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Metallure;ical Examinntic-n of Eleven Sections of Enemy Armo~;· \ Tf ~ -
! \ .~) ~~ .. ~ t>.. t ., • .#- ~ 

Including Homogeneous I Flame-Hardened, f· •· · : : ;·. · 
1
~· · · · ;: .- ,r.w~t 
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Carburized
1 

and Welded Components ·;f,. · ,\ 
"•k .. h, APR 2 3 1985 ;. \ >, ~- . 

OP:JECT 
911,L I " ::: 

1_-

A 
~o conduct a metallurgical investigation .consisting of chemical 

analysis, hardness and oordness distribution cf face hardened plates, 
macroetching for deternina.tion of steel quality, and microscopic examina­
tion. 

SUMMARY OF RESULTS -
1. Flame Hardened Armor 

This docurnent"hos been opproveli 
for p ubl ic rnlno:, e and sale; its 
d i::;tribution i.. nlim ' ed. 
------------ . ····-~-----~ 

a. The pistol port cover is a for ging made from a medium car­
bon Cr-Mo-steel heat treated to a hardness of 388 Brinell and flame hard­
ened to an average depth of 0.09 11 • 

I 

. b. The two flame hardened. rolled armor sections are made of well \ 
processed-medium carbon Cr-1,io-V steel heat treated tc hardnesses of 363-388 
Brinell and flame hardened to a depth of 0.155 11 for the 50 mm. plate and 
0.11 11 for the 31.4 mm. :plate. 

2. Carburized Arnor 

a. ~he carburized armor section we.s processed from a Mn-Cr-Mo 
steel. ~he case has a depth of 0.21 11 and hao a maximum carbon content of 
0.81%. ~he face hardness is 627 Brine;1 and the core hardness 331 Brinell. 
?he carbon content of the core is o.26~. The back surface of the plate 
eY..hicito severe decarbu.rization extending into the metal for a distance of 
0.15". 

3. Homogeneous Armor 

!• Two of the homogeneous plates are of the common medium carbon 
Cr-Mo analysis heat treated to 363 Erincll. 
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INT.RODUCTIOl{ 

l 
In accordance with instructions from the Office, Chief of Ordnance , 

eleven pieces of enor.iy armor were forwarded to this Arsenal for metallurgi­
cal examination, 

Enemy .armor sections similar in nature to several of tho subject plates 
have been previously eXElJl.ined at this laboratory; 2 ,3, 4 consequently the 
metallurgical examination to which the eleven sections were subjected is 
not as detailed as would otherwise "be the case. Data,covering chemical 
analyses, types of armor, hard.nessas, and analyses of weld deposits, abstrac- · 
tod from previous reports covering mota.llurgica.l examinations of German · 
armor are contained in A:p:9endix A. 

MATERIALS .AND ~EST PROCEDURE 

The arr,1or cooponents consist of tAe following items: 

Serial Number 

J'MPI,..( 
Fl-!PL-3✓ 
l!'MFL-11 / 
FMFL-1~_/ 
FMPL-2U" / 
Fi11PL-2l 
Wll'L-23 V,: 
Fl•lPL-25-' 
FMFL-27✓ 
FMPL-28 ✓ 
Flv'iPL-29 / 

Description 

Cover, Pistol Port, PZ III Tank 
Plate, Top Engine, PZ III Tank., 17 mm. 
Plate, Ar1.t1or, Approx. 3/4"x3/411x3/4", used on Landing :Boats 
Plate, Armor, Homogeneous, 16.3 mm., l41'xl2 11 

Plato, Armor, Flame Hardened, 50 mm., 4½"f3" 
Plate, Armor, Flame Harderwd, 31.4 mm., 6;£'1x5" 
Plate , Armor, Homogeneous, 31.7 mm., l~"xl~" 
Plate, Ar~or, Carburized, 31.0 mm., lOi"x82" 
Plate, Armor, Homogeneous, 30.0 r.ir.1., lt''x6" 
Plate, Armor, Homogeneous 26.1 mm., l2i 11x4 11 

Plate, Armor, Homogenei.US 8.1 mo., 911x6l11 

Of the above items; threo i'MPL-1, FMfL-20, and FMPL-21 are flame 
hardened; one, Fl<lPL-25, is carburized, and the remainder are homogeneous 
arL1or plates. In addition, h ,,mogencous plates FMPL-27, ML-28, and Jl,!PL-29 
contain either weld deposits or welded attachments, and homogeneous plate 
FNFL-3, which consists of an entire door section, has a locking device as 
well as two hinges attached ta it b~r means of threaded bolts. ~he top 
engine plate was appo.rently attached in such a manner as to :t'acili tate 
accessibility to the engine. 

1. 
2. 

3. 

4. 

o.o. 470.5/14377, W.A. 470,5/7152, See Appendix B. 
"Armor - Metallurgical Examination of Section of German Face-Hardened 
Armor from the Front of a PZ,KW !II ~ank." W.A. Report 710/458, 
A. Hurlich, 15 0ctober 1942. 
)1Armor - Metallurgical Examination of Armored Vehicle Oouponents (Armor 
Attachment Bolts and WeldodArmor Sections) from a German PZ .XW III 
Tank. 11 W.A. Report 710/472, -P.V. Riffin, 2 January 1943. 
11Armor - Metallurgical Examination of German Armor from a PZ.KW III 
Tank. 11 W.A. Report 710/485, P.V. Riffin, 15 March 1943. 
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Longitudinal and transverse sections were cut from each piece for 
hardness surveys, macroetching, and microscopic e::amination. fhe chemi­
cal analyses of the armor sections, wold depo•its, ar.d attachments were 
deteruined as completely as possible. 

