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Prodblem No. D-2.3%
To carry out metallurgical examination of six armor, sections, two
complete weld joints, four broken weld joints and three attechment welds

from the subject tank.
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ARMOR AND WELDIKG

OBJECT . -

SUMMARY OF RESULTS Lo .

Armor

1. Cross-rolled armor having the following characteristics was
employed.:

Brinell
Thickness Hardness Type Composition

Description Anghes mn. Yage Core C Mo S1 Or Mo
Hull Roof Plate o.bg 12.2 W15 W5 42 .79 1.48 1.26 .03
Right Sponson

Side Plate 1.20 30.5 578 1352 42 . Lg 47 2.66 .22
Hull Right Side

Plate 1.22 30.9 601 379 2 L us .ao 2.43 .19
Turret Rear Plate 1.23  31.3 601 3N Lo s by 2.1 16
Driver's Front

Plate 2.0 51.8 601 1367 L2 43 (37 2.1 .25
Fina)l Drive IFront

Plate 1.99 50.4 78 371 .39 .42 .33 2,12 .20

Hull roof plate was homogeneous. All other nlates were face
hardened, apparently by the flame-hardening process, to a depth of .12 %o
.21 inches.

2. With the exception of the Ariver's front plate and the final drive
front plate which showed excessive centerline segregation, all plates were
of good quality steel.

3. Llarge frain size in core of the heavy section plates, inhomo-
genelity of microstructure, and presence of high temperature transforma-
tion products indicate improper heat treatment, poseibly by a controlled
air cooling directly from the finish rolling operation followed by a
tempering treatment. These characteristics were reflected by presence
of ocrystallinity in fidre fracture test and low notched bar impact values.

L., ZExperimental reheat-treatments indicated that satisfactory
notched bar impact properties were obtained only after full quench and
tempering to a hardnees level of 240 Brinell which is consistent with.
Anerican experience for good gquality homogeneous armor of this thickness. .
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Welding and Joint Design

1. The design of princiral joints is ciaracterized by grooves
nachined in the heavy armor sections to give a fitted or mortised joint
which 18 in compression on impact from the direction of principal bal-
1istic attack. These jointe are held by an outside weld placed in a V
and having a depth of penetration of atout three-quarters of thickneass of
lightsr section armor plate, and on inside fillet weld with very slight
penetration into the base metal sections.

2. Ineide fillet welds and body of outeide welds were made with an
electrode trpe which gave austenitic deposits containing approximately
.13% C, 1.10% Mn, 6.3/9.1% Fi, 13.5/15.9% Cr, and .50/1.75% Mo. The
crown deposits of the outside welds were made with a hard-facing type
electrode vhich gave deposits containing approximately .75% C, 1.75% Mn,
4.5% N{, 1.80/3.80% Cr and .15/.30% W.

5. All welds appear to have been deposited, without preheat, on armor
in final heat-treated condition. Hard facing type deposits did not de-
velop high hardness due to interfusion and dilution with underlying
austenitic weld metal. Extensive base metal cracks were presect in the
heavy base metal sections of two complete weld Jjoint samples and fallure
of three broken weld joint samples was almost entirely along base metal
crack syetems.

4. A fourth broken weld joint sample appeared to represent an angle
Joint made by butting plate edges and holding with two shallow penetration
weld deposits This weld joint failed by shearing through weld deposits.

5. Thres small attachnments were fastened to irside swface of the
tank armor by single paes austenitic deposits.

6. Apparently the Germans rely principally on joint design for
structural and ballistic stability of the tank since the welding of the
high carbon, high hardenability, armor plate without special precautions
to prevent base metal cracking during welding and with shallow penetration
weld deposits produces welds with very poor resistance to ballistic shock
or fatigue service.

