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Metallurgical Examination o! 
Armored Vehicle Components (Armor .£ttachmcnt Bolts 

and folded Armor Sections) from a Oercan PZKW III Tanlc. 
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To conduct a metallurgical investigation of the armored vehicle :::.:::--.·.-:/: .-: 
components to include chemical analyses, hardness surveys, physical . . .•.• t f -~ · · · ; · _· 
properties, and macroscopic an~~=:::pic •~amil~tion. l; ·... f W,\}\\f@ 
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The baoic correspondence pertaining to tilis report is contained in 

J.ppcndix A. 

steel 

SU'~'.:ilRY OF RESULTS This document haa been as,p!OYN 
for public relecue and IGle; ltl 
distribution ii unHmtted. 1. A,rmor J.ttachmcnt Bolts 

' A• The bolts wore processed from a ,edi~ carbon Cr-Mo-V tn,e 
heat treated to a hardness of Rockwell •c• "°-42 (372-393 Brinoll). 

.2,. The bo;ts _wero forged from a relatively potfr quality bar 
stock, machined/ "roll 11 threaded, and heat treatc4. The hardness is 
higher than would nol'l!la.lly be used for such applications where maximum 
toughness is desired. 

?. • .Armor 

A· Tho 11- mm homogeneous armor was croes-rollod from a good 
quality steel and hoat treated (quencricd and drawn) to a hardness of 
320-34o Brinell. 

_g. Th~ armor co:nposi tion, wnich is si?:iilar to Sil ~150 w1 th 
carbon on tho high side, is clearly not a oteel adapted to woldod fabri
cation. It is qui to si,.1ilar t'.) a co :1.posi tion which hao boon used in this 
country for some time and whicil v.as 1>roducod in conoiderablc quantity by 
the Henry Disston and Sons, Inc. for riveted and bolted fabrication • .As 
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were 
zone 

.. 
.£· 1ragJI1en ts 

of high haI·dnesa 
reeulting from a 

of ~~~{{U~J~~tached to the weld metal section 
(690 Vickere) and consisted of the heat affected 
single paae welding technique •• 

3, 'feldments 

.§. The weld metal deposits were of three (3) definite chemical 
types as follows: 

~ _Q_ Mn §.L Ni Or Mo V 
l .12 • 31 .1 7 2 .1'6 1.1 • 27 Tr 
2 .35 1.,7.a.oo .20 2.38-J.05 1.4-3.5 .57-.64 Tr 
3 • 23 4.Sl .Sl 10. 36 Tr • 32 

Vickers 
W Hardness 

• 52 41'6 
.20-, 36 437-1'64 

370-421 

b. 1rom the limited study possible, no definite evaluations may 
be made of the three tYJ)(ls of weld rode used. However, it iP. believed 
that modi fi ca ti one of tho high chromium-manganese type analysis w1 th 
varying amounts of manganese and nickel may offer promise as substitutes 
for the modified 18-S austenitic varieties now used in this country, 
since x-ray diffraction revealed the deposit to be mainly austenitic. 
'l'he other two compositions may well have been deposited as field repair 
welds since the quality of welding is extremely poor. These analyses 
would not seem to possess any particular virtue for either field repair 
or fabrication welding. 

~- The German concept of an armor weldment is quite different 
from thai recognized in this country. An effort is apparently made to 
develop equivalent hardness in the weld deposit as compared to the base 
metal. 
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ImtoDUQTION 

In accordance ~ith instructions received fro~ Aberdeen 1roving Ground. 
armored vehicle co.:nponenta fror.i a German PZICW III tank have been subjected 
t~ a metallurgical exa!Uination. 

The cor:iponents included two ar~or attachment bolts ai~ilar to others 
which were sheared off during the ballistic teats. a weld !letal section 
which broke loose during the ballistic tests, and a welded armor section 
which broke away from the carrier of the roof of the tank, 

ST PR00EIJURI 

The bolts. weld ;nctal section, and -.:elded ar.:1or section were st1.1di ed 
as individunl units according to the following procedure: 

1. Ar.:lor Attachr.lent Bolte 

The srnall bolt was sectioned longi tudinnlly for a hardneu sur
vey, macroexumination, a11d r.1icroscopic eT.w:iination. The large bolt, 
except for the head.was nachined into a ,357" peysical teat bar. and 
the rc:.1aining portion was sectioned lor.gi tudinally for t'lacroexn:nination 
and cicroexamination. 

