UNCLASSIFIED

AD NUMBER

ADA954940

CLASSIFICATION CHANGES

TO: unclassified

FROM: restricted
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 10 MAR
1945. Other requests shall be referred to
Army Service Forces, Attn: Ordnance
Department, Aberdeen Proving Ground, MD
21005.

AUTHORITY

E.O. 10501, 5 Nov 1953; APG 30 Nov 1965

THIS PAGE IS UNCLASSIFIED




Lo e et s
. Laasd -
L Ay
b
n
k]
i

e anosam, ew 7

ST AT ;v--—--—r":u:::‘ e

.oz

Q2 WATERTOWN ARSENAL
LABORATORY

L G/
o

¥ por |
i ’f’ EXPERIMENTAL REPORT
|

£

NO. WAL. 110/750

Y o i

ARMOR

i 3 . e

I‘otanurgical Zxamination of n.rmor an& Wolded Join‘be

| BeaBest Aval\ab‘Q;?gPpy

WATERTOWN ARSENAL
WATERTOWN, MASS.

i FILE UOF

torm Ne, SPOBE-~37
Lo July 1044

frofi the Side 6f n: Gama.n Pz{w (?anthsr) Tank
' ' ' | A . . P »
b oo T ) e
- IOMA | . ;5
, PWQ 501t Aida i "'. . !‘ -_'y\ "
‘ A m:ch {\ e
ASBoc. Hetallurgist $ \‘j\'
W

: AN -

DATEV‘ e MNV 19&5

L4

B A biouts ' Y ?r',{‘sl;,.‘mf‘» "‘7-/‘:‘:3’?-'*""",; TR
! w .
Y ) B




4]

W

— e Mo D I LN

Watertown arsenal Laboratory
Repert No. Wal 710/750 .
Problem B-l.7h . , 26 lay 1945

=REOR

wmetallurgical Dxamination of armor and iielded Joints
from the Side of a German PzKw ¥ (Panther) Tank
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- To conduct a metallurgical examination 6f & two inch thick section of
armor broken from the sice of a German tank during ballistic testing.

—

SUrEARY OF ReSULTS

Armor

1. The cross-rolled homogeneous armor was processed from steel of
relatively poor quality with respect to nonmetallic segregations. The
analysis is as follows:

C n Or v .

— e——— ————

e 0.9 1.7 0.1

2 The armor has the following physical characteristics:

V-Yotch Charpy

oty ey
i o l‘ .

Impact at
Brinell +]0°F -L4o°F Tensile Properties
Thickness Hardness #t.Lbs, Ft.lbs, Y.S, T.S. %El. se'g.a.‘

T

psi psi

- - Long. 123,500 143,750 17.3 5340
2.04"(52um)  293-302  7.9-9.5 2.2-3.2 Trens. 125,000 143,5C0 16.5 5H2.5

3. The extremely poor shock properties are traceable to the non-
martensitic microstructure resulting from hardenzbility inadequate to permit
full hardening upon quenching. The steel has been heat treated to a tempered
bainitic microstructure containing banded segregates rich in ferrite.

Welding

1. The two weld deposits were made with electrodes of the following
composition: N

L

Weld YNo. _yvpe an&(Lééatioﬂgdf‘WeIded Joint - Cr Hi Mn Mo
1 Single fillet tee joint ¢on surface of plate. 12 4.5 3.0 -—-
2 Two bead corner Joint. 1 1150 6.5 :é.5 10
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2+ Both weld No. 1 anc the first bead of weld Fo, 2 to be Geposited
are magnetic, having microstructures consisting or au,tenite and large
amounts of ferritic decompositidon products (probably low carbon martensite).
The second vead of weld Io. 2 is nonmagnetic and essentially austenitic. The
electrode used to made weld Mo. 1 is insufficiently alioyed to form austenitic
Geposits even upon the first pass. The electrode of weld Jo. 2, although
more highly alloyed than the former electrode, deposits an austenitic bead
which can be readily decomposed by the tempering action of subsequent weld
beads .

