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WATERTOWN ARSENAL LABORATCRY
MBMORANLUM REFORT RO, WAL 6L0/153

Prodlem Numbers D-16.5 and D-16.6

1% Maroh 194%

VALUIRG OF ARMOR

Rzamination of Samrles from "H" Welded Ballistic Test Plates

3 Submitted by Chrysler Flymouth Corporation and 1 by
General Arerican Transportation Compeny

C2JICT

To carry out ~ammination of subdbject samples in accordance with
tnetructions from SPOTE-P.

SUMMART

1. NViek-break and tend frasture tests vere made for the four weld
joint samples.

2. Srvetallinity of the eaet armer wae observed in the nick=break
fracture teat for rlrts (F=72 vhich Aevelored excersive dase netal
cracking Auring ballistig shock testing. Bend fracture tess bare from
rlates CP=65, (P=72 and GAT-28 fajled in the weld metul next to the
fusion line after slight plastic deformation. The bend fracture teed
from rlate CP-713 failed in o similsr manner after appreciabdle plastie
deformation,
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INFTRODUCTION

Samples from four ballistically tested "H" welded 1-1/2 inch thick
homegeneous armor nlates were subjected to ladorat:ry fracture teste in
aocordance with instruections from SPOTZ-F (see basie correspendence
Appendix B).

TX8T MATERIALS AND TEST PROCFDURE

Samples approximately )2 inches x 12 inches x thickness of plate were
flame=cut from a portion of undamaged weld of the plates as follows:

llete “o, Logation of Sample
CP-65 Upper right leg
a_72 [ ) [ ] | §
w._"’ [ ] [ ] "
GAYT-28

Piring recor4 data ineluding fadbricator, armor compesition and manu-
fasturer, elestrods composition and manufseturer, joint preparation, welding
procedure, and dallistic test res lts have been abstracted from Aberdeen
Proving Oround Armor Test Rsports AR-15264 and AR-15387 and tadulated oa
the charts of Appendix A,

s Samples vere notched and broken as indicated in Figure 1 to develop
. f4idre characteristics of the plate metal, heat affected sone and weld metal
on frastured surface through veld joint. Fronm one half of the frastured
speeimens, bhend bare one inch vide vere taken transversely through the
weld joins. Bend bars wvere broken as shown in Figurs 2 with slow rate ef
leeding at approximately +70°F., One half of the broken bar was ground and
magroetched to shovw path of frasture.

TEST RESULTS

Hiok-Dregk Fracturs Tests:

Photographe of the freotured surfuces are shown in Mgure 3. Orystal-
1inity of the unaffected cast armor vas cbserved through the thickuess of
plate CP=T2 and in patches tirough the thickness of plate CP-§5. Sudsurfage
poresity in plate (P=65 and centerline shrinkage of all three plates, but
most proacunced im plate CP=T3, were evident. Weld metal snd heat affested
sens fractures were fidrous.

Bend Trasture Teets:

Phot he of magroejched eesctions and dend bar frestwres are showa
in Mgure 4. Failure wvas alsmost entirely throwgh the anstenitic weld mefal
sdjasent to the fusion lime. A few small patehes of fins erystalling
appsarsase indicate some failure as the fusioa lize or plate metal sdjnsent




%o fueion line. At the roet of nlate CP-73 a poru;n of the fracture runse

. along the heat=affected zone and plate metal through ceaterline shrinkage
cavities,

GENERAL COMMIDNTS

Eneessive ballistic craeking {n the base metal of plate CP=-72 correlates
vith the observation of crystallinity of the cast armor 42 the nmick-dreak
Sest. 3Ballistic failure ef the weld joints in plases C=-65, OMT2, and
0AT=28 with fracture in the weld metal next to the fusion line wo':ld4 de
expected since the falilure of dend fracturs test dars ocourred ia this
manner wvith little deformation. The bend fracture of rlate CP-T3 while
largely of the same fusion sons $ype 4id not occur un$il the bar had
plastieally deformed appreciadly. This may indicate $hat a higher veloocity
impact would be required to stars dallistic cracking in this plate than
that used for testing this plate.

