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i

Report Number WAL 647/8 at W Lol W ﬂ d N 7 Fobruary 1945

Prodlem Number D-16.2

REPAIR VELDED CAST ARMOR

Metallurgical Examination of Samples Representing
Ninety~slx Two Inch Thick Ballistic Test Plates

CBJECT

To earry out metallurgical examination of subject samples.

( SUMMARY
N\ —

lod\ Metallurgical examination including chemicel analyses, macro-
examination, herdness surveys, Charpy V-notch impact tests, nick-break
fracture tests, Jominy hardenability tests, and microexamination was carried
out on selected samples from the 96 two inch thick repair welded cast armor

tallistic test plates.

2e¢ 'The hardness level of weld deposits in the American Steel Foundries
plates was generally lower than that of the Continental Steel Foundries
depoeits, apparently because of a difference in the welding technique. The
stress relief treatment reduced the moximum weld metal hardness slightly, and
the draw treatment reduced the hardness more markedly. Theé weld metal hard-
ness of the samples which were quenched and tempered after welding was very
low because of low incompletely hardened weld metale A decrease in '
resistance to ballistic penetration is aepparent for weld dsposits with low
hardness level.Y

3s Notched bar impact nnd nick—break fracture tests indicate that the
shock resistance of the weld deposit would be inferior to that of the armor
plate under eevere ballistic shock, particularly =2t subnormal temperatures,
Notched bar impact tests at «HO®°F, show a definite decrease in tendency for
brittle fallure ns the weld metal hardness is lowsered progressively by stress
rellef, draw, and quench and draw treatments after welding. This trend was
not reflected in ballistic shock tests and all ths weld deposits appear
aqually adequate to withstand the conditione of the ballistic shock tests
employed in this program. The Continentel cast armor as indicated by Charpy,
nick=break fracture and ballistic shock tests was subject to severe temper
embrittlenent in the samples stress reileved after welding.

4, It is probable that an incremse in carbon content or in suitable
nlloy elements would imp-ove the hardenabillity and resistance to softening

during tempering of this type weld metal resulting in increased hardnees apd

shock resistance and consequent improvement in ballistic properties,
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INTRODQQE}ON

This roport deals with examination of represontative samples fron e
porics of 96 ropair woldod cast armor baliistic test plates. The examination
was carriod out in accordance with a roquest from Office, Chlef of Ordnance-
Dotroit (SFOME-ZE)., A sopy of this diroctive as well as other basic corree
spondonce proscribing dotuils of welding and heat treating procedures, and
ballistic testing is inecludod in Appondix A .

A completo account of ballistic testing results is contained in
Abordeon Proving Ground Armor Test Report No, AD-685, Results of & previous
examination of ramples from four repeir welded crst armor bellistic tost
plates aro repo:ted in Watortown Arsennl Laboratory Memorandun Report No. .

WAL 647/7, 28 & v 1944,

TEST MATERIALS

A total of 96 cast armor tost mlates, 36 x 36 x 2 inches with a ay
6 x 24 inch repalr weldod aroa were procured for ballistic testing, 48 plates
from the American Stocl Foundriecs and 48 plates from the Continontal Roll
and Stecl Foundrics. All welding was done with Harnischfoger AW 2C Mn-Mo
forritic oluctrode havlng a nineral (steinless type) conting. The plates
wore divided into 16 groups of three to reprcsent verious depths of weld
repair and post welding heat troatnent procedurss The detalls of heat treat-
nent and ballistic tost procedures (which differod in some rospects from those
originnlly prescrited) are given in Tadle I.

Samples approxinetely 12 inches square including a portion of the repair
welded ares wore flane cut from 94 of the plntes aftor ballistic testing and
forwarded to thies nrsenal.s From each group of thres simllnrly wolded and
hecat treated plntes, one samplo was selected for oxaminatlon ng followe:

Depth of Anserican Continental
Weld Post Welding Steel Foundries Steel Foundriecs
Inches Heat Traatment Plate Nos Plate Yo, .
2 Quench znd Drew A 1306 67954 —
1=3/4 / Quench and Draw A 1273 679512 s
1-3/8 Quench and Draw A 1292 1033~3 L
1 Quene)r an® Draw A 1277 fgl2~g
e Draw B 52 6815-13
1=3/U4 Draw B 67 6765~4 -
1-3/% Drow B 61 696511 ?
1 Draw B U3 68U2-2 ol
2 1100°F Stross Relief B 11k 6795~7 e
1-3/U 1100°F Strees Rellef 3 107 68L2~1k _
1-3/8 1100°F Stross Belief R 9% 397~1 )
1 1100°F Stress Relief B 96 68L2=7
2 None B 113 57959 L
1-3/1 None B 1k 6965-6 -
1~3/8 None B 143 6965-~7 -
1 ¥one B 131 6965-8 e
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TEST PROCLDURRE -

Fronm cach of the thirty-two selected sammloes two soctions apnroxinately
I/M inch thick wore cut with an abrasive wheol transverscly across the repair
welded arcas. Aftor the surfaces were gcround, one roction wns mecrootchod
in hot acid (1 nart HpSO4, 3 prrts HCE, and U narte Ho0) for forty-five
ninutes, and Rockwell C hrrdness surveys were nndo ns illustrated in
Figure 4 on tho other section. .

A11 weld metal standard V-notch Charry bars were obtained at midwall
transverse to the welding direction, fron samles with onc inch and with
twn inch donths of weld to wreprosent cach of the four conditions of heat
trecatment. Plnte metal Charpy bars wore takon midwall ormosite to the ropalr
weldod arca from samples with one inch romair veld depth tec represent cech of
the four conditions of heat treatment. In addition Charry hars were taken
nidwall from the unaffected plato metal of tho two inch reperir weld depth
in tho as-welded eonditicne In each case duplicnto Charpy bars were dbroken
at toth +70°F and ~LO°F,

Nick-break fracture tosts wero mede on samnles with cne inch denth of
repelr weld in each enndition of heat troeatment, Specimens were notched by
fiane cutting from cach side %1 leave on unnotchod scction three inch wide
transverse to the dirocticn of welding throush the centor of the repnir
wolded area., Ono quarter inch deen notches were then ground ncross the
3 inch section on both top nnd bYottom tr connect the flame cut notches. The
spocliens were broken in n stean press.

One Jominy bar was taken from the center of plate and one from center
of the repair weld in the samples with two inch repair weld Adepth and no
heat treatment aftor weldinge Bars wore end guenched nftor a two hour hold
at 1650°F, four flats «+030 inch Asep were ,round, oni standard Jominy hard=
ncss survgys were mede on two flats at 90°,

Aftor hardness surveys had heen made, the Jominy bars weroe used for
chemical anclyses. In addition, chips were taken for anrlyscs fron broken
Charpy bars fron the samrles with one inch Aerth of weld repeire

Sarples for microoxanination as deseribed in tho scction under Aata and
Alscusslon were taken frem transversc sections usced for hardness surveys
and macrocxaminations

‘v‘rv'r‘njﬁ"?‘vvi p——
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DATA AND DISCUSSION

;p
L Chonical Analyses
Ef}i Chemical composition ranscs ns summarized from anrlyses rercrted by the
:;‘j armor manufecturers werce as follows:
;. Frbricator C Mn 51 P S Cr N4 Mo ;_“
: Anericnn plnte »26/ 1,40/ .38/ .011/ .022/ Lu4/ — 28/ ‘
C ¢33  1.63 .50 .018 ,033 L6 35
wold metal 4083 1.65 .21 020 025 L0l .07 40
. Y Continentel rl=te -28/ le24/ .38/ .029/ 036/ .52/ 152/ Jlof

35 LL7 WJIs o ,038  Lobs W71 .87 LMk
well metal 15 1466 .27 0020 o020 LO7 trace LU2
1-3,.
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Check analyses made nt this laboratory gave the following results: ?¢
',
Plate No. C_ Mn s1 P S cr Ny o .
Amorican B 113 .
2" waid depth plate 29 1468 450 .015 4025 .53 Trace .30 :
weld  L08 1,74 .24 ,023 021 403 Trace .32 :“
Amorican A 12 o
lJozeondopth78 wold W12 1478 .23 4023 4020 406 Trace .37
Continentnl 6795~ .
o yweld (*.0]’)'“’1795 9 nlato 029 L. 52 .u2 .01&3 0030 067 p77 .)41 .

weld 09 1.86 422 ,024 ,020 o03 Traco 38

RS

Continental 6842-9

2 V¥ .
1" weld depth «015 0 11 .36

weld +09 1e86 426 ,023

Macrosxanination ‘ L

Pifures 1, 2, and 3 aro mhntograrhs of typienl mreroetched sections
fron the 32 sclecctod sampless The weld netal domosits were sound with the
oxception of one sammlo (Plete Yo, 6842-9, Figure 3)e The pagses which
appenr black in this photasrarh were full of nxido inclusicns ~nd snall sl
cracks and were etched out very rapidly by the hot acid. It is nossible L
that these passes were made with electrodes from which the enating had )
spalled, '

The heat affeccted zones in brth weld and nlate notal of the multiple
boad wold Aenosits are outlined very clearly in the macroectehed sections from s
the as—welded sarmlcs, loss clearly in sections from the samples which wero R
terpered or stress relieved, and were largely obliterated in tho sections L
from samples quenchoed oand Arawn after weldinge Tho metal which has beon s
hardensd by the welding thermal eycle ctches dark whileo that which has been S
retempered elther by subscguent weldings passcs or furnacce heat treatmont ,
etchos fairly unifermly with the unaffected haso nctalses Considerable s
Irrogularity in the oxtent of the weld hardened zone was ohserved particularly
in the 1=3/4 and 1~3/8 inch derth repairs, hut thore was no evidence in this
or in previnus exaninctions of armor welds node with this type ~f feorritice
clectredes thot the extent or charncter of the weld hordened zone affectod
ballistic shock perfernancos