In the following discussicn, the plates a.re grouped and considered 
according to type. 

~ Al.11) DISCUSSION 

l. Flame Hardened Armor 

.!• OhoDical Analysis 

fhe analyses of the three flame-hardened armor cocponent1 
a.re tho following: 

WlJl I 

Chemical Analyses of FlSl:le-J!!rdenod Armor Secti.2a! 

Plato llo. C Mn Si s p · Ni Cr Mo V ~ £ - - - - - - -
l'MPL-l .45 .60 .715 .012 .011 .12 1.34 .42 .14 .015 
FMl>L-20 .47 .66 .29 .015 .010 .13 1.30 .55 .33 .16 .015 
WJ>L-21 .60 .66 .43 .013 .023 .05 1.33 .29 • 33 .06 .02 

~hese analyses are typical of the Cr-Mo and the Cr-Mo-V compt:1sitions 
widely used for the armor components of the German PZ XW II~ tank, note 
the data in Appendix A. 

~. Hardness Surveys 

Rc,ckwell C and Vickers hardness surveys wore made upon cro11-
sectiona of the flame-hardened armor components. ~e 6Taphs of the hard­
ness patterns of plates l'l-!PL-1, 20, and 21 are contained in Figures l and 
3, ' and the data summarized in ~able II. ~rinell hardness impressions were 
also made on the face and the core of the plates. · 

Plate No. 
J'MPL-1 
l'lG>L-20 
YMPlr-21 

-

WLE II 

Hardness Surveys of J'lame-Hardened Armor 

Hardness of Face Hardness of Core 
!!fil VPU ~ filfil VP~T !£_ 

572 54 388 401-421 41 
627 690-707 5s.5 363 370 3

1
7.5 

601 707-724 58 388 394 4 

- 4 -

- - - - - - -

Depth of Jlame-Hardoned 
zone to 400 ffl!-inchea 

0.09 
0.155 
0 .• 11 . 
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£• Macrostructure 

Sectiono of th~ flame hardened armor components were etched 
in a hot 50'fa hydrochl~ric acid solution, Photomacrographs of the etched 
sections are shown in Figures 3 and 9. The grain flow pattern of item 
FI:PL-1, which is a piatol :port cover, reveals that the cover was produced 
by a forging operation. The steel quality of plates FHPL-20 and 21 is 
good; the metal being sound, well worked, and relatively clean, The cracks 
in the flame hardened layer of plate FMPL-21 are believed caused by ballis­
tic impacts in adjacent areas. 

~. Microstructure 

The microstructures of the flame-hardened components are typi­
cal of previously examinod plates of the same type. The structures of the 
cores of the three components consist of fine, tempered martensite, see 
Figures lla, 12f, and 12g. The flame hardened zones consist of ma.rtensite, 
below which is a narro11, band of high temperature tempered martensi te of 
reduced hardness which merges into the harder tempered marteneite of the 
base metal. 

The pi·obable heat treatriient of the flame-hardened components 
consisted of oil quenching from above the A~ temperature I tempering back 
to a hardness of Rockwell C 37.5-41, and a 1ubsequent flame-hardening of 
the outer surfaces. 

2. Carburized Armor 

!• Chemical .A.nal:rsis 

~e base analysis c,f the one ca.rburized armor section is the-
following: 

Plate Mo. 
·:n~PL-25 

C Mn 
.26 1:05 

Si S 
.29 .016 

p 
.016 

Cr 
.'sb 

Cu Al 
.11 .01 

This steel is a Mn-Cr-Mo alloy possibly derived from the basic 
Cr-Uo analysis by lowering the chromium and raising the manganese. 

L piece of plate :BWL-25 was annealed, and chips -were milled 
from ten consecutive layers, each 0,020 11 thick, and analyzed for carbon. 
The curve of the carben gradient is shown in the upper portion of Figure 4. 
The surface is slightly deca.rburiz£:d, with the first 0. 020" layer having 
a carbon content of o.66~. 'I'i1s maximum carbon content of the case is 0,81~. 
with a gradual · decrease to 0. 3271, C at a dista!1Ce of 0, 180-0.200 11 below the 
plate surface, 

• 

~. Hardness Survey 

Vickers and Rockwell C hardness aurveys thz·our.:;h the cross­
section of plate FMPL-25 are shown in Figure 4 and, together with Brinell 
surveys, are summarized in 'table III. 
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!U:BLE III 

Hardness Surveys of Carbu.rized Armor 

Hardness of Face Hardness of Core Hardness of Back Surface 
Plate lfo. ~VP11 Re :SHN V'Plr Re BHN Re - - -
FMPL-25 627 700-720 58. 5 3 31 375 35 

The depth of the case to the point where the Vickers hardness 
decreased to 400 Vfli is 0.21". The hardness tTadient of the carbu.rized 
armor at the transition zone between case a::id core is much less steep than 
that of the flame-hardened plates, compare Figures 3 and 4. 

E.• Macrcistructure 

Macrophotov-aphs of the hot acid etched sections of plate 
:n.;PL-25 are shown b Figure 10. The steel is dense, well-worked and free 
of segregations, T~1e oracles are believed caused by ballistic impacts in 
adjacent areas of the plate. 

i• Microstructure 

The microstruct"J.re of t he case of carburized plate »!PL-25 
consists of hyiiereutectoid carbide particles in a matrix of fine marten-
ai te, see Figu.ITe 13c, !foe microstr\:.ct1:.re of the CC'lre co:isists of grains 
of tempered martensite with clusters of acicular ferrite segregated in 
larger ferrite grains, see Figure 13d. This microstructure is believed 
to result from incomplete quenching from below the up-per critical ranee, 
so that ferrite is formed in two manners; some because the steel had not 
been completely austcnitized so that some ferrite remained out of solution 
upon heating, and some resulting from higl::. temperature transformation du.ring 
cooling. ~he back surface of the plate has a layer 0,15" thick that is 
several? decarburized, Figure 13e. 