Eeonomic Considerations

Equally satisfactory armor could be produced in thLese thicknesses
with considerably less total allor content. It is obvious that, at the
time these stsels were made, thers was no shortage of chromiua in Germany.
However, the low molybdenum contents possibly indicate a shortage of this
element. With respect to the welding electrodes employed, 1t is concluded
that a shortage of nickel existed since it is well known that the modified
austenitic nickel-chromjum electrodes employed in this country are, in
general, more satisfactory. The inferior heat treatnent of the armor un-
doubtedly reflects a shortage of facilities. On the other hand, the
machined and mortised joints used in fabrication would imply a plentiful
supply of machine tools of the types required, since, by adopting full-
penetration joints 4t would be possible to eliminate a large percentage
of the sdge machining of the armor
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INTRODUCTION

In sccordance with instructions of the Offiece, Chief of Ordnucol.
eight samples representing the main types of dasio armor and welded
Joints from & German Pgkw IV tank, Model -2, were submitted to this

arsenal for metallurgiocal examination”. ®

Previous investigations. by this ladoratory, of Cerman tank armor
and wveldments have besn summariged in $wo recent reporss: ‘

"Armor - Metallurgiocsl Exarination of Kleven Sections of Enemy

Armor, Incluvding Homogeneous, Flame-Eardened, Carburiszed and °
Velded Corponénts." Watartown Arsenal Leboratory Report ¥o.

T10/539, 25 October 1943, and

"Armor and Yelding - Metallurgical Examination of Armor and
Velded Joints from German P:kvw VI Tank," Watertown Arsemal
laboratory Report No. WAL T10/542, 23 Fedruary Lok, °

MATERIALS AND TEST PROCEYRE

The eight samples submitted for examination were found to be made

up of the following compoments: ()
Sample
¥o. Arwor Size Nelde
1 Right Spomeon 1.20 x 6-1/2 x 12 Broken weld joint along one
Side Plate 6-1/2 1n. edge of armor sample °

1/4% x 3/4 w114 steel strap tack
welded to inside face of armor

sample.
2 BFull Right 1.22 x 5-1/4 x 11  One 1-1/4 gn. dia. x 1/2 1in. and
8ide Plate one 3/4 x 3/L x 1/4 mi1d stesl
bosses wers weldsd to inside face
of armor sample.
3 REull Roof .48 x 5-1/2 x13-1/4 Broken shrough morsised weld joint
Plate aloag one 5-1/2 in. edge of armor
sample.
4%  Ewl Roof ¢
Plate g x 3zl Mortised joint held by $wo weld .
deposits. . A
Right Sponson 1.20 x 4-1/2x ¥4 }/ '
8ide Plate :
5 Turret Rear 1.23 x 5-1/2 x 1212 Bones. i
Plate
1 0.0. 400.112/4800, Wtn. 350.05/530 (8es Appemdix A)
2 A.P.0. JB63/947, Wen. 386.3/128 (r) (Ses Appendix A)
[
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Sample
Xo.

Armor Size Welds

6 Driver's Front 2.04 x 6 x 12-1/2 Broken weld Jjoint along one

Plate 12-1/2 in. edge of armor sample
7  Bull Boof Plate .48 x 2-3/4 x4  Mortised joint held by two weld

deponits.
Driver's Front 2.04 x 3-1/2x U4

Plate
8 Final Drive 1.99 x 6-1/2 x11$4 Broken weld joint along one

Tront Plate 11-1/2 in. edge

Armor

The following sammles, representing each type of armor component, were
examined:

Thickness
le No. inches . Description
1A 1.20 30.5 Right sponson side plate
2A 1.22 30.9 Hull right side plate
3A 0.48 12.2 Hull roof plate
SA 1.2 31.3 Turret rear plate
6A 2.04 - 51.8 Driver's front plate
8A 1.99 50.4 Mnal drive front plate

Netallurgical examination included chemical analyses; analysis of
the paint on two representative samples; Jominy hardenability tests;
Brinell, Vickers-Brinell, and Rockwell "C" hardness surveys; tensile
tests; fracture tests for steel soundness and fibre characteristics,
V-noteh Charpy impact tests; macroscopic and microscopic examination.

Tensile tests were made on .357" diameter bars taken in the longi-
tudinal and transverse directione. The V-notch Charpy bars were machined
from the transverse sections of the plate with the notch milled in the
bar perpendicular to the surface of the plate. All test bars were
mpchined from the midwall eections of the plate, that is, halfway between
the surfage and center.

