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o ABSTRACT
S
xf<;~ffi Metallurgical examination, including Brinell hardness

readings, fracture tests for steel moundness and response to

heat treatment, was conducted on Gaeh-of—-the’ twelve samples

furnished by the Gary Armor Plate Plant. -Hicroscopic and > (Aewor
. macroscopic examinatlons, chemical analyses, Venotch Charpy F ﬂ*{)

impact and tensile tests were made of selected samples, All the
" samples except two ("D" fractures) were satisfactory with fﬂ
resvect to steel soundness, Fine crystallinity wasc observed
in the fractures of samplas UY=1lA, U=1B and 5-1A which gpalled Tl
badly under the ballistic test. It 1s spparent that this R
material was satisfactorily quenched out and that the crystal- L
1inity noted in these particular plates is the result of
tempering by the mannfacturer in the temper brittle rangce
(975-1000°F}. Typical brittle samples which had an average
Brinell hardness of about 356 were retempered at 1100°F,
(no hold), immediately quenched in water, resulting 1n an
entirely fibrous fracture at a Brinell hardness range of 302-31%,

.
@

1, As requested by the Ordnance Research Centarl, metallurgical -
examination has been completed on sactions from twelve (i2), 4 inch rolled ®
homogenaous armor plates manufactured by the Gary Armor Plate Plant and '
tested at Aberdeen ag a part of the effect of hardness prosranm,

2, Metallurgical exsminetion nn representative samples included the
following tests:

1, APG 470,.5/528 - Wtn 470,5/3398 dated 28 August 19LY.
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_b. TFracture tests for stesl soundnass and fibre fracture tests ,
for revealing resvonse to heat treatment. e e
) ®
~ €. Reheat treatment of brittle plates resulting in fibre at .
about 300 Brinell. .
4. V-onotoh Charpy impact tests, ;
8. Tensile tests. ' o
£. Chemical analyses. A
£- Macroscopic examination, L o
h., HMieroscopic examination, ! e
3. The rasults of the metallurrical examinntion sre ae followg:
a. 3Brinell hardness. On carefully ground oross section, Brinell o
hardness tests were made. The values reported are based upon the averare .
of eix equidistantly spaced readings on the section. The results ars £iven L-,‘ Q -

in Table I, In all cases, the samples were heat treated to a fairly unifcrnm LT
hardness along their resnective cross sections. The Brinell hardness of RONERRE
saples Nos, UelA, U=1lB and 5-1A varied from 341~375 which wae some 20-kl o

points in excess of the range reported by the manufacturcr. On the other o S
hand the hardneses values of the remainder of the samples ware in close e e s e
agreenent with those values determined st Watertown Arsensl,

b. ZFracture tests for steel soundness and fidre f;gcture teste
for revesling regsponss %o hept treptment, On sections 4" x12"x14", fracture
teats were made on the properly notched sections and then rated with respect R
to stesl soundness and heat treated condition (See Table II for results of e e e
tests). With the excaption of sample No, 8-lA and 12-2A the balance of the -
samples had satisfactory fractures with respect to steel soundness. Hntirely n
fidrous fractures were noted in all samples except Nos, MelA, L-1B, 5-1A
and B-1A, Samples Hos, LelA, U=1B and 5-1A heat treated to en average
Brinell hardness rance of 35U=360 exhibited completely crystalline fractures
while sample No, 8-1A heat treated to a Brinell hardnese of 282 ghowed s
trace of crystallinity at the canter of the section, As described below -
in paragraph 3s, a tempering oeycle was determined which eliminated brittle- ’
neas in the vlates exhibiting erystallinity and thereby resulting in fibre
at about 300 Brinell hardnesa.

8. Reheal tregtment of brittle platesm resulting in fibdre at

about 300 Brinell. Iia eccordance with a request from Office, Chief of - A
Ordnance - DetroitZ, representative samples of 4" thick rolled armor, -

Nos. UwlA and 5-1A wers subjected to tempering cycles which would resgult

in a fibrous fracturs at a Brinell hardnoss of about 300, These data will
2, Teletype 64111, Goud SFONZ.EE, 1L October 1944,
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be sent to the manufacturer in order that theso plates may be retampered
at about 300 Brinell and subsequently returned to Aberdeen Proving Ground
for test.