3. The nature of the fractured weld joints indicate both welds to be
somevhat brittle. Some dendritic boundary type of cracking was observed in
the lower bead of weld Ho. 2. Xo base metal cracking was present in the heat
affected zones of the armor. The welds spoear to havs been depoaited, with-
out preheat, upon the armor in the final heat treated condition,

o Econonic Considerations

1. The complete elimination of melybdenun as an alloying agent in the
subjret armor may Ye significant in reflecting a critical shortage of this
very impertant element. The very pcor saock properties of the armor are,
in fact, traceable to the lack of aarienavility occasioned dy the elimination
of molyvodenum. The analyses of tne semi-austenitic weld deposits reflect an
attempt to conserve nickel by replacing it with thec more available manganese, -
In addition, the chromium contents of the weld deposits are considerably
lower than used in anerican oractice. In comparison with american standards
the German electro@es are considered ansatisfaciory because the weld ceposits
are not completely austenitic, ten2 to be brittle, and are drone to Gevelop
cracks during welding.
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INTRODUCTION -

In accordance with instructions from the Office, Chief of Ordnancel,
a sample from the side of a PzKw V (Panther) tank was submitted to this
arsenal for metallurgical examination.

According to the basic levter, all of the armor on the tank from which
the sample was removed was extremely brittle under the attack of ameyican
armo:s piercing projectiles. The submitted section of plate was actually
blown from the side of the tank by a 75mm E.E. round.

Inferior toughnessa'3'h as evidenced by brittle fractures and low impact
resistance has been reported in several investigations of German armor that
were 2" and greater in thiclmess. The inferior toughness was traced in some
instances to an inadequate hardening treatment, and in others to temper
brittleness combined with incomplete guench hardening,

HATERIALS £ND TE5F PPOCEDURE

The armor section, marked #3~6-U45, was roughly triangular in shape,
being 21z" long at the base and having an altitude of 182", The thickness
was 2.04" (52mm); the plate prodably being prodaced to the nominal thickness
of 50mm.

The submitted sample contained two weld deposits, one zlong the 2130
long ecge apparently from a corner joint vhich haé the second welded member
broken away, anc the second Ceposit running across the surface of the plate
perpendizular to the first weld and appearing :0 be from a single fillet tee
Jjoint with the second welded member also broken away. The major portions of
the weld deposits appeared, in both cases, t0 have remained on the submitted
sample.

1. &PG 470.5/1279 - Wtn 386.3/94, Appenéiva.

2. Watertown arsenzl Laboratory Repert Xo. WAL 710/715, Widetallurgical )
Exomination of a 3~1/4" Thick armor Plate from a German PzXw V(Panther)
Tank", P. V. Riffin, 18 January 1945.

3. Watertown arsenal Lavoratory Report Fo. WAL 710/542, ™ietallurgieal
Examination of armor and welded Joints from German PzEKw VI Tank,
P. V. Riffin and S. a. Herres, 23 February 19k,

4. Minutes of 22nd Neeting of the Technical Co-ordinating Committee on
Pank armor, 8 June 194Y4, Hinute 178(c) (British Report).
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The armor was subjected to chemical QMSis,iaﬁess survey, fracture
test, tensile tests, impact tests, microscopic and macroscopic examinafion,t
and reheat treatments to determine the response to hardening and tempering
treatments. The welds were sudbjected to chemical analysis, hardness surveys,

and microscopic examination,

DATa aflD TISCUSSION

Al armor

1. Chemical Composition

The chemical analysis of the a.rmor‘ is as follows:

C. in  si S P cr vV . oCu al lio 7
A4 .86 .27 017 024 1.72 .10 .02 015 Trace :

A somewnat similar medium carbon, chromium~vanadium composition
was Giscovered in a 3-1/ 4t thick section from the side ~f a PzXw V previously
examined at this arsenala, The lack of molybéznum, which has hitherto
invaeriably been found in Germar armor, may possibly indicate a critical

shortage of this strategic alloying element at the time of manufacture of
the sudject armor,

& Gistinct trend towards a recéuction in the molybdenum content has,
in fact, been observed in German armor. Prior to the end eof 1943 German L,
armor sections up to 2" in thiclmess which were examined af this arsenal
generally contained from 0.30 to 0.55p molybdr—numS’é' . armor sections in
the same thickmess range which were examined during 1944 contained molyvdenum
in the range of 0.15 to 0.25‘,’33' swhereas the two most recently examined
sections, one of which was 3-1/4" thick, contain no molybqenm?zr ‘

M————

' 5. VWatertown arsensl Laboratory Report io. Wal 710/u58, Mietallurgical o
- _ Examination of Section of Germen Face Hardened armor from the Front of
& PzKw III Tenk. 15 October 19U2.