2. leld Metal Section 

The B&ml)le was sectioned tranaver1ely for hardness surveys, 
mo.croexarnination, and r.1i'croe.xumination, and the remaining ::,ortions were 
used for chem.cal analyses, 

3. lelded Armor Section 

Longitudinal and tranaverae aections were cut for hardness 
surveys, cacroexa:-.11nation and micro1copic exa.-unation, The co.npod tions 
of the amor and as l'llllly weld depoai ta as :s:,oBBi ble were deter;:iined. 

l. Armor Attac~~pt Bolte 

~. Visual Ex&~ination 

'l'he bolts were !)0.inted co~~letely with a dull black paint, 
and no visible :iarkingo were observed, 'rhe sizes of the bolts were 
4"x.625"D and 2-3/4"x.5461D for the l~ge and small bolt roapoctively, 
1ee 11gu.re l. 

~. Checical Analyaoa 

'rho chenical annlyoea of the bolts arena follows: 
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. ,t_ .. " .-!_ ... _ .. 
C Mn Si S P Ni Cr )fo _V _Cu _._ .. ·_. .- _ . .-_._._ .. 

· Large bolt .44 .81 .28 .029 .021 .12 1.20 .34 .125 .155 :=:~:::/:~/::: 
Small bolt .38 .64 .28 .019 .020 .16 1.25 .28 .135 .155 :::~:::/.//: 

This Cr-Mo-V type co~position is relatively nigh in nlloy content 
for the given ap:µlication, considerir.g the fact that u.ircraft quality 
bolts of ua.xii:rur.1 touganess are made fro.:i .:.a. lower alloy, S,.,\,,E, 6150 
steel. T'ne high residual alloys indicate that the steel was ciel ted 
in a furnace charg€d with appreciable quar.tities of alloy scrap. 

~- Mechnuical Froperties 

The peysical properties ot the large bolt are as follows. 

T. S, 
192,000psi. 

Y.P. 
186 ,250:psi. 

~ 
13.•J 

The bolts possess a ,miform hardness which averaged 41.5 
Rockwell 11 c• for the lart;e bolt and 41 Rockw.ell "C" for the s::lal 1 bolt. 
This hardness is considered excessive for satisfactory toughness. 

S· Ma.croeY.8.l!lill/ltion 

In 1igure 2 is shov:n the r:iacroetched longitudinal sections 
of the bolts on which the hnrdnc•ss il!l"Oreseions are still visible. The 
bolts were both for~ed (ns observed f~on thb grninflow) fro~ relatively 
poor quality bar stock. They were then machined and the threads forced 
b7 rolling ( indicated by the deforaation adjacent to the three.de) prior 
to heat trea tl!len t • 

.!• Microsco~ic ,'!.xa.~innt;on 

!oth bolts are :r..ade from steel having a large a~ount of 
nonmetallic stringers, Figure 3A. 'l'he raicrostructure consists of 
tempered oartenaite, Figures 3B and 0, with excaes undissolved car
bides which were especially proninent in the smaller bolt. 

In 1igure 3E is shown the cross section of a_ thread revenling 
the slight decarburization and the local deformation of the r.1etallic 
and nonmetallic segregations resulting fro::i the thread "rollint" opera
tion. T'nis offers further evi,ence that the bolts were !orbed, tlachined, 
threaded, and heat treated in that order. 

2. Weld Metal Section 

~- Visual Exaµination 

'l'he section, which ~a• fro~ a V-type joint, broke loose 
upon ballistic iopact. It consists of a rataer porous weld ~ith 
soce base netal clinging to both aides of the weld raetal. On one side 
the fracture o.ccurred through the heat affected zone whc:reae the 
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fro.cture at the other side was thro14?,i.1 the line of fusion and the heat 
affected zone, Seo Figure 4. 