Sovere centerlinc shrinkage, which apparently develops cracks under the
influence of hallistic shock, is apparent in severnl of the cast plates
(Sce Figuros 2 end 3)e Scvoro subsurface porosity is elso ovidont in some
of the cast plotese

Hardness Surveys _:"

Rockwell C hrrdncss surveys were medoe on transvorse sections from the
thirty-two selected samples. Fisure 4 shows the pattern for hardness surveys
end Table II is a tabuletion of the resulte.
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HardAness on the unaffocted pirte metal in tho as-woldcd samnles from o
Continontal Stecl Foundrics averases 21 to 24 Rockwell C with little .
variation through the thickness. Slightly lower and more varizble hardness U
readings showing & tendency t» decrease at the center of the section were L
obtained for the plates from American Steecl Foundriocs. Draw or stress
rolieving treatments subsequent to weldlng would be cxpocted to have 1ittle .
or no effect on the nordness of tho unaffocted plate motal because all such i
trentnents involved tomperatures and times of holding elther identical to
or lover than tho originnl tempering treatmontss Quench and temper troot-
mnents after welding were supposcdly identical in proctice and cffeect to
those boefore welding. Howover, in soveral plrtes from both manufrcturors
the hardness of the unnffoctod plrte motal is uncceountably decrensod by
the treatments subsequent to welding. There is no consistency in this -
effcecte

The hnrdness of tho weld metal deposits in the as-welded condition

shows a considerablo vrrintion as would bo expected because of the hnrdening

and tompering effocts in the multiple pass welds (Sco pattern developed ir
Figures 1 and 2)s Hnardness ranges vere approxinntoly 9«5 to 17.5 Re for -
the American snmplos and 1145-19 Rec for the Continental samplese The lower
hardness rango for the Amoriean sarmplos mey be rccounted for by the fret

thet this mnnufrcturcer used a wenving technique of berd deposition which

resulted in a lowaer totnl number of beads ~nd ~n appreciable higher inter—
pass terpernture (350°F max. for Amsrican and 290°F for Continental).

The 1100°F strnoss relicf troatment reduced the maximum weld metal hnrd- ~
rness slightly, The drrw treatment of 1200-1220°F lowered the average hard- .
noss rance 4 to 6 points Re; but there vwore a fou relatively high hardnoss

rendings in the tcp layer of weld pnsses - an indication of resistance to

tempering. It is possible that the rcheating of the other parts of the weld

deposit by subscquont welding passes hns decreased its resistonce to softening e 2
during tempering. A previous 1nvostigation1 indicated that the rosistance
to tempering may be somecwhot deperdent upon toemporonture and rate of cooling
from the last austenitizing treatmant.

, .
ke S
PASURN

[N B S
e,

The weld metnl hrrdnesses of the samples subjccted to quench ~nd temper
efter welding are very low (Continentnl 3.5~12.5 Re, American 3.15~11.5).
The low hardnesses nre a result of low hrrdencbility (see discussion of -
Jominy tests) nnd low resistance to softening during tempering of the
incorpletely hardened weld metal.

AR S
: A .

Yo attempt wns mrde to determine meximun heat affected zone hardnesses, S
since these zones were very irreguler nnd there was no indication thnt the !
hardered zone influenced ballistic frilure, Hardnoss rerdings which were .
ovtnined in the heat affected arene indicante the same hardening and tempering ;
conditicns o8 those revealed by the nacroexamination,

The weld rmetal passes bordering plete metal are slightly higher in
hardncss than the remainder of the weld metrl ns a consequence of carbon and o
alloy pickup from thc base retals -

Notched Bar Impact Tests

Rosults of Chrrpy V-notch impact tests nt +70°F ~nd =HO°F for toth
weld nnd plrte metals are given in Table III,

l. VWatcrtown Arsenal Leboratory Memorandum Report No. WAL 647/7, "Repeir
Welded Cast Armor - Meotallurgical Examinstion of Samples from Four -
Ballistically Tostod 2-Inch Thick Platee", 28 August 19uli, R
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Irpact bars takon from plrte motol, unoffocted by the welding hent,
from samples in the as=wolded condition gavo velues as follows:

+70°F, —4Q°F,
American 53 = 55 ft, 1bs, Lg - 53 £, 1ds,
Continental U7 - 51 fte 1bas 33 = 36 f't. 1lbs.

Specimens taken in plrto metal oprnosite to the 1" deop weold deposit
from ns-—yolded sarmmles or samples which wore tempered or quenched ond
terpered after welding show no significrnt differences fron the nbova
valuos. There is a marked decrcage in irpnet value of plate motal spocimons
from samples which woero strees relieved nfter wolding. The Continental
arnor suffered tho mwost fron this 1100°F heating ond furnnco cool which
undoubtodly induced toupor brittleness. Notch bhar imprct tests obtained
at +70°F testing terperature for wold netsl spocimens obtained from tho
deposits of 1" and 2" dorvh wero generally on r high levols Scatter in
these rosults ig¢ partially a result of hnrdness grrdients in the rultinle
pags weld, this effect belng greatest in sncecimens fron the ag-wolded
epecinene end probeably climinated in speeinens quenched and temperocd after
welding. Yhe testing temperature of ~Lo°F 1is apparently within the range
for trangition of failurc fren duetile to drittle for all of the weld metal
samnlos, which fact would nccount for considerable sentter in valucs, but
therc is a definite docreanse in tendency for brittle fallure as the weld
metal hnrdness is lowered progressively by stress relief, terper, and quench
and temper treatnents aftor welding, There are no significant dlfferences

el Hal Bl

in impoet rnergy Jevels of weld notal samrles from the two armor manufacturcrs

or sampleg representing tho 1" and 2" denth of weld deposits.

Fracture Toests

Nick~brerk fracture tests were made of semples with 1 inch deep repair
welds in each contition of heat traatment, Plate netoal fractures were
fibrous except in the stress relicved sarmmles where, 2s noted in the dis=-
cussion of notched bar irmrct tosts, termrer brittlencss developsd. The
fracture of the stress relieved Continental armor was dull crystalline
dendritic throughout the sectiony the similarly treated American showed
numerous very small spots of crystallinity.

The fracture of tho weld heat effected base metals were indistinguishe
able fron the remainder of the rlate fractures.

Excent for o narrow band ot the outer cdges, the weld metal fractures
were conpletely crystallines, The brittle failure of the weld metal in this
very severe test indicates that “ho shock performance of the weld deposit
would be inferior to that of the armor mlrte under very severe ballistic
shock or when impocted at subnormal temreraturese

Hardenability Tests

Figures 5§ and 6 ive the rosults of Joniny end quench tests for weld
ond plate metalse TFrom rublished date? the hardness of the weld metal, as
quencned in water in the form of 2 inch thick ~late, would be approxinrtcly

2, Eardennbility corparisons = Grent Lakes Steel Corporation 1942,
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that et 3/4 inch from the wator quenched end of the Jeminy bar or, from

the curves of Figurcs 7 nnd 8, 12-19 Rockwell C. The Anerican cnst armor
conposition is lower in hrrdenability than the Continontsal ut slther showld
be capable of fully hardening in two ingh thick plate when wntor guenchede

Microexanination

Fipure 7 shows the microstructure of sarmles from the quenched and
toerpored bnse metnls nt conter, midwall anAd 3/16 inch from the surface of
the plrte. The microstructure nf the Continental cast arror ie tompered
nertonsite throughout, The Anericen crat armor, which is lower in hardome
ability (see Joniny hrrdennbility curves Pigure 5 and 6) contains appreciasble
propoertioneg of freo ferrito and intermediate transformntion temperature
nroducts,

The urmer two rhotenicrogranhs of Fipure 8, at lower magnificnticn,
show megregrtion patterns in the two cast armore. Dendritic segregation is
more apprrent in the nlate with lower hrrdennbility where with the quenching
proctice employed differences in nlloy concentrations influenced the carbide
transformation products. The lower four photographs of Figure 8 show the
base metal microstructures at midwenll in smamples which were drawn and etress
relleved subsequent to welding. Thesc microstructures are essentially the
same as those in the quenched eand tempered samples. The presence of slack
quenched products in the American cast armor did not affect the notched bar
impact valuese Illcrostructurcs do not *.dicmrte the tendency of the base
metals toward temper brittlencss after the stress relief treatments

Figures 9 and 10 show the microstructures of the weld metal at midwall
of samples in tho es-welded, stress relieved, ~nd drawn conditions, A small
amount of martensite is present in a matrix of ferrite and spheroidal
carbides in the as-welded sample from the Continental plate, Very little
martensite is present in the as-wolded sample from the American plate (this
difference may be explained by the welding tochniguee =~ sce discussion of
hordness survoys)s Tempering of nartensite pntches and growth of spheroidal
carbldes occurs during stross relieving and to o greater extent during the
draw treatments -

Pigure 11 shows the microstructures of quenched and drawn weld metal
sarples to oconsist of heavily tempered carbides in a matrix of ferrites. The
distribution of the carbides indicates that because of the low hardenability
of the weld metal high tronsformation temperature carbides formed through
the thiecknes3 of the weld metal. The high terperature draw treatment has
spheroidized thesce earbides,

GEJERAL CONSIDERATIONS

In goneral, the resistance to dallistic penctration should correlateo
with hrrdness of rrmor or weld Acposits. Resistnnce to penetration tests
made with 37 mrs AP M74 projectile fired at 0° obliquity show the following
trends which night be predicte’ From results of hardness surveye3:

jedee nlso Abordeen Proving Ground Armor Trst Report Noe AD~685,
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The vallistic limit of the weld metnl wame rore than 100 f/s lower than
thnt of the armor for only seven plates: JAmerican, heat treated by full
quench and drnw ox draw only, 2" Aepth of weld, fired on either side of
plate; énerican, full quench and draw, 1=-3%/U" depth of weld, fired on
eithor sidc of plate; American, drew only 1~3/4" depth of weld, fired on
welded sido of plate.