6. Vatertown arsenal Laboratory Report No. AL 710/47z, Mietallurgical

N - . s - D )
A A Examination of srmored Vehicle Jomponents (Armor attacament 30lts and

o Welded nrmor Sections) from a German PzKw III Tank®., 2 January 1943.

SaN;

.

)

7. Watertown srsenal Laboratory Report No. WAL 710/529, "Hetallurgical

T Examination of Eleven Sections of Enemy Armor, Including Homegeneous, .
;%\: Flame Hardened; Carburized, and Welded Components". 25 October 1943,
LI .

3£

8. Watertown Arsenal Laboratory Report No. Wal 710/608, mietallurgical
Examinatiox} of armer and Welded Joints from German PzEw Iv Tunk, iodel
GF-21, UL april 19uK.
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2, Hardness Survey

- .

Brinell hardness impressions at %“ intervals through the thickness
of the section yielded values of 302, 293, 302 and 302 Brinell.

3. Fracture Tests

- section cut from the suaple was notched and fractured. The
fracture was extremely brittle in nature, with a dbright flat crystalline
surface. It was consequently impossivle to rate the steel with respect to

cleanliness since laminations traceable to nommetallics do not develep when
steel fre.tures in a brittle manner.

& second section was reheat treated as follows:

16C0°F - 2 hrs, - water quenched
1250°F - 2 hrs. - water quenched
2rinell hardness ~ 275 3EN

hen notched aad fractured, the reheat treated section developed
a fibrous fracture. The steel quality rating was "D" (U. S. army Specifica-
tion AXS~U4&8, Revision 2), which is borderline acceptable. Fairly extensive
laminations were obssrved approximately one third of the thickness from
both surfaces. The occurrence of the laminations coincides, as will be
subsequently shown, with the ingot pattern ceveloped upon the hot acid
etching of a transverse section of the armor.

4, Tensile Tests

Tensile test specimens 0.505" in diameter were machined from loca=-
tions halfway between the surface and the center of the armor sample. The
tensile properties are given in Table I.

Ta3LE I

Tensile Properties of German s~rmor

Yield Strength

G.1% offset Tensile Strength Zlongation Red. of area
DP.Seis p.S.i. % %
Longitudinal . 123,750 144, 250 12,6 - 53.0
" 123 ? 125 1‘43 9 250 16 05 53 oo v
Transverse 125,000 143,750 16.5 51.9
" 125,000 143,250 16.5 53,0

The

equality of the longitudinal znd transverse tensile properties
indicate that

the material nad been relatively uaiformly cross—-rolled.
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5. Hotched 3ar Impact Tests

V-notch charpy impact specimens were machined from the midsection
of the submitted armor sample and were tested as indicatec in Table II, In
the as-received condition, the impact energy is extremely low and confirme
the conclusion drawn from the vallistic test in regard to the brittleness of
the armor,

To pscertain to wha® extent, if any, temper brittleness was a
factor responsible for the poor impact resistance, a 2"xUix8" section was
tempered at 1150°F and water cuenchea. The slight improvement in impact
resistance which resulted from this treatment, see Table II, was probably
for the most part due to the decrease in hardness from 300 3EN to 277 3EXN.
It mey ‘e concluded that terper brittleness is notv responsible to any
significant extent for the very poor shock promerties,

Ti3LE 11

Fotched 2ar Iznpact Tests of German Armor

et

F-fotch Charyy Impact Data
{average of two tests)

Tirection cof A
Test Specimen Tested at Tested at
in 2elatior to +70°F  Fract.* -UO°F TFractX
Heat Treatment 38N Rwlling Direction Ft{.Lds, 2ating Ft.Ibs. Rating
' 1 3inal 5 o o
ss-Received 300 I_S‘ngltuul;.‘...l. 9 %) 193] 20; Cb
Transverse 7S Co 3é2 Ch

2uxhnx8" Section

1600°F-2 hirs.-later uenched 321  Transverse
1200°F-2 hrg.-uater ienched

Tempered at 1150°F-2 hrs, 277 Longituéinai 12.4 Cb Eo7 Cb
Yeter Quenched
2Uxlnygn Section k
Cv

Fc e Ay
2T (Leminated) - 9(Lemi.,é.ted,-

g

*Cb - Bright crystalline Fe - Fibrous matrix with crystnlline patches.