A probable method of manufacture of this armor consists of 
carburizing the armor in a relatively heavy section, then subsequently 
rolling it to the final gauge. ~his method of production produces a 
good diffusion of carbon, breaks up any hypercutectoid carbide grain 
bcundary notwork formed upon ce.rburizing, and generally results in some 
decarburiznti6n at the plate surface such as was observed in the subject 
plate. ihe plate was pro·oably oil quenched frori1 a temperature that was 
above the A3 tompcrature of the high cnrbo~ case, but below the A.3 tempera­
ture of the low carbon core, and tempered at a moderately low temperature. 

3, Homogeneous Armor 

.!• Chemjcal Analysis 

The analyses of the hor.1ogeneous arrnor comr,onents are contained 
in Table IV. 
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li'.BLE IV 

Che~ A:,1alyill_..2!._ Eomogeneous Armor ComEononts 

Plate Mo. C Mn Si s p lU Cr Mo Cu Al - -
J'HPL-3 ,51 6~ . 

• .I .45 .010 .030 Trace l,4o .42 .05 .03 
F:,iPL-11 .25 .34 .28 .• 019 .011 .57 2.67 .19 ,17 .07 
Y.,i?.t-14 .50 • 66 1,77 .018 .031 ,()7 .s4 • 21 ,ll .015 
11-ifL-23 .48 .51 1.42 .021 .018 .08 .ss .20 .14 .015 
FMrL-27 • 59 1.,e .017 .019 .oe .87 .18 .16 .015 
i!,rrL-28 • 67 .~2 .016 .022 .07 1.31 .44 .09 .02 
FUl:'L-29 l 69 .010 .oo ,14 1.00 0 
Hinge from 0 
Plate FMPL-3 

Plates Fl-1PL-3, FMPL-26, ~d. the hinge from plate FHPL-3 are 
of tho commC'ln Cr-li!o analysis. Plate FNPL-11. reported as being armor from 
a landing boat, is not believed to be of German manufacture because it 
contains nickel and has an unusually h!gh chromium content; being some­
what similar in composition to armor produced in Italy. 

i 
L" ~: ., , · ,, 
• 

,· 
I , . .. 
i. 

'· .. 
l 

Plates FllPL-14, 23, 27, and 29 represent a now type composi- 1 
tion not previously encountered in German armor, namely a Si-Cr-Mo analysis. 
This analysis is a mod.ification of the older Cr-Ho alloy with the chromium 
content reduced 0,30-o.5o%, the molybde~um content reduced ,15-,25%, and 
the silicon content raised to 1,40-1,7~ to offset the decrease in harden- l 
ability occassioned by lowering the chromium and molybdenum, This m,difi- l 
cation may represent an attempt to conservo the more strategic alloying 
elements, and may be synptomatic of decreasing German stock'})iles, 

_k. &rdness eur,,eys 

Rockwell C hardness surveys were mad.e upon cross-sections of 
the homogeneous plateu, and :Brinell impressions were made on both surfaces 
and on cross-sections cut from the plates, Graphs of Rockwell C hardness 
surveys of the homogeneous armor are contained in Figures l, 2, and 4, and. 
tho data summarized in ~able V. 

TA'B!U 
Hardness Surveys of Honio.fi£!:2£.U..!.E~! 

Ha.rdnoss Jf Frlnt Hardness of Core Hardness of Back Surface 
Plate No. Surface, .BEU l3H1'T Re :amr 

FMPL--3 363 341 35 341 
FMPL-ll a6,5 -
Fl.JPL--14 363 388 1.5 363 
FMPL--23 321 341 36.5 311 
Fl.u>L-27 331 341 3s 285 
FMPL-28 I ~ a; ~ FMPL-29 
Hinge fr:>m 341 341 341 
'.elate FMPL-3 

- 7 -
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German armor is found. to be gene~·ally considerably harder than 
American armor of comparablE:; thickness. 

£• Mo.crostru.cturo 

PhotomacrogTaphs of the hot acid. etched sections of the homo­
geneous plates and some of their attachments are s~1own in Figures 8 1 9, 
10, and 11. The hinge · from plate FMPL-3 was produced ·oy fo·rging. ~ho macro­
photograph of the hinge shown in iigure g is of a surface perpendicular to 
the flow lines and t:1us reveals only tho end-grain condition, Plate Fl-!PL-3 
co:itains many short scattered no.metallics which have been etched out by 
tho :!.1ot acid, see iiiure 8. Details of the assem'bly of the locking device 
attached to tO j) ent;ine plate Ft:PL-3 are shown in FiGtJXe lle. 

Homogeneous :plate FHPL-14 has been well processed and thoroughly 
cross-rolled, sec Fi~ure S. Plate FUPL-23 has a greater nonmetallic con­
tent than most of th~ other homogeneous plates, Figure 9, Plates ~lt.PL-27, 
2B ,· and 29 are all very clean, sound, a:~d well :processed, see Figure 10, 

~. lUcrostructure 

Plate FLPL-3 

The stoel is relatively dirty, containi!'l.e; ::-1any slightly elonga­
ted inclusions, Figure llb. The microstru.cture consists of tempered mar­
tonsi te with relatively severe ba.nding, Figuroa llo and d.. 'l'he microstruc­
ture of the hinge consis'ts of tenpcred martensi te similar to that of the 
plate. The threaded bolt has a raicrostructuro of tempered martonsite, 
Fi6ure llf, and is very similar in all res~ects to the bolt studied and 
reported in WAL Report lfo. 710/~723. The plate, hinge, a.,.,d bolts wero 
probably oil quenched and tempered b~ck to their respective hardnesses. 