Highoer ballistic limits woro observed for Contincntal weld doposits
which were found to hnve a higher hardness than the American weld deposits
in the re~wolded or stress relieved conditions,

As the depth of weld repeir in the pletes incressed the reslstance to
peneiration wae found to decrease.

Higher ballistic limits were obtained when the plates were fired on
the unwelded side then when fired on the welded side,

Ballistic shock tests while less conclusive, indicate poor performance
of the Continental plates in the stress relioeved condition, but no material
difference between other plates in the various conditicne of heat treatments

Notched bar impact and nick brealr fracture tests indicate that the
shock resistance of the weld deposits woald be inferior to that of the armor
plate under very severe ballistic shock and particularly at subnormal
temperatures, but all the weld deposits appeared adequate to withstand impact,
under the conditions of the ballistic shock tests cmployed in this programe
The stress relief treatnent after welding should not be permitted for cast
armor conpositions subject to tomper embrittlement.

As previously notedu, the hardenability of the typc of weld metal deposit
is very low, end improvement in both ballistic shock and penetration
resistance probably would be obtained by an incrense in cerbon content or in
alloy elenents which wonld increase the hrrdenability end the resistance to
softening during reherting below the critical hardening temperature,

4, Sec Footnote 1, Prge e

g

ST T T
© PR

[

. - . - .
T . . N
P P T DU UPPRETINY ST R O Puy TRV SR vl P




o YORSW i e w - S .

=R ETRTCTRTRT

b Sinih Nines

e T

gy W ETARGS M TSR

ST

6T 9¢GT 3oug i g
0 MIE=E€  foCT
o iy ol G6o1 b 3-1 *8A0Q8 S8 Sweg Ghi ¢
QKT EHGT juoagy H/-1 94
C°H 1 022T-0021
0651 G261 x0Eq FUTVISH I03FY ¢ g
N 0CH f1  0221-0021
0 0 101 o8 OCE : 0431
9 0 182t wed Ity 2 062t 9¢ g
f aty g9 0491
901 e3st juexy e :Burpley 0% I011g GG g
{9t on9t ¥oeq 821 v
0 uk S0£T o6 .
o 0 00T H0sq saoQqe 5B omeg 6821 v
OtthT {041 JuoLy 1 2321 v
. 0£6T 9091 308q 2621 v
w =M Mmmm 0B ‘240Q8 §® aweg ¢OLT v
Gehl 214t Juoxy 8/e~1 0621 v
GGhT 2961 oRq 6 &
o35 St 0% T8 b S ‘ea0qe s®v dwsg 0Tl ¢
Gexl  GEGT juoly #/€-1 glet v
g6LT 0261 qo8q mmw m ommwmmmmﬁ G2
n  u2f/T=lT 03 .
0 Potual}xXa :NANH oeq s 1FUTPI8); 103FY 90€T ¥
o g 9221 v e 0421
: n 1y 9 0491
SGhT 0841 L ¢ :Futploy 03 Jorag I &
= 3 T CY Y Tlen  37°1g po3deduy (FUT) U3deq UOUSTH SIg i, Taqumiy
Juiyoray 1(s/3)3tmrT 213811TRE ap1g atpedsy PIoH 3381

253 Ins3y Jooyg

- Amay

jusmi®ely, jeOp

83Insay o11SI1T=g

S939[d 358y usojJdouy

BRI OIS [Bg PUB JUSWATSI] 389 JO AJewumg

I Tavy




R ats

W Pt ettty s den ob

e
PR

-

SRR RS S

L AP

« T

T T

TR " S Tl S M DL AT R SR )

- R VI N N

[T,

291 TASOY 00Ug
s3Tnsoy °I4s1ITeg

Anay

{Q4LNCD) I HT4VL

UL} eIILL 1B

A L S e . - ...... - Py P - . -
(99 et AoBQ 6 g
R Y ’
0 uhft 921 08q "oA0qe 8% dwug 20T g
Ul gifnt juoxy 1 901 ¢
2/1-¢ J€-% 621 s onet o i
) 0 ““\me mmmﬁ A7 ToseqE 3w RS L0t g
gont Geql quoxg 8/¢=T 26 g
Gont 8¢41 3osq Lot g
al e 0T¢T .
zm\ﬁlm um\ﬂl: 905 T qo8q 2A0QE B® oWeg 2Tl ¢
2TH 6iq1 juoay nfe-1 (3 1
.0 .q o&.
26ht 6LST 3Hoeq g m%ﬁ #iIl €
. :2UIPISH 1913V
RIS e 6621 OZE f 0221-0021
0 0 1821 P8 mmm oMﬁ 2L €
v 0621
2gnt 6haT juoxy A ity 0491 8l g
:Jutpiay 04 I0TIg
TL6T ¢lGT 3oeq 6% g
0 0 o6zt .
o W2/1-0T  2let 340QB SB 3WwRG 66 ¢
5194 9291 juoi g T th g
OcH 0221-0021
HaST L191 3oeq 1eTos 2e43y 49 €
o) w21 LTet 0ZH 0221-0021
0 22/t Gotft Aoeq mmw wmmM 9 e
c 11y 0591
99hT 3¢GT juody g/¢~1 :sutpiey o3 sorag L €
33¢1d Pios C°1oA PTeM 23vid Do3dedwy {*uy) yzdsg uouany *sag ‘Ao Joqumyy
Supxouy (8 /3)31uTT 913511I2C  °OP1IsS zradoy e3elg

.A.v‘




- .._‘ - r T, PUR L , s H . o ) L : o i g Co Co Cee Fo el
SRR L S . N o L s . b > . H i . i L. .
S et e 1. . B RO O B . ’ 2 : ' . L o ,
w- - - ...... ’ ’ c ) ) —! o R : . 4 . n-}... e \, 'S . . .“.-M.
2 o
2 N
2 IR
.\, »
v” ““
b, > . -
.. ...
”. ....mo.\m\.« G ewsws 9y} 1030®J WOT3DOII0D - m\.w Q0£1 JO PBO3SsUT Ydul 00°2C 10F m\.w G221 03 paonpal £3100T2) °f , . \w
£ -:HOo\w\.ﬁ G Jo 203083 UO3DIVII00 — SSIUWOTUS YdUT 00°2 0% PIIV8ILI) ¢ - 1
§ *£310b11q0 0 *oT1avefoad H-Idd *WH 06 UITA PAUT®IQQ °C B
3 ssompIys PIen 03 peisnfpe  MInDIIqe o0 ta11309f0ad il *d°v ‘wm Lf WITA peurwiqp °1 Y]
[ 66T 9861 p— i a o
al ol g62t . .
: g2tu2/1E  anf1%  Gl2T oeq sa0q2 &8 eweg tr g T
. sent EhGT yuoly 1 1 ¢ © ]
X ) 4
: 1961 {641 308G trl 4 -]
g uC 89 7Ot T .- ]
. w2/1=142 /1 /16 6g2l #weq 9a0GR 8% Bueg 31 & , |
g Gont lenl juoIy 8/¢=-1 il € _ M
g cwmt  Sent %08 i & S
L 0 =N\H £121 . N r o
3 W2 /1-142/1€ 42/1-e1T  s8621 ke dA0(3 82 OUUg il € ;
06£T T quoI3 f/e=1 911 § \ B
. — ] ouou .. R
: gant urle H#ouq . FUTP1;, 03IV £11 € B
3 W2/1-2  anft-T 9621 0% f T ) .
: R AT g2 6oLt Hoey 0%K ] 0591 6ET @ -
2 ity 2 oGat S
b 1241 6191 quody I+ 117 9 0591 Git 4 ) B
w :3utplop 03 10TaZ T
3 3voild | PLEN | ¢°BA  PTY, 9¥Wld Pojodduy (°ut) 4sdeq YOUSWQ “SIH *do EELET g
4 uyped) (8 /53 Wb 933sTIT¥C 9P xyudoy PToH 232l y ]
f 291 Tnsdy ¥00Yg Laxy U9LeIL] 3I89H
m s9T089g °13S1T1I%g o
b ) A
n (@,IN0D) I TIEVL .
A
L )
"
E. .




