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INTRODUGTIGH \)NC\.ASS‘ ED

In 1942, when consideration was glven to tiaeé use of ferritic electrodes e

for welding the new alloy armor plate compositions, an inqpiryl was sent

to the Watertown arsenal by the Oi{fice, Chlef of Ordnance relative to the
possibility of tae occurrence of temper brittleness in this type of armor
when subjected to a stress relieving treatment.

according to a suggestion' nade by Watertown Arsenal, this subject of
temper brittlenoss was presented to the Ferrous Metallurgical advisory
Board which recoinmended & program covering -

1, Balllstic tests to be made on production plates cooled both
quickly and slowly from the draw temperature.

2. Impact tests to be wmade on samples cut froiu cast coupons,
cast from thne same heat and glvon the same heat treatment
as the cast ballistic plates and also on sections from the
rolled ballistic plates.

accordingly, the Tank-automotive Center instructed? a selected group
of armer plate manufacturcrs to scnd a series cf test plates cooled quickly
and slowly from the draw temperature to sberdeen Proving Ground3 for test.
The results of tacce ballistic tests ars given in aPG Report Mo. aD-379,
ea swanaary of whica is given in Table I, Inclosure A, Furthermore, a
series of cast coupons, similacly heat treated as the cast plates and also
small sections from the rolled plates were sent to Watcrtown arsenal for
notched impact studies,

& list of the coupons submitted end tieir heet treatments are glven
in Table I,

1. 0,0. 470.5/3423(r) = Wtn U70,5/5132(r), Sce Appendix A.
2., 0.0.l, 470.5/66%5(r), Sec Appendix &,

3p 0,04, l‘4‘51.25/ 2—2)+9. See Appendix A,
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Vatertown arsenal Laboratory NS
Report Number ialL 710/572 7 December 1943

Problem Humber B-lt,10 UNCLASS‘c‘c . qug(q

Tenper Brittleness in Cast and Rolled aAruor Plate - APR 3 3 m

‘ 0BJ.507 q./A
T, R R |

\ - PO
0 determl.le if tue present low alloy cast and rolled. armor is subject

to temper brittleness as a result of slow cooling from the final draw j".jé'f-'i
temperature._ oo
r 4

~ _,) Qi CLUSIONS [ 4

1.\'The results of ti.iis investigation indicated that cast and rolled :
low alloy armor slowly cooled from the draw temperature were umore )
susceptible to temper brittleness (as messured by tae V-notch Charpy test) L
taan tie same material quickly cooled from the drawe [ —

2, -Thae esbrittling effect noted in tie ballistic tests of some of Lo
tae rolled armor plates, (reference 4PG Report o, aD~379) which were

slowly cooled from the drew may have been due to the fact that these rolled :f_'_A.'-_"]

plates were subjected to a more severe ballistic test as compared to the e

cast plates waich were also slowly cooled from the dcaw. r“‘"“'
3. -In general and in contrast to some fairly well accepted beliefs, o

L
in the steel studied, molybdenum does not se~" to be effective in ::-.j}.:ji
eliminating, or reducing temjyoer brittleness in material slowly cooled from D
the draw tempera.tu.re.\ :

4, The consider\p.ble variation in the Venotch Charpy value ol each .!}_-._v_:a*
type analysis is due tp tie fact that the saiples as received were incom— :.j-;j-'f:
pletely quencied hardened to various degrees—-resulting in fractures which T
varied from 10C; chtallme to nearly completely fibrous, )

- .~." -..“.‘

5 Generally spealiiug, the relatively lov Charpy impact values [‘“1

nbtained at subzoero temperatures were related to the heterogeneous micro-
structures resulting frouw inadequate hardoning of tiie steel during tae

quench, S
‘ /\~~' AP /> . R

Ec I-l. ' .- ;L T
Research ietallurgist noe

d, H, ANIG
Colonel, Ord. Dept.,
Director of Laboratory S
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A preliminary report)" on tae results of this investigation was sent to
the Tank-Automotive Center in Sentember 1943,

Ba.listic and metallurgical data are recorded in Inclosure A.
Correspondence relating to this investigation is given in Appendix A&,

ToST PROCADURSE

l, Ietallurgical zxamination

Six standard V-notch Charpy impact bars were machined from test
coupons quickly cooled and coupons slowly cooled from the draw temperature,
These impact bars were taken halfway between the surface and center and
parallel to one surface, see Figure 1, Inclosure &, The notches in tie
Charpy bars were carefully layped in order to remove any longitudinal
milling marks or otiher surface defects, see Inclosure 4,

Two V-notch Charpy irpact values were determined at room tempeXw
ature (70°F), O°F and at -~LO°F,

The V-notch Charpy test was selected because it is particularly
indicative of ductility under the ballistic shock test.