Plate Fl-U'L-11 

The steel of tho la11di11g "ooat arnor is relatively clenn, but 
one lar(;e centi;rline defect, ~onsistb.e:; of residual pii,ing and/ or_ thermal 
cracldn.;:; was f (Jund extending to a shoarcd end of tho plate, see Figure 12a. 
The r.~icrostructU!·e consist•, of martensite and acicula.r ferrite, Figures 
12b and c, probably resul,ting frorr. quenching f :::om a. tet1pera.ture between 
the Ai a.nd A3 tompe~aturos without aubsocrc.ont tempering. 'l'he reason for 
the deliberate production of this ::iicrostr"J.cture, if such were tho case, 
is uncertain; for t~e properties developed a.re unsatisfactory for armor 
a1)plications. 

Plate ~ (PL-14 

'l'he stcc;l is relatively dirty, with many short stringer a dis­
tributed t!u'ou~hou.t the cross-section, Figure 12d. 'I'hc microstructuro con­
sists of acicular teuporod ma.rtor.si to, Figure 120, probably rosul ting from 
oil quenching and tonpering. 

3, See footnote on Page 3. 
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Plate FLPL-23 

Tho plate sw.•facos a.re decarburizod to an unusually sovero 
extent for houogoneous arwor, having decarburized layers averaging 0.025" 
deep, Figure 13a. ~he microstructure consists of a nixture of tempered 
martensite, ferrite, and pcarlito, iigu.re 1_3'b, resulting from incomplete 
quench hardeni r,g. This plate represents one of the very few cases of 
poor heat treatment observed in Gorman armor. Almost all the Ba.l!lples 
of Gorman armor which have been e.x:runi:ied at this Arsenal havo indicated 
excellent hoat treatments and satisfactory tampered martcnsi tic microstruc­
tures. 

Plate FMPL-27 

['he microstri.:.cture consists of spheroidized carbides in a 
matrix of tenperod rjartensi t e which oxhibi ts slight banding, Figures 14b 
and c. One surface of the plate is severely decarburized, having a total 
depth of docarburizntion of 0.04" with a o.oogn layer cooplotely decar­
burized to ferrite, Fig.ire 14d. 

Plate FMPL-28 

The cicrostructure consists of a well spheroidizod sorbito, 
Figure 15c. 

Plate FMPL-29 

The microstructure conoists of aciculur tempered r,1arter~s1te, 
Fi~.l.I'e 16b, probably rosultinb from oil quonching and tempering at a rela­
tively low temperature to produce hig:h hardness, 

4. WeU,nents 

!:• Descri'otion 

HoI:'!ogenoous plato F::J?L-27 had a. tl1in structural steel ncmber 
welded to the back surfaco with two single bead pa.sees to form a ~ joint, 
see t :~e· macro1:ihotograph in Figure 10. HOi:iogonoo·c:s :plato Fl:PL-28 included 
a two bead weld along one end. of t:1.e plate, see Figu.ro 10, and homogeneous 
plate Fl-iPL-29 had a strip welded coi:!plctely around t ho plate by ocans of 
two single bead passes foroing an L joint, Figure 10, 

:follows: 

- • 

~he strt:.ctura.l r.1em'o ors and weld deposits were numbored as 

Plate :&l l'L-27 

A - Structural steol ueooer 
:S - Weld doposi t (It was determined spoctrogra:phically 

that the two deposits were laid on with electrodes of 
the same analysis,) 

- 9 -

• • • - - • - - - - -

,:~~~~'' .. •!1 .::....::..u 
~ - -- - . 

. -. 

. .. - ~ 

' - .. .. . -... 

.. -......... 
... .. ..... .. .. 

1<: -:>-
1 . i. .. _ .. . . ~ 

I••,.., • ~ • • • 

' . .. · .. 
I. ~-- J 
•- .. ' 
. .: ... · ... . . .. .. 

l •' . . . . . .. .. .. .. - - · . . . . .. ·. · · .. 

a- , 
"· ... .. ,, ..... "" 
. ' . 

I • ~ • 
1· ' . . 
' .. . _ ... 

' . . . . . 
' ·.· ·. 

. .... ·,. 

I , • .. • 

• 

.. . 
! .. • ••. _ . 

~ ... ' .. ... 
':.:._,..:.. 

, ...... · .. · 
; . . "' .. .. ·· 
(/·/ 
r. · ... • .. •.·· 
... .. ... .. .. . ..... 
\ \ ·.: . ·. 
~ !1., .. 1 • . . .. 



- -

Plate FMPI,-28 

0 - Outer weld deposit 
D - Inner weld deposit 

Plate Flt.PL-29 

E - Inside weld 
l' - Outside weld (It was detcrninod spectrographically 

that the two deposits, E and F, were laid on with 
electrodes of the same analysis) • 

. G - Steel strip welded to plate 

1?_, Chemical Analysis 

The analyses of the welded att~clunents . and the weld deposits 
are con"tainod in ~able V'I. 

TABLE VI 

Chemical Analyses o.f Welded AttachrJenl!_ and Weld Deposits 

Item No C Mn Si s p -
Strip A .05 .46 .01 
Weld :B .11 .s2 ,10 
Weld C ,37 1.50 .195 -
Weld D .26 4.32 
Welds E & F ·a4 .82 ,89 
Strip G • 7 ,69 l.66 

..!L Or -
.13 .10 

.25. 
2.25 2.04 
1.04 '9.44 

.12 ,59 

.21 1.20 

Mo 

Trace 
.66 
.27 -
.19 
.39 

...!.. 

