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Report No. WAL 710/6o8 
Watertown ArHnal Laboratory l',·_ 1/JI 
Problem Ho. D-2.3 ------- 4 Apri~~•- -- ~, 

~to.11 urgi co.l _::::o:~/::~ and Welded Jo!- . 
from German Pzlv IV TMk, Model Gl'-2 ,. :Jf::C 1 3 1984 

. OBJECT . ~ // 
- A 

To carry out metallurgical examination of •ix armor1 1eotion1, two 
complete veld Joints, four broken veld Joint, and three attachaent weld• 
from the 1ubject tank. 

SUMMA.RT 01 USULTS 

l. Croe1-rolled armor haTing the following charaoterietic• va• 
empl07ed: 

Brinell 
'l'hickneu Hard.De•, 'l'n>• Compo Ii ti on 

~1,1:i12Usui l~gll.11 mm. lJlig1 22[1 C Mn Si Or 

Hull Roof Plate o.48 12.2 415 415 .42 . 79 1. 48 1.26 
Right Spon1on 

Side Plate 1.20 30.5 578 352 .42 .48 .47 2.66 
Hull Right Side 

Plate 1.22 ,0.9 6o1 379 .42 ,45 ·40 2.43 
Turret R8ar Plate 1.23 31.3 6o1 331 .40 .45 . 4 2.51 
DriTer'• Front 

Plate 2.04 51.8 6(11 367 .42 .43 .37 2.51 
Jinal Drh'e J'ront 

Plate 1.99 50.4 578 331 · 39 .42 .33 2.32 

Hull roof plate w1 homogeneous. All other nla te1 were face 

Mo 

.03 

.22 

.19 

.16 

.25 

.20 

hardened, Mpparently by the flame-hardening prooe11, to a depth of .12 to 
.21 inchH. 

2. With the exception of the d.riTer'• front plate and the final driTe 
front plate which ehoved exce1eiTe centerline aegregation, all plat•• vere 
of good quality eteel. 

3. LarP,e frain • ize in core of the heavy aeotion plate,, inhomo­
geneity of m1croatructure, and pre•enc• of high temperature tran1fonaa­
tion product, indicate improper heat treatment, po1aibl.y ey a controlled 
air cooling directly from the f1n11h rolling operation followed by' a 
tempering treatment. The1e character11tie1 were reflected by pre1enc• 
of ory1tall1n1ty in fibre fracture teat a.nd low notched bar impact T&lue1. 

4. lbcperimental reheat-treatment• indicated that eatiafaoto17 
notched bar impact propertie1 were obtained only after full quench &nd 
te111pering to a ha.rdneae lnel of 24o Brinell vhich 11 con1i1tent wl\~. 
Arnerioan experience tor good quality homogeneoua armor of th11 thicklle••· 
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Welding and Joint Dee1,tn, 

1. The design ot principal Joint, is ct .araoterized by groove, 
machined in the heavy armor eecttona to ~ive a fitted or morti1ed joitt 
which 1a in compreeeion on impact from the direction of principal bal­
liltic attack. The• e Jo1nte are r.eld by an onte1de weld placed in a V 
&nl\ having a depth of penetration of atout three-quarter, of thickne11 of 
11r,hter section armor plate, And on ineide fillet weld with very 111ght 
penetration into the base metal 1e0tion1. 

?. . Inside f1ll~t weld• and body of outside weld• were nade with an 
electrode t:,rpe vhich ~ve au.a teni tio depo1i ts oontaini~ approximately 
.13i C, l.lct; f.!n, 6. 3/9 . l~ Ni, 13.5/15.9~ Cr, and .50/1. 75'1, Mo. 'l'he 
crown depod ta of the out1ide veld• were made vi th a hard-fac111€ type 
electrode which gave depo1it1 containing approximately. 75~ C, 1.75~ ~.n, 
4.5~ Ni, 1.60/3.SO'j, Cr and .15/.30'1, W. 

j . All welds appear to have been deposited, without preheat, on armor 
in final heat-treated condition. Hard facing type de-po1it1 did not de­
velop high hardnese due to interf,1elon and dilution v1 th underlying 
auetenitic weld metal. hteneive base metal cracks were pre1ent in the 
hea.y bate metal •ectione 0f two complete weld Joint 1ample1 and failure 
of three broken weld Joint eample1 wa1 almost entirely along ba•e metal 
crack 1ye tem• . 

4. A fourth broken weld joint eample appeared to repre1ent an angle 
joint made by buttiag plate edg•• and holding with two 1hAllow penetration 
veld depo1it1 Thie weld Joint failed by ehearinr, throuP;h weld depo1it1. 

5- Three emall attachments were fa1tened to i~11de aw·face of the 
tank armor by tingle paee aueten!tic deposit•. 

6. Apparently the German• rely principally on joint design for 
1tructural and ballietic 1tabU tty of the tank 11nc• the weldi~ of the 
high carbon, high he.rdenability, armor plate without 1pecial precaution• 
to prevent baee lll8 tal craclr:in,; during velding and vi th 1hallow penetration 
weld deposit• produce• weld• vith •er1 poor re11etance to balli1tic 1hock 
or fatigue eervice . 

Economic Con1ideratione 

Equally eathfactory armor could be produced in tt.eee thickneeue 
with considerably l••• total allo~ content. It le obviou, that, at the 
time th••• 1teel1 were m&de, there was no ehortage of chromiua 1n Germa11i7. 
However, the low mol7bdenum content, po1• 1bly indicate a shortage of thi1 
element. With re1pect to the veldi~ electrodes employed , it 11 concluded 
that a 1hort~e of nickel exi • ted eince it 11 well known that the modified 
au1tenitic nickel-chromiwn electrode, employed 1n thi1 country are, iD 
general, more 1atiafactory. The inferior heat treatne:1t of the armor un­
doubtedly reflect• a 1horta«• of fe.c1l i tie1. On the o tt.er r..and, the 
•chined and mort11ed Joint• 118ed in fabrication would imply a plentiful 
euppl7 ot ~ach1ne tool • of the ty~e• required, 1ir.ce, by adoptin« full­
penetration Joint• it would be pc11ible to eliminate a large percentage 
of the edge machining ~f the armor 

A,PPRonD: 

H. H. Zornig 
Colonel, Ord. Dept. 
Auiltant 

_,_,, _ .'-~~ 

S. A.. Herre, 
lit Lt., Ord . Dept . 

c~L.~a.,,(_ . 
:I. L. Reed 
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In aooor4anoe with ill• truc\1on, of the ottiee. Chief of Orcinanae1 , 
elpt NIIJ)lH r-s,r•••ntlnc the •1• \n>•• ot lla• lo araor and wel4ecl 
Jo1n\• fro• a Oer1111a P.X. IT _., Mof•l ,,,._2, nr• nb• itted. to th11 
&J'aenal for Mtallurcloal ex.amuUo• . 