(1) Sample No, 4-1A as received 6x7xi', This section °
was placed in a furnace, vreheated to a temperature of 1100°F, SR
and allowed to come to temnerature in a period of 3=3/4 hours. R
at the end of which it wans immediately quenched in water, The
sample wae not held at temperature Lefore quenching. It was RIS
determined that there was no anpreoiable lag durins the heating w e
eycle between the temmerature of the surface snd that of the center ®
of the section., Mibre fracture tests mrde on this sammle indicated ' '
that the resulting frecture was entirely fibrous at an average
Brinell hardness of 31%, It is avrarent that this material was
originally satiefactorily auenched out and that brittleness in the
samnles as received is the result of tempering by the manufacturer .
in the temper brittle ranse (975—1000°F). Temvering at 1100°F 4g ®

sufficient to restore ductility at a Brinell hardness of about 300,

(?) Sample No, A-lA as recaived ~x7xi", An attempt was

made to determine the hardness of this samvle after nlacing 1t in j

a cold furnace and heating to 11509F, during a veriod of 3-3/4 hours, .

noldin~ at temmerature for 10 minutes and auenching in water, Since ‘

the resulting hardness was only 260 Brinell, it wns decided to re—

quench the sample and retemver it by another method. The plate

was then heated to 1AR0OF, held at temperature for 24 hours,

followed by quenching in water. The plate was placed in a cold o K

furnace and heated to 1100°F in a period of 3=3/4 hours (no hold W

at t emperature) and immedlately quenched. In order t. determine the .

true temperature of the wlece during the heating cycle, s thermo-
~couple was placed nnder the samnle. The samnle showeld comnlete

fibre at a surfoce hardness of 302 Brinell., It is evident that

satisfactory toushness at about 300 Brinell hardness may also be e

obtained by plaeins the sample In a cold furnace and heating to - "2

1100°F, followed bty immedictely quenching into water, z

4, JYenotch Charny %mpact tests. The resulte ~f the V-notch
Charny impact tests made on longitudinal and transverse sectlons at 4TOOF
arnd at =4OOF are civen in Table III, Samples Nos, LU-la, U=1B and 5-14,
as received are brittle as noted by the -esuilts of the Venotch Charpy ®
testa. According to the manufacturer's records, this varticular serles of )
nlates were tempoered in the rance of 995-1000°F, which 1s within the
tempar brittle ranra. Leatings to 1100°F, which is outside the temper
brittle rance, followed by auenching immedintely into water, restoraes
the duetility of the materlal resulting in a fibroia fracture and good :
V-noteh impnct propertiec at an average Brinell hariness of 715, Sample - o
Mg, 7=2B which had a fibrous fracture as received hze excelleat V-notch
impact propertiee both at room tempsrature and at ~-U0°F, This sample
alsn showed little evidence of directional nroperties,
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o. Tenaile tesgts. Tensile tests made in the longitudinal and
transverss directions on ssmples are given in Table IV, Some directional
properties were evident in samole No, 4elA while no marked directional
provertiss were noted in the other samples investigated,

£. Chemical analvyses,

samples were as follows:

The chemical analyses obtained of

Chemical Composition

Sample No, Lo Mn 83 S P N4 COr Mo Vg Ou AL B
h1a «2T 1,42 ,25 014 ,014 .66 ,76 .41 N4l .08 ,025 ,001
4e1B .25 142 ,24 014 014 .66 .82 4% N1l ,08 ,03 ,0007
BalA .25 1,44 .23 ,015 014 .69 .82 L5 N4l ,08 .03 ,0012
7-2B .25 1,41 .24 (015 .01k .65 .76 U3 N4l ,0T .03 .001l

&+ MNacrosorpie examination., In general, the macroetched

sections examined were comparatively claan., However, samples 4-lA and
H=lA revesled slight centerline segregation and 7-2B showed evidence of
occaslonal stringers,

h. l!lecroscopic examination, Photomlicrographa 1lluetrating the
dlstribution of the nonmetallliec inclusions and also the typicsl microstructure
of the samples are presented in Figure 1,

Metallogranhic sammleas were cut from the center of the
semiples and alaso the outer eire, Cf those examined 4-1A and U-1B
revealed occaslonal segregatcd areas of sulphide nonmetallic inclusions
in the outer edges with clean centerms, Whereas, in 5.1A and 7-2B the
condition in reversed, outside sactions cleaner than the center. However,
8ll samples were of commaratlvely clean steels.