In acdition, microscopic examination vas made on samples taken
from halfway between the surface and center of the test coupons., The
microstructure of the samples was compared with fracture tests mado on
sectioneg approximately 1AM" x 3" x 6" which were nicked peorpendicularly
to the center of tne longitudinal dimension and broken by the impact of a
forge hamner,

Brinell hardness surveys were made on the cross sectinns of each
test coupon,

2., 3allistic Tests

A sumaary of the ballistic tests on the selected test plates as
reported by aberdeen Proving Ground is given in Table I, Inclosure A,

BuSUulS s D DISCUSSION

l. |letallurgical rxamination

a. Cunemical Analyses

Tho chiemical analyses of the test coupons as reported by the
armor plate manufacturers are given in Table 1I,

4, utn 470,.5/693C, 30 Septeuber 1943, See appendix A.
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TABLS II

Chemical Analyses

manufucturer C wn Si S P Cr i o Cu
CaST aR.iOR
American Steel Founcdries 629 1,57 ¢92 ¢026 4025 430 = 09 - =

Continental Roll & Steel
Foundry Co, 311,21 .37 037 ,O042 U6 .36 .50 -~ @~

w.cConway & Torley .29 1,50 48 04O O = = U7 - =

b

General Steel Castings Coe 429 1.56 o39 4015 4016 50 = 31 = =
Pacific Car & Foundry GO. .22 1.18 .5‘4 0013 001“‘ - - ouo 1028 -

Wehr Steel Co, .27 60 .50 ,039 .033 .66 .62 .31 -
Union Steel Castings Co, 029 1,70 4O 019 ,037 = « 55 = -
ROLLED ARMOR

Henry Dis-ston & Sons, Inc. .22 .81 ,23 ,015 ,016 .53 1.09 .31 .08 -
Great Lakes Steel Corp. +29 1,10 .81 ,025 ,025 .61 - .25 - ,LO8
Standard Steel Spring Co, o6 1,68 .25 017 015 = = ,2] = =

b. Mechanical Tests

(1) V-lintch Charpy Impact Tests

4 summary of the results of tie Venotch impact tests made
at roon teuperature and at subzero temperatures on samples cooled gquickly
and samples cooled slowly from the drawing temperature is given in Table III
and also shown graphically in Figures 1 and 2, The individual Oharpy velues
are given in Table II, laclosure 4.

4 survey of these results indicates that tie samples
cooled slowly from thne draw temperature were rclatively more brittle taan
tae samnles quickly cooled from the draw temerature,

The differences between tae Ciaarsy values of the quickly
and the slowly cooled cast and rolled samples coataining low and medium
high molybdenum were somewhat erratic, (Sce Table ZII.) Furthermore,
contrary to recent investigetions, it was found tiat in most cases, that
there wat no marl.ed increase in tine difference between the V-notch Charpy
values or tue quickly and tiae slowly cooled saiples with respect to a
decreane in tempcrature.
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The variation in the V-notch Charpy value of cach type Mol
of analysis determined at room temperature is attributed to the fact that .
the coupons were to various degrees, incompletely guench hardened. Due o
to the notca sensitivity of free ferrite present in the improperly =
quenched samples, considerable discrepancy was noted in the check Charny
values of this material,

The relatively low Charoy values ottalned at subzero
temperatures are associated in most cases wita segregations of ferrite or .
carbide in tae nicrostructure, Tals is especially true in samples sub- ee
mitted by tiie amcrican Steel Foundries and the Pacific Car and Foundry Co,
The fact that thcre was a slig:t increase in tae Charpy values of tae
Disston couposition at 0°F aud ~UNO°F is of sarticular interest although
no explanatiem-is offered at this tiue to account for this aiscrepancy.
It was furtiier observed that tiae iimmact values of tiae General Steel
Castings samyles decreased gradually witih respect to a decrease in temper- -
ature as coupared to tie otihor sauples, Tais vas due to thie fact that
these particular sauples verc uore tuaorougaly quencaed out. In fact, tae
fracture of t..e coupon was esgentially all iibrous,

- r—

Mo dufinite correlation seened to exist between the AP
molybdenum content and susceptibility to tem:er orittleness in samples S
slowly cooled from the draw., ZFor example, tue Glza.z‘ﬂ;r values of the sammles [
submitted by tie ..cConwvay & Torley Co, containing .47, molybdenum were
not guperior to tie impact values of tiie American Steel Foundries
coumposition whiclh contained oaly 0,09» molyhdenum, Incidentally, tae
Union Steel Castings composition containing 550 wolybdenum did not possess

superior imyact resistance as compared to the values obtained by the ——
American Steel foundries analysis. Yhese results sre centrary to those |

reported in investigations carried out in dnglend soue years age which
revealed molybdonum aaditions were effective in decrecasing the suscept-
ibility to temwer brittleness of steels slowly cooled froa tiae draw. The
results of an investi_ation on temper brittleness in steels recently made
by the Climax ..olybdenum Coumpany’ were also in agreement with the English
investigators, L_-A o~

Ceo dardness Jests

4 suaary of 3rinell hard.oss tests made on the cross sections
of the coupons is given in Table 11I%,

S e L T L NN
. P S
S e

Ine nardness oi tie sa.uples slowly couled from the draw
tenperature subuicted by Union, General and Disston were somewhat lower
taan tae saunles udclly cooled from tio draw, (S¢o Table III and Figure 2.)

t e samples submitted by the American Steel Foundries and
t.ie Pacific Car and Foundry Co, were relativel; soft as coixrared to the L, -
otoer sarples tested. The low hardness values obtalicd on taese two

-

5¢ M"lomper Srittleness - ..anjonese and n.a&ngacse ..olybdenum Wrougat Steels™, :f“_-";
Report iio, 2588, 6 warch 1943, Climax .olyddenwn Company.