Prntou lzffe1Uptlona, b,- \hit laboratory, of 0.r-.n tank anaor 
a.ad veld•ent1 baTe bNn wmmarlsed 1• wo recen\ repor,•: 

1Araar - letallurc1oal ._1nat1oa ot llnea. Section• of r.i..,. 
.A.rmor, Inol,a41nc Homogeneou, name-iardeud, Carnrlsed. and. 
VelMCI Oompcuant1, • Watertown Artenal L&bora'°J7 Report Jo. 
no/539, 25 October 1943, aD4 

'Armor and Veldlnc - Meta11ur,1ca1 !tna1natlon of Armor au. 
Wel4ed. Jola\a fro• a.nu Pdw TI fut,• •\•r~ u,..i 
I.bora\oJT :&.port Bo. WAL 710/542, 2J hltJ'UAJ7 l~. 

IIA'l'DI• l,I AID 'fll!' PBOCl~DI ·-
!he eight •ampl•• a11bmitte4 tor enalna\lon were to1Dld to be_.. 

up of the follow!~ ooapount•: 

Suple 
lo. 

1 

2 

4 

Ar•or 

.Right Spon• on 
Side Plate 

Hull Right 
Side Plate 

Rull Boof 
Plate 

Hull Hoof 

lftl,4• 
1.20 x 6-1/2 x 12 lroken n14 Joint alone one 

6-1/2 la. edce ot ar• or uaple 
1/4 x 3/4 ld14 • teel • \rap tack 
vel4e4 w ln•14• tan ot antor 
....,1 •. 

1.22 x 5-1/4 x 11 One 1-1/4 la, 41&. x 1/2 la. aa4 
one 3/4 x J/4 x 1/4 aU4 1teel 
bos• ea var• welu4 to 1n11d• face 
of araor eaaple . 

. 48 x 'j-1/2 x 13-]/4 Broken ,hrougb mrUe-4. weld Joint 
aloag one "j-1/2 lla. edc• of anor 
•-ple. 

Fl.a \e . 48 x 3 x 4 Norti• ed. Joint .b.elcl 'b7 M wlt . 

• 

• 

• 

• 

• 

• 

• 

• 
4-potl\•• ~ 

/ . f . 

5 

Kight lpon• on 1.20 x 4-1/2 x 4 
Side Plate 

1. 23 X 5-1/2 X l~J./2 ., ... 
1 o.o. 4oo.112/4goo, wtn. 350.05/530 (See .lppndb A) 
2 A.P.G. JS6.3/'347, Wta. 386.3/128 (r) (lee .ppeDliz A) 
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S.-.,1• 
lo. 

' 
7 

Weld• 

2.04 x 6 x 12-1/2 Broken weld joint alon« one 
12-1/2 in. •ct&• of armor aaaple 

hll root Plat• . 48 x 2-3/4 x 4 Mortiaed joint held by two weld 
depodta. 

Drlver'• Pront 2.04 x 3-1/2 x 4 
Pla\e 

Pinal Drhe 
Jr-ont Plate 

1. 99 x 6-1/2 x llt Broken weld Joint along one 
11-1/2 in. ad«• 

• 

• 

• 

th• followi~ aurr1l••• repnaenti~ each type of armor component, we,·• • 
aaatae4: 

Thielen••• 
lncbe• -· 
1.20 
1.22 
o.48 
1.23. 
2.00 ' 
l.99 

30.5 
JO.SI 
12 . 2 
31.3 
51.8 
50.4 

Deacription 

Ri«ht apon•on 1id• plate 
Hull right 114• plate 
Hull root plate 
!urre~ rear plat• 
Driver'• front plate 
linal driTe front plate 

Metallurgical exaaimtion included chemical analyae• ; analyei• of 
th• paint on two r-i,r111ntat1Te eample1; Jomi~ hardenab111ty te1t1; 
!rinel.l, licker1-Brinell, and Rockwell "C" hardneae •urvey•; ten,11• 
te• ta; fracture te• t • for • teel 1oundneaa and fibre chAracteri1tica; 
T-notah CharpJ illpect t11ta; macro,copic and micro• oopic examination. 

!en1il• te1te were mde on ,357" diameter bar, taken in the lon&i­
tud.inal and \ranner •• directione. The V-notch Charpy bare were machined. 
fro• the tran•Ter•• • ectionft of the plate with the notoh milled in the 
bar perpendicular to the •urfac• of the plate. All te• t bare were 
-.chined fro• the midvall • ectione of the plate, that i •, hAlfway between 

• 

• 

I 

th• •urfaoe and center. t 

1racture te• t • tor fibre vere 118.de on •eotiona of the plate ot ap­
prox1atel7 the ea.me aiie aa deecribed above after notching to a • quar• 
cro•• aectlon. 1racture teete for 1teel 1oundne11 vere ma.de on pr0perlf 
notchecl • ection1 about 6 inch•• long and 3 inche • wide after tempering 
at 12009 1. in order to attain the •pecified hardne1e ct about JOO Br1nell t 
for thh te1t. 

Reheat treatment, were conducted on~ x 3-inch aectione cut from 
aaaple1 lo1. µ, 5A, and EU., ln order to determine the V-notch impact 
propert111 at aMeral. hardn••• lnell . 