With the excention of 7-2B, the microstrcture was a tempered
martenaslte. Samnle 7-2B revesgled fine carbides in tempered martensite in
the center section and traces of ferrite and carbides in tempered marten-
slte in the outer saction,

L, The results of these tests indicate that all the samples except
two ("D* fractures) were satisfactory with respoct to stesl soundness,
Fine crystallinity was observed in the fractures of samvles Nos. L-lA,
U<1B and 5-1A which exhibited spallas as a vresult of both normal and
oblique attack with under matching AP and APC projectilaa. Brinell hardness
of these particular plates varied 3Ul-375, aome 20-llt voints Brinell in
excess of the ran~e reported by the manufacturer, The laclkt of ductility
noted in plates Nos, L<lA 4.1B and 5-1A is the result of heating the plutes
by the manufacturer in the temner hrittls range. These platas were made
ductile by retempering at 11000F (no hold) following by imneilately

muenching ln water,
ein

M. YOFFA
Asst, Phy. Sel, Alde

Research Metallurgist
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TABLE I
Brinell Hardness

Groes Section
Reported by Watertown Arsengl Manufacturer's

Sample Vo, Ragnge Average Reported BEN
414 341-375 358 321391

418 - 352-375 360 32-331 L
5-14 341-363 354 321321 :
6-2A 229-255 2u3 241248
6-28 241-255 250 2h1-248
T~-24 207-212 a0 201-207

7-2 207-212 21 201207
8-14 277-285 282 269-277 o
8-18 277-293 285 269-277 SR
g-24 201-207 205 197-207
10-14 285-293 288 269-277 -0
1224 211255 252 241248 o

- . -

....................................
..............



TABLE II
Frycture Test Results

Spmple No, Steel Soundness Fibre Fracture Test ‘_:
hola B Zssentially fine orystalline S
L_1B B " n " i' ; .
Feld B . " " L] ; )
G=2A [ Fidrous ;.
6=2B ¢ Fidbrous ! . x
T=2A B Pibrous
7-2B B Fibrous ST
8.1A D Fibrous(trace crystallinity in center) " ) .-.'
8-.1B B Fibrous
8-24 B Pibdrous __._ e
10-1A B Fivrous L.
12.2A D Fibrous

-
PRI .
P - N

L e




T N run SN I e SR e Sl Jves Meninetes Sl Mree Sien o T N T TN TN TV SN T T W TN T T T TV TS Y T LW LT 1R T T e o s e

¥ABLE III
V-Notch Charpy Impget Values Determined on 4% Thick Plate
Temp, Description
Specimen of ¥Foot of Y e
Sample No, Direction BREN Test Pounds Fracture ' o
As-Received
M- Long. 358 +70°F 32,6 Yo
4-1A Long. 358 -NO°F  10.6 ca .
414 Trans, 358 4707  28.0 Yo e
414 Trans, 358  -Mo°F  26.5 cd o
4-1B Long, 360 +70°F  3h.2 e S
4-18 Long. 360  -40°F k.2 ca | e
4-1B Trans, 360  +J0°F M.k r
4-1B Trans, 360  -Noer 12,1 ca e
514 lons, 3k 0T Moy 7 Lo
514 Long, 354  =bo°r k.2 Ca L .
5-1A Trans, 354 <707 36,2 ) L
5-14 Trans, 354 -NOST 148 ca S
7- Long. 21 70T 85.7 ¥ e
7-2B Long. 211 -Lo°F 81.6 7 e
7-28 Trans. 211 +J0°T 4.2 ¥ T
7-2B Trans, 211  -WO°®  73.2 ) . ! 0-“‘
After S e
Retempering I,
at 1100°F, SRR
414 Long. 315  +70°F  57.3 Cos
b-1a Long. 35 -ho°r 58,2 L e )
HOTE: F = Fibrous, . BRRS
Fo = Fibrous matrix with spots of orystellinity, R
Cd = Dull crystalline (complete). L
L e

....................................................................................
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TABLE IV

Results of Tensile Tept e on 4" Thigk Plate

Y, 3.
Sample 1% Set T,S. % %

No, Diregtion  ILb./Sq. In,  Lb./Sg, In, B, R,A,  3BHN

Lala Long. 149,000 164,400 1k,
Ul A Trane, 155,000 171,000 12

51.5 358 ’ ? a e e

li.1B Long, 155,000 1690500 15.7 52.1 60
4-1B Trans, 155,000 170,000 15,0 g9, 8 I3

Be1A Long. 150, 000 165,000 15,7  52.5
1A Trans. 147,500 167,500 13.6 bz 3M

7-2B Long. 80,000 103,600 26,4 67,0 211 RSN
7-2B Trans, 73,750 103,600 25.0 62,7 .. e

..........................................................
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