.63 

.2!:!.. 
.09 
.10 
.20 
.14 
.19 
.12 

The carbon ana.lyces a.re probably unreliable, and L'18.Y often 
incorporate carbon pick-up frou the oa.se cete.l. 

Plate ll'MPL-27 

Tho weld:'lont on this plate consists of a low-carbon struc­
tural steel uember attached to the plate with two si ngle bc~d weld deposits 
using low carbon stc0l electrodos. 

Plate F'11iPL-2S 

Tho weldL'lent consists of a duplex weld deposit, containing 
an inner weld doposi t of a. Mn-:U-Cr-Mo alloy containing sufficient amounts 
of the a.usteni to forci :cig elcr:1ents to produce a substantially austeni tic 
weld, and a.n outer weld deposit of a Mn-Ni-Cr-Mo-W alloy rich in the 
hardening elements which forr,1 substantially ~1artensi tic deposits, 

Reference to Appendix A shows that both these weld rod compo­
si tions are widely used in German nanufa.cturo. Analyses of five \•relds o:f 
the austeni tic t~7Pe follow: 
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Mn Ni Cr Mo V Source of Data 
4.32 l.04 ~ - Weld D • 27 
5.0 1.00 12.9 ,23 R.D. Met. Roport 232/42, Appendix A 
6.5 ✓ 1.26 15.6 .10 " n n " " 
4.81 .81 10.a6 ~raco .32 W.A.L. Reyort 710/472, Append.ix A 
.2:..l~ -~~ 11. 6 '!'race W.AIL. ReEort z10L48~. AEJ20nd.ix A 

Avero.ge 5.1 1.0 12.0 

The basic analysis of the austenitic weld rod appears to be 
5.0 Mn, 1.0 Ni, 12,0 Cr, either with or without small a1.1ounts of Mo or V. 
In this alloy, mauganese replaces the .aore strategic nickel; but tho cori.lpri­
si tion does not provide as stable an austenito as the 18 Cr- S Ni analysis, 
and sufficient martensite is formed during cooling froo tho welding tem­
perature to raise the hardness of the weld deposit to appro.xinately 400 
Vickers Pyramid Number. 

The anal~•sos of several tY!)ical ha.rd facing weld doposi t cornpo­
si tions arc as follows: 

Mn .1!L Cr Mo w Source of Do.ta 
1.50 2.25 ~ ~ .63 Weld C 
1.93 3.33 2.42 .61 .62 R.D. Met. Report 232/42 Appendix A 
1.93 2.~ 3.44 .57 .20 W.A.L. Report 710/472, Appendix A 
2.00 2. 3.54 .58 .36 ff ff It It 

l.6z 3.0~ 1.40 !64 :Present " n It " 
Arora£e l.8 2.7 2.5 .60 .45 

The hard facing wold deposit has been found to have a hardness 
of ~00-550 Vickers, and is :'requently severely cracked. 'l'l.e usual welding 
procedure when the two different typos of weld deposits arc used togother, 
is to first deposit tho austenitic wold, then cover it with a la~er of the 
hard facing wold which becomes ·the port101-:. of the weldr:ient oxposod to ballis-

• tic attack. · 

• 

FMPir29 

!!!he weldmcnt consists of a strip of r-.ruor steel welded around 
tho aruor plate with two single pass deposi to en:9loying a low alloy Cr-Mo 
weld rod containing sooe residual nicli::el. 

£• Hardness Surveys 

Vickers hardness surveys r.1a.de across tile weld · doposi ts. h.oat 
affected zones, woldod. attachl.lents, ar~d base octal of the weldJnents on 
plates l!'MPir27, 28, and 29 are shown graphically in Figures 5, 6, and 7 
respectively. Pertinent data a.re sutll!larized in Table VII. 
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TilLE VII 

Hardness Surveys of Woldmonts 

Av .Hardness Max. Hardness 
Av. Hardness Max. Hardness Av. Hardness of Welded of Heat Affected 

of :Base Heat Affected Zone of Weld Attacr.ment Zone of 
Platti Metal VPN_ .2f..!£::!O Metal-fflT .Deposit-VPN VP:,r . Attachment-VPN 

FMPL-27 375 

375 

450 

690 

625 

734 

325 
Outer 

160 200 

ML-29 

weld-525 
Inner 

weld-400 
275 375 690 

-

That Gerr.1ar1 armor steels are not well adnpted to welding 1s 
indicated by the e.xtreuel~ .. nigh hardnesses developed in the heat affected 
zones of the base TJotal. 'rhe steels have bC""en found to be very susceptable 
to cracking, see Appendix A. 

d. !1!£rostructure 

Plate FllPL-27 

The raicrostructure of tho weld deposit consistc of ferrite 
and carbides, Figure 14!, which would be expected considering the low 
carbon weld rod used. ~he microstructure of the mild steel structural 
mecber welded to the plate consists of ferrite and a small amount of car­
bides, Figure 14e. 

Plate Fl-:PL-28 

The microstructure of weld :>oad C, the outer wold, consists 
of martensi to with soall ar.iounts of austcni to; and that of wold bead D, 
the inner wold, consists of austeni te with small ar.1ounts of martensi te, 
~ho hard weld is sovorel:, cracked, with the crack extending into the heat 
affected zono of the baso armor, Figures 15a and b. 