-, ERAPROSSEN, i
W..MM ..... ] ;-
“ ..... m_
P oo
7 o
m
“. O%H #/E—HT-OT 2T-2  002T o _.L
3 €941 lz9t o0 HiH gV wu ¢ juodg , :2uTpley 033y  f-Onlg L
. 0% 2/1-f1-21 9-2/1-1 JFSk Voo
3 —HOIT  +29LT ot 29H 0dV & WO®Q 0%E 2T-8  #1-2/1-¢ mRﬁ $—G189 S
t o » N.NH ..... .......
: w.ﬁm N\ﬁ.ﬁm 3 :Mm..m Rt g
) v - -2/ 251 r
A 0 89 6611 o0 8=Idd ww GOT 3FHomq uc umﬁwﬁmz o3 .Howwm ¢T-G189 u,
2 0 0 9611 | o0  S-Idd W» GOT Hoeq 21-2q89 L k
g +369T  +28l1 oSt 291 0d¥ &  WO=q “0400% ST eweg TI-2h89 RERNE
3 0 «3/Tn1 0021 o0  9-Idd Wu GOT 3oeq T 6-2n89 ) 4
w. 0 oftfT HETL o0 S=Idd Wm GOT 3Ioeq €-££0T1 A
- -4h9T  +65l1 oSfT  29M OdV £ A «q *s40Q® ST Swag 2-£269 s
; 0 0 Geli, o0 P-Idd W S0T Ieq  3/¢-T H-G199 b
3 8361 H191 o0 hlW ¥ wu Lf juoig 7I-G619 R
5 +6/9T  +3181 oGt 29K 04V & oEq *8£0GT 8§ oueg £-5189 ’ v
X o oI G211, o0 8-Idd Wm GOT 0oBq /-1 21-G619 ol
& _ 240QR §B MRIP PUR Yousmpd
g 1561 £291 o0  flW dv ww L juoxg :SupTey 203y MG6L9 B
d 0121 S
2 : 0% 2/T+T-el £h/T-T 5617 ey
b ~{191 +oelt oGty TOW 5dV p¢ HOBQ 0%g 2/1-21-8 fT=h GlGT T1=G6/9 »
g *0°Z QVTmnm f/1=e=E1 m\.mM BRI
. Y A
0 aT 19T o0  8-Idd W= GOT 3o®=q g TWe Hlo.ﬁlmmnwv.ﬁmm:op uomwm 2e-5619 . T
_... 91eTg IR woﬂob Pisk 23vig Z3InDiT 811309l0xg Pejoedm] Seuoutr <uh *sIy Ssag *To “oN L
SuiAdey G(8/3)¥7WIT STISTTITBE -qp 3p1g  Twadeg pIo™ as1y 9331 ‘ ]
- S3Tn8sy FOoug LT .Hﬂd&m jusuleod] 4BOH 'Y . n.
g 53 N83y O13SITIBg BRI
2
= 50391g 3565 [23Ueut3uoy » |
b R
©3QT OT3STITeg PU® juULwWl®aly 3BSH JO Alemung I

®
{Qsdi00) I TTIEVL

YD APNE JU VI ST NS

a2 YT AL REA L A G ol b bd
»




" B Y

Lent 3eS1 o0 NI &v mm [¢ juoaj 01-41gg
€291 +06LT oGt 29M 04V & Peq "S40Q® S® aweg 6~5969
0 5L LiTTen o0 8-Idd W Q0T 0°q  4/¢-1 #1=2139
w TIY P 0l "
; . i ~Z= -2=T 00T
m T66T  06GT 0 tili 4¥ W iE juoag vd g/t-e-e mmwumww 2055 1-6Tog
) 01
w 0% 2/TT-21 9-h/T-T _gtor
_ ++T2/T  +308T Gt 29w 04V £ WEq 0y el-8 R=2/T=% QST . o
B - d on o - MMNH LUO.J«'\
uﬂ R m. \.ﬁ'ﬁllﬂ ICWV.«
. P f+ -
w 5 2/l 61T o0  B-Idd W@ GOT 309 g Y /10T mmuﬂmwwnonm ummmw 16619
w o GhiE~ET LTI o0 8~Idd Wu GOT 3omq h=2h29
. TeLT ++9hiT oS 291 odV ,& 3pBq 340Q® s° sweg £-2r25
. 0 8 SHIL, 0 S-Idd W GOT owg 1 22039
w 5 $2/T-1  I9T1 o0 9-Idg mm SOT o®q 5-G369
s +HITLT #1381 oS 29M 04V & omg *240Q8 S® BWeg £-5965
m 0 o d)2soq o0  B-Idd mz SO0T Mwy  gfi-T 156560
3 B 0%E 4/~4T-0T _2I-¢ Q021 __ _
. 206 2541 o0 fiy ¥ @m L¢ jumoag :Butptley 81y 21~G969
: - : 34
s 0% B/T£T-21 9-2/T=1 _JfCL
' - o =T S e -
: ~489T  ++6nlT oSt 29 0d¥ £  oeq C%E  eT-g  qi-2/1-% mmmm 6-G9!g
; 0 =G 2 _ateT
5 o~ v T Lol - OH -=J HNO e i
W o 0 COTTen 0 S~idd mu GOT Houq /¢=1 LIV 2/T-0T-8 - mmmmﬂmm umﬁmw n=%919
4 3591 TS O N 830Lg Z5TNDTI 8(1306( 043 Poloodi] Soqoul g  *sig “SIH *d. 0%
3 Zaoeiy ¢(S/3)3WTT 213STIT8g -40 eptg  y3dog PICH as1yg 33¥Lg
¥ s3TnsSey ¥ooyg ziedey jaswmyesay 3®ey
3 S3TusSsy S13STITRg
4
]
w S29<Tg %S Te3UauT3uon
] (TIR00) I Eiavl
:

)

A

AN

ARLLLE

»




""“

Rt
Al

. A

T

T

»

w e W WY

RN

-

e
>l

W LW

W
E-
:
1
:
:
2
1

0 s2/1-2 G611 o0  8ldd W@ GOT 39eq #1696
LT 04lT oG 29W o4V ,&  HoEq *sA0qe ST oweg #5969
0 0 T6TT o0 8-Idy mm GOT Hoeq g/¢-T 1-S969
(4 (199 4 o0 Hi Iy ww [f juog 0T—4969
+0T.1 VA oSt 29H Od¥ & Moeq *8a0q® S® oweg f1~5189
0 w215 L61T o0 S=Idd W@ G0T 33PBq  /¢~1 3-G969
?uUou
£341T 8291 o0 HlW v wm [¢ jwoxy :PuTpTOy 20337 £1-0%.9
% gt g1 OFT
+TTLT | 49181 oSt 29N DV y&  WEq 0%E 2T~ I~ /E~ mhmﬂ 0T-46.9
o 2l
0 0 ST 0°a wwxm :\H:wmmm nmmmﬁ
T ; ity -5 9-h 29T ¢
o) 0 GhTI o0  8-Idd wu GOT oeq 4 t "uaﬂwﬁmm o howmh 6-G6 L9
0 uss G611 o0  8~Idg wm GOT 3O®q L=2489
Galt +£9.T oSt C9H 94V 4&  O®q *aacqe s® oweg $=2439
0 +2/1~02 3621 o0 S—Ics mu GOT Fosq oI G~2r29
IT7 % *0°X
. ) PN A T2~ 11
85991d + 03Ul 830Ig 96TT 0  8—idg wuw (0T Hoeq 10 D °F /122 "WMHﬁmmw umed 1511004
. otet
OC%H 2/T-nI~2l 9=/T~T
\ A a 0611
+~+G9LT  +9TLT oG 29 0dV & PRqQ 9%y =21-5 T2 /1€ mwmﬂ 2=4h6
onn 21
anfit 0% L% iw.m.,m et
¢ ZeTo G -l1 36 ~I 317 WH ov -1 I1¥ 2/1-01-8_ 2/T 29T 1-)65
oMU /[E-L w2f3-4T 3611 o0 8-Idd W GOT Meq g/¢-T / “maﬁonMmou poﬁwm 1-065
aelg TI9K m.am> P19 93®81g A3InDIY 811303[0a1g pejorvAm] S8ydUT ‘TH *3JIY *SJIy ‘q. *oN
JutxoBI) ¢(s/3)37uIT °1381TT8g ~q0 aP1S y3degq PTIoH as1yg 9191d
S3Insdy ¥ooug atedeyg Juswiead] 3%E9H

sjnsey 9T13SITIBg

S33€1g 35B) LE4UaUL3UO)

(TINOD) 1 EIdVd

-

~ha

~ .
h*"' :

. ™oL "
Iy U U DN

-

-
A3
i
My

L)

\
.,

-

LA

O

LW

P Y

-
PN,

LI O SR W i

b

Y

.

"

-
J




m
m

AL A A e

o e

.

P LA

e -

. al
- e

i

I AR ke

T
‘

B R it

y

LR A e

*I030BF UOT308IJ00 3Wes Y TA u2/8/3 GLIT 21 pessulpe £4100T2A

°3 Paisulpe 43700704, 1(,410°/5/F G 11030%3) ,2 03 PO30ALIO0 SOT4TO0TEA 2/s/3 0021 uo peseq

ali &7 "Wm [§ Y3TM POUTSIQO 3TWIT STISTITIq Awiy - .
! 7 L t ug! LISTIT ¥ 10°/s :
OTISTIT3C wo1303303d 1enyom se}201pul udts on (s \ \m :
910mw 93BOTPLT SuFLs snld omg 1
Te13aed U431y segmotpur udis suig

. ' ,homommv uc O3 PO3IOS1J00 SB8IITO0TS,
[ *euorjeijeuod [BIjaed yfTy Duw o397dmod MOT WoSMiag 8
*£3100T84A uolyBajouad o3e71dwoo MOT S83BOTPUT USIS snUly : ron \w B

wx <J030¥I UOT53081100 oums PeR . :m\m\w Gzt

*SSaWHOTYF PToM 0% possnlpe
“3TWTT

*£3100784 WOIYRIYoUAE

*9T1303{04d 29K HIY 4& WITh POUIBIQO 4TWIT OT4STITRG uot3oajouad sjemyxoaddy G

S8T3100Tap nw

sa021d |
93Ut 9xoaq Ol11 o0  8Silag mi GOT 3oEg
Sil  +H99lT oSf 290 04V &  omg
o 0 LE11, o0  g-dd W GOT 3o®'q I
mpmwm ] FRERY w¢Hmb N@Hmm 3381  A3INOTT STr3os5[ 03 Pasocduy SSDUT
Faixosay G(3/3)3ITETT OTISTITBE ~qQ 8ptg y3dsq
530Sy Ho0Yg apeday