A 2'zlivx81 saction wos rehest treated as indicited im Teble II. The
rom teumperature impact eaergy wes raised, dut the low temperature velue is
still extremely poor. It is concluded th:t the hardenability uf the subject
armer is insufficient to permit the quenching to a cempletely martensitic
structure of even the relatively small secticn used for the experimental heat
treatment. Chremium is very effective in preventing the Formation of pearlite
because of its displacement of the curve representing the austenite-pearlite
decomposition in suach a manner that the time nececsary for the reaction to
start is greatly increased, The bainite reaction is not, however, similarly
affected by chromium’; consequently considerable amounts of bainite are
formel. when a chromium steel is gquenched in a 2" thick section. Bainitic

5. Watertown arsenal Laboratory Report We. WAL 31G/UY7, *The Hardenability
Concept®., J. H, Hollomon.
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steels have been found to be increasingly brittle with increasing hardness .
above approximately 260 BHF. High impact resistance can be develeped in a '
steel of the composition and thiclmess of the subject Cerman armo» only by
. teypering to hardnesses consideradly lower than those customarily employed
in German armor of equ -alent thickness.,

6. iiacroetch Test

Photogranhs of the hoi{ acid etched sections are shown in Figure 1l.
The transverse section indicates the ingotism pattern previously mentioned
in regard to the steel soundness fracture test. The weli bead of the single
tee joint is shown in the upder photozraph and that of the corner joiny is
shown in the lower photograph cf Figure 1.

7. i.dcroscopic Zxamination

The microstructure of the armor consists of nighly spheroidizzd
carbides and ferrite segregated in alternate 1light and dark etching bands.
Ny The light etohing bands contain greater amounts of ferrite than are found in
the dark etching btands, see Figures 2a, 3, ané C. It is surmised that the
steel had probably been 0il quenched anc tempered at aparoximately 1200°F,

; The hardenability characteristics of the steel are such that a predominately
£ bainitic structure was probzsbly formed upon quenching. The microstructure is
3 characteristic of tempered bainite.

. General Considerations (Armor)

The composition of the subject armor represents a deviation from
the more conventional COr~tio steel customarily employed For armor by the
. Sermans. The replacement of 0,50% mclybdenum by 0.10% vanadjum results in a
serious decrease in the hardenability of the steel: the decrease being
sufficient to prevent the transformation of a 2" thick section %o an essen~
tially martensitic structure even when drastically cuenched.

The inferior shock properties of the armor are traceable to the
lowered hardenability., Tne impact proverties of bainitic steels at hardnesses
in the vicinity of 300 3zN have been repeatedly found to be very roor.

The quality of tne steel is not as satisfactory as that of the
average German armor previously investigated at this arsenal.

- B, V¥eld Buads

—————— - et

'
“’.I LR

1. Chemical Composition ’ 1

The chemical analyses of the :wo weld beads are as follows:

| ML N LN

1

Weld No. Type and Location of ‘elded Joirnt ¢ Ma Si Wi Cr Vo

1 Single fillet tee joint on surface of plate .19 2.18 .26 4.54 12.08 Wil
2 Two Bezad corner joint 21 3.78 40 £.61 15,00 .11
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The smnalyses indicate that the electrodes used to make the welds
were of somewhat similar type, representing a moéification of the 18 Cr -
8 ¥i type in which mengeanese replaces some of both the nickel and the
chromiunm.,

2. icroscopic BExamination

The 12% Cr, 4.5% ¥i, 3% iin single bead weld deposit (weld deposit
No. 1) is strongly megnetic. The microstructure consists of austenite and
ferritic decomposition procucts (probadly mainly low carbon meriensite) with
nonmetallics segregnted in the austenitic regions. Tae awstenite, being

richer in clloying elements, was the last metal to solidify «né is consequent-

1y segregated in the Gendrite fillings, see Figures 25 and T,

The 15% Cr, 6.5% Hi, 3.5% kn weld deposit was laid on in two beads.
The first bead which wag deposited is quite strongly nuagnetic while the
second bead is nonmugnetic. Spectogrophic anclysis verified that both beads
are of identical znzlysis, The micrestructure of the firet bead consists
of rustenite anc ferritic decompositicen products (probobly mertensite as in
the cuse of weld Wo. 1), Figures 38 unéd C. again, the austenite occurs zt
the dendrite grain boundaries. The seccond bead is essentially zustenitic,
witt nonnetillics distributed throughcut the griins and nonmetallics and
carbides outlining the grain boundaries, Figures 3T and B,