Y ey vy Yy vy
P e T S
P

*Individual hardness readinge are presented in Table III, Iaclosure &, [ ’
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compositions were correlated with the presence of ferrite. The hardness
values obtained on the cross sections of tie series or samples were
fairly unizornm,

d. ZFracture Tosts

4 summary of tine fracture tosts made on the coupons &as
received in order to letermine the presence of Pibre is given in Table IlI,
A survey of these vesults indicates that the cast samles were not
tiaoroughlyquencied out, tius revealing various a.ounts ol crystallinity
in tie resulting fractures,

Fronounced porosity and piping were detected in tiae ceater
of the cross section of the coupons submitted by ..cConway and Zorley.
Tne balance of the cast counons were free from taese defects, The rolled
plates were free from pronounced segregations of nonmetallic inclusiorns
according to ti.. fracture test.

e. Mhicrostructure

Tie microstructures of tihe coxpons received for tuais in-
vestigation are shown in Figures 3, 4, aid 5. Tiese results are summarized
in Table III,

T..e coupons sudbmitted by tie american Steel roundries and
tie Facific Car and Fowndry Co. contained a consiGerable amount of ferrite
as noted in figures 3 and 4, Tuis ic reflected in tie poor impact values
at low temerature., zvidence of ferrite was noted in the samples leat
troated by Continental, ..cConway, ‘/ehr, Union and Disston.

In a few cases, the microstructure o tie samples slowly
ccoled Ifrom the draw varied from that of camples cooled quickly from the
caw, Jror example, tie slowly cooled samile fron Continental contained
more grain boundary carbides tian tie quickly cooled samle. 4lso the
slowly cooled sanple from tihie General Stecl Castings Co. and the Henry
Jisstoa & Sons, inc, had less ferrite in tue iicrostructure taan ti.e
quickly cooled sauple,

e Ballistic Zusts

The results of the ballistic tests on 14" thick cast and
rolled plates quickly and slowly cocled from t..c draw as reported by
aAberdeon Proving Ground, rcfere.ce Table I in Inclosure A, indicated that
no detrinertal cffcct was noted on any of tae cuct plates clowly coolod
from tac drawing teiuperature. HFurthermore, teccts uade on tiae rolled
nlates ciowed come indicatlon ol evbrittlesent but taecse tests woro not
conclusive, It is possible that the embrittleinent noted was due to the
fzct tuat tacce rolled plates vere subjectcd to a .iore severe ballistic
tect tuon tic cace plates, copecially the snock tegt using the 75 rm.
PPT2l projoctile.
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The low alloy cast and rolled armor plate investigated was relatively - _j

aore brittle as measured by tie V-notch ClLarpy impact test after slow cooling
frox tue tempering temperature as compared to samples of taie samo material
conled quickly from tie tempering teuperature., These slowly cooled samples
were tegper brittle altiouga in several cases (Union, General, and Disston),
tie anarancss values were cousewhat lower than tuose of the guickly cooled
samples. Ordinarily, an increasc in impact value would be expected with a
decrease in hardness,

’
a2 n ¥ s 4

Furtiermaore, other veriables such as chemical composition, incomplete
quencning of tae coupons and steel manufacturc were considered in tlhe
interpretation of tie results.

- DR N IR A
e . - e N e
. 1] VI .
a - ,' ' .r
l-:A. F la |~ . N ] »

Ly

The Charpy impact values of tho samples supplied by the licConway & .
Toriey and Union Steel Castings were relativel; low considering that the .
microstructure of these samples was typical of yood quality plate. This )
discrepancy way nave been related to tiae fact that tiiese steels contained .
relatively high manganese and also that tuey were made dy the acld practice, :
It was noted in this investigation taat witi the exception of the Continental
Aoll and Steel Joundry camples, acid steels .ave a sonewiaat lower impact
value than oasic stecls. 11is ovservation aas also been made by other .
investigators, IThe fact tiaat tae Charpy inpact values of the kcConwey & o
Torley samples did not suvstantially decrease at subzero temperatures corre-
lates with the satisfactory metallographic structure.

.-
e

Tae low iupact values of the Wehr Steel saiples were due to the presence
of ferrite in t.ue aicrestructure. Incidentally, this cast steel was made
in tne r :id electric furnace.

It was noted that there was a pronouncec decrease in the Charpy impact
valuec of tihe incomplelely quenched samples when tested at subzero i
temperatures. Generally speaking, the more tioroughly quenclied samples
showed a uwore gradual decrcase in impact values at subzero teuperatures.

In several cases, there was no correlation between wicrostructure and
fracture of tue coupon tests, This was true in the case of studies wade S
on tie Union anc ..cConway « Torley samples. In tlese samples, the crystal- . )
! linit;” wat notew more espccially in the central portions of the coupon. o]
t Tue microsections and Venotcih Charpy tests were .uade on sections taken frox ]
L halfva; between tiie center and the surface wiere wore fibre was evident.

Jne Gencral Stecl Castings and Disston compositions had tle highest J
o avera~e impact properties at subzero teuperaturcs. '

L? :j Tne Disston samples, both quickly and slowly cooled from the tempering
' temperature, showed a slight increase in tue Charpy iwpact value.

- ]
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The samples subuitted by tic American Steel Zoundries, Union Steel
Castings and tiae Jdreat walies Steel Corporation ceveloped a marked tendeacy
to temper brittleness. This is evident altiough tic molybdenum coxtent
varied in these samples Irom 0,09% to 0,55%. It was found that
irrespective of tue effect of any othes variation, nelybdenum does not
olininate temoer brittleness., Tiiese results are not in agreement witi
these of the znglish investigators who have reported that molybdenun addd-

tions tend to decrease tue susceptibility ol steels slowly cooled from
the draw.