Fracture tests for fibre were made on ssctions of the plate of ap-
proximately the same size as described above after notching to a squars
cross section. Fracture tests for steel soundness were made on properly
notched sections about 6 inches long and 3 inches wide after tempering
at 1200° P. in order to attain the specified hardness cf abdout 300 Brinell
for this test.

Reheat treatments were conducted on 7 x 3-inch sections cut from

samples Nos. 3A, 5A, and BA, in order to determine the V-notch impact
properties at several hardness levels.

-l -



Velding and Joint Design

Transverse cross sections were obtained for macroscopic examimation
throuzh each of the weld joints, attachment welds, and broken welds oa
all samples. Chips for chemical analvses were machined from attachment
weld of stesl st on Sample No. 1, deposits of broken weld joints on
SamplesNos. 3 and b, and various deposits of complete Joint Samples Nos.
4 and 7. TVickers-Brinell hardness surveys vere made on oross seotions
through attachment weld of Semple No. 2, and oomplete weld joint Samples
Hos. It and 7. These same cross sections were then repolished and suit-
ably etched for mioroscopic examination of weld metal Asposits and ad-
Jacent weld heat-affected zones.

DATA AFD DISCUSSION

ARMOR

1. Chemiocal Anslyses

a. Armor Compositions

The chemical analyses of the six samples are included in Tadle I.
Two basic type analyses were used:

(1) or-8t

The component of this type analysis consistod of the .48
inch thick homogensous hull roof plate. The composition is of the fol-
lowing:

c W s S P B OO K Y B & M

42 .79 1.Le .016 .007 .12 136 .35 !‘r:oo .0309 .E .32—
(2) oMo

The five componsnts of this typs analysis consist of three
face-hardened plates, 1.20 - 1.23 inches ir thickness, and two faoce-
hardensd plates, 1.99 - 2.04 inches in thickness which fall within the
folloving 1limite of chemistry:

L ¥n 8 £ P i or
.30/.k2 W2/ k8 .33/ .47 .015/.026 .009/.015 .28/.64 2.32/2.66
Ko v B Ga Al
.19/.25 Trace .0006/.001% .09/.12 .015/.02

The oarbon content of the plates tested was relatively lower
than in some of the earlier German armor exaninedl}. Also, the adbsenoce
of vanadium in the steels is noteworthy.

l
WAL Report No. 710/485, ‘Armor Plate - Hetallurpical Ixsmination of German
Armor from & Pskw III Tank,"™ 15 March 1943, and
WAL Report No. 710/539. "Armor - Mstallurgical Examination of Rleven
Sections of Enemy Armor, Inoluding Homogeneous, Flame-Hardened, Carburiszed.
and Yelded Components,® 25 October 19u3.
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The nickel conteaut revorted is nrohablr the result of sorap
adcitions, while a trace of boron was evident in the samples. It 1s be-
lieved, however, that these steels were not treated with boron due to the
low percentacs of t.is element present.

b. Carbon Content of the Hard Yace '

The results of the carbon determimations rade on sazmples taken
from the face of plates 5A and £A after carful annealins are given belovw:

Sampl e Thickness Analysis of Cardoam
Fo. inches  mm. Desoription Tace Core (wee Table I1)°!
5A 1.23 31.3  Turret Hear Plate 0.39 .ho
8A 1.99 50.4  Final Drive Front 0.39 .39
Plate
It ie evident that t!:e plates examined were not carburiged. )

&. Spectrugraphioc Aualysis of Paint

S8ammles of the zreenish~gray paint were removed ‘rom the inside
surfaces of plates Nos. 3A and %A, analysed spectrogrephically, and found
to bte a titanium-base paint similar to that used in tl:is ocountry.

2. Hardenahility

A Jominy bar machine? fror the 2-imgh tniack Mual Drive Frort Flate
was aistenitized for 3 hours at 1675° ¥. and end-quenched by the standard
practice. The hardenability curve (see Mgure 1) shows sdegquate harden-
abllitv for this 2-inch thick section when rronerly quenched, and more
than adequate hardenadbility for the lighter gaunge sections which were of
the same typs alloy eomposition.