S3nsay °13181Tivg

$9921J 458) [<3Udul3u0]
(C.NOD) I TIAYSL

OCH
OCH
*0°d
ity

o

auou
:3urpTay 1933y 1+0969
0121
£T1-eT  9=2/T-T 11
21=8  nI-n/t~h mm..mﬁ T=£269
o, e et
2/1-6-8 9=n/¢=£ G2gr
13uIpTey 0% .Howmm 3-4969
“Say ST 1o Voy
PIcH as1y 93dld
uﬁmﬂaﬁmhﬂ P.mmm
‘- -
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TABLE IL ]
Resnilte of Re Hardness Surveys Co
Amerisan Cast Plates oY
Repair X \
Weld As Welded Stress Relieved Drawn Quenched & Drawn e
Depth _AB cD TF  AB [ 7 AB cD TF _AB D _EF b
‘ B 1173 B 114 B 52 A 1306 1
15.0 21.0 12,0 5 21.5 1b.5 13,0 21.5% 10.5 T 2'.0 8. n
3.5 23,0 115 1%.2 aa.g 13.% 13.5 22,0 1bL.5 9.% 21,5 s.? .
B0 2140 12,5 10,0 19,5 11.0 10.0 19,0 12,5 5.5 21.0 745 2
1We0 20,5 13,0 105 20.5 105 940 185 125 2‘5 21,5 7.0 _
ot G5 22,0 14,0 11,0 21.5 11.0 10.5 19,0 13,0 50,5 18,0 8.0 )
13-5 2-'05 1_‘.5 1555 2200 10'0 laus 2305 10.5 10.0 15.0 905 N
15,0 22,0 1}05 15'5 23.0 900 1 05 22-0 13.5 1140 2305 8‘5
1100 8.0 12.0 11.5 2 20 9.5 ~._.,:
1h4.5 11.0 1340 8.0 T
14,0 10,0 14,0 5eb -
16.5 10.5 155 1145 s
1700 1100 h
B a4l 3 1071 B 61 Aer3 -
16,0 21.5 125 1360 2045 10.5 11e5 21e0 115 5.5 17.5 6a5
13,5 22,0 11eH 1265 2145 10,5 T7o5 20a0 10,0 55 235 645
10,5 2065 135 1005 2045 115 845 1805 1045 0e5 2145 55
1245 17e5 1545 845 1945 11s0 840 1565 9a0  To0 21,5 55 .
o 11.5 18.5 11.5 11,0 1G.5 1l. 1:5 1545 965 5.5 20s5 Ta0 )
1-3/ 12,5 2145 13,0 1le5 2340 11,5 9.5 155 105 o5 2205 645 e
12.5 21.0 12.5 1365 22,5 11.5 11.5 21,0 9¢5 9uB 23,5 840
11.0 1145 11e0 20.5 11.5 1U,5 20,0 Q¢5 10,5 22,0 840
15,5 14,5 15,0 12,5 15.5 19Y.6 1l.5 12, 7.5
25.5 14,5 2040 1340 1640 13.5 1beH 940 s
1545 15.0 1545 9.5 ]
13,0 RO
B 143 B 9% B 6T A 1292 N
15.0 2145 1560 1140 2045 12.0 E.5 120 To5 U5 19.5 6.5 M
15.5 20.0 1640 1240 1905 12.5 10.5 18.0 11.5 5v5 1905 5-5 N
15:5 19.5 15.5 115 17.5 1U.5 6.5 175 105 5.0 19.0 3.5 s
155 19+5 15.5 1140 15,5 140 3.5 16.5 9.5 5.0 1%.0 5 -
16.5 1945 15.0 15¢5 21,0 1145 105 150 3o 5.5 16.5 M0 L
1-3/g" 2305 20e5 1545 165 1940 13.0 17,0 1740 90 19.0 19.5 4.5 L
2245 21e5 12,0 1545 12,5 13,0 19o5 100 21.0 20.5 k.5 S
1745 1.5 8e5 2045 20,0 Me0 o
1565 1365 1040 445 L
1700 i 05 1109 7.0
15.0 1645 740 -
B 171 3 96 B 03 X 1278 S
16,0 2105 13¢5 1040 1645 80 100 1945 95 g.s 17.5 55 S
16,5 23,0 15,0 13,0 19.5 11,0 %zg 21,0 11.0 5 17.5 g.s R
150 1300 19.0 12 17.0 11.5 12, 17.5 11.5 Ba0 1%»5 «0 [
5,0 20,0 17.5 10,5 18.5 11.0 10,5 14.5 940 %:5 16.5 6.5
18.5 1805 12,5 «h 18.5 11.0 11,0 18.0 1140 BeH 160 745 )
X 5 20,0 15,5 19,5 19.0 10.0 13,0 200 9+5 12c5 1645 Te0
29 20.0 13.0 17.0 20,0 12,5 20,0 2065 10.5 1%.0 18.5 7«5
cVe ) 1 n5 o 1245 __IE_:E 18.5 8.0 LDe 1705 805
2eh 15.0 2050 1%.5 19,5 1140 17.0 745
22,0 14,5 20.0 14.5 20,0 11.0 20,0 840
2leH 16.5 1840 16.0 21.5 14,0 21.5 840 -
2040 1540 18.5 2045 19.5 17.0 7.0
NOTE: Underlined readings taken at 1/8 inch spacing.
- - - - - - - - - - - v v [ J L J ’




TABLE II (CONT'D)

Continental Cast Plates

™~ W W WO Y W W aande ahase dhols TAL oy Moot aiog Shei ate hews sion ke Ak Nicld ekt Rievin Jinus Bhiay ARt Meeth okt et Shbie Sabie Shedh dheit MR abi Shente Bt Shansahee Baied ek e B dntes Shadn Mhes St S indt SASn S Yhadn- 4y
B T T Ty Y T T T T T T S At b it g s R G Bt i S e S ST Ain it S

Ty o

As Welded Stress~Relieved Drown Quenched & Drawn
AB cD jou) [ EF AB cD _EP ¢D)  EF
6795-9 61951 661513 67954
205 22.0 175 16.5 145 1145 1945 945 5 22.0 35
17.0 2l.5 1%.5 16,0 17.5 1145 1940 1045 5 22¢5 3-5
15.2 %9.3 1 .g 13.5 %6.5 10.5 50.0 %é-o g gg.b )
l . -“. 1 L] 1 ® o' [} [ ] L) ® [ ]
12.0 22,5 15.5 17.8 12.? g-g 1 -g 10-8 5 21-5 ﬁ.?
18.5 21,5 18.5 18,5 140 7.0 1840 1145 0 21, 3eH
2CeH 23,0 1640 19.0 1640 15,0 18,0 1l.5 5 2065 365
20,0 2140 18,5 16.5 1665 9.5 1165 0 2245 50

19,0 llog Eog
14 oo 120 [ M
1205 3‘5
6965-6 6alUR-1Y 6765-4 6795=12
155 23,0 13.5 12,5 21,5 1840 11,5 205 945 23.5 11,0
15.5 2;.5 13.5 1605 2065 165 11,5 2145 1205 2245 945
Hel R SRRl
131% 2é:g 1325 1 26:2 13.5 §§5 5520 1238 14,5 8:%
10,5 2345 1445 I8cH 20.5 16.5 13,0 2le5 1HeO 20.5 10.5
Lzlg 2%.0 1540 13.5 21e5 17.5 12.5 23¢5 1M.5 2l.5 1045
1350 13.5 eh 20.5 185 IO 2245 15.0 22,0 1045
18 150 2040 17.5 1 .% 14,5 10,0
0 17.0 13,5 17.5 22, 16.0 10.5
2745 1940 17.0 20.5 16,0 10,0
2%:6 %9.5 %Z.g 6e5
20, o
69657 997~1 6565=11 1033~3
2040 23.5 1560 22,5 1245 20.5 21e5 13¢5 23.5 12.5
14.5 28,5 1645 22,5 12,5 165 2105 a5 24,5 12.0
18,0 2245 16¢5 22.5 13¢5 13,0 20¢5 1lleb 21,0 12,5
14.5 20,0 1740 23,0 13%.0 10,0 19,5 1l.5 22,0 11.5
11.5 22.0 17.5 23.0 9a5 13.5 20.5 1045 215 105
2Ue5 2060 1565 24,0 13,5 12,0 2065 7eH 22.5 8,0
2U.0 2%.5 195 23.5 13,5 20.0 2245 10¢5 23.0 9.5
245 27,5 18,0 22,5 13.0 21.0 1105 22.5 8.5
19o0 19.0 11.5 905
5000 he2 328
¢ * 1?:3
6965~8 68l4e-7" 68422 6342-9
17,0 24,0 1U4.5 18,5 175 175 2140 1245 12.0 25.5 8.5
15.0 23,5 1645 18,0 17.5 15,5 20a5 1%.0 9.5 24,0 11.0
14,5 21,5 1L.0 1%,5 17.0 12,5 20.5 13.5 9.5 22.5 110
13,5 245 1U.5 1940 18.0 135 195 1245 8¢5 2365 1140
L.QR c)-i-.é 15.5 19.5 16.5 1 [] 1900 13.5 ﬁ 2305 10'5
10.0 245 13.5 20.5 16,5 13.0 215 13%.5 W0 25.0 8.5
17.5 25.0 13.5 2000 17.5 18,0 22.5 12,5 12,5 25.0 9.5
%1;5 1L.5 2040 P0eh 2le5 1le5 21,5 24,0 11,0
2.0 1565 b 12,0 23,0 1045
21.0 1740 22, 11.5 23. 10.
23.5 1;.5 5 12.8 2%78 1o~§
2345 23,5 16,0 25,5 11.5
16,5 *
* Inadequate sample - taken near end of weld.
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XTI RMERMEAC RIS ab b A dr A st Arats i~ sty di g e ety e e 400 0 are st DA o g AR o Bat o) e e
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TABLE I1I R
. Charpy Impact Results {
-
Depth Charpy Impact Values ~ Ft. Lbs, . e
of Testing As Welded  Stress-Relieved Drawn Quenched & Drawn U
Repair _Temp,  Weld Plate Veld Plsate Weld Plate Weld Plate
American Cast Plates 0’
oM 7008 103 53 100 111 91 o
113 55 g3 93 97 A
...Ll,ooF 29 “'8 29 60 73 : :
38 53 39 47 100 E
L0 jer 2 M 108 L6 112 56 106 66 :
75 L6 98 46 119 59 96 67 .
32 39 37 71 27 53 28 52 .
=HO°F 4y 36 Lo 36 52 56 33 Ug !. B
Continentel Cast Plates
107 W 74 101 132 r
n © - ;
2 10°F 450 5y 56 13k 132 by
gep 22 36 31 108* 94 ;-';f;._j:j?
22 33 25 usg %5 fyns
A
1" 7007 92 1 a5 22 120 L6 117 41 L—T
74 Y4 86 22 114 4g 128 It N
AT 27 26 7 9 105* 23 21 35
ho°x 327 iu 11 21 27 727 -
:
*Weld metal defect piocsent - split fracture. T
—
P [
- - - - - - L 4 L J L 4 - L J v _