3allistic tests silowed no letrimental effects on cast plates slowly
cooled Iroi tiie oraw, includins cne series contaianing ,09% molybdenum,

Ballistic tests amadc on rolled plates siowed some indication of
embrittlenecnt out tiese tests were not conclusive,
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Method of Lapping votches in V-iiotch Coarpy Bars

The bar is inspected to determine whether or not it has been
machined within the tolerances permitted, The notches are finished
with the milling cutter within the di.ensions siown in Figure 1 of this
inclosure, after finishing with tiae i1illing cutter, the notches are
lapped by means of a revolving wire covered with a fine abrasive and held
in a small drill press., This wire siould be a piano wire of .0l radiuse, DR
The wire is rotated at & speed of about 500 revolutions per minute and BN
the bar is held in contact witi the wire for aporoxinately one or two Y
minutes. This netiod of lapping tiae bottom of the notca with a o
revolving wire is usually sufficient to remove any longitudinal milling
marks or other surface defects.
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LOCATION OF 6 V—NOTCH
CHARPY BARS MACHINED
FROM TEST COUPONS

STANDARD V—=NOTCH CHARPY BAR
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OFFICE OF CHIZF OF ORILANCE

) WASRIFGIQN RANDALL/ dmf 5_
Wtn 470.5/5132(r) i::":i'.f:’::
s 0.0.470.5/3423(r) S
Attn: SPOIT, armor & Material Angust 25, 1942 A

Subject: Temper Brittleness of armor ldaterial

To: Comnanding General
R Watertown arsenal e
: e Watertown, liassachusetts ...-:...;-

1. In view of consideration which is being given to the use
of ferritic electrodes for tie welding of armor together with the
possibility that such a procedure will require a thermal stress re-

: lieving treatment, this office would appreciate your comments and
. any detailed data available on the subject of temper brittleness
of armor materials. For your information, attached is a tabulation
of a number of current rolled and cast armor compositions.

e

a
2,4 8 e

CEA

FET A

- 2. If data is not available regarding the temper brittleness ._:f'j:.:_;
I:: phenomenon in these alloys, and if there seems reason to believe that r_-j:':.j_:.:f
p ' thigs difficulty might occur in connection with the use of practical el
stress relieving or drawing treatments, it is requ.estcd that your i_,,_,.
office submit recommendations for a test program, :_'-'.:jf..j:}
e . AN
n 3. Consideration of lower drawing temperatures by certain S
. nenufacturers of armor also makes it necessary to obtain data on e
this subJect. 4accordingly, this office will appreciate receiving your g
T recomnendations at the earliest possible date. E.._,.
-_Z'-_f By order of the Caief of Ordnance: '
* LOR®N k. JEIKS b
. 1 Inclogure assistant,
o Tabulation(not included
X in this rpt.) L
. b

g_ge l - Appendix A
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COPY
Wen 470.5/5132(r)
0.0.470.5/3423(xr) lst Ind, Nali/ anv

Watertown arsenal, Watertown, liassachusetts, August 31, 1942
To: Chief of Ordnance, U.S.A., Pentagon Building, Washington, D.C.
attn: SPOIT - drmor and Material

1. The Ferrous detallurgical advisory Board will consider the subject
of temper brittleness in general and specifically with reference to tae
basic letter at its meeting on September G, 1942,

2. Jepending upon the 3oard's decision, it will probably be necessary
to conduct a program to determine the effect of slow cooling from the
stress-relieving temperatures on tlie ballistic properties of the various
low alloy compositions.

3. lolybdenun in amounts exceeding .35% supposedly will counterset the
tendency for temper brittleness, The American Steel Foundries composition,
the Disston composition, and the Great Lakes Steel Corporation composi-
tions are below the minimum figure.

4, Please return this file for a report of the Board!s recoumendation
and an outline of a program to investigate this probdlen,

For the Commanding Officer:

G, L., COX,
Lt. Col,, Ord. Dept.,
1 Inclosure n/c Assistant.
Tabulation(not included
in this rpt,)

Page 2 ~ sppendix &
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RESTAI CTED
COPY
Wen 470.5/5132(r)
0.0.470.5/3423(xr)
SPOIT, Armor & liaterial end Ind. RAITDALL/ dmf

War Department, Ordnance Office, Washington, D. C., Septembaer k4, 19l2,
Ro: Commanding Officer, Watertown arsenal, ‘atertown, liassachusetts

1. 4s requested in paragraph 4 of the first indorsement, this file
is being returned for consideration by the Ferrous Metallurgical Advisory
Board at its meeting on Septemver §, 1942,

2. This office will await with great interest the outcome of this
meeting, and requests that it be advised es promptly as possidble of the
decisions made,

By order of tae Chief of Ordnance:

LOREN M. JZKS
1 Inclosure n/c Ascistant
Tabulation(not included
in this rpt.)

Wtn 470.5/5132(r)
0.0.470.5/3423(r) 3rd Ind, NAU/ amv

Watertown arsenal, Watertown, liassachusetts, September 10, 1942,
To: Chief of Ordnance, U.S.4., Pentagon Building, Washington, D. C.
Attn: SPOIT - Armor and Material

1. The Ferrous lietallurgical advisory Board has considered the
question of temper brittleness in the subject steels as it might be
affected by a slow cool following a stress relieving treatment., The
following opinions were expressed and recommendations presented:

&, although a lowering of Izod impact properties may result
upon slow cooling, it was not felt that brittleness induced would cause
ballistic failures in steels containing over ,15-,20% molybdenum,

b, No failures are known which have been attriduted to temper
brittleness, It is commen practice to rapidly cool from the draw at
least by air cooling as e safeguard against temper brittleness,

¢+ The board recommended a program of ballistic tests on these
materials not only to resolve this problem but to obtain basic, goneral
information on theose low alloy steels with respect to temper brittloness
tendencios.
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copY
Accordingly, the following progran is suggested:
a. Cast armor

(1) Include tests of material from American Steel
Foundries and Ford lotor Company.