- 4 -
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Wel41n,g and Jo int Dadp 

~ran1Ter1• croea 1eotione were obtained for maoro1copio enaiaai1on 
thro~h -.ch of the veld Joint,, &Uachmeni weld.a, and broken weld.a oa 
all uaplH. Ch1p8 for chemioal anal.,v••• wen 11'.achined fTo• attach• aa, 
wel4 ot 1teel 1irap on !aapl• lo. 1, iepodh nt brnka veld Jou,, on 
Saapl•Noe. 3 &D4 6, and T&riou d.epodt• ot co11ple\e Joini Sampln loa. 
4 an4 7. Tieker1-:Brinell hardn••• 1urTey1 were iade on crosa aeoUou 
\hro,ach ••teoh•~• weld of Sample lo. 2, and 0011ple\e vel4 join, Sa,nple1 
Bo•. 4 and. 7. !he11 ~ame cro11 ••ctiona were then repoll•hed and ,u1,­
ably etohed tor mioro• cop1o a:aainatior. of we14 metal 4-poai \1 an4 a4-
Jacen\ weld hea\-atfeo,ed sonu. 

lll.!A ilD DISCUSSI<m 

AIMOR 

1. Ob.e• i-.1. .lnalyae• 

~- J:rw,r Oompoa1Hou 

!he chaioal anal.,vae• of the 11% 1&1!1ple1 are 1nclu.ded in '!able I. 
Tvo ba1ic type analy••• were u• ecl: 

(1) Or-81 

!he 0011pone:!\\ of ihh tn:,e anal.yd• con• iat"4 ot the-~~ 
inch thick hoaogeneou• hull root plate. !he compo•1t1on 1• ot the fol-
lowi~: 

0 !! !! s p !! .2!: !! y I ~ !! - - - -
.42 · 79 1.4g .016 .007 .12 1.26 .03 !Tao• .0009 .14 .02 

(2) Or-lo 

the tl.-e component• of \hh type anal.yei• oouil\ of thrN 
fao.-barclenecl plaie•, 1.20 - 1.23 1nahe• 111 'th1alcne••• and he tao.­
harden.eel plaie•, 1.99 - 2.o4 1nchea in thickne11 which ta.11 wi~n the 
foll.o\11ng limit• of ohem1atry: 

C !4.! !! :n1 O.r 

.39/.4~ .42./.4f,, .33/.47 
! p 

.015/.026 .OCYJ/.015 .28/.fJ4 2.32/2.66 
V 

Trace 
B On 

. 00067. 0014 . 09T.12 

The carbon content of the plfttea teated vae relat1Tely lovn 
than 111 t10111e of the earl ler Geraan araor aallined.1 . .ilao, the' ab11noe 
of vanadium la the ateel1 1• a.otworthT, 

1 
W. ieport No. no/485, 1!A.nor Plate - Wetallurr;ie&l :i2xu.1nation of 0.?'IIU 
Armor froa a ?slv I II '1'anlr,"" 15 Maroh 1943. and. 
WAL lleport lo. 710/539. •Armor - Metallur~1cal 'ham1natton of 11.nan 
SeoUou ot lll-.r .lnaor, lnolu4lnc lomogeneoua, J'l.aM-Bardanecl, Oarburl•e4 . 
&Dd Welud. Conrponen\•, • 25 oe,ober 1943. 

- 5 -
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The nickel con te11t reoorted ii nrobe.bl:v t :•lfl re•ul t of •orap 
adc.1Uoa1, vhUe a trace of boron wa• eT14en\ in tr.e 1ainpl••· It 11 be­
lieTed., hovner, that ,he• e • teel1 were not treated vith boron due to the 
low percenta.-~• of t 1, h eleMent pre1ent. 

b. Carbon Content of the Hard Jaoe 

The r1wlt1 of the carbon 4eterm1nations ~.ad.• on eample1 '8.ken 
from the face of ,:,late• 5A. and eA after earful annealing are giTen below: 

'rhiclcneH of Oa.rboa 

• 

I 

inah.ee •· De1Cl'ipt1on 

'l'u.rr • •• Rear Pl s. te 
li!l&l Dr1Te J'ront 

Plate 

.\n&l.yai. 
1act 
0.39 
0.39 

Cor, (1ee Table I) 1 

1. 23 31. 3 
1.99 50.4 

.4o 

.39 

It 1e nident t"'8.t t!:e nlatea examined were not carbur11ed. . 

.!!· 9;pectrugraphic Ar:alyli1 of Paint 

Se.nrolee of the ~rPenieh-,.-ra,y paint were remoTed !rom the in,id.e 
eurfacea of pl•'•• !foe. µ and 8.l, analyzed epeetrogre.phiaall7, and toun4 
to be a U tanlua-'ba.1e ~int 11a1lar to t!'lat uaed in t'.111 oountry. 

2. H&rdenab1Utz 

J.. Joaiey bar machbe-~ fro~ the 2-inoh tiiick- '.Pi ,'Al DriTe hont Pl.&te 
waa a·i• ten1 thed tor 3 hours at 1675° J. and end-quenched by ~be • w.n.c!ard 
practice. !he har4enab111ty curTe (• ee figure 1) !lhow• adequate har4en­
ab111 ty tor ihi• 2-inch thic!: eec\lon when rro,erl~ quenched. and 1110re 
,han adequa\e h&rdenab111ty for the lighter gaur,e Hotion1 wtLich were of 
the •ame type alloy oompo•1t1on. 

J. Bar4ne11 Sanez:• 
:ar1nell, Viak•r•-:Brinell. 11.nd Rockwell II ca hardn••• •~r.r• were 

made on the 1urtaoee &1,d cror;• • ect1onP ,,r each armor •ample. The re­
• ul tA of the hardn••• te• t~ are eum.--nar11•~ in !able II, and a graphical 
presentation of Viclter1:-Briuell hardn•H 11.iney1 ie ehol41l in l'igure 2. 

Generally 1puking. the un1ton1 t:, of hardneu of t-:.-.e f&oe-hardeud 
surface li&8 Tery good, al tho .1.~h eo..,e •oft area, were oo,ened in the 
Vicker• -Brinell 1uney on the h&rd••·,e4 tao• ot the 2-inch \hick Drher' • 
J'roni Plate <••• ligt:.N 2). The hardneu patterl'l. fro• e&11e to con, 
vi\h a • ltgh\ \ea,peri~ etfeet at Junction of ea•• e.nd core, 1• typical 
of that found in fi&me-h&rdened r,la\e. 811~ht 1rre~arU1•• noted in 
the ~ickers-Erinell ha.rdnese of the core are ~robably due to ~•i&l.11o 
1egrea!)&tion (aM ~1ecuaa1oa of microetructure). 