WATERTOWN ARSENAL

MACROETCHED BECT IONS THROUGH REPAIR WELDS IN AMERICAN CAST ARMOR BALLISTIC TEST PLATES
AS WELDED. PLATE BII13 — DEPTH OF WELD{ FULL THICKNESS, PLATE BI44 — DEPTH OF WELD !
I 3/4 INCHES., PLATE BI43 — DEPTH OF WELD?! | 3/8 INCHES, PLATE BiI31 — DEPTH OF WELD }
I INCH, MAG, X 3/4, 11 JAN 1045 WIN, 1 21-606
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WATERTOWN ARSENAL

MACROETCHED SAMPLES THROUGH REPAIR WELDS IN CONTINENTAL CAST ARMOR BALLISTIC TEST PLATES
PLATE 6965-6 ODEPTH OF WELD

$

A8 WELDED, PLATE 6795-9 DEPTH OF WELDL FULL ICKNEES .
I 3/4 INCHES, PLATE 6965-7 OEPTH OF WELDS | 3/8 INCHES,
12 JAN 1945

I §NCH, MAG, X 3/4,

PLATE 6965-8 DEPTH OF WELD
WIN, I 21=607
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WATERTOWN ARSENAL
Macroetched Samples through Repair Welds in Continental Osst Armor

Ballistic Test Plates - Variously Heat Treatod. Flate 6g42~-7: (In-
adequate Sarmple ~ Taken Near lind of Weld) One Inch Deep WsldrStress
Relieved afier Welding; Plate 6842-2: One Inch Deep Weld-Drawn after
Velding; Plate 5842-9: One Inch Deep Weld-Quenched and DPrawn after
VWelding. MNag. X 3/M4 WIN. 121-615

Figare 3.
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X100 Picral X100 Hicvrd
Ameriecan nlate A1273 - Cuenched and Continental plate £735-12 - Queached
drawn after weldingz. (Midwsall) and drawn after weldinz. (lidwall)

SRPRTIIN g i ts s e . ‘e - o et e
_7-0\,‘._‘:,0,. -3, ..g&,% ‘;:L'\tr‘*\{;g;k . :‘-;..’ ll T
: N : LA

L
-

N G R
8 AT
i Vil ‘j:;‘ ) .wi-&. ;

S
%)
ey
3

AR

al

‘e

#

1

3
;}.

: : “lv ;
[ P '
r ™
4 ,.'w”"' RS d
v 7 -:L)"' . "tﬁ /5 ! |
R TS A ‘
BN S0 2 TR NS :
X000 Pier:1 ' 1
Armericen vlete BYG = Stroge relievad American plota BUT - Drrun - fter oo .
rfter veldines, (Midwell) ing. (Midwatl
B R T VT Wt JEI-T T —~ . FEELI e MR (TITL N TS
h"-e,"" :_,.,.s_.n.j'\‘ * ‘\ A ;;“\-'f"" ""’i’}z:zi‘ h"”‘u—".’“-."v ! b.’i.:{::'?;ﬁ:, LR Y - ‘\“ ‘:‘;\_y’r’, . V‘_.O_‘\-;fr;\';’,/'\
ey e ERh) ST N R Nty N SN TR e
,?Y - X ‘5‘,'&‘,%' < '5:)“’\ T—;,._.'- Vo e N -".,-‘p‘;!_-’_;n WD
T k Sk -8 ,\v'-,'.:, Ty e
. . h" ~
B ot
" l .-'- ..\ -." .
R A N
C 5
o
<
™
1
L 4
.t
X1000
. Continentsl 11lnts 68L1=7 = Sgrasn Continental nlnte B7OR=k — Mvoom cete
relievad after wedidin:-, (MAw.11) welding, (M)
’ WIN .6 3G= 7040, Firure &
ASNTd XA LINFWNHITAQD Ly [SERIRISISH VR
el RS BACIAL W W O, PR, VO, W VR Y W .-1'.;-':'11.:1‘.‘1';\-;':-.';{;"'.\ -




VTR co T Y ! KRN | ST MR S e A% BN R AT A VR EIRAOL W T Plagu i 8 | AY Ve Ruly SWAR MWIRRILRTBLR BTN W PR AT LBl 4 WL L L/ LT R LRGN MR W R TR
' \ - v o | R . \ L ) . AN ARE N p ATT A \ Lo fa! .
\ . ) . . . ) vy ; - EAL v \ RIREA i ST
-~ g : \ \\ AR \, ‘\~\ \ O \ W \\ ) 5 TR \
. A PR [T " v 3 A ; N
" \ \‘ k. B v l\ u\‘ \‘ N 5 \ A ‘\ \\ \! “ A \ g . :
\ : A . . , AR N ALY \ A T A TN ey ‘
S o A " N .',\(" \ Al o e '\\\ : \ \ v tw e
AL bt . yt ey \ RS - “\\ M. 9 A A"\”“\\ () A AR . : \ ¥ | k \
8 . N [
. R R b [ZR
. " ’ . :
1 . .
. [ R .. N
.
. . . BN
. . . . . e
) ' . N ,
. .
be o .o .
v, L " K
U LN
. L) L L .
v . - . e * T PN
e i, - )
K . . - .
. > e o, e
b e ' . .
< - [ .
. . e i Wt .
“‘ . ’ . !' .
S L oY “ ‘.
:‘E . "' oo .‘ . L - . ..
€, e o o .o
a van b et :
. Co
. ) * . '.‘ Yt M
. P . ) .
N o . . -4 "
Y ’ o .
: v, " S L R
., o e ' " o
R o, - . '
K ’
(&) ¥
e D8
© -
FE
~ [
o e
be M
(V] 42
A u.
Ha o
o
H )
. ! gt
()
< -t
_ ‘.,
o
L by as g
e 5
« RS
l‘( Trq
w .fu
0 !; -
’E
(8] t
.3 I
= 2
42 N
i -1
(@] -
. 4
1) N
o4 o
) L}
T
o}
A
.l
G
e
v,
-
L]
1]
‘
[
. e e
u,a' h"‘
#m\‘ ; .-"A }\q. .
e _.




r Welding

Drawn after WelZding

: . . .
N . . .
r . ’ . ’
. ’ \ ) B '
., . ' f
. ' .
B L . . . . .
. - e \
. . r . [ PR -
. . .
\ L0y . R .
“ion s Ve . . N N
H - . . o
. Ve R .
. Lt ' ~ - * EE J
e ‘1 R
. . . 1) .
. EERES . .
" . h . v L I '
h - PR Y N
4 L . . - \ .
‘e - . .' b * * 4
. Lo ' by
- P L e
~- . . - AT <oy
. t . ‘. . . -

oS
e

)

. “-g;l.e' :
i

PSR, .‘55-'-‘ B )

'qg‘w B 2N
o »’7 Ut ,,'::é
L "

AL, o %,:\',»

ral etch

~
-

Microetructure at XCCO -- P{

FSNIdXT LNIANEIAOD LV Q30NU0Yd iY

A - ~ " S e

QA00 -~ Ficral eter

4

at

Microstructure

Pl-te Blik

ructure.

42



:

L

.

P P b P

S ¢,

e

o,

y
f

Midwall (

1700}

Midwz11l (O

1 etch

~
La

ican plate Al27R -- Pler

-~
-

Ame

Jeld Hetal.

vy
i)

P8

s

Y
— i

Lol el o



PRI
aaia sl LR

L N N

nw.b-wnﬁ.v.hun RN

APPENDIX A
Basic Correspondence

e

iadale




ARMY STRVICE FORCES
OFFICE OF THE CHIEF OF ORDNANCE » DETROIT

: DETROIT 32, MICHIGAN

00M ' s
470.5/Wtn Are. (lU-U-Lk) P=?7ﬂ
Attention Boucher/ b R
SPOMB-EP Ext. 2994 - 24 F1, ik

.

4 April 1944

Subject: Repair Welded Cest Armor Specimens
Tol Commanding Officer

Watertown Arsenal

Watertown 72, Massachusetts

Attn: Laboratory

i, The attached directive is submitted for your information :
in connection with Project 1103 this offlce. Also atteched 1s copy e
of first indorsement, file OOM 470.5/WA (13 Mar. U4), Win 470.5/9102, i‘“**
which requested information on four platee previously gubmitted by AN

Continentsl Roll & Steel Foundry snd American Steel Foundries. It e
is requested that the same information be obtainod on specimens which . A

will be shipped to you by Averdeen Proving Ground after firing, in
sccordance with the roquiremente eof this directivee

By order of the Chieof of Ordnance:

(s) John F, Randall (for)
Coptain, Ord. Dept.