(2) Delete tests from Sivyer Steel Castings Company.
This company has already obtained satisfactory results on
its praduct furnace cooled from the tempering temperature,

(3) Prom all manufacturers listed request three (3)
test plates (13 or 2" but all of same thickness) to be
poured from one representative heat to be heat treated
identically and simultaneously except with respect to
the eooling treatment following the draw. GCool one plate
from the draw according to standard practice. XFurnace
cool the other two (2) plates at as slow a cooling rate
as practical down to at least 300°F.

() Provide Watertown arsenal with four (4) separately
cast test coupons from the above heat, heat treated as
above, two (2) of which have been cooled according to
normal practice (air or water) and the other two (2) of
which have been furnace cooled along with tiie test plates.
The coupons should be large enough to yield at least six
(6) Izod specimens from each.

b. Rolled armor

(1) &dd Yord iiotor Company to the list.

(2) Delete Youngstown Sheet and Tube from the list since
they do not roll 13" thickness and their enalysis is similar
to that of Jones and Laughlin,

(3) Request three (3) 1A" thick primary plates from
each producer to be from the same heat and ingot position,

(4) Heat treat the three plates identically and simul-
taneously except for the cooling from the tempering treat-
ment. Cool one plate after the draw according to standard
practice (air or water) and furnace cool tiae other two (2)
Plates at as slow a rate as practical down to at least
300°F,

(5) Provide Watertown Arsenal with sufficient material
cut from each plate aftor final heat treatment to provide
at least six (6) longitudinal and transverse Izod impact
opecimensa. -
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RESTRICTED E:‘-’

c. Bellistic Tests -_E‘f,

(1) Shock test will be the prime factor. Test at
specified velocities with the 75 Mi T2l slug. Care should
be taken to impact the plates as near the exact center as
possible.

(2) Obtain ballistic limits with the 37 lil projectile,
also PTP tests,

d. Izod Impact Tests

Watertown Arsenal will conduct these tests.

3. The above program should be completed before the stress re-
lieving of welded armor asseublies I1s approved,

For the Commanding Officer:

G. L. COX,
Lt, Col,, Ord. Dept.,
1 Incl. n/c Assistant,
Tabulation(not included
in this rpt.)
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WAR DEPARTLLIT ;
i PANK —-aUT0MOTIVE CRITR Handova/mJk v
. N
: WNIOY GUARDIAN BUILDING
, DEIROIT, KICH, December 3, 1542 b. -
| Wtn L70,5/5579 | .
; 0.0.. 470.5/665
. Attn: SPOLT-U-19,5 T
: LT
Subject: Temper Brittleness Research Program P .
] To: Commanding Officer .
Watertown arsenal Y
Watertown, Nassachusetts v
1. Reference: [- -
AT
f.. . ~.
0,0. 470,5/3423(R) <
V. 4. )470.5/51}2(1‘) :.': R - g
2. In accordance with the above comuunication from Watertown i‘*
Arsenal, this office is initiating tho subject program. Armor is

being odtained from the manufacturers and heat treated as recommended ,';j‘i:j:'lzj'-
by the Ferrous lietallurgical Advisory 3oard. .

3. Tae armor plates are to be snipped to Aberdeen Proving Ground
for ballistic testing. Similarly heat treated coupons for Igod tests
at your station are being obtained for all cast plates, aberdeen Proving
Ground will be instructed to provide Watertown Arsenal with material from
the rolled plates after ballistic testing for Izod specimens,

4, Inclosed are copies of General Instructions sent to Districts
and facilities and a copy of a letter sent to aberdeen Proving Ground.
Also inclosed is a copy of tane reference file.

By Order of the Deputy Chief of Ordnances

(s/?) D. 9. PIPPLL, o

Uajor, Ord. Dept., RO

3 Incl. Assistant, TR
Gen. Inst.(not incl. in this rpt.) SACES
cpy Ltr. sent to »,P.G. t\:
file fm, W.a.(See pages 1-5 of vl
appendix A) b

Page 6 - appendix & BRSNS
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WAR DEPARTaIT
ORINAICE DEPARTILIT
TALK—AUTOHOTIVE CENTER
UNION GUARDIAY BUILDING Handova/mjk
DETROIT, ICH.

December 3, 1942

0.0.id. 470.5/686
Attn: SPOMT_UG-19.5

Subject: Temper Brittleness Research Program

Te: Comaanding Officer
The Proving Center
Aberdeen Zroving Ground, haryland

1, In accordance with the recommendation of the Ferrous
Metallurgical Advisory Board this office ie initiating a program to

armor.