4. Ten1ile !11\1 

~• reaul t8 n! ti,_e t~n111l-. t~•h are reported. in !al:.l• III. Jlo 
•ned direotioml propert1e11 are n1d8:1t 111 the tenaile te• t <!&ta, 

- 6 -



indicating that the armor plRte wae croeR rolled The reduction of area 
and elonf'.ation are • lir-htly low for the yield atre?1F,th involved in the 
ca• e of the Hull Root Plate, while the value, obtained ln t.he Turret Rear 
Plate and 1inal Drive 1ro~t Plate a.re conei• tent vi.th the ob1e"ed strength 
a.nd hArdnen. 

The reeultA of the fracture te1ta for eteel quality and fibre char­
acterietica are given 1n 1able IV. 

• 

• 

The reeulta of the fracture tetite for eteel aoundnetR indicate that 
the 2-i~ch thick aampleR, Noe . 6A and 8A, oontained pronounced centerline 
19£regRtion1, whereae the lighter gauge plat•• vere relatively tree from • 
lamination.a. 

The fracture teats f()r fibre charfleterilltice revealed either total or 
part1A.l cryatall1nit:, ln all plate •, indicating that t!le armor vae D("lt 
thoroughly quanohed out to a marteneltic • tructure before temper1ng.l The 
fracture • of the hardened 1ur!&ce1 of each plate were in all ca1e1 all)cy t 
in appearance. 'l'hla tn,e of fracture 11 general.11 encountered vith 1teel1 
ot high h&rdn•••· 

In an attempt to reproduce the heat treatment ~iven the eubject plate•, 
• eoti'>ne 3" x 3" of Sample• Noe . 1A and SA were heated to 1675° r. for 
2 hour~. air cooled and drawn at 1050° 1. for 2 hour,, followed by air 
cooling and fractured for fibre. 'l'heee 1ample1 ~ad ccyetall1ne fracture• 
at a Brinell hardnea1 o! 352 and 375 reepectively. Alt~o111;h the cr11tal­
lln1ty noted 1n th••• 1ample1 vae eligtitl1 coarser thnn that found in the 
Garman armor, it 11 belined that the tank arroor wae given th1e tn>e of 
heat treatment. 

6. V-Notch Charpz Impact Teat• 

Result• of V-notch Charpy impact te1t1 determined on repreaentative 
aamplee ae received and after reheat treatment• &r8 given in Table V. 

Impact val·..1p,1 "er• lov and correlate fairly well 1111th the fracture, 
obtained in the fibre teats. The Cr-S1 plate, N~. µ, vat tempered to a 
Brtnell hardne1e of 285 and al•o requeuohed and drawn to a Brinell hard­
ne•• of 331 in an attempt to improve it• impact propertie •. Aa 1hovn 1n 
Table V, these heat treatmentG 1ncreaeed the V-notch Charpy impact value, 
2Q to 17 ft /lb1. re1peotivel7 at +70° P., wherea1 at -4o0 1. very little 
improvement in the impact reei• tance we.1 evident. Recent experiment, 
indicate that ~ilicon hae a deleterioua effect on impact re1i1tance and 
tende to promote cryetallin1ty in certain ty-p~• of hent-treated allo1 
eteel• . 

SA.mplea Noe . 5A a.r.d 8A, Cr-t-!o analyeh, exhibited poor impact proper­
t1e• at 3~1 Brinell hardneee. After redrawing to 285 - 302 Br1nell h&rd­
neu, the 1mpe.ot YIU.UH -..ere impro..,ed. but after requenching and drawing 
to 241 Br1nell hardn~••• the impact value• were ••ry ~uch lncreaeed both 
at +70° F. and -4c° F, On the other hand, this composition when requenched. 

1 W. Report Ho. 710/530, "Armor - Metallur~1cal Inveat1gat1on of the 
J'iber Jracture Teet Ueed by the Unio!'l Steel C:l.at1.~• Division of 
!law-box Coirpaey, • 28 July 1943 . 
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and drawn to ,he ori~nal high hard.Ile•• lffel ot 352 Erinell hardn••• 
talled. to reuin it• high iJlpact J>roperti•• at +70° 1. and at -40° J. 

!'he re•ul t1 of th••• tHt• indicate that the Or-Mo anal.yd• baa 
noellen\ notched bar impaot propertiet when quenched and. tempered '° 
a ha1"4ne1• 1n tht Ticlnl'7 ot 24o Brlnell, vhich 1• aon11• tent vith 
Alleriaan nperienoe for gt,o4 quality ho1!10geneou1 armor of thi • th1clmtH. 

7. Macroecopic ..,_1nat1oa 

Macroetched oro11 atctione tro• eaoh annor •aanle art •hovn ta 
ligw-•• 3 and 4. Naoroatructure reTeal• prHence ~t tintly divided 
nonmetall 1c incluion1 throuctiout all platea excap, tor lull Boot Pl.ate <••• dhcuaaion of aiaro•tructture). •c•111Tt aenter11n• • egreption 
1a •hown in Drbtr1 • 11-ont n&te and Jinal DriTt 11-ont na,e. 

8. Mioro• mlo ltlaai• Uon 

11.gure• 5 throu,;h 9 illu1tra\e ~1croatruc'11r•• of th• Tariou araor 
component,. !ht .~ 1nah thiclc hoaogeneoua Or-Si VJ>9 anal.,-al• Ball 
Root Plate •• tree froa pronounced. • egregaUon• ot nonmetallic lnalu­
• ion• (ftcun 5). fhe ndoro• truoture ot thh pla\e oon• i • te4 of teapert4 
ooar•• Jll&l't.en•Ut u •ooiatecl w1'1l tapeHd. upper Batnlte (ftpre 7). !he 
Cr-No type analJr•h uaed for \he he&Tier ga«e taoe-h&rdened pla\ee eon­
talned co11plex tr\able oxid.t• which were found di1trlbu\ecl ~oU&tint 
the • ection1 ot b plattt and al•o 1egreca.te4 1n the aatral area• of 
'11• •eatton• (JS«ve 5). na,e Jla. !A contained a proaoUDHd •ecncatita 
ot nonaetallia• near the e-artace. In plate a, a fw tine -1oagate4 
non.metall1c1 of the •111oate VP• were nidnt (Jicare 5). 

