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SUBJECT  Fxperimental Heats of Cast Steel Under Conmsideratiocs for use inm Armor Plate

by Cadillas Wotor Car Divisiom, pcr Mr, L, A, Dense.

INVESTIGATION REQUIRED:  Dgteralnstion of physieil properties of sevea heats of cast

*

steel mede by Climax Holybdeoum Compumy of differeamt oom;-osi-
tions and »ith varicus methods of deoxidatiom,

Dateraination of physicsl jroperties of seven heats sade by
Tescarch Labor:tories Division of Gemeral Motors Corporation.

IREATIFICATAONS M. O, 11822

This investijLticn wus made %W deternine the minimua amount of alloy adifi-
tions ncoessary o ;roduse physieal properties comparable t: those of the
present 5 ¢cified coa:osition and mlsu vhether or pot 1t =ight be po-sible

to eliain te the specified diffusiom or homsogemising trestzent and substitute
a conventianal normalising treatzeat,

8 Stvea heats of steel ware gast by the Climax :Molybdemus Compamny
of ¥iechiyan laborutory in a ‘Iry send s0ld of a d..uble kesl block
which has been desizned to yleld two test bars 1 x 7/8 x 11® of sound metal,
These were mslted und slloyed in a 30§ silics=lined, ecreles: bigh frequeney
induction ‘urmace, (3ee Climax Lior tory report No, 2496, duted 7-27-42).
The heats vhiah v.ried in composition sad sethod of deoxidatiom were eal-
culated to iive the f:llosimy chemical compositiomss

Conx;osition %o, 1 2 3 4 5 6 7
Climax He-t Ro, pas L5633 2634 =036 ‘éﬂ 2638 2639
“arbom 29 9 9 29 ¥y 029 <9
fhaganese 1,30 1,50 1,50 1,50 1,50 1,50 1,50
Silieun 837 lel'd ) P ) PRV ) PR «Hd 1, 0

¥ol ybdenun 50 «50 30 20 - 0«0 20
Chromium - - - 50 50 o 56 50
toron ad.ied o075 U5 X8

Aluminum sdued. 1.54/t0m Lo56/tal,5¢/ tonl, 54/t0ml. 5/ toml s 5+/tonl, 5¢/ton
Terrc Titanius (R4 C) - - Y%/tm - - - -

Sevem compositions were clso cast by U, ¥, 3esearch Labori:tories Divisiom in s
dry samd mold of a sin‘le keel Dlock shieh ylelds a test bloak of 1-1/8 x 2 x
12-1/2%, These were of Jifforent compositioas and JAfferent methods of deoxiuse
tiom, One he t 4C=s70 253 tw re,lace No, 3 of the Climax Wolybienus Comyany
heats »hieh was foun: L be badly checked on the surf:.ce after hest Lrestannts,
Another JC.2T77 scs to duplicite, s-cept for the homogemlsin; trestaent, do, 7
of the Climax heats whish shuwed the best comblnution of ,.hysieal properties,
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The intended ocomposition of the:e seven heuts was as followss
feat Ko, C-270 My ) § C-273 C=274 C=275 C-276 C=2T7
Carboa 29 28 28 <Y 29 29 29 o
innzanese 1,50 1,50 1,00 90 1.50 1.50 1.%
Silieon Lo 00 ohS od5 45 ol5 ohS 95
Chromium - 39 o35 055 065 06, 0
itolybdenun 50 35 15 3 35 35 23
Borom udded «005 o 05 o005
Ziroconiun sdded old [
Aluniomm added 1.5¢/tom 1.5¢/toa 1.5§/toa - 1.54/tom 1.5¢/tom 1.5/t
These compositions were also melted in )04 Coreless high frecuemcy inductioa
furnaee wsing 2 aagneria or:oibls,

) Aotual Chemical Amalysis: (]

Climax 263: od§ l.u. 065 .12 04,

. 26’3 02. 1. 52 10?1 - .JJ

" 2634 not analysed simoe orssked )

" 2636 28 1.48 1,15 53 93 §

. 2637 o9 1.48 1.17 o532 -

. 2638 .29 1.‘5 .6, 053 02,

. <639 30 1.5 1.18 o4 odd

’ GMO-270 30 1,60 80 - ok b
'f--?'n.- 031 lo“ 036 033 .a (.
*C-2T3 oY 1,06 « 50 35 % )
"C=274 27 1,01 «80 57 «30
C—<75 28 145 k9 56 7 )
C-276 31 145 kY o56 38 e
G277 29 1.45 1,02 3 7S !
HEAT TREATHANTs

Hoth keels were cut from the Climex blocks so as to give & bur 1™ x 7/8% x 119,
Two 1=1/4 x 1-1/8 x 1l<1/2" bers »ere 2lso taxan from the Lesesroh e»st keel
2loek, bar A veing from the bottom end of the ksel whilc bar B was located
nearer the z2te,

The vars from the seven Climax hiats and G.K.R.#C-270 were then homogeniued cnd
hest treated ss follo-ss

He:zted to 1950°F in six hours, Held at heat 10 hours, Cooled im atill air to
room temperature, Heheated to 1650°F in 5 hours and held at heat ome hour,
Juenched in water down to a tempsraturs of 500-600°F (.0 seconds re uired as
detearained by experimeat.)