2. The companies outlined by the Forrous ietallurgical advisory
Board are being requested to supply material for this program, This
office will instruot the facilities to send the plates to Aberdeen
Proving Ground for ballistic testing. Watertown Arsenal will be pro-
vided directly with coupons for all cast material submitted. 1t is
requested that sufficient material be cut from ocach rolled plate sub-

IS el ENEET R NN A
Ill' .'-"
. R AN

determine the effect of teuper brittlemess on current compositions of '“:".'._f_.:

mitted to your station to provide at least six longitudinal and transverse

f 3+ It is desired to obtain a direct comparison between these

various plates to see whether any embrittling effect has resulted from
slow cooling,

vftfvvv:, Mo Ol J
BN e - vt

4, Inclosed are copies of General Instructions issued to the
facilitlies ana tne Ordnance Districts concerned and a copy of the
corraspondence between this office and Watertown aArsenal,

5. It is requested that aberdeen Proving Ground forward to

this office by indorsement their recommendatio.s regarding the ballistic
testing of these plates,

Y, o, l' LN 1

By Order of the Deputy Chief of Ordnance:

PR M S

Izod impact specimens and sent to Watertown Arsenal, f:‘f"‘t"'.:'

Incls, 8/T D.,0, Pippel

3 cpys Insts. / aajor, 6?8. Dept. .
R W assistant L
y file fm, W.A, AR
v tr to W.a, Page 7 - appendix A Vs |

.
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‘ UNCLASS!H e

WAR DEPART..UT RS S

CRIKANGS DEPARTLAIT

-t T

EaE ] SRR

TedKeme AUTOLOTIVE CZiTER -

UWWIOH GUARDIAN BUILDING Handova/mJ' PR

A DR
. DTROIT, iICH, S
: L
. SRR
December 30, 1942 b .-

0.0.bi, 451,25/2-249
SPOMT-F-20

P2

g

Subject: Temper Brittleness Research Program,

To: Comnanding Officer
The Proving Center
dAberdeen Proving Ground, Maryland

1, Reference: Letter to aderdeen lo-%=42 0,0,l:, 470,5/686

2. This ofrice aac made arrangements for three temper brittleness
armor plates to be siipped to aberdeen from Carnegie Illinois Steel
Corporation and three from Henry Disston, The plates from Henry Disston
shculd arrive within two weeks, while the plates from Carnegie Illinois
should arrive in about three weeks., Three cast homogeneous plates will
also arrive in approximately four weeka from General Steel Castings,
Eddystone, Pennsgylvania,

3. It i8s requested that after ballistic testing, specimens be cut
from three plates and appropriately marked for identification purposes,
and sent to Watertown arsenal, These samples should be so reuwoved from
the plates that the dallistic firing will have aad no effect upon them.
They should be approximately six inches by nine inches in size in order
that transverse and longitudinal and Izod specimens can be cut from them,
These samples are to be forwarded for each rolled inomogeneous plate
submitted for this purpose,

1
r
f 4. Boparate cast coupons are being obtained for all cast plates
E submitted, therefore, cast samples will not be required from aAberdeen.
¢ 5. MMring reports should carry the notation, "Temper Brittleness L
Research Program'®, BENERE
} For the Deputy Chief of Ordnance: i:_:
E, L. CULINOS, PRSI
Colonel, Ord. Dept., RN PSR
+ assietant. a i’ v
e S
BY KRR .

J. V., COGBE, WadOR N\
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COPY U’\'(JLA:)UM .

: ' Wtn 470.5/6930 |
i OM 470.5/<5<

Attn: SPOME-F-cc.l, Project #ilsv i3t Ind. Reed,/Nas/drj
Cedey, AulEriown arsenui, netertomn 7<, Muss., 30 Sepieaber 1943

- To: Culef, Yunk-asdivomotive veuver, rishlier bidg., Detroit «, sichigan.
DTus DPUL-B-ckedy Prujeci #1040,

l., Tue resuius ol tuis investigetioun inaicuted tnai tne semples
0l CuST wud ruiried araor siow.y covoired from the druw tewperuture were
reiativesy wore vrittie (us meusured by tae V-novch Charpy Test) taan
T8 S&ily.€8 LUICKLy covied lrom tue araw. Iv 1s noted tuut tuere is
& consiuerabie variation in tne V-nutcu Cliarpy vaile ol euch type
fnaaysise.  Tudls is due Tu Lue lact thal tue sangies as received were
incuwpletvery guench-nardened to varicus degrees - resuiting in 1ractures
wnich were irow lUUp Crystaadille Lo iruactures wnicCl were neuardy ail
Liorous. rurthermole, thue reiativesy low Luwrpy vaiues obtained at
sub-cero teaperutures are correiated witn heterogenevus aicrostructures
Wnicu wre uile resuat ol lucoapliete yuenca-hordening.

<o ueaeraily Speaking, wolyvaenwa wsus8 net ellective in eliminating
edorituieaent auted in Swiples Siowly cooled Irouw tne draw.

Je Tue ewbrituiing eilrect uotea un ae rosled urmor plates
. (rei. APU Repori No. .D-379) wuicn were siowly cooled Irom the draw
Way dave bDeen due TO tie ilaCt tuul tuese roiiea glutes ~ere subjected
to a wore severe ba.ilstic €S «B Cullgared LO Tu8 CusSt plutes waich also
Were sSlowliy Cooisa 1Tl tae ul'aw.

b A CUlp.ele Ieyol'v vl Tulsd iavesivigation is in preparation wnd
wild Ue LloI'waldea Lo nis ollice «s suon a8 avaliable.

ror tne Cowwanding vificer:

ge Le CUa,
Lt. col., Urd. Dept.