'?ha bal'4 oat•• ot Platn Jloa. u. 2.A, 5A, and U, were ~ical. of 
flaae-haNDed plaM•• The outer cue• con11• te4 of un,• IIIJ)ffe4 whi\e 
marten1lte and the aenter ca••• 1hove4 th• prt1enoe of a marten11,10 
mvu: wi\h reanant• of the prior tarpered. 1tructwH. '1'he • ioro1V'IIO­
tur•• of \ht Junction of oat• and oore rntalt4 the pre1•nce ot tiu 
oar~id.e• in ,eaperet mar\en11\e. !he mtoro,,ruotur• of '11.e • teel ba• t• 
in all c•••• aon1i1ted of coar•• tempered -.rtenslte and tempered -apptr 
"b&init• C:rt«ur•• 6. 7 an4 8). '1h11 micro1truoture of the tapered. baa• 
ateel 1• a •• ociated vi 'h c1"7aul.l 1ne fraeture1 and poor V-notch 1.•pac\ 
propert1e1 d11aua1etl J9Wiou•l7. 

Pronounced. ban41ng of JN'8.l.lic aegrep.t10n 1n41oate4 by the Oberhofftr 
etch wa• rffealed in the center eeation1 ot Plate, Boa. 2A. 5,l. an4 
SA. vhile the ar-• JlMr \he •urtacu of th••• plat•• were relatiTel7 
tree from thh t1]>8 ot 1tcreption (l't«u,N 7). !he e:z-ain ohe of '1le 
• tHl ba• N ftl"le4 tr.. .lS!N llo. 1 to lo. 8, vhilt \u hard ta.ce1 ot 
the •aapl•• ha4 a grain 11H ot d'1'K So. 7 to lo. , (ft«ure 9). 

A 8UJll8U'7 of the tbiokne•••• of the ca••• and grain •1• e of the 
pla\e• le giTn below: 
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ATe?'Me 'l'hioku•• Of t.•1 
Zon.e of 

Outer Zone Incomplete 'fot&l 
of A.u•teni\- Hardened 

Surple !hiok:Jl••· Mart.n=lts 1sat1oa ea .. 
121 J.ngt!11 g. ,~~u iaoh!! lyhe1 lac! Oore 

u 1.20 30.5 .o6 .06 .12 7 - 8 4 - 6 
2.l 1.22 30.9 .11 .10 .20 
3,l o.48 12.2 

7 - ~ 8 
4 - 7 

~ l.~ 31.3 .05 .10 .15 
6A 2. 51.8 .11 .u .21 

8 7 - g 
7 1 - 5 

u 1.99 5().4 .o4 .(lg .12 g 3 - 7 

!he \hickne• 1 of ca• A as determi r.e4 under the m1 cro1cope and. that 
determined. by \he h&!"dne11 • u.n97• eh own in 11.gare 2 vary el1c:r. \17 in 

• 

• 

• 

1orJe caeH. 'l'i.111 11 probably due to the 1rr9f:Ularlth1 in oa•• \hiok- • 
ne11 on t~e • eveT&l sample• ezamine4. 

9. Geaeral ContideraUou (A.rmnr) 

'l'he Cr-81 tn,e anai:~s1• '.lHd. tor the light '!'¥'• homf".lreneou• Kull 
Boof Top va• improp1rl;r heat treated a• • hown by m5 oro• truoture oon- t 
t~ining 111gb tsnmerature tranefornation pro,1uch and ha..-ing coa.r•• 
au.atenitic ~ain she. At the hardl"e•• emnlored, enproximately 50 pOil'lt• 
»rinell higher than .uieric&n pr&etioe, impact chAraoteri• tic• were poor. 

'l'he Cr-Mo ty-pe anal;v-811 poue• 9ed ad.eq,J&te har~ena1-Jili ty for the 
2-inoh thick plat• and more than &d.eq•JAte h&rd•umMlity for \he lighter 
~••, but opU.mun preperU•• were !lCt obtained ':r:r the \N&\men\ eaplo,-ecl. 
An aU,ertpi -.. •de to recon,,ruct the heat treatir.ent of the Ct-Mo • te•l• 
at. thl• araaDAl, th• result• of vhich indicate that t~•••• plat8a vere 
normalised &nd annealed prn1ou.• ly t,o face hardening, probably b7 \he 
name-hardening ~roee11. In 1Gme ca•••• th••• plate• vere heated well 
inio the graia ooaraenl!V': t~rature ran.2:e prior to harden int'. !l::.i • 
1ugge•t• th.9 po• dbili ty that the '11a t•• ~ hai,e btum hard•~ b7 a 
controlled air cooling direetl.7 from the tinieh rolli~ opera~1on. 

'!'he hardne•• of the core ot the 2-inob tJ-.1elc f&ce-hardened. "Olate1 
it •omevhat higher t~,_tba\ ot good qual.it;r car'b•u-hed .Aaerioan armor 
nt the •AM \h1ckne#. al\hougb the hard.MIi of U1e ateel be.•• of ihe 
1.2-lach thlak nlale 1e not con11dere4 exoe•• 1Te. 

J'lar.ie hara.1.!ll: aflJ aP!"! ied tr, t,)..e 1. 2-ineh and 2-inch t'11ak TJla t•• 
ma;r offer e. • li«ht iT\Or••e in rene,rat10-, re• ht&rice, b.it due to the 
1nrpr0per h•• \rea\m•nt f1Ten the be.•• plat••• it 1e bel1n8d. that the 
faee-hartenecf ~lat•• vo'J.l.d behaTe unaati• faciorily under \he attack of 
oTer-matohl11c proJeot11e•• 

G~llpNk1n,-, the quality of the ate~} exA.JJilned. waa inferior to 
\~e earl7 type• ot Ger"!lllll armor te11ted, a factor which ~ al •o contribute 
\o low lapaot Tal. 'Ile• at high hardne•11••. 