Plate Fr,iPL-29 

Tho ~icroatructurc of the armor atoel oooposition strip 
welded. to the base arnor consists of L1artcnsi to and ferri to rosul ting :t'roc 
quenching fror,-. an intcrcri ti cal tcr.1pornturc, Figure 16c, ihe microstructuro 
of tho two weld dul)osits is identical, consisting of i'orrito, carbides, and 
some martcnsite, Figure 15d. Tho wold octal cont~ins a large degree of 
dend.ri tic segrogationj with nany cracks associated with tho segregation, 
l!'iguro 15f I 
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The eleven aruor sections submitted for examination tall into five 
type · analyses , a.s to llows :. 

No. of Plates Type Anal:rsi s 

3 Cr-Mo 
2 Cr-Mo-V 
l Mn-Or-Mo 
l Cr-lTi-Mo 
4 Si-Cr-Mo 

Of these types, two, the Cr-Mo, and tho Cr-1:o-V composi t'ion have been 
frequently encountered in previous exar.1inations of German armor from the 
PZ KW III Tank, see Appendix A, and are believed to represent the basic 
couposi tions most widely employed. The Mn-Cr-1.ro steel, used for the car­
bu.rizcd armor, ropresenta a slight modification of tho Cr-Mo analysis, 
with the chromiw:i con tent lowered and the manganese raised to maintain the 
hardonabili ty. 

~ho Cr-~;'i-?-·!o alloy is not believed to be of German manufacture, and 
more closely resembles armor a1ia.lysea developed in Italy. · 

Of striking interest ie the S,i-Cr-1,~o analysis, encountered tor tho 
first time in tl:.e subject armor. The ;reduction of the chromium and molybda­
mlLl contents indicates an attempt at conservation of those strategic alloy­
ing elements. The ha.rdenability of the steel is maintained by an increase 
in silicon, a non-atrate&ic alloying element. 

Some of the weldments consisted of attachments welded to aroor sections 
by means of low-carbon low alloy weld deposits. These wddlilents are 
apparently not subject to 'ballistic attack. .In weldlilents subject to ballis-' 
tic attack, the Germans employ a well standardized welding procedure. Tlle 
first beads are laid on using an eloctrode of nn analysis which produces 
a predominately austonitio deposit with sufficient martensite to produce 
a.n average hardness of approxiraately 400 Vickers. The electrode has an 
analysis of su·ostantiall~r 5 Mn, l lU, 12 Cr, with or without st1all quanti­
ties of Mo or V. A deposit of a hard facing alloy weld motal is laid on 
over the first deposit. The hard facing alloy electrode has an 1~vcrage 
analysis of ap1)roxir.1ately l.S Mn, 2.7 lU, 2.5 Cr, .60 Mo, and .45 Wand 
produces a predominately ca.rtensi tio deposit ha.vi~g a hardneei·; of 500-,;o 
Vickers. 

Gorman armor is not well adapted to wolding operations. The high car­
bon content usual:i..,r e1,1ployod, 0.40-0.60 C, results in tho formation of 
extre~ely high hardnesses in the h~~t affected zone (frequently higher than 
700 Vickers) with consoquent danger uf cra.c1~ing. Cracks in heat affected 
zones of German weldoents have been frequently reported. The hard facing 
alloy is a.n extremely poor welding material, rarely being found free of 
cracks. ~he hard facing doposi t is very brittle, breaking off readily 
µnder ballistic attack. 
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APPmlDIX A 

Data Abstracted from British and Auerican Reports 

Covering Metallurgical E~inations 

of Gertian Aruor 

I 



DATA ABSTBAC~ED FROM W.A.L. REPORT NO. 710/527 

Researc~ Department, Woolwich R,D. Met. Report 190/42 

"Examination of Front Hull Inner Plate Assembly from e. G-erman · 
PZ KW III Tank", March 1942 

Assemoly consisted of 
by weldi::i.g, 

(Interim Reput) 

three rolled plates, A, :S, and C joined 
i't.ickness - A - 26 mm 

:S - 32.5 mm 
C - 32.5 mm 

J?late A - aor::.ogeneo·.1.s - Average hLU'd.ness 369 Vickers Pyramid Number 

Plate B - ilame hardened - Face hardness - 650 VPN Core hardness - 366 VPN 

Plate C - :name hardened - Face hariness - 655 ffl! Cor e hardness - 386 VPN 

Average depth of flame hardened zones - 1/gw 

Chemical Anal;_rsis 

C Mn Si s p Cr Mo Ti -
Plate A .56 .44 .42 .015 ·.023 1.30 .47 .03 

r-1ate :B .55 .63 .41 .012 .033 1.35 .48 .03 

Plate C • 63 .66 .42 .011 .025 1.3s .29 .04 
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~ _Al3ST3.AC'.rED FRG1 W.A.L, REPORT U0. 710/525 

Research Department, Woolwich R,D, Met, Report 232/42 

11E.Y..aL1ination of Front Hull Inner Plate Assembly from a German 
PZ KW III 'I'ank 11 , April 1942 

This report covers a study of the welds joining rlates A, B, 
and C which were examined and reported in R,D. Met, Report 190/42. 