Tenpered to 321-351, three hours up to heat, 6 hours at heat and cuoled in air,
Temporins teapersture 85C°F,

The bars repreaenting the remaining six hests made by the heseareh Laboratories
vere hosted to 1700°F in 1-1/7 hours aad held for fowur bours, tranaferred to a
Turnace at 1000°F, held one hour and cooled in air, They were subse ueatly
herdensd im the s.me manner aa the Clisax made bars,



As stated previsusly the bars from Climeax heat No,
checked, particulerly +a the totiom face,
in a photogra.n included in this repart,

the crucxs -ere rreasmt at the tias the samyl-s wer: homoyenised,

attached sketeoh,

CloAl PROPKR

*

=3

2634 were foumd to be Ludly

The extemnt c¢f these orscra is showm
A mierogr:,h takem in the regiom of
one of the gracis ir also included, This sbows oxide at the eodges of the arsek
and practicelly completa deesrburization in the adjacent sone, iadicatiag that
The “ars were
tiren mashined int, test bere of utundnrd Cadillee di-ensim as shows in the

REIUC~
TIUELD #)LILUS ILONGA-  TION
ULTLIMATE CTRERGTE ur TI108 OF ARKA
BAR EEAT PRINALL  GTAFEGTN (JoHRSOR®S)  RUPTURE Ix 2* (8#-50K,)
Xa Me __ HARDMEDS e ¢ £81 EEL 2 :
l-4 2632 354 169,000 145,000 1964000 15.,C 27,2
l-8 263, 341 169,000 153,000 506,00 | V1 29,0
2eh L633 352 176,00C 138,300 Z-B,00C 13,2 30,0
2«3 7633 163 1754709 135,0™ 215,00 13.5 <548
Cm 0 363 168,000 133,00 LR2,5(0 Ldgu 13,9
C-. 70 15, 178,40 147,000 197,5.0 10,2 14.9
4eA ~036 363 17,000 15,000 S05,000 15 1640
bl <636 5L 1%, 200 126.@ - 16,5 <Ted
54 637 35 161,000 120,000 202,000 19,8 3340
Sl 637 331 160,800 16,000 203,000 19.5 3340
i 638 157 166,000 L7,0 204 ,00G 16,1 2844
6=B ~638 142 166,000 132,00 208,000 13,6 <7.8
=i 2639 263 176,000 125,00 227,000 15,0 34
Tet 7639 352 176,500 145,200 233,000 15,7 324
C=2T14 %1 148,000 110,000 176, 0G) 14,5 33,3
C-2TH 182 188,07 139,000 179,5W Yed 18,.
C=cT734 38 156,600 1.5,007 186,007 14.5 37
Cer738 4l 154,900 125,200 173,530 10.4 <l
C= P44 3 150,200 pTsL WOTS 154,007 11,3 85
C=2748 s 146,40 108,000 103,500 Tet) 16,8
C=275A 26) 176,47+ 146,00 2010 13,8 18.4
-."75B 375 176,00 136,000 63,000 10,.u 1647
C=- 764 <1 155,40 104,000 177,050 13,2 OB
le. 758 375 177,200 146,000 g R B8 i7.6
Ce. T74 k3 ¥ 16,3 0 106,08:0 122,00 S ek
O T70 363 LT7,20 . 139,204 205,010 10,5 g2

Horiensidlity bars were them msehimed from the heuvy -nd of one teansile
bar of ki Climax hezts nn3d He ecrch Neat C-.7) enu from s 1-1/8% dia, teut sluyg

cast in a caut irom mold of the other sereszreh Labtoratories heats,

RCX curves sheving the hapdensbility of these vari us heats sre also ineluded in

thiz rejort,

______
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Merograph shoving oxide im ersck end ex ent of deocer-
urisation of adjacent metal in section from tar of
Climax hoot No, 3 shieh was badly cheeked om surfase.

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




The best soaubimation of physieal properties was obdtained from compositiom
Yo, 7 of the Climax Molybdenum laboratory heats whieh was given & houo-
genising treatuent prior to hardeming and tespering, io. G=277 of the
Resecrch Laboratory heats vas imtended to be of the ssme eomposition smd
vas ssde to determise the advantages, if any, of the hosogemising treataent,
The eomposition of these teo hests and the resultant properties were as

followe:
Souree Climaxz ¥olybdemum G.M, Reasearch Lab,
Gomposition | No. 7 Ko, 7
Hoat No, 2639 C-27T7
Carboa 30 29
Manganese 151 1e45
8iliocom lou 1.02
Chromius 54 ¥
: iolybdenum o4 o34
Aluminus added 154/ tom 1.5¢/ton
Romogeni sed Kot Homogenised
Hardwess Brimell 352 - 363 35 - 363
Ultimate Strength psi 176,000--176,000 162, 300=177,200
Tield Strength pei 125,000=14 5,000 106,000-130,000
dod, of Rupture psi 227,00 =233 ,000 188,00.'=205,00"
Llomgetion in 2° ¢ 15,0 = 15,2 11,