ,'in:l’: :

WA v oales . -
313/26 .
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