The difference in micrestructure betwsen the two beads of weld
Ho. 2 is believed cdue to the tempering of the first bead by the deposition
upon it of the second bead. an custenitic alloy of 15% Cr, 6.5% Wi, and
3.5,0 in weuld be expected to be ranther unstable ond subject to decomposition
upon heating to mocerately elcvated temperatures, Since weld No. 1 is even
lower in alloy content than weld No, 2, the stability of the austenitic
phase of the former weld would be even less than that of the latter, as was
deronstrated by the fret that weld Fo. 1 suffered considerasble Cecomposition
to the ferritic phnse upon derosition.

¥o crocks were ovserved in either weld deposit No. 1 or in the top
bead of weld depesit llo. 2. Oracking was observed in the lower bead of weld
lo. 2, deing associcted with the heavy vrecipitate occurving at the dendrite
boundaries. o cracks werz found in the base armor in the vicinity of the
welés,

3. Haréness Survey

The results of Vickers~3rinell hardness surveys of the weld
deposits of the heat affected zones are shown graphically in Zigure 3 and
are summeriged in Tavle TII.
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Hardness Surveys of Welded Joints

Weld Eeat Affected Zone

Yeld retcl Hardness liaximum Hardness
Weld No, Yickers Brinell* Vickers Brinell*
1 258-306 258-306 690 614
2 (Bead No. 1) 232~3kUp 232~322 €57 587
2 (Bead No, 2) 198-262 198-255

*Converted from Vickers-Brinell to Standard 3rinell (Tungsten Carbidé Ball,
3000 Xg load).

T Y a3 aat

The tep bead of weld Ho. 2, being essentially nustenitic, is

considerably softer than weld éeposit Io. 1 and the bvottom bead of weld No. 2,7

Both of which contain considersdle quantities of low carbon martensite.

The hardnesses of the heat affected zones of the base armor approach
that of fully quenched martensite of a .45% carbon steel. The heat affected
zone beneath the first weld bead applied to weld o. 2 has been tempered by
the application of the second weld bead; the hardness being recduced from
600-650 Vickers to 400-U50 Vickers. The welds appear to have been deposited,
witaout preheat, vpen the armor in the finzl heat treated condition.

4. General Considerations (Welding)

Since both welds were fractured turough the joints and since the
members which were welded to the 2" armor section are missing, no stitements
regarding joint design and preparaticn of edges to be welded can be made.

The use of 125 Cr, 4.5% Wi, 3.0% iin and 15% Or, 6.5% i, 3.5% in
electrodes Goes not zpdear to give varticularly desirable results as demon-—
strated by the instability of the austenitic phases of these alloys, the cen-
drite boundery cracking observed in the lower bead of weld ¥o. 2, and the
apperent brittleness of the welds, which were pres:mably fractured during
ballistic testing.
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sRMY SERVICE FORCES
ORDNANCE DEPARTMENT
APG 470,5/1279 ABERDZEN PROVING GROUND
attn; SPOTZ-F MARYLAND

10 March 1945

Subject: lietallurgical Examination of German Armor

To: Commanding Officer
Watertown srsenal
Watertown 72, Massachusetts

attention: Lt. fol. Matthews

l. & section of German armor is being forwarded to your
station for metallurgicel exsmination. The sample is marked #3-6-U45.
This plate is from the side of a Panther tank.

2. all of the armor on this venicle when impacted with a.P.
projectiles exhibited a~ very brittle structure. The varticular
section of the plate which you will receive was actueslly blown from
the side of the tank by a 75 mm., . E. round,

2 It would be apprecinted if your station would obtain what-
ever meicllurgical information you feel necessary. It is requested
that & copy of your report be forwarded to aberdeen.

FOR THE CONMANTING GENZRAL:

(s/T) &. G. EDDY
Col., Ord Dept
Director, Ord. Res.
snd Dev. Center