Vickers Pyramid Hardness Surveys of Cross-sections of the Welded Joints 

Max, mr Hardness Av. VPN Hard- Av. VP11 Hardness 
Plate in Heat Affected ness of hard of inner·Deposit Av. VPU Hardness 
Joint Zone ot Armor Face Weld of outer weld of Inner Weld 

A B C -
A-B 642 642 558 421 287 
B-C 650 698 556 360 251 

Mild· 707 
Steel-C 

CHEMICAL Alu.LYSIS 

.....Q_ ...&... ..§1 ...L ..l.._ .JI!.... _.QI_ ...HQ. .L ..L 
Hard ia.ce .36 1.93 .16 .020 ,028 3.33 2.42 .61 .62 

linner Deposit 
of outer weld .30 5.0 1.00 12.9 .23 l Internal 
Del,)osit .18 6.5 .17 .02 .036 1.26 15.6 .10 .03 -
The welds and tho heat affected zones cf the base plates ~xhibited severe 
cracking believed capable of sP-ricusly weakening the structure, 
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- - - - - - - - - - - - -



. ' 

DATA ABSTRACTED iROM W.A,L. REPOR'r NO, 710/526 

Research Department, Woolwich. R,D, Met, Report 444/42 

11An: Exa.Di nation of 50 mo. Frontal Armour from a German PZ 
KU III Taruc", July 1942 

This report covers a meialll.U'gical e~runination of a flame hard­
ened 50 mm armor section. 

Chemical Analysis 

C Mn Si s p Ni Or Mo V 'ri -
,50 · .62 .32 .016 .012 ,10 1.40 .66 .23 .01 

Max. hardness of face - 690 Vickers Pyramid Number 

Average hard."'l.ess of core -;- 370 VPN 

Depth of flame-hardened case - 0,125 - 0.175n 
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M.1!A ABST.'U.CTJD FRCJ.j W.A.L. REPOR~ no. 710/458 

"Ar~or - Metallurgical Examination of Section of German Face­
Hardened A.r~or from the 3"ront of a PZ KW III ~ank", October 19h2 

Section of aroor consisted of a l}-l/2tt x 31-1/2" x 32 mm piece. 

Flame-hardened depth of case - 1/8" 

Hardness of face - 643-681 Vickers Pyramid Number 

Hardness of core - 35~397 VPN 

CmiICAL ~i.AL!SIS · 

C - Mn ll s - p Cr - Mo Cu - Al !I!i - - · 
• 55 • 81 • 51 • 019 .028 1.63 .35 .06 .03 .065 
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DA~A ABSTRAC~ED ROh W.A,L, BEFORT 710/472 

"Armor - Metailurgical Examinati on of Armored Vehicle Components 
(Armor Attachment :Sol ts and Velded Arl'l:or Sections) from a German 

· PZ KW III Tank", January, 1943, 

Sections consisted of a large and a small bolt, a weld with 2 base 
metal sections attached (A, :S) which was knocked loose from an 
assembly upon ballistic impact, and a small triangular welded section 
of armor, having 4 weld deposits 01 D, E, and 1. 

HARmlESS SURVEYS 

Maximum Vickers Hardness 
Heat llfected zone 

___ I_t_e_m ___ Rockwell C Low Alloy Weld High Alloy Weld of :Base Metal 

LaJ.•ee :Bolt 
Small :Solt 
Weld Metal Section 
Weld C 
Weld D 
Weld l!l 
Weld F 

446 
455 
437 
464 

I 

CHl!l-~I CAL AlJAL YSES 

450 
421 
370 

___ I_te_m ___ _Q_ Jm._ ..fil:__ ..L.. .L_ _fil__ _..QL_ Mo V _.2i:L 

Large :Bolt .44· .81 ,28 ~029 .021 ,12 l,20 .34 .125 .155 
Small :Solt .38 ,64 .28 , 019 .020 .16 1,25 .28 .135 .155 
Weld Metal Sect. ,12 .31 . 17 2.46 1,1 ,27 Trace ,15 
Base Metal :S ,44 .255 Trace 1,3 ,50 .17 .18 
Weld C .36 1.93 .20 2.38 3.44 ,57 ~race ,33 
Weld D .35 2,00 .19 2.44 3.54 .5s Trace .31 
Weld E .37 l.67 ,17 3,05 l.4o .64 Trace ,31 
Weld F ,23 4.81 .Sl 10.36 Trace .32 .J 
:Base Motal ,55 .54 .59 ,018 .015 1,14 .27 Trace .OS 

w .a 

.52 
nil 
.20 
.36 

Present 
nil .03 

All weld deposits and heat affected zones of the base armer were severely 
cracked. 
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"Armor - Metallurgical Examination of German Armor from a PZ XW 
III Tanlc", March, 1943 

Armor consisted ~f five plates: 

A. Romobeneous plate from beneath the engine 14" x jl" x 16 mm 
B. Flame hardenei plate 23" x 71" x 31 mm. 
C. Flame hardened plate 15n x 75" x 31 mm. 
D. ilame hardened plate 1411 x 48" x 31 mm. 
E. Homogeneous arLior escape door 31 mm. thick, from left aide of 

tank. 

HAlU>lTESS Su"RVEYS 

Core Hardness Face Hardness Thiclmess of Hardened 
Section 

A 

· ltHN Rockwell C Rockwell C Layer - Inches 

:a 
C 
D 
E 

(Carburized 
< flange from 
(Plate :a 

Section 
A 
:a 
C 
D 
E 

375 
3ss 

352-363 
352-363 
331-341 

363 

C ~In --
.52 .70 
.44 .97 
• 53 • 71 
.48 1.03 
,54 .69 ! Carbur.ized 

Flange from~ .25 1.01 
Stud from C .35 .79 

38-J9 · 
JS-40 
37-40 
36-38 
34-36 
35-38 . 