( 
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i'IZLDlllG ~"J:> JOI~!' UESIGI 

:;· he 1urface ar:pf'!an:: · • o:t +;i,i, welde, &ft.er re~oT&l of a he&Ty coal 
of ~s.1ri t. w&fl ro'U{;ht &"'f, t11ere 1'/&t!I •nere ,UJAercutting of armor plate 
at inside veld de:,o~it1 - rridenee ~f 1nuper1enee ~r carele11n••• on 
the nart of tl--,e welder. ~,. out• 14e d~o•it.• of the two Joint 11&11ple• 
aTTJ)~&.r tf'.I have l)fl!SJ1 welded 1n t~.e flat -poalUon, th• 1ndde d.epn• lt1 1A 
ke •,nrhontal fillet politlon, wtti-l th• hea-,y ••ot!on 1n the Tenlcal 
plane . 

' ' 

A oracle • .. ,a.1 v1a~·o1e &~ .,,.ll"face of hMTY b&1t1 metal HOtlori p&rallel 
aud im!"" e,11. ~,tely ~ .j&cent to t,t,_e outer weld depoet.t ot ~1• lo. 7. 

2. Cl-.emical. Ana.lyeea 

::e,n: ts of nhemic&l anal~••• of ear.tple~ mchined fro~ weld d.epc,• 1 ta 
are g1Ten in !able VI. 

:'wo t:"T'f'e of e:.ectroc.ea "14entl;v vere uaed.. lndde fillet welda 
Md bod_;, of nutflide 1,eld denodt.11 of the joint u.mple1, &I nll a • at­
tacr.r1P .--.t we~.d•, vere n:a.r'.lt ~,1th &.n electrode which ga;Te auaten1 tlo u­
no• itA conte.ini~ a· ,rY"oximately .12/.14~ C, 1.01/1.;,o',. i'!n, -3~ 81, 
.020--; S . . r,2~ P, 6.~6/9.07; Ei, 13 .51/15. 0 3~ Or, ~:'.Cl .51/1.77'/, No. The 
crow\:. d.tt-poeitti of t'. ie outtide veld• of joint 1&11roJ.ea "ere t'.l&d• wl\h a 
Lard-facicg ty-r,e eleatroct. wr.10h g&Te depoa1'8 oont.ain1ng approrli:atel.7 
.r;/ _;;1> c. 1.61/:'' . o~; !t'"!, .26:~ s1 .. r1 c; s, o.31~ t, 4.37/4.99'. ~ :i1, 
l.7'1/-...7r., Or, .30/.54; ~. a.nd .17/.2s5' ·1. lnsu1'f1olent the ot ••14 
sanr.rlee prP.Te~t•d conrol .. te anaJ..,v·aH of all of the vel4 depod \.1 and 1 t 
le nc :- "'1 ble tl--.at Tarlo·.l• mod1!1oat1on• of electrodes were uae4 \o obt&ia 
Le tw/'I tne a.na.l;r• H; hnvever, th• percenta.t:e nriat1on1 !or each type 
are r.ot greater than vould be 41XJ>eot•d for a type •l•ovod.e dnce aon­
oiderrble 0.11~1t1on r,f th.,. weld depolita reeulte from 1nter!ul1.on nf \he 
:Y)lten filler Metal "1th ba• e :netala &.."-d prevlou.a vel4 metal d.epoa1\• . 

3. .., 

::-~ee,,-;, te or T1o'.i::fre-.81'inell harru:••• • 11.rTr;e cf weld d.epolit1 and 
•,-.'eld )1ea t-a!f eotedJ o· .e1 0f _O&H "'.et..al • &re a'1.1!1lll'Ar11M in ~bl• TII. 

*Ji,~ 
Ja.r,lrPH f'/f auti t ~nitic ••ld metal rang,• fro11 21F~ to 242 t\andertl 

.Brineu• for attach.'le:1t veltl@ and root and body r,f ouhide weld depo1U• 
,y_:_4 .~oir.t eamnlel'I, ~.nd P.e 1,t~h •• JOO 1ir1nell at t1'e roo\ ot 1ne1tie 4.e­
po!'li ts v·,e_r:.e t'"ie oarbon pickup fr<'in t'l-ie ar110r plate •• ~h 

:-['.a fta.rnne~• of tf e crown ,ap:,• 1 t nf th• 011\11.d• wel4 of joint 
1am>le~ ·:t•foe. 4 and 7 ·o1ere ref'--eetively 2~8 - 389 anti 232 - 272 irinell. 
Since •t\!e chemical aJ·,a.l;. sh L·.dic&tee \hat e. h&rd-faoi~ 'n>• ot elec\rode 
wa1 ueed for thue d1,o~ite, the rel&tiTely lov range of harcbl~•• aot,-J.ly 
a,ta1rLed in tn, latter ,1.epoeit 11 surpr1•~ . 

. ~ · 
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11uSJma ua,-atteo-4 1eD1 hardnN•N approaeh \be flall ~1\lo b&J'dn••• of '11• .~ c-.r\n araor plate. At \he outer •tc- of Iba bM\­
att.c,.a 10a• 1• • laan4 wieh hat 'b•• t•perecl b7 \he nl41na ua, te 
a lover hal·h••· \ban th• 'baN .ui. 

4. !eFt!P!1e•Uo! 

:ficure• 10 thro~ 14 are :phoff«l'&'ph• of -.ero•ffhe4 ••Hou \~ 
-.ah ot \he veld Joint•, 'broken vel4•, an4 a,teelmer\ well• ot tu 'ftrl-
8UIJ)l••· 

Oosplete vel.4 Jnt.nh ot IUl>lN ••. 4 ul 1 and. broken vel4 Jo1n,a 
•1 lllllpl•• ••. 1, 3. an4 6, nr• eaall Jn"9P&l'e4 lr •eh!•b« a gNvYe la 
b bea1' &!'IIOI' 1ecUon to ctn a fUt.-l or •rt1•et Jou, ,milll 11 ta 
09IF'e•11.on oa 1.llpaet fro• ~• 41no\1o• of 'F1••1~ b&lll•Uo a,a.ott. 