(¢) D, C. PIPPEL
Major, Ord. Depte
Agsistant

1 Incl -~ Copy of lotter to APG,
3] bar. 44, w/incls.

ISR
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, Boucher/fb oL
Ext.2994 - 24 ¥, U

SPOME-X T
31 March 19Uk f“

o

Subject: Repnir eldod Cnst Armor Specimens b
la

Tos The Director Ly
Ordnrnee Regearch Center -
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Abverdeen Proving Ground, Maryland

.- Attn: Armor Branch

r

o l. Production Order Nos. T12792 and T1279% herve been issued to

T Continental Roll & Steel Foundry ~nd Americen Steel Foundries for a total

' of 96 welded specimens which will be mrde in accordance with the instructions
set forth by this office in the request for quotntion. 4 copy of the

request for quotation to Amorican Steel Foundries is attached. The o
same request was sent to Continental. All plates covered by these f
production orders will be marked "Project 1103", S

-~ vl.Tv'r.-—
P

'.!% e These specimens are being submitted for the determination of
. ballistic and shock results of repair welds mnde with ferritic electrodes L
; under varying conditions, i.e., dopth of repair and heat treatment. u?;
‘{f <t Ze It 18 believed ndvisable to withhold the testing of any sneci= rﬁfﬁ
e

mens until the complete series is received from one source, l.e., Continental
or American. If, for example, nll specimens are reccived fron American g -

g Steel Foundries, testing should be withheld on specimens from Continental s
. g until the complete series from americrn hns been tested, as it mry be o
desirable tc amend the testing procedure as estoblished herein. This !pr

o office should be advised ns to the nrogress and the r-sults of this tﬁjl
7)) _ program, ["“"
- O
f 4, The plate shall be tested as follows: :Vﬁ
e a. One plate representing each depth of repair and each heat e
= treatment condition shall be tested for resistance to shock, using 90-mm. T
9 proof projectiles. (If these projectiles are not available or you be= [L"*

‘ lieve them to be unguitable, it is recommended that your station indorse T
this file back to this office and recommend what you would conslder to be Ll

a satisfactory test). N

S bs One nlate representing each depth of repalr and each hoat o
[ ] treatment condition shall be tested for the establishment of ballistle e
&N 1imit in the welded areca and unaffocted nlato at 0° obliquity. In this b;:?
- series the front of tho plate shall be facing the piece. 37-mm. AP, E{jq
SOUN M74 projectiles ehnll be useds .
1 RS
e c. One plate representing ench depth of repair and each heat RN
® treatment condition shall be tested for the establlishment of ballistic {“‘"
. 1imit in the welded crea and unaffectod plate at 0° obliquity. In this Cie
series the renr of the plate shall be facing the plece. 37-mme A.P. M74 e

projectiles shall be usged. :}j3:

- i




Tot Abordeen Proving Ground 31 March 1944

de Any additional testing may be conductcd nt the dlscretion
of your stntion,

5. Spocimens U4" x 10" shall de taken across the wold, proferadbly
a section which ccntains no impacts ~nd sent to Watertown Arsenal,
nttention of Laborntory. These specimens should be marked suitably so
that they nny be properly idontified with the plate from which they
vore tekens Watertown will then conduet n serics of physical nnd metal=-
lurgical tests.

6o The mnterial submitted on these production orders is Government
owned, cud nt the corpletion of the tosts and romoval of samples, the
natcrial may be disposcd of in sccordnnce with Army rogulatiovns.

I Distribution of reports should include ono comy to Fntional
Resonrch Council, nttention of Iir, G, S. Mikhalapove

By order of the Chiof of Ordnnnce:

B. L, CUMMINGS
Coloncl, Ord. Dept.
Asaistant

2 InClS.
Incl, 1 ~ Copy of lotter to American Steel
FPoundries, w/incls., 17 Dec. 43
Inel, 2 - Copy of 1st Ind, to Watertown Arsenal,
17 March 44

cc
cc
cec
cc

Col. E, L. Cummings -~ SPOME-X
0CO0-Washington, SFOTB
Development Branch

Watertown Arsonnl

-iii-~

}'A’_s'A‘A_;A'A_A'.AX-'\‘-'-JA‘ adlh R VR WA T Sl Sy Dy W el ST SR Sy Y A

T e T W W TR N e

————

LI SIS N I




Sa BRI R AL RERA IS Y e ik ine IR At L0 SN b S Bl PR A M A R T S s h - She AR N T A ] M S0 i e B " e M T R RSN M il SR

COPY

WAR DEPARTMENT
ARMY SERVICE I"ORCES AN

OFFICE OF THE CHIEF OF ORINLNCE -

(AR

TANE=-AUTOMOTIVE CENTER : o

Union Guardian Building Delcher/dw Ll

2994/ 2Uth ¥1, S

Attention Detroit 26, Michigen f%i

SPOMB~EE p e

A':

17 Decorber 1943 o

American Steel Foundries et

410 North Michigan Avee o
Chicago, Illirnois %
|
Attentiont WMr. A, J. McDoneld |
Gentlemen: . !

This office le conducting a sceries of tests to ascertain the E;j

1imits which may snfely be allowed for cast srmor repair, utilizlng presently }i“x

avallable welding elcectrodes. Your cooperntion in this program is requested, ;if‘

and, sccordingly, this office would appreciate recelving your quotation for
the specimens described below.

Specimens Required. & total of forty~oight (U8) specimens will be L
required, consisting of cast armor plate 2" x 36" x 36", prepared with a S
o
{

cavity and repaired by welding ae shown in Sketch 1 attacheds The plates

will be welded in varicus conditions of heat treatment and subjected to .%f?
various heat treatments after welding ns fellowsd N
"" S Y

ae Plates Prepared and Wolded in Accordnnce with Jonditions of [;;n

Series "a as ghown in Skotch 1. (12 Plates) [0

(1) Three (3) plates welded in the normalized condition
and fully heat treated after welding.

|

!

AR

(2) Three (3) plates welded in the fully heat treated condition . .-
and subjected after welding to the draw temperature and time b
at temperatures normally used for the armor composition

Z} involvede
l‘ (3) Throe (3) plates welded in the fully heat treated condition Ll
f:. and subjected ~fter welding to stress relieving at 1100°F, b
" for one hour mer inch of thicknesse W
. < (4) Three (3) plates welded in the fully heat treated conditlon -
‘ and given no heat treatment after welding. ol
. .
e : b. Plates Prepared and Welded in Accordance with Conditions of

Series "b" as shown in Sketech 1, (12 Plates)

-




N M e Y T R S T T S T PR

00PY o
(1) Three (3) plates wolded in the normalized conditlon and et
fully heat treated after welding. o
(2) fThree (3) plates wolded in the fully heat treated N
enndition and subjected after welding to the draw R
tomperaturo and time at temperature normally used for
the armor compnsition involved. ff
(3) Three (3) nlates welded in tho fully heat treated v
condition and subjected aftsr welding to strees relieving -
at 1100°F, for one hour per inch of thickness, O
(4) Three (3) plates welded in the fully heat trented L
condition and given no heat treatmont after woldings S
ce Plates Prepared and Welded in Acenrdsance with Conditions of Q:f
Series "e" as shown in Sketch 1. (12 Plotes) .
(1) Threo (3) plates wolded in the normeligzed conditien K
and fully heat trented nftor weldinge .
(2) Threo (3) nlates welded in the fully heat treated .
condition ~nd subjected nfter welding to the drawn e
temperaturc and time at temmcrature normally ussd for e
tho armor composition involved. e
(3) Three (3) plates welded in the fully heat treated
condition and subjected after welding to stress relieving
at 1100°F, for onc hour mer inch of thickness. -
(4) Three (3) nlates welded in the fully heat treated L
condition and given no hesat treatment after welding, C
4. TFlates Prepared nnd Welded in Accordance with Conditions of :ff
Serics "d" rs shown in Sketch 1, {12 Plates) L
(1) Three (3) plates welded in the normaliged conditien R
and fully heat treated after welding. L
(2) Three (3) plates welded in the fully heat treated =
condition ~rd subjected alter welding to the draw f
temperature and time at terperature normally uszed feor i

the armor composition involved,

(3) Three (3) plates welded in the fully heat treated -
condition and subjected after welding to stress relleving .
at 1100°F. for one hour per inch of thickness, 3

(4) Three (3) plates welded in the fully heat treated T
conditlon r~nd given no heat treatment after weldinge

Armor Plate Reguirements.

ne The armor pnlates used for thoso specimens shall be from
ballistically appioved heats in ~ccordnnce with Specifileantion AXS~M92,

T

Y ; e Y e A U AL, . L I T




AT SRR NI A e At B ot Rl en e it duwe iae Save Shdn e lets S el BN Al AL NS AANACHME St
_.'T'\.‘«.» DI A . - -

e Te: Amerioan Steel Foundrics 17 December 1943 -
. Revision 3, Amendment 1, The plates neecd not he from the same hent, but nust “ﬁé
- be in the same composition rnnge. :

bs The plate materinl shell be subject to radiographlie examination
and shall meet the requirements of Specification AXS=L76 ~nd Stendard III of v
Appendix II of that specificntions One plrnte of erch twelve pl-tes required
under Subparagraphs a, b, ¢, and 4 of "Specimens Required" shecll be completely
rrdiographed. The film sizes and locntions shall be ns shown in Sketch 2.