Lead-deflection measurements on bend bars, vhich may persit determination
of the energy required %o start and to propagate failure are deing studied.
fposimens have been odtained from platee CP-72 and GP-73 for study ~f fusien
8680 Mmicrostructures and results of these tests will be given in a report
on eaures of fusion sone fallures.
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K Ta op Method and Symdo

Armor Tate
A.o.n. - ncid O'pm h“rth.
Res. - electrie
B.0.X. - dasic oven hearth,
3. Rlec. - hasic slectric
Joint Design
o = doudble vee
.Depogision Trpes

Figure 1 shows hov the weld e droken up into root, body and
orown types. Passes are divided into two kinds: ?.) layer,

if pase dridges the zap, and (b) bead, if the pass does net
bridge tre can.

Ballietyg Eeeulty
' S - hi¢
| b /K | = feet per seeond

L.L. - 1“‘ 1“

IOI‘. - mh‘ 1“

ﬂ. t"ﬂh"

L00. = loeation

| - right of

L - left of

X - on weld

v -« above

D = below

ne - running from or through impact

0 - not ruaning from or through impact

Orpckiag Trper

I - weld (inclwdes weld, fusion sone, and heat~
a.f!.;tod sone oreeking within 1/6 insh from
weld

Iv = star plate cracking

v = 1linear plate cracking

Cracking is measured oa the back of the plate.
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WIN,630-774)

Plate
CP-73

Plate
GAT=-28

Weld Joint Nick-Breax Freactures

Figure 3




Plete CF=€5

Plate CP=72

Plate CP-73

Plute GAT-28

WIN,530-7742 Weld Joint Band Fractures

Pigure L
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ARMY SERVICE FORCES
04D AI'CE DRi ARTVZRT
ABIRDIEN PRCVING GROUMD

VARYLAND

18 Degember 194
SFOTZ-2¥

Subject: lick Brear a1 Bend Test ~f “eldments

Tos Commanding Officer
Watertown Aresenal
watertown, lassachusetts

Attention: laboratory

l. In accordance wit}  revicus agreements in regard to "Nick Break
end Berd Tests of Weldrents®, tiis instsllatine has shipped to Watertown
Arsenal three emmrles of cest homoreneous weldeld plates 12"x12%x1-1/2°
which may be identified as follows!

Armory
Sarple Locatioea of Test
log Fodricstor Late To.  _Samleires _Bmort.
CP-£8 Chrysler-Plymouth »-65 Upper Right Leg  Ar-1526%
=72 . a P=T2 Upper Right Leg  Ar-15264
CP-T3 e e 73 Uoper Bight Lag  Ar-1526M

2. Attention is called to tie fact that these samples were oud
from the plates 0 as to include the edge of the plate. Hence, 4% is
sugzzested that the part of the sample to bBe nsed in the bend tests be
taken from au crea not too clese to this edge. Also, it should be
noted that tha samples were cut from that leg weld vhich uwpen the
ballistie test Adeveloped crasking vwhich was mainly of cas Yypse.

o 18 will be s;preciated if your installatios vil)l perform the ey
nick dreak and bend t¢sis oz these samplea. IV 1e0 requested thas the ‘ o
test specimens be returned to $his installation and thel, if puseille,

the resulte be furnished $Shis offiee by indorsement a2 soea an thay are
svailabdle. ‘

For the Commanding Gemeral: ﬂ

\ .
‘ (o/8) N’“ -~
| * Mrestie -

mewmwwmwmnnmwmwmwwu«ummmmmwmwuwmuwmmu.uwwm:mm««wmnmmwwwmmm




AR RFART-LNT
ABERDEEN PROVIXNG SROTMD
“APYLAYD

3 Jamuary 1945

SPCTZ-¥

Subject: Semple from Ilate GAT2S

To! Commaniing "fficer
Watertown Arseral
Yatertown, Masg+achusette

Attantinn: La™oratory
Lt. Zerres

le Ir acenriance with a previous agreement with Yasertown Arsenal
with regard to the developsens of the "Niek Break" and "Bend" tests for
welded 2rmor this installation has shipped one sample 1-1/2°x8%310" rerked
Zo. 28 from Flate Fo. 28 scdmitted dy OGenersl Arericsn Transportation
Comrany. Reprrt of the ‘allistic test has besn subwitted in Armor Teed
Renort Yo. AR-15387.

2, It is requested t'st aftir all desirable tests }ave been completed
53 1t thie eample be returned to t-ie installation tc bte used im aequainting

the personnel of thie installation with the charagteristics of interpretation
of the tess,

FJor the Comnmanding General:

(s/s) o. G, XDOT
mh”l‘ ord, Dept.
Director
Ord. Res. & Dev. Center
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