As3istuut,.
« Lacas.
lace. i n/c JRot Luch.
AdGud o L0Ca. )in wulis

ln2.. < Uil Oneet)re.ort

Pu,e Y - appendix a ";f .
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1ABLE T
Sunmary of V-Nctch Charpy Impact Te
Cast and Rulled Armor Cecled Quick
Draw Tem
Sample Chemical Composition Subseq
Manufacturer Yo, C Mo Si Cr Ni Mo Ca 2r Cocling
d 4UR °
| ‘ C-371A .29 1.57 .52 .30 - ,09 - - 190°%
dmerican Steel que
Foundries ' 1150°F
C-}-’lB 029 1057 052 030 had 009 - - cooled.
(Basic OH)
_ . leeo°r
Continental 31541 .31 L.a .37 3% +36 .50 q}'l
Roll & Steel . 1220°F,
Foundry Co. 531543 .31 1,21 .37 46 .36 .50 - - cooled
(Acid 0=) o
33° per
o
lcConway & q=e
Terley 118g°§,:
(Acid Eectric) - coole
Yoh-2  .,291.50 8 - - W - - over & p
cf 30 ho
1125°F,
General Steel 7110-2 .29 1.56 3950 - 31 - -
Castings Co. °
(Basic CH) ~ Ti10-3 .29 156 .39 .50 - .31 - - 11T

*Porosity at center ¢f secticn associated with crystallinity, Nore o

and surface.

Numbers in parentheses indicate difference between Churpy value of

/73
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TABLE III

tch Charpy Impact Tests and Other Metallurgical Properties of

i armor Cccled Quickly and Slowly frcm the Irawing Temperature

Ave.
BHN V-Nctch Charpy —
Hardness Impact Values
Draw Temp. and Tests Rocm Fracture Tests
.ion Subsequent  Made at Temp, Made on Coupons
Mc Ca Zr Cocling Rates W.,A, +70°F, (Q°F, -UO°F, at Rcom Temp.,
e 1150°F, wat " 0% fibre, 603
o , water m . re,
105 quenched 200 10 o1 305 cryatalline‘
1150°7F, furnace .
09 =~ - cooled to 300°F 138 51.8 305  17.1 "
(18.2) (21.1) (13.4) ;
_ _ 122C°F, water 52z 70% fivre, 30%
20 quenched &35 Sh.8 526 ha.0. crystalline
: 1220°F, furnace
S50 =~ = cooled to 300°F 231 4g.5 352 22.8 "
39° per hour ( 6.3) (17.4) (19.2)
118C°F, water *50% fibre, 50%
M- - quenched 22 331 33.9 32f1* crystallin
1180°F, slewly
W - - ccoled tc %02°l‘_ U 25.6 o5 g 20.6 "
’ over a perio ¢ ¢ °
‘ of 30 hours (7.5) (11.1) (11.8)

- 1125°*F, air Fibrous, trace
£ S~ - cocled 269 6k.0 60.3 38.3 of crys';alline
31 - o HBTHIumAe gy 514 sLh 36,9 "

' (12.6) (8.9) (1.h4)

rystallinity., bcre evidence of fibre halfway between center

zen Chnarpy velue of saumples quickly and slowly cooled from the draw.

(RARAR ansnakingl o

xR

= .
P
-
"o
&
=%
P,
L Y

2T A R TR PR ‘ TENCE LRI o LSASTED " .2,'-




YT Ng Ty T mmme
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T HBLE T
etallurgical Properties of
¢m the Irawing Temperature
V-Nctch Charpy _
Ingact Values Typical
Reem Fracture Tests Micrcstructure
Temp. Made on Coupons at Midwall

+7C°F. C°F, -4O°F. at Rcom Tesﬁ_ of Coupon

4o% finre, :
70 5L.4  30.5 erystalline Sorbite and ferrite

51.8 303  17.1 " "

(18.2) (21.1) (13.4)
54%.8 52.6 42.0. 70% fibre, 30% Scrbite, trace of

crystalline ferrite
) Sorbite, grain
4g.5  3H.2  22.8 n '
( 6.3) (17.u) (19.2) bcund.ary carbides
*50% fivre, 50% Sorbite, some
33.1 333 32.4 crystalline ferrite
5.6 22.8° 2.6 U Tempered martensite
(7.5 (1.1) (11.8)
Fibrous, trace Segregated fine
6k.0 60.3 3843 of cryst".alline carbide
514 514 36,9 " Sorbite

(12.6) ( 8.9) (1.4
+ haltway between center

1d slowly cooled from the drew.
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A Dra
Sammple Chemical Composition B 3
Manufactui er No, C Mn _Si Cr Wi _Mo _Cu _Zr Cool
12C0
Pacific Car & 1 .22 1,18 54 - - .ho1.28 -
Foundry Co. 1200
(BaSic Electric) 2 022 1.18 -5“‘ hand band .)-‘0 1028 Lad coa;

TER-1-58Y4 .27 .60 .50 .66 .62 .31 - - 1190
Wehr Steel Co.

(Acid Rlectric) TBR-1-583 .27 .60 .50 .66 .62 .31 - _ 1150

coo
' 1
Union Steel €29 291,70 W0 - = 55 - -
Castings Co. 1.
(Acid OH) 830 .291,70 M0 - ~ 55 - =
ROLLED ARMOR
AB1990-1 .22 .81 .23 .53 1.09 .31 .08 - 11
Henry Disston &
Sons, Inc,. 115Q
(Ba-SiC OH) AR1990"'2 22 081 023 053 1.09 031 008 - CO00J
\ in
' 6) 1230
Great Lakes 1 .29 1,10 .81 61 - .BH - ,08
Steel Corp.