].. Chemical, .l.~alyais 

'l'hc analyses of the weld und the buse metal at (B) in Figure 
5A are as follows: 

leld Metal 
Base Metal 

.Q. Mn Si 
.12 • 31 .17 
• 44 .255 

Ni 
2Ji6 

trace 

Cr 
1.1 
1.3 

Mo 
.27 
.50 

! 
trace 
,17 

w 
.52 
nil 

Cu 
.15 
.18 

The co~osl tion of the weld :netnl is ::mr'icedlr different from 
those used for welding ar,lor in ti1is country, and is interesting be co.use 
of the "i1igh alloy content in fais ferri tic ty-,c weld. 

The analysis of the base metal wns not c~c,leto as there was 
very little material from which to obtain a sa.':tple. Tho composition is 
definitely not adaptable for welding, even ,nth practicnble ,reheating 
terapero.tures . 

.£, ~urdness Survd,Y 

Several Vickers hardness readings were obtained in the weld 
metal llnd the base metal heat affected zones clinging to it. Tho maxi
mum hardnessoe observed are us follows: 

Area .m 
fold' metal ~ 
Base metal .A. 690 
·:sa.so nctnl :S 681 

f.ne hardnesses observed a.re uuch grouter than the lirni t 
( 500VPN) preacri bod for good ar.:10r welding practice. 'l'his would indicate 
that the welding was carried ~ut witn little or no preheat and probo.bly 
under field Qondi tions. 

,4. the structure of the wold :~ctnl spccincn is shown in 
Figure 5. The oxcesai ve amount of porosity present was ;.101t prominent 
o.t the fusion line and betwoe1~ the two weld la;,ers, see Figure 5A. Tho 
welding procedure employed is rather difficult to actc~nine alth~ugh it 
i a believed that there ,:ere two singlo-po.ss layers. A lack of fusion 
was eo,ocially noticeable between the base r1eto.l (13) and the first paaa. 

'?ho weld mt:-to.l is co;:nost•d r:,f a lo,.·: cllrbon fj/lrtnr.oi tfl of 
fairly hie'.'h hardness. The base noted fr4-"'. •. c~ts attachvd a.re also mar-
ter.alt1o but of a ·iuch higher hardness. HC1nt a.ffectod zono :B (Figure 5D) 
whicn was ,.mnlyzod, contains undi~solved curbid£o in ~artcnsitc, The 
otncr !1cc.t af!'oct(~d z:.mc (Figure 50) consists of an a.ciculnr :iartcnsitc 
having very 11 ttlc undi ccolvcd cr,rbidr, present. 
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1· ~ener4J. 92ns14er,a\12na 

'l'he weldment, which ·::~a ;>robably a hurried field repair 
Job, waa very unsati 1factoey. Weld metal •:,·o.s :::,orous and did not acL"lere 
well to the base metal. '?he extreme hardnes1 in the heat affected 
zones indicated that no o.tteupt was made to either preheat or r,ostheat 
the weld and thereby reduce its ausceptibili~y toward cracking. 

In the German concept of welding, an attempt is n:.,paren tly 
made to obtain hardnesses in the weld ~etal equivalent to the base 
metal hardness. On that basis, the weld rod used has soce merit although 
the hardnesses developed are excessive for satisfactory toughness. 

3. Welded ;.rm.or Section 

A· Visual Exa.T.inatlon 

~e triangularly shaped section shown in Figure 6 was broken 
from the carrier of the roof of the tar.le. It consisted of an 11 tlI!l 

(.426• actual) ar::ior section with weld de~osita on the three ed&es as 
~ell aa one across the back of the plnte. 'l'he arr.1or was painted on tho 
back with a dull black paint wnicili\'as flecked with r,.1st. On the face 
this paint was covered w1 th a thick ircn oxide type paint. Star.iped 
on both the face and back of the plate was the following: 

• 8131099 
JD2247 

'l'he failure of the weldl:lente generally occurred t~1rough the 
weld metal, al though aor:1e lnck of fusion wa• apparent in the fra1ture 
at one edge, see J'igure 6. 