3. Hardness Surveys

3rinell, Vickers-Brinel), and Rockwell "C” hardness surveys were
made on the surfaces and crose sectinne nf sach armor sample. The re-
sults of the hardness tests are summarised in Tadle II, and a graphical
presentation of Vickers-Brinell hardness surveys is shown in Fgure 2.

Generally speaking, the uniformity of hardness of t~e fdce-hardened
surface was very good, altho.:rh some soft areas were observed in ths
Vickers-Brinell survey on the harde-ed face of the 2-inch thick Drivsr's
Front Flate (see Mgrre 2). The hardness pattern from case to core,
with a slight termering effect at Jjunction of case and core, is typical
of that found in flame-hardened rlate. Blight irregularities noted in
the Vickers-Brinell hardrness of the core are probablv due to metallie
segregation (see Alscussion of micro.tmturog.

'S Tensile Tests

The results of tre tensile tests are reported in Tatle III. ¥o
marked directioma) properties are evideat in the tensile test data,

-6 -



indicating that the armor plate was cross rolled The reduction of area
and elongation are slightly low for the vield strength involved in the
case of the Hull Roof Plate, while the values obtained in the Turret Rear
Plate and Final Drive Froat Plate are consistent with the observed strength
and hardness.

5. PFracture Tesis

The resultas of the fracture teste for steel quality and fidbre char-
acteristics are given in Table IV.

The results of the fracture tests for steel soundness indicate that
the 2-inch thick samples, Nos. 6A and BA, contained pronounced centerline
segregations, whereas the lighter gauge plates were relatively free from
laminations.

The fracture tests for fibre characteristics revealed either total or
partinl crystallinity in all platee, indicating that the armor was nct
thoroughly quenched out to a martensitic structure before tempering.l The
fractures of the hardened surfaces of each plate were in all cases silky
in appearance. This type of fracture is generally encountered with steels
of high hardness.

In an attempt to reproduce the heat treatment given the subject plates,

sectinne 3" x 3" of Samplee Nos. 1A and SA were heated to 1675° F. for

2 hours, air cooled and drawn at 1050° P. for 2 hours, followed by air
cooling and fractured for fidbre. These samples had crystalline fractures
at a Brinell hardness of 352 and 375 respectively. Althongh the crystal-
linity noted in these samples was slightly coarser thnn that found in the
German armor, it is believed that the tank armor was gsiven this type of
heat treatment.

6. V-Notch Charpy Impact Tests

Resultes of V-notch Charpy impact tests determined on representative
samples as received and after reheat treatments are given in Table V.

Impact values were low and correlate fairly well with the fractures
obtained in the fibre tests. The Cr-5i plate, No. 3A, was tempered to a
Brinell hardness of 285 and also requenched and drawn to & Brinell hard-
ness of 331 in an sttempt to improve its impact properties. As shown in
Table V, these heat treatmentc increased the V-noteh Charpy impact values
20 to 17 ft /lbs. respectively at +70° F., vhereas at -40° P. very little
improvement in the impact resistance was evident. Recent experiments
indicate that rilicon has a deleterious effect on impact resistance and
tends to promote crystallinity in certain types of heat-treated alloy
nteels.

Samples Nos. 5A and 8A, Cr-o analysis, exhibited poor impact proper-
ties at 331 Brinell hardness. After redrawing to 285 - 302 Brinell hard-
ness, the impact values were improved, but after requenching and drawing
to 241 Brinell hardness, the impact values were very much increased both
at +70° F, and -4%0° P. On the other hand, this composition when requenched

1 war Report No. 710/530, “Armor - Metallurgical Investigation of the
Fiber Fracture Test Used by the Union Steel Castings Division of

Blaw-Knox Company,® 28 July 1943,
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and Arawn to the original high hardness level of 3152 Brinell hardness
falled to retain its high impact properties at +70° F. and at -40° 2.

The results of these tests indicate that the Or-Mo analysis has
excellent notched bar impaot properties when quenched and tempered %o
a hardness in the vicinity of 210 Brinell, which is consistent with
American experiendce for good quality homogeneous armor of this thickness.