¢e Bach plate shall he tested for Brinell hardness in not less
than four plnces, two on cach side nnd nreferably at opposite corners, and K
shall be within the dAcclared hardness range for this class of armor. a

Weld Reguirements

Ak hat PR
- s .
N

a, Electrodes for wclding these specimens will be furnished at no
cost by the National Research Council and will carry the designation, "NRC-2A",

be The plntes will be preheated prior to welding to » temperature ;
" to be specified by this offices The preheating temperanture will not be less e
‘"q than 200°F., but the exact temperature will he determined after examination of @
* dato on restrained joint tests now being conducted at your plante. ‘

ce The interpnss temperature shall be measured for each specimen
at the point indicated on Skatch 1. It shnll not be less than the preheat
temperature nor more than 150°F. nbove the prehent temperanture.

de Reenforcement of welds shell be ground flush with the plate
surfnceo.

€+« The welds shnll be subject to radiographic exaninntion ~nd shall -
meot the requirements of Specification 4XS-UL76 and Standard II of Appendix I o

of that specificotiony The welded nren of each plate shall be radiographed _—
completely. The size and location of the radiographs shall be as shown in e

Fiver Test Specinmens.

o Each plate shnall have twn fracture test blocks attoched at the time -
- of hent treatment. Onc speeinen ghall he broken ~nd interpreted nt your plant;
and the others shall bhe scent to Yatertown Arsennl, with the proper composition
and heat treatment informaticn, to he “roken by "atertown Arsenal so that o
cormparison may he mede of the interpretations of thc snecimense The fiber test
specimens shall show a completely fihrous struecture hefore the plates will be
K ocecepteds

Data to be Furnished.

Complete CuS-2 anl WAS-2 forms marked, "Experimental", shall be )
furniehed for ench specimon unless the plrnte nmrterial is from the same heat e
and the weld procsdures are similer, T
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Tot Anmerican Steel Foundrics 17 Decomber 1943

Plense trnansmit your quotation to the Chicago Ordnonce District
and, in addition, forward four coples to the Tank-Automotive Conter for the
attention of the Armor and VYelding Group, Engineering Soction, Ingincering-
Manufacturing Branch.

LR i
1 "
. b

Inasmuch as the experiments mentioned in tho first parsgraph nust

be conducted as soon as possible, anything you cen Ao to oxpedite this L

quotation will be arpreciated. This request is not to be considered as an b.¢

order, “;T

For tho Chief of Orfnance: ;?

L

Very truly yours, E;l

(s/t) D. C. PIPPEL

Major, Ord. Dept. o

Assistent e

2 Incls: i

Incle 1 ~ Sketch 1
Incle 2 ~ Sketch 2

CC: Chicngo Ordnarce District o
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O0M 470.5/WA (13 Mar, 4h) 1st Ind. Boucher/fd
Attn: SPOME-IE Ext.2994% ~ 24 F1,
WIN 470.5/9102

Army Service Forces, Cffice, Chief of Ordnance - Detroit, Detroit 32,
Michigan, 17 March 19Uk,

To: Commanding Officer, Vatertown Arsenal, Watertown 72, Massachusetts.

le A totnl of four onlates were submitted by American Steel Foundries R
and Continental Roll & Stcol Foundry Company for tho determination of i
rosistance to penetration in nn area composed entircly of weld metals The
plates wore welded in the normaliged condition with WRC~2A electrodes, and
after wolding wnre quenched nnd drewne

2e The results of the testing, as well ans dctails of the fabricatlon ?jf:n
end heet treatment, are rocorded in Abcrdeen Report Nose 412571 and Al12572, r;*;J
copies of which ~re ant your stntion. P

3. Specimens 2" wide x &" long hnve been token across the welded
section. These specimens have rt least 1" of plate material on each ende
It 15 the understrnding of this office that Aberdeen has forwnrded these -
snecinens to vour strtions It is rcquested that the following information Y
be obtained. : ——

Ble Photo~micrographs of weld metal and plate materiael nt Adepths
of 3/16", 1/2" and 1" from the surface of the plate.

In the event thot the' sections ~re of sufficient size, the following NSRS
additional informotion is roquesteds :

as «H05 2ll welA netal specimens. ' o~
)
be End quench Jominy Aata = all weld metals RS
q Yy e
4, It is expoeto? that the facilitics will make similer studies T‘“%
when the plrtes nre returned. Your cecoperation in obtaining this data is ' :
appreciated. ’ ]

By ordcr of the Chief of Orfnmnces .

(s/t) D. C. PIPPEL
Major, Ori, Depte

hssistant o
e

P“ Subject: Repair of Armor Cestings
A
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aa
o e
B COorY S
y —xm

e DR A I A e T e et e e T
PR AR < Rl R S R R R T T T T O T T T A T R



R nra e W Tl et te & G s i A e et Gt Sl Sell S a4 It A oSN S SRt AT A" e - S AN SR Arl SN IPIL SO SPEL N S LI NN AR N b LI SRCIN N

COPY
Wen 470.5/9122
OOM 470,5/'tn Ars. (L/U/UL)
/ Attn: SPOMB-EE 1st Ind. Herres/eahk

ASF, Watertown Arsennl, ''atertown 72, Massachusetts. 6 September 194U,

To: Commanding Genernl, Office, Chief of Ordnence~Detroit, Union Guardian
Building, Detroit 32, Michigan., Attn: SPOME-IE

le Reference 2nd Indorsement transmitting Memorandum Report No,.
WAL 647/7, entitled "Ropair Welided Cast Armor — Motallurgical Examination of
Samples from Four Ballistically Tested 2~Inch Thick Plates," which corplotes
tho exanination of the four plates previously subnitted by Continentel Roll
and Steel Foundries and Americen Steel Foundries.

2e With regard to examinetion of the subjeoct 96 repair welded cast
armor specimens, the following program of exanination is submitted for his
concurrence: Representative sample to be selected from each group of three .
sinilarly processed plates (si1e Aepth of weld, heat treatnent, =nd armor -l
manufacturer) on the basis of results of ballistic tosts. The following .
geries of tests to be run on cnch representative sample: (1) Hardness to be -
determined by Rockwell C surveys through scction of weld heat-affected gone e
and base metal; (2) Toughness to be Aetormined by Charpy V-notch impact B
gpecinens of weld and plate metsls tosted at +70° 0° ~nd =40° F.; (3) Sound~ ]
ness to te Aoternined by nrcroetching sections through repair welded arease V:uﬂ
In ~ddition, Joniny hardonability Aeterminations and microcxamination will be r
. mado on one sample represonting esch heest-trert condition snd armor nanu-
i facturer; check chemical analyses will be taken on representative base and
weld metals; and nick—break fracture test will be attempted and if found RN
practical will be correlated with Charpy impect test datas e ;

PP

X PERFER

5 iy,
S

G . .

PR RS TOY Sy . [

3e  Sixty-four of the samples have thus far been received from Aberdeen
Proving Ground. ZExaminontion will begin upon receipt of his comments on the
above~outlined program,

-
B -~

NG FPor the Commaniing Officer:

AR S0 R AE o
B
§ .

(g) C. M. SCHWITTTR (fer)
Major, Ord. Depte

(¢) H., He ZORNIG
Colonel, Ord. Dept.

N gy -
P S 4 .
R - .w Il

. 1 Incle w/d Assistant

A

: OoOM )470.5/’/@. (b Apr. L)
Attn: SPOME-~EE Boucher/fb
WA U470.5/9122 2nd Ind. 2994 - 24 F1,

v Army Service Forces, Office, Chief of Ordnence-Detroit, Detroit 32, Michigsan
L 12 September 19hl,

To: Commanding Officer, Yntertown Arsennl, Watertown, lMassachusctts.
1. This office zoncurs in peragraph 2 of the first indorsement.
By order of the Chief of Ordnance:

(s/t) D. C. PIPPEL
Mejor, Ord. Dept.

Assistant
-zl




COPY

WAR DEPARTMENT
ABERDNEN PROVING GROUND
MARYLAND

9 September 1944

Subject: Repeir Welded Cast Armor Specimens;
Office, Chief of Ordnance-Detroit
Project Nos 11N3

To? Commanding Officer
Watertown Arsenal
Wetertown, Massachusetts

Attn: Laborntory Section

1, In accordance with Paragreph % of the directive from the
Office, Chief of Ordnance-Detroit, letter f£ile 00M L470,5/APG (3~31/lL),
APG U470,5/5439, as amended by teletype, Office, Chief of Ordnance-
Detroit 71596 dated 1'% April igll, this statlon hus shipped to Wntertown
Arsennl thirty (20) samples from the Continentnl Foundry and Machine
Company cast homogenecus ropair welded plntes approximntely 12"x12"x2%,

2¢  Ench sample is mnrked with the serinl numbor of the plate., It
will be appreciated if your office will furnish this stnatlon complete
results of the metallurgical survey.

Je Originally, 1t was intended to ship your stotion thirty-two
(32) snmples from the Continental Foundry nnd Machino Company plntes but
two plates ware so badly broken thnt it wes impossible to obtnin a sample
sultable for your requircments.

L, Thie chipment of thirty (30) samples will make a total of
ninety-four (94) samples forwarded your station (forty-ecight (48) from
American Steel Foundrios plates and forty-six (46) from Continental
Foundry end Machine Compnny)s This completes the progrome

For the Commanding General:
(8) J. Collersn (for)

(¢) G. G. EDDY
Colonel, Ord. Dept.

v o e

Director,
Ordnnnce Rosearch & Development
Project No. 3891 (337 LiMus~15l Center
COPY
-xii~
. % 2w 9 ¥ .4 .. ®

RS LR O .y

[ e - . "t e . .. e e e e
T Ay S I N T Do el R SRSy NS NP P SO 5. U A Y S .

..........