.2.• Oheoical Analyeea 

The cor.1posi tion was deter..1ined for the base ::ietal and as 
many of the types of ~eld ::1etnl aa possible. Incomplete anal;,ses indicate 
that insufficient chips were obtained for a cooplete wet analysis 
although 1everal elecents were ar.alyzed on the s~ectrograph . 

. 'l'he analyeee of areaa located on ligure 6 are aa follows: 

SectioB .Q. Un Si ! F Ni Cr Mo .! Cu I Al 
Base ll,.tal .55 --~ ."59 .018 ,015 - 1"34 .27 trace .08 .03 
leld ~ C .36 1.93 .20 2.,s 3.44 .57 trace .33 .20 
Weld at D ,35 2.00 .19 2. 4 3.54 .58 trace • 31 .36 
leld at I • 31 1.67 .17 3.05 l.~ -~ trace • 31 pres . 
Weld at r • 23 4.Sl .81 10. 36 trace .32 .3 

The s tf el i a a tY:)1 cal hard hor.1ogeneoua arr.lOr co~oa1 ti on, 
al though the carbon 1 s higher than -vnuld be ueed 1 n this country be
cause of tho poor .,,.eldin& cho.ractcriatics of euch a oaterial. 
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!he two or three types of weld rode used are quite different 
fro~ those generall1 in use for welding aroor in the United $tates. The 
high alloy Cr-l.ln-V ttpe (r) waa found depoei ted on the ec\8es ae well a.s 
on ,the ba~ ot the plate. The only weld metal of' this tn,e allalfzed 
was that depoai ted on the baclc, '?he vanadiur.t may hav~ been ad4ed tn 
increase the ductility an4 workabil1 ty as well a.a to .•ef'ino the grain 
size of the weld oetkl. 

The other y;eldr:lents, which were a··:,parently repair welds 
deposited over the high alloy original deposits, contained over 6~ of 
strategic alloys. Thie type alloy posseeee1 no npparent Merit for 
use either in the field or !or prir.iary fabrication. 

£· Vickers Hardness Surveza 

Hardness surveys were obtained every .03" across the heat 
affecte'd zones as shown in Figure 8D and 9A. Subsequent readings were 
taken on other specimens to verify the original surveys. 

Mo.ximuc hardnesees obtained in the weld i:.1etal, base ::ietal, 
and heat affected zones are as followsl 

Area Hardness VPN 

Base Metal 34o-36o 

Heat Mfected Zones 
0 376 
D 394 
I 370 
1 370 

Low 'lloy Weld Metal 
0 455 
D 437 
J 1164 

High 'lloy Weld Metal 
450 D 

I 421 
1 370 

As in the v:eld :ietal section di scu.Hed previousl!', the 
hardness of the weld is relatively htc}l. Thia r:JA;! be accounted for by 
the high carbon content ,resent (. 35~). 'l"ne onl)' ex· ,lar.otion a~rent 
tor this high hardne~s io that the 111me ordor of hardness 1;a1 l"J&intained 
in tho weld rlebl us was present in th!:) base :-:1Ctal. 

The iulrdnc,eea in the heat a!!octed zones r.ere not exceasive, 
altho'\l&h the eom~aition v,a1 such th~t high hllrdnoaaea would bo en
countered it no temparinb waa employed, thus indicating the use of pre
heatinc or ,oatheati~. Oracles wore Jbsorved which wore not cor1r9&tiblc 
nth the relatively low hard.ne1101 in tho hent affected zones. 'l"ni1 
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a•pect will be di•ou• aed mozi1 ful~ UD4tr i;ioro~tru.ctura. 

,!. Macroeumination 

The macroetchecl •eotiona in bo,h the longi tu41D&l and trana
ver!e ~ireotiona la abown in Jigu.re 7. !ht etchin& characteriatica were 
similar in both direction• ln4icat1q that t~e steel waa cro•a-rolled. 
The armor wa• mad• from g,od qualit7 •teel a, indicated b7 the freedom 
from nonmetallic aegreption, in the two •action• eumin,cl, 

The ·high alloy weld metal. which reaiat• the attaak of the 
microetchiq reacenta wa• rapidlT attacked b7 the hot acid etchant. 