'lhe c,u\1th upo•1t• wee plaoecl in a T •ohlucl \o gtn an 1ul'Dlle4 
ugle of &JProx1•\el3 f,r;Jt ..._ a ci..\h of pemtraUoll of a\o11t \hrw­
C(ll&rkr• of t.ll1._•• d lighter ••ot1on araor plate. !he in• H.e '9-
'0Nitt were fillet velta ..a. vi\hnt bnelliDc \be plate u4 vi\h ~ff7 
11~• rnnaUon lat. ~ -• •tal ... ,1ou. 

the nt• 14• nl41 were ... 11p of 11111.\lpl• ONrlapplq 'bNAa, 
auten1 U• for \he roo\ u.4 ,.._, &D4 wo lqar1 ot wk e\chl.Dc hard.­
tao~ v114 •tal anal.),11 in G'W1l of eaaple• Wo• - 3 &.114 ~. •• lqer 
in enn wt ...,1. Wo. 7. ln114a ve14 11 a 11111 \1ple NM tlllet la 
IIIIJ)l.N •• . 1. 3, am ~, a •lncl• \ea4 fll let u IUlplN ••• 6 u4 7. 

Pllo\o-.oroCftl)h• ot auple1 ••· ~ an4 7 ahn bu• ••l _.... la 
hMTJ la•e IU\al eeoUon•• !he tfferiV of 'h••• OJ'IMID 11 1l1'1k1Jlcl7 
tllu,ra\ed l,y the tao\ tul tailur• ot broken well .,.1a,,, uapln 
101. 1, 3. an.A 6, •• al••t nltr•l.7 alone Iba•• onat .,.,_. 

lhe broken well. of •-ple lo. g &PJIU'ft\17 repre1•\1 a Joint _.. 
'bf grllltin« • ._ et platie flat ud nt\h« uotur plate ap.lut ti a\ 
aa uel• to be ul.4 by \he \wo aballow ,..-ra\S.oa wl4 dapo•1,,. !h11 
welcl Join, bu f'&Ue4 'b1 ehearbc lhrngb ,,.14 MW. the ffaoe flt 

lakffected. Hue alone \ep .._. of phe'4Ndoroenpl,. badieaw n.. 
crc1tttac prtOl' tc hea\ lnabut &114 gn~ . 

.l.llaebNnt veld• on aa.aple• ••· 1 au. 2 repreeenl NapNl1Tel7: 
(1) • aild • teel •vap tack welded. '17 •1aacl• pat• ~•1\• w1.lb autelllo 
elee\rGde to tn114.e of ri,tll apouoa el .. plate; Ml (2) a rou4 ••• nl4.~ 
w1 Ul a tingle oonU.n'IIOU pa11 ot u aut•l tio elNVOU and a •.-z-• bell• 
wk welded vi \h • ingle Jl&H &118\enl Ue &epoei \ • w lad• faoe of lal.l 
11,Ji, 110 na-.. 

All v•l4• appear w h&Te "bHll Ul)O• lle4, vi\hcnil prtlhNi, en U'llff 
1n \be final h•t.-U'Mled eondittoa. 

- u -



4. i•i1oroexaminat1on 

'i1n1re 14 ~hove micro1tructur~• at junation of hard-facin« erovn., 
fiWlten1tic bo~v weld depoeit and bate metal of Joint aample• no •. 4 &D4 
7, an~ junction of ba,e metal, au1tenitto deposit and mild • teel at­
te.chment (1-1/~ di.a. bo1e, Sample lo. 2). Upper ptotUJ'e eh0Y9 a •all 
fuelon zone crack. Diamond eli.aped mark• are lioker1-lrinell impreeetona 
Md afford compe.rleou of heat-affeated zon• and au1tentt1c weld ••t&l 
J~r<lneuee. 

Upper photomioro~&J>h of J'igure 15 1hoW9 • io:·01\ruoture ot bar4-
fac1r,f:· weld rne+,al depodt of crown of Sample Jo. 4 ~ oon• tet of 
martFJ11ei te nt1tedlH in b~ou.nd of auateni '9. •rdnH• of 4epo1U 
variet11 v1 th amour. t of m.rten11i te pretent, and low bardn••• ot crown 4e­
poei t ot Sample lo. 7 h dua to dilu\lon of thil 111\11:l• la;,er depo• it 
vi th metal from nreviou1 au11\.nt tic pane• re1ul tin« in high proportlo• 
of retained au• \enite. 

r<!.ddle photomicrogra'T)h of ea.me figure ah.ow• • tructure of au• tenitic 
v•ld metal 1n location where carbide• haTe been precip1\ate4 a\ «rain 
'toundarie• by h•t of 1ub1equnt weld. ••tal pa1H1. 

Lover photomicro~raph of th1• figure ehowa • tl'lMt\ure ot 1nt14e wel4 
11here carl'i.'.>n pickup from plate ha• re•ultecl in precipitation of in\er­
r.,ediat• tr&n• formtion temperature carbiu•. 

t-'oat of the heat-af!eoiecl •one oracldng obtU"Yed. 1n ,ru.1• •pec1Jle11.1 
ii of the tyy.,e 1lluatrate4 in a prnio'WI raport on Gel'llall ar110r aa4 nlcl-
1ngl. The orac1c1 &re beUnecl w haTe occurre4 while the Mtal waa at a 
relativel7 high ter.perature ancl un~•r • ,re• 1e1 due to theraal •,;pen•1oa 
reeul tin,; in y-,la1t1e defO'l'matlon or 1upeetttnc• and followecl. bJ ~ 
contraction again• t th• re• traint of adJacen\ unheat-4 metal •eoUou. 

Heat-a:ftected sone llicro1\ructure1 ftl'Y' fro• a ooar• e-grained. 
:--artendte near the fution line to a fine-grained. marten• 1.\e ai Cl'Mier 
dhtanoe• from the fualon son• a.id. finally there h a teapered sou 
where carbide• of original plate • tructure have been ooarened. U•ual, 
recr.1• tallising and ret.mperlnc effect• of IIUl.tiple paae weldi•c an 
••en. 

5. General Condderat1ona ( 'lfelcl1ng) 

Th8te a,un-pl~• indicate continued u• e of th• Gernaa praa\1ce of aaohin­
inr grooTe• in heavy armor • eatlo119 io obtain mori11ed Joint•. Thi• 
!ltructural de• 1gn -placee le!'" impon&nce on quality of joint• th&ll con­
vention.al Americ,;.n practice, but the combination of aballow penatrat1oa 
weld r\epoeite and a veld1ng procedure which cawaet ex-.n• 1,..e baee •\al 
cracki~ producH a velrl Joint vh1ch ha• Tcy poor rni1t.anoe to bal-
11,tie ehock or fat11i!;Ue 1erv1oe. 