7. Magoroscopic Rxamination

Macroetched cross sections from each armor samnle are shown in
Tigures 3 and 4, Macrostructure reveals presence of finely divided
nonmetallic inclusions throughout all plates except for Hull Roof Flate
(see discussion of microstruocture). Rxcessive centerline segregation
is shown in Driver's Front Plate and Final Drive Front Plate.

8. Microsgopioc Examination

Figures 5 through 9 illustrase microstructures of the various armor
components. The .U inch thick homogeneous Or-Si type analysis Hull
Roof FPlate was free from pronounced segregations of nonmetallic inclu-
sions (Pigure 5). The miorostructure of this plate consisted of tempered
coarse martensite associated with tempered upper Bainite (Figure 7). The
Cr=No type analysis used for the hLeavier gage fage~hardsned plates con-
tained complax friable oxides which were found distributed throughout
She sections of the plates and also segregated in the central areas of
the sections (Figure 5). Plate Fo. ZA contained a pronounced segregatioa
of nonmetallics near the surface. In plate 1A, a fev fine elongated
nonmetallics of the siliocate type were evident (Figuwre 5).

The hard cases of Plates Nos. 1A, 2A, 5A, and 8A, were typlcal of
flame~hardenad plates. The outer cases consisted of untempered white
martensite and the center cases showed the presence of a martensitic
matrix with remnants of the prior tempered structures. The microssruo-
tures of the junction of case and core revealed the pressnce of fine
ocarbides in tempered martensite. The miorostructure of the stesl dases
in all cases aonsisted of coarse tempered martensite and tempered upper
balnite (MMgures 6, 7 and §). This microstructure of the tempered dass
steel is associated with crystalline fractures and poor V-notch impact
properties discussed ppeviously.

Pronounced banding of metallic segregation indicated by the Oberhoffer
etch was revealed in the center esctions of Plates Nos. 2A, 54, and
8A, while the areas near the surfaces of these plates were relatively
free from this type of segregation (Pigure 7). The grain size of the
steel bases varied from ASTN No. 1 to No. 8, vhile the hard faces of
the samples had a grain sise of ASTM No. 7 to No. & (Pigure 9).

A summary of the thicknesses of the casss and grain sisze of the
plates is given delow:



Average Thickness oi Cagpe ASTK Orain Sige Fo.

Zone of
Outer Zone Incomplete Total
of Austenit~  Hardened
Sample Thickmess Martsnsits 1aation Case
—No, inches  mm. inches  _4inmches _ linchey Yace Ooxe
1A 1.20 30.5 .06 .06 12 7-8 b -6
24 1.2 3.9 .1 .10 .20 7-8 8
A 0.M8 12.2 -- - -- — b - 7
BA 1.33 1.3 .05 .10 .15 8 7-8
6a 2. 51.8 11 11 .21 7 1-5
A 1.99 S04 .04 .08 .12 g 1 -7

The thickness of case as determiried under the microscope and that
determined by the hardness surveys shcwn in FMgure 2 vary slicrély in
sone cases. This is probably due to the irresularities in case thick-
ness on the several samples examined.

9. Geaeral Considerations (Armor)

The Cr-81 type analrsis used for the lizht gage homnseneous Hull
Hoof Top was improperl; heat treated as shown by microstructure con-
taining lLigh temverature transforrmation pro'uctes and having coarse
austenitic grain size. At the nardress emnlored, erproximately 50 points
Brinell higher than American practice, impact characteristics were poor.

The Cr-Mo type analyeis possessed adequate hardenability for the
2-ineh thick plate and more than adequate hardenability for the lighter
gases, but optimum properties were nct obtained Hy the treatment employed.
An atterpt was made to reconstruct the heat treatment of the Cr-Mo steels
at this arsenal, the results of wvhich indicate that t'.ese plates vere
normal ised and annseled previously to face hardening, provably bty the
flame—-hardening nrocess. In some cases, these plates were heated well
into the grain cosrsening temrerature ranze prior to hardening. T:is
suggests the poesibility that the nlates may have tesn hardensd dy a
controlled air cooling direetly from the finish rolling operation.