!~ Mioroa00pic bamination 

The microatra.cture of the •ectiona A-A and :B-i indicated in 
Jigure 6 are •hown in J'icur•• 8 il!ld 9, 

. 'rhe atructure of the baae metal la a typical tempered mar-
tenai te • J'igure 9D • containi~ some undiaaolved carbide• and indicating 
incomplete heat treatinc, At low magnification bam.in& or al.101 •ecre
gation is obaened, 'Ebe similarity of the etching characteri•tica in 
both the longitudinal and tranaverae direction• :ndlcatea that the •teal 
va• croaa-rolle4. The diatrlbution of nonmetallic• in the longitudinal 
direction 1• •hovn in 1igu.re 91, !he general troedom from nonmotallio 
1egregat1ona obaoned here la tn,ical of German armor which haa been 
previoual.7 •tu.died at thia .&.raenal•. 

'rhe low allo7 weld metal wc.1 almoat completely martonai te 
with small 811lounta of retained auatenito, Soe J'igu.ro 81 and B, !he 
high alloy Cr-Mn weld metal va• almost entirol.T auatenite with band• 
•fan ac1aular tran•focmation product, probabl7 bo.inlte, See J'ipre 
90 and I, The preaence of o.ueteni te wa• aubatantiated by »-rq diffrac
tion. 

Soverril crack• wero observed in the heat aft ected 1one1 of 
tho baeo metal in an area Adjacent to the high &1107 weld meto.l, See 
Figure• Bl and :a. The extonaion of one or tvo of thoae crack• waa 
associatE>d with the line of t\i•ion of the high allo7 weld metal. fh• 

I 
low alloy wold metal. on the othor hand, formed a veey good bond .with 
tho bnae metal and it vaa diffiClllt to d11tincuiah tho liH of fll•ion 
botwoen the two. !here wo.a alao a aat11tactor7 bond be\weeii the two · 
types of wld metal althoucb, in one ca•e. a crack formed in tho first 
pass of the low allo7 weld metal, See 11pre SC, .pother defoct ob
aened va• the lack of fuaion a.t tha toe of weld• ma,! the general poor 
quallt7 of the welding technique a• a probable relUlt of weld.inc under 
field condition•, ·· 

Oon11.dering the compoaition of the ba•e meto.l.. exoe11iv• 
hardne11e• wore expected in the heat Clff ected 1onea, !heir abaonoo 1111' 
be a.coountod for b7 the 1"Act that the weld meto.l wa11 depo•1 ted in lqer•, 

-------· ---·-----. .. - -· ·-·-
•1cn11 JLeport 710/458 - Netallurpcal lamination of Section of German 
Jace Hardened umor from the, Jront of a 1Zlli I II 'ra.nlc, 
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each ,ass subsecp1en t to the first one tcopering 
zone. 
in• t:ie 

However, this tec,mique did not :prel'ent 
areas adjacent to the orie-inal pass. 

- 9 -

the 
the 

origi~al heat affected 
forr:iation of cra.c~s 

--.--····...-· .......• . ..... .. · ···- . -~ - ... ..• .. --~-··· . . . , ... •• 

· .. ·,. ·-.•. ·. 

• .· -~. · .. · ..... ~ .. -... -. -.. 
,:.-...... ·.·.-.·.·:.· 
I .., • • • • •,. • • • ~--· -.·.-.. ·::., ... 
- ,I" • ••• "' ••• . .. . . -: .· ... _._ .. -: .. 
~ .: •:-: •:-:-: .:·:.:. 
r .... -~· .. ·-•.·~•:.,, 

........... 
; .. : .:-:-: ·: -~ ·:~:-: .: .............. '.-: .•: -· .... : ~: . ····- ····. "·.-.·.· ..... ....... ~• .. .:. . . . .. .. . .. . .. . . 
~ ·: .:•:-:·:-:·:-:-:: 
•• ., ••• !- ~ • • • 