1 
WU. Report Bo. 710/542. 1 Al"IIIOr and. Welding - Metallurgical ..,_inatto• 
o! .lrmor and Vel4e4 Joint• fro• Gerau Pdw fl !ult, 1 2J hllnar, 1,at4. 
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Tne r-e\a.tivel.v \-.1 (!'.h c~:rbor. &'!'r.ior rlate heat trMtei\ to ~c&rdnH• eil • 

of 331 to 415 Brinoll 1e very •uacepUbl• tc, ba• e metal cracld.nc. .._ 
Ye11inr; e:Y-T'erinwmt• O!l anor fro• a prniouely u.amine4 hraan Jldw 'fl 
tank indicated t Lat & -pr•h•t c,f ;OO- 1. waR required. to prnent l:l&• e 
Metal ere.eking w.'1en vddl1~ v1 th oomereial Amerlaan auateai t1o ele~ro4••· 

T::'3 '-'-•e of' a h.4'rd-fao10€ tr,-,• •leot.rou tor crown ot eut~ide weld.a 
1~ a1nar~rtly intended to con!ar re1i1tance to b&l.111\io penetration. 
'l"·" location of tie weld and the low degree of bardnu1 aotually at~1ned. 
in the weld rr.etal rake que• tionaole both the neoe11iiy and. the etteo\1Te­
ue1a of th1 • nraotlce. 
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Ma.croetched Transverse Sectiono Through 
Weld Joints in German PzKw IV Tank. 
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APPElmlX A 

~aaic Correapondei:te• 



COP"f 17 April 1944 - ahk 

Wil DBP.AJti.tWR 

CRIQJ: OJ f.ili Cll- 07 ORIIU.IQJ 
WASIII:ICWOS, D. 0. 

o.o. 4-00 . 112/4800 
A\tn: l10D 
1/tn. 350. 05/530 

Subject: :lile\allurgioal .._1nat1on of Pdw IV, Mo4el GJ'- 2, llerJll&J1 
!am 

To: Comr.l&!l.41~ Of f ioer 
'lu hr\own Ar• enal 
Watertown 72, Ma111. 

Ath. : Colonel ll. B. Zornic 

1. A Germa!' Pdw IT tank is ~,eing 'ba.llhtically h1t~d a t 
•1erdeen h-oTini; Ground. Prellllinary ball htic ruul h h&Te been 
obtained and 1Dd.10&te th&t mt1tallurr:iesl data on t !1 El armor &nd veld.-
1.v, ahould be obia1ned prior 'wo Ct\!'.'])letion of ballhtic tHt. 

?.. Sa mplee of t r. s l!'&n t :1T, es of hs.gic arr- or and we J.<ted jr, inta 
are bei~ :fo:n,arded ~ 'l a.ter-ti,wn Areen.e.l frcm Aberdeen ProTil\: i} rou..ad. 
All aampl9e will be identified, and Aberdeen 11111 advise hh arHnal 
,u to the location in the ·nh1el• !ro11 w 1ioh all s&11plH were remTed . 

3. It 1a reque• ted. that llfltallnrgieal au.minatior. be conducted 
on both the b&alc &rl!IOr and. t h• weld.menh, and t he prel 1•1n&rj· re­
port, be 1Ubm1 \ted \o ,:-tia offioe a, 100n a, po111ble 10 that th• 
r811&inder r,f ,he b&l.l11t1e program C&ll be arranged. 

By order cf the Chief of Ordn&noe : 

(a/,) G. ilk1n• Inable 
Colonel, Ord. Dep\. . 
A11htad 

- 1 -

• 

• 

• 
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., 

A.P.G. JS~.3/9~7 
Kc 0urry / d.lf 

2225 
Wtn. 386.3/12g(r) 

16 D9o•b• 194·, 

iubjea~~ ldent.1floatinn of Sample• from Geran 'lank, Pdw n. 

To: CollJM.JadJ.ng Offioer 
Wat.enon .Ar1anal 
Waterton 72, Na• ,. 

1. .leterenoe ta nm.de to a 1 •' ter from ,he Ordnance Office 
(SPO!B - iwo.112/4800 dated 30 loTHl'ber 1943) to your offloe wh1oh 
reque• , • e. mtallurgiee.l uaminaUon of eamplee troa a German fslw 
IT ta.Ilk vh1ah 1• belni balliltically t.e• ted at \hit 1tatlon. 

2. The follow1~ sa11plu ha.Te beeD remOTe4 froin t.he hull and 
llATe bHn forwarded \o your 1tation: 

luber Sh• LooaUon. 

l 5• X 101 light aponson side pl&ie 

2 5• x 1011 iull right aid.e pla,e 

3 5" :x 10• lull roof plat• 

4 411 X 4u Join\ beiween r1~t aponeon aide plate and 
hull roof plate 

5 5" x 1011 !urN\ rear plat.• 

6 5" X lC'" Dri Ter' • front plate 

1 4il X \• Joint between driver', fl"Ont ~late and 
hull roof pla,e 

6 5• X 101 ftn&l dr1 Te front pl& ti. 

!'he aample• ~ be oriented vi\h re•pect to \he hull by arrow, which 
are • teneiled on •oh 111mpl1; th• arron on eamplH 1, 2, 3 &nd. 4 point. 
toward the front of the hall, thoae on UJIIJ)lH 6, 7 and. g point tovar4 
thfl lef\ aide of the hull , the leti 1148 ot ihe hull bei~ to the 
dri••r' • left,, an4 \ha\ on umpl• 5 po1nh tow.rd• \ha right •14e ot 
iba turret. 

lor ihe Comman41~ General : 

(aft) John 1. C&n 
Lt. Ool. I Ord. :o.pt. 
Chief. Ane A Arum. Di T. 

oc: !eoh. Sub-Office, .Aberdeen., Lt. B. 1. ll'OWll 
J'oreip Materiel .Branch, Cap,. n111& 

DIDIOIJID 

- u. -

• 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039