The hardness of the gore of the 2-inch t'ick face-hardered ctlates
1s somevhat higher thas Shat of good quality carbirized American armor
nf the same thickme#l, although the hardness of the steel bese of the
1.2-inch thick nlate is not considered excessive.

Flame hardeming as apnlied to the 1.2-1inch and 2-ingh thick rnlates
may offer a slight increase in renetration resistance, bit due to the
improper hea$ treatment siven the base plates, it 1s believed that the
face-hardengd nlates would behave unsatisfaoctorilv under the attack of
over-matohing projectiles.

Generalinspseking, the quality of the steel examined was inferior to

the early types of German armor tested, a factor which may also oontridute
t0 low impact valnes at hich hardnesses.

_9..



WZLDING AND JOIXNI DESIGE

1. Visual “xaminatioa

‘he surface arpears ‘e 0 tnhe welds, after remowval of a heavy coat
of —sairt, wae roucht ari there was severe unflercutting of armor plate
at inside veld denosits - evidence of inexperience or carelessness on
the nart of the welder. The outside dsposits of the two joint samples
appear to have Lesn welded in the flat position, the incide deposits in
t-e nrizontal fillet position, wit: the heavy section ir the vertical
plane.

A orack ms viainle at surface of heavy base metal section parallel
and imreli~tely adjacent to the onter weld deposit of Sample Ho. 7.

2. Cremical Arnlyses

esnlts of chemical analyses of sarples machined fron weld deposite
are given in Tavle VI.

Two trmes of electrodes evidently were used. Inside fillet welds
and body of nutside ueld denosits of the joint samples, as well as at-
tacrme. .t welds, were rmace vith sn electrods which zave austenitic de-
nosits containine aproximately .12/.1u4$ €, 1.01/1.20% Kn, .39% 82,
.020% S, .020% P, 6.36/9.075 F1, 13.51/15.03% Cr, and .51/1.77% Mo. The
crov: deposits of the outside welds of joint samnles ware mads with a
tard-facirg type eleotrode which gave depnsits oontalaning :Ppro;imtoly
.73/.71 C, 1.61/°.025 Mn, .26 8%, .01(x 8, 0.31% 2, L.37/4.99% Wy,
1.79/3.77% Cr. .30/.54% Mo, and .17/.28% 'i. Insuffiocient sisze of weld
sanples prevented complate analyees of all of the weld deposilvs and it
is ncraible that verious modifieations of electrodes vere used to obtaia
t:e twn tyne aualses; however, the percentage wvariations for each type
are rot greater than would be expeoted for a tyne slecirode since oon-
siderebdle dilution nf tha weld deposits resulte from interfusion of %{he
wlten f4ller metal with base metals and previous weld metal deposits.

3. HEariress Svryevs v

4

Zesuits of Vigigre-Brinell hardness surveys cf weld deposits and
weld hoat—affactedﬁzovzel nf Tase ~etals are sumrarized in Tadle VII.

L. 3
dariress nf {’ustenitic weld metal rangss from 218 to 242 standard
Brinell® for attachment welds and root and bedy nf outzide weld deposits
o’ Joirt sammles, and es high as 300 Brinell at the root of inside de-
posits where the carbon pickup from the armor plate was high.

The Rardness of te crown dep>sit of the outside veld of joint
samnleg Nos. U and 7 were resmectively 208 - 389 and 232 - 272 Brinell.
Since the chemical anal.sis indicates that a hard-facing tyve of electrode
wag used for these dencsite, the relatively low range of hardness aotually
atbaired in tne latter lepoeit is surprising.

e w

"% 3ee Hote, Table WII.
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Haximun heat-affected sene harinesses approach $he full martemsitio
bardness of the .UOS carbem armor Plate. At the outer edge of $the heat-
affected zone is a band vhieh has bYeen tempered dy the welding heat te
a lover hariness than the base metal. :

Y. Magresmamimtion

Figures 10 shrough 1l are photegraphs of masroetched sections through
each of the weld joints, droken welds, and attaghment welds of $he various
samples.

Oomplete weld joints of samples NHos. U and 7 and dbroken weld jointe
of sumplss Hes. 1, 3, and 6, vere eack prepared Yy machiazing a greove ia
the heavy armor section to give a fitted or mortised joint wvhieh 9 ia
ocompression on impast from the direotion of prinsipal dallistie attack.