55-60 
55-58 
57-61 

CmMI CAL .urAL YSES 

Si s p Mi Cr Mo 

.210-.230 

.090-.110 

.140-.200 

V Ou. . u Al ---------- ---
.58 .029 .018 ~race 1.39 .20 ~ace .03 .065 ,03 
.21 .026 .008 ~aoe 1.28 .38 .25 .19 nil .02 
.49 .025 .015 Trace 1.47 .18 Trace ,03 ,07 • o4 
.64 .031 ~007 Trace ,83 ,23 .23 ,17 nil ,04 
.49 ,027 .016 Trace l,25 • 4g Trace .09 .07 .02 

.63 .028 .007 .18 1.27 .26 'l'race .09 .07 .02 

.29 • 029 • 007 Trace ,99 ,15 .18 .25 nil ,02 
~ Splash Shield 

from E ,07 .41 Trace .077 .049 Trace .09 nil nil .10 nil .02 
{ Weld deposit 

frem E - 5.19 - .99 11.46 -
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COPY 

WAR DEPAR!t-~~ Peterson/mks 
OFFICE OF ~liE CHIEF OF 0.-:ml:Alr CE 

o.o. 470.5/14377 
SPOTB-Intell. 

WASHINGTON ,D, C, 

Subject: Examination of Armor Plate 

io: The Cor:unanding Officer 
Watertown Arsenal 
Watertown, Mass, 

April 20, 1943 

l. Attention is invited to the attached copy of directive 
to the Proving Center requesting shipment of eleven (11) pieces 
of armor pl ate to Watertown Al·senal for complete chemical and 
metallurgical analysis, 

2. It is req~ested that the Ordnance Intelligence Unit, 
Service ~ranch, TecMiical Division, be furnishe~ with fifteen 
( 15) copies of the reports covering the a."'1.alysi s of the i tema 
listed. 

~Y order of the Chief of Ordnance: 

l Incl, 
Copy of ltr, to Aberdeen Proving Center 
dated April 20, 1943 

COPY -

S, :a, Ritchie · 
Colonel, Ord, Dept. 
Chief, Service :Branch 
Technical Division 

Appendix :a - Page 1 
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COPY 

WAR mlPART?al~T Peter son/mks 
OFiICE 01 THE CHIEJ' OF ORDNANCE 

WASHil~O?r ,D. C. April 20, 1943 

SP0Tj3..Intell. 

Subject: Armor Plate to be Sent to Watertown Arsenal for 
Examination 

To: !rhe Director 
!rhe Proving Center 
Aberdeen Proving Ground, Md. 

Attn: Lt. Col. G. l3. Jarrett 
Foreign Materiel :Branch 

l. It is requested that the .following :pieces of armor plate 
be ship?ed to Watertown Arsenal for complete chemical and metallur­
gical analysis: 

Fl✓.PL-1 Cover, Pistol Port, PZ III Tank 
Jl-iPL-3 Plate, Top Engine, PZ III Tanlt 
FMFL-11 Plate, Armor, Approx. 1 11 x 1 11 x 3", used on Landing boats 
DiPL-14 Plate, Armor, Homogeneous, 16.8 mm, 1411 x 12" 
:n,PL-20 Plate, Armor, Flame Hardened, 50 mm, 4 l/2" x 3n 
lliPL-21 Plate, Armor, Flame Hardened, 31.4 mm, 6 1/2" x 5" 
Fl,lPL-23 Plate, Armor, Homogeneous, 31. 7 mm, 19" x 15 11 

Jl,iPL-25 Plate, Armor, Carburized, 31.0 mm, 10 1/ 211 x 8 l/ 2" 
Fl-IPL-27 Plate, Armor, Homogeneous, 30.0 mm, 11" x 6" 
FMPL-28 Plate, Armor, Homogeneous 26.l :Jm, 12 1/2" x 4" 
»IPL-29 Plate, Armor, 2omogoneous S.l mm, 9" x 6 1/2 11 

2. ~he above items have been re4ueste~ b7 Col. Knable. armor 
plate specialist of the Service Branch. 

:Sy order of the Chief of Ordnance: 

CC: Watertown Arsenal 
Colonel Knable, Technical Division 

COPY -
Appendix J3 - Page 2 
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o.o. 470.5/14377 
W.A. 470.5/7152 1st Ind. Matthows/mpb 

Watertown .i\l"senal, Waterto"m, Hassachusetts, April 30, 1943. 

To: Chief o:f.' Ordnance, U.S.A. 1 Pentagon lhl!lding, Washington, D, C. 
Att:i: SP0~3 - Inte~.lie,;ence Unit 

l. Reference request in basic letter, it is co~sidered that 
a co~lete metallurgicr,l examination on the numerous items involved would 
entail more time than can be devoted to this material at the present. 

2. It is planned to incorporate an e.xaminatio:i of these several 
items into one report and the advice of his office is requested as to 
whether or not the followinb work on each plate will 1Je ad.equate f ,Jr 
purposes of record: 

.!• Complete chemical analysis . 

b. Macro-e::amination for steel quality in both transverse 
and longitudinal directions. 

£• Hardness and hardness distribution in face hardened plate. 

.9:. Microst:ructure. 

For the Co:.:.llDanding Officer: 

1 Incl. n/ c 

o.o. 470.5/14377 
Atta : SP~TB-Intell. 
U,A. 470.5i7152 2nd Ind. 

H. H. ZOBNIG 
Colonel, Ordnance Dept. 
Director of Laboratory 

Peter Mn/mks 

War Department, Ordnance Office, Washington, D. C., l~ay 8, 1943 

io: The Coml!landing Officer, Watertown Arsono.l, Watertown, Ma.ssachusetto 

1. !I'he test program as outlined in paragraph two of first ind.orse­
ment will be adeq_uate for the e;~ination of subject riateriel and that 
one report be issued on the several iteffia listed. 

By order o~ the , Chief of Ord..1tance: 

l Incl. n/c 
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