(Basic OH) 2 e29 1,10 .81 61 -~ 25 -~ ,08 123C

% Some crystallinity at center of section., MNore evidenc;tof fid

Numbers in parentheses indicate difference beiween Charpy valug
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TaBLE III (Cont'd)

Ave,
BHN V-Notch Charpy
Hardness Impact Values
Draw Temp. and Tests Room Fract
L Compositicn . Subsequent liade at Temp. Made ¢
Jr Wi Mo OCu_ Zr Cooling Rates _ W.A. +JO°F, O°F. -4O°F. _at Rd
12C0°F, air '
- - Jo1l.28 - eoleq 190 525 12.0 7.4 100%c
1200°F, furnace
- - Jho1.28 - 1o to ouoer 198 (ug-k) (—gg.i) (f.%)
1150°F, air ‘ 80%
66 .62 31 —- - cooled 2l6 39.5 3.3  21.5 c
1150°F, furnace |
66 .62 .31 - - ied to 300°F 2u3 (32 $) (23:2) (l;:i)
1225°F, water **80
- = 55 - - quenched 2l 39.2  28.8 24,7 o1
1225°F, air \
- = 55 - - ’ 229 19.8 12,9 10.6
cooled (9.8 (15.9) (k1)
T .
.53 1,09 .31 ,08 - 1150°F, air 248 72.7 T4.6  8L.3 00f
cooled ~
1150°F, furnace
.53 1,09 .31 ,08 - cooled to 300°F 233 63.2  67.1 73.1
N in 21 hours ( 905) ( 705) ( 8.2)
- - - 1230°F, air 4
61 .5 .08 soolod 260 57.2 54.8  23.1 0
B o - .5 . ogl230°Ffurnace o, 11.0
% cooled (26 s) (25 2) (12.1)

‘n. Hore evidence‘ of fibre halfway between cemter and surface.

rence beiween Charpy vé.luo of u-plu quiok.'l,y and slowly cooled from drn."'l'“

O SURAGRU R
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. Ave.
BHW V-Hotch Charpy _—
ardness Impact Values Typical
Tests Room Fracture Tests Microstructure
1 iade at Temp. Made on Coupcns at Midwall .
- W.A, +70°F, _Q0°F, -U4O°F, _at Room Temp, of Coupon
N Spheroidized
! 190 52.5 12.0 7.4 100%crystalline carbide and ferrite
% 198 43.4% 341 8.1 " n
5 - (9.1) (-22.1) (-.7) : |
; | 80% fibre, 20% .
ii 26 39,5 31.3 21.5 crystalline Sorbite and ferrite
8
R: 243 328 245 14 " “
1 ( 6.7) (6.8 (7.4%) » T
. *#80% Tibre, 20% Sorbite and some
\ 2l 33.2 28.8 2h.7 crystalline ' ferrite
%4 229  19.8  12.9  10.6 n n

(19.4) (15.9) (14,1)

3 28 72.7 4.6 8.3 1oo$ fibre  Sorbite and ferrite

.
f: 233 63.2 67.1 73.1 n | Sorbite trace of
i (3.5 (1.5) (8.2) territe
L 260 57.2 548 231 1008 fibre Sorbi te
; 257 30.4 29.6 11,0 " "
Al (26.8) (25.2) (12.1)
' ween center and surface. . -

L juickly and slowly cooled {rom draw,




REMBBUCED KT WOVERNIENT Expenee

b
THeLE T Qou‘r/a’) TABLY
Draw Temp
Sample Chemical Composition Sub sequ
lianufacturer Wo. C Mn Si Cr Ni Mo Cu ' Zr Ccoling
. ' B added 1190°F,
Staslpld.?r(l gteel 1728 0% 1068 025 - - 027 - - q.u
ring Co. ) -
(Basic 0d) B added 1190°F,
1729 261,68 .5 - - 2] - - c
NOTE: V-notch Charpy bars cut irom rolled plates in the longitudinal
V-notch Charpy values shown above are an average of two tests.
Jumbers in parentheses indicate difference between Charpy value
[ ]
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TaBLS III (Cont'd)

Iraw Temp. and
ion Subsequent

Ave,
BN

Hardness
Tests

V-Notch Chargy
Impact Values

Room

Made at Temp.

Fracture Tests
Made ocn Coupons

iio Cu_ Zr Cccling Rates _ W.A,  +J0°F, 0°F, -U0°F, at Room Temp.
3 added 1190°F, water |
oo quenched 202 605 57.5  39.L 1c0% fivre |
B added 1190°F,furn
yy D 2A0d ORI a0 se2 6.9 &k " j
| (4.3) (20.6) (14,0)

. in the longitudinal direction.

werage of two tests,

between Charpy value of samples quickly and slowly cooled frem drﬁv.
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TraLe I (Con7 d)

. V-Notch Charpy

Impact Values - Typical
B Room Fracture Tests Microstructure
v Temp. Made cn Coupons at Midwall
i #J0°F, 0°F, -40°F, at Room Temp. of Coupon

€0.5 7.5 39.4 100% fivre Sorbite and ferrite

. Sorbite and ferrite
i 56.2  36.9 .4 "
'5 ( h.}) (20.6) (lH.O) Acicular pattern

" dickly and sl¢wly cooled frem drav,
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