The cutside deposits were placed in a ¥V machined %o give an insluded
angle of approximately 60° and a depth of penstration of about Shree-
qariers of thickness of lighter section armor plate. The inside de-
vesaits were fillet velds made vithout develling $he plate and with very
slight renetmmiion inte the Base metal sections.

The outeide welds vere made up of multiple overlappiag beads,
sustenitio for ths root and dedy, snd two layers of dark etching hard-
faoine veld metal analysis in qrewn of samples ¥os. 3 and U, one isyer
in erewn of sample No. 7. Inside weld is a mmltiple bead fillet in
samples Nos. 1, 3, and 4, a single Dead fillet 4in samples Nos. 6 axd 7.

Photcmasrographs of samples Bos. & and 7 show base metal eracks ia
heavy base metal sections. The severity of shese ocracks is strikiagly
1llustrated by the faot that failure of broken weld jeimts, samples
Nos. 1, 3, and 6, vas almost entirely along ‘hese orack systems.

fhe broken weld of sample No. 8 apparently represents & joint made
by grinding edge of plate flat and butting anether plate against 1% at
an angle to be held by the two shallow pemetratioa weld dsposits. This
veld joint has falled by shearing Vlrough weld metel. The $race of
Leat-affected zene along tep edge of photomicrograph indicates flame
ouSting prior tc heat treatment and grinding.

Attashrent welds on samples Nos. 1 and 2 represent respectively:
(1) & m12 steel strap tack velded by single pass deposits with amstenitic
electrode to inside of right spomson side plate; and (2) a round bose weld d
with a single continuous pass of an aunstenitioc electreds and s square dess
Sack welded with single pess austenitic deposits 0 insids face of Mull
Bight 8ide Plabde.

All velds appeer to have bDeen dsposited, without preheat, en armer
in the final heat-treated condition.



4. iideroexamination

Figure 14 shows microstructuras at junstion of hard-facing crown,
rustenitic body weld derosit and base metal of joint samples Nos. 4 and
7, and Junction of bare metal, austenitic deposit and mild steel at-
tachment (1-1/B dia. boss, Sample Bo. 2). Upper picture shows a small
fusion zone ocrack. Diamond shaped marks are Vickers-Brinell impreseions
and afford comparison of heat-affected zone and austenitic weld metal
hardnesses.

Upper photomiorograph of Figure 15 shows microstruoture of hard-
facirs weld me*al deposit of crown of Sample Ko. 4 to consist of
martensite needles in background of austenite. BEardness of deposit
varies with amourt of martensite present, and lov hardness of crown de-
voeit of Sample No. 7 is dus to dilution of this single layer deposit
with metal from previous austenitic passes resulting in high proportion
of retained austenite.

d1ddle photomicrogranh of same figure shows structure of austenitic
weld metal 4ir location where carbides have been precipitated at grain
toundaries by heat of subssquent weld metal passes.

Lower photomicrograph of this figure shows strusture of inside weld
where carbon plckup from plate has resulted in precipitation of inter-
r:ediate transformation temperature carbides.

Host of the heat-affected sone oracking observed in these specimens
is of the type illustrated in a previous report on German armor and weld-
ingl. The oracks are believed to have oceurred while the metal was at a
relatively high terperature and under stresses due to thermsl expansion
reeulting in nlastic deformation or “upsetting” and followed by thermal
eontraction against the restraint of adjacent unheated metal sections.

Heat-affected zone microstruoctures vary from a coarse-grained
rartensite near the fusion line to a fine-grained martensite at greater
distances from the fusion sone and finally there is a tempered sons
vhere carbldes of original plate structure have been coarsened. Usual
recrystallising and retempering effecte of multiple pass weldiag are
seen.

5. General Considerations (Welding)

Thess samoles indicate continued use of the Germam practice of maghin-
ing grooves 4in heavy armor sections to obtain mortised joints. This
structural dssign places less importance on quality of joints than con-
ventional American prastice, but the combination of shallow penstratioa
weld depoeits and a welding procedure which causes extensive base metal
cracking producees a wveld joint which has very poor resistance to dal-
listic shock or fatigue service.