• 



I~ 1 I J 
QRDl't1DC€ ~ Y-§:A· 

INA-n!'""Tt:>W.IV A/!':!!?'"4'-· 

ARMOR ATT.ACHM(NT BOLTS FROM A GERMAN NKWTll TANK 
NOVEMBER 5,1942 WTN. ~Hi51 

F' IGURE l 



c.:~ 11 I I l'' I I' I' 1' I I I 
CWQMl)CE ~ k'·:Sr1· 

f"l"t'"'!!l!'WN ~'-

'J 

MACROETCHCD LONGITUDINAL SECTIONS OF ARMOR 
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WELDED ARMOR SECTION FROM THE ROOF OF A 
GERM.AN PZKW I I I TANK 

Wl!LIJ M£TAL 

XlOO -A- Picral Etch 
Fusi on Zone at 
Lack of fue\on 

I ~ l' 

l. High alloy weld bead. 
and cracking at the toe. 
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XlOO -C- Picral Etch 
Fusion zone at 3 between low and high alloy 

weld m~tal. Note cracking in 1011• alloy 
weld zone • 
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X3 D 
S~ction .A.-A in Figure 6: Position ofthe vickers surveys and 

photom1crographs 
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XlOO -E- Picral Etch 
Fusion zone at 5. Note fracture in 

the high alloy weld bead 

XlOO -G- Pi cral Etch 
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Fusion zone at 4. Low alloy weld 
beud showing very r,ood fusion 

excep t at the toe. 

XlOOO -F- Nital Etch 
Martenstte and auetenite in 

low alloy weld at 5, 

Martensite and austenite in 
low alloy weld at 4. 
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WELDED ARMOR SECTION FROM THE ROOF or A 
GERMAN PZKW I I I TANK 

X3 .l Nl tal Etch 
Section B-B in Figute 6: Poll tlon 
of Vickers 1urvey1 & photograph• 

-

... . 

XlOO B 
Base metal: Di•tr1butlon 

nonmetall l cs 

....... 

Unetched 
of 

XlOOO D Picral Etch 
Base metal: Marteneite and undia

solvecl carbides 

XlOO C Chroml c acid Etch 
Weld metal at 6: :Bain1te in high 

Alloy weld 
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Xl000 I Chromic acid Itch 
Weld metal at 6: Bainlte at grain 

bo'Wldariea of high alloy weld 

Figure 9 
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A.P,G, 470.5/4183 
\V. "-· 4 7n. 5/5447 

War Depar t :-.1en t 
The Proving Center 

Aberdeen PrJving Ground 
Maryland 

RESTRICTtD 

Subject: l!e tall urgi cal .i\nalyei s of Ger:.lar. Arnor 

To: The Comr.w.ndin~ Off1 ccr 
Watertown Arsenal 
Watertown, llo.osachusetts 

Attn.: Col. G. L. Cox 

Ar:nor Di vision 
Proj ect A-1 
Ple.ss/hlc 

1. This statioa is for\i"!'\rclin; several sr.:m.11 sa:"'.lples froo a German 
PZKW III tank for r.ietallur~cnl r.nalysh. Tho sru1ples include a section 
of weld r:ieta.l, a piece of ar::ior with so~aie v,el d ;.ietn.l clinging to it, and 
two bol to used for attaching addi tionnl c.r:;;or to the tank. It is reouest
ed that n. full meto.llurgi cal exn::iinntbn be €1, ven tile,se sruples. 

2. 'l'his station is interested in the chenical analysis of the weld 
cetnl. ,md the ar.;1or plate, as well as t:ne weld.in~ procedure used, if it 
is possible to ceternine this. ll.ny other :letru.lurgicnl infornation con
cerning these sn::iples wnich can be furniehed will be of 1::rec.t vnlue. Tv;o 
copies of the reJort of tho ex~Jination of these sa;.1ples will be needei 
by this stntion. It is asked that this exn::1inntion be co~pleted at the 
earliest possible • ocent. 

For the Coo.".l!Ulding General: 

G. G. EDDY 
Col,, Ord. Dept. 
•saistant 
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