1l
WAL Report No. 710/542, "Armor and ¥Welding - Metallurgical Exsmination

of Armor and Welded Joints from German PsKw VI Zamk,® 23 February 194k,

-12 -



The relativelyv hirh carbor. armor plate heat treated to rardnesses |
of 231 to U15 Brinell 1e very susceptible to bdase netal cracking. Re-
welilng exreriments on armor from a previously examined German Pzkw VI
tark indioated ti.at a preheat of 300° F. was required to prevent hase
metal cracking when weldins with cormercial American austenitic ele~trodes.

The vge of a hard-faoing tyne electrode for crown of eutside welds
1s ajvarertly intended to confar resistance to ballistic penmstration.
Ta location of tie weld and the low degree of hardness astually attained
in the weld metal make questionable both the necessity and the effective-
ness of this nractice.
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APPENDIX A

Basic Correspondence




COPY -

17 April 1944 - ahk

WAR DHEPARTMERT
CITICE OF TWE CKINF OF CRIDLANCE
WASHINGYOR, D. C.

0.0. Lor.112/4800
Astn:  KPOTM
Wta. 350.05/530 30 Hovember 1043

Subject: Metallurgieal Rxamination of PiKw IV, Model GF-2, German
Tank

To: Comanding Officer
atertown Arsenal
Watertown 72, Maee.

Attn: Colornel K K. Zornig

1. A Germar PzEw IV tank is helng Ttallistically tasted =t
Aterdeen rroving Ground. FPreliminary ballistic resuites have heen
obtained and indiocate that metallursical data on the armor and weld-
13w should be obtained prior to corpletion of ballistic test.

2. Samples of tns maln tyves of hasic arror and waided jrints
are being forwarded ‘o “atertown Arsenal from Aberdeen Provin~ dround.
All samplas will he identified, and Aberdeen will advise his arsenal
as to the location in the vehicle from w:.ich all samples wers removed.

3. It 1s requested that metallurgical examination be conducted
on both the basie armor and the weldments, and the preliminary re-
ports be submitted o0 ti.is office as soon as poseitle so that the
remainder »f the baliistic program can be arranged.

By order cf the Chief of Ordnance:

(s/t) @. RXxins Enadle
Colonel, Urd. Dept.
Assistant

co: Abverdeen Froving Ground



ABERNERN PROVING GROUND

MARKY LAND
A.P.G. J86.3/QU7

KcOurry/dlf

RESTRI OTHD 2225
Wen. 386.3/128(r)

16 December 19Lx

fubjeot: Identifieation of Samples from German Tank, PeXw IV.

To: Commanding Officer
WVatertown Arsenal
Watertown 72, Mass.

Reference is made to a letter from the Ordnance Office
(SPO!B 400.112/4800 dated 30 November 1943) to your office whieh
requests 2 metallurgical examination of samples from a German FPsKw
IV tank vhich is being ballistically tested at this station.

2. The follewing samples have been removed from the hull and
have been forwarded to your stationt

Tumbder Sine Location
1 5% x 10" Right sponson side plate
2 5% x 10" HEull right side plate
3 5" x 10" Null roof plate
4 4* x 4" Joint between right sponsor side plate and

hall roof plate
5" x 10" Turret rear plate
A" x 10" Driver's front plate

7 45 x%*  Joint between driver's front plate and
hull roof plate

8 5% x 10® Mnal drive front plate.

[« AWAS, |

The samples may be oriented with respect to ths hull by arrovs which
are stenciled on each sample; the arrows on samples 1, 2, 3 and U point
toward the front of the hull, those on samples 6, 7 and 2 point toward
the left side of the Mull. the left side of the mll being to the
driver's left, and that or sampla 5 points towards the right side of
the turret.

For the Commanding General:

(s/t) John ¥. Cave
Lt. Col., Ord. Dept.
Chief, Area & Anan. Div.
oc: Teoh. Sudb-Offics, Aberdeen, Lt. H. F. Brown
Foreign Materiel Branch, Caps. Klima

HESTRI G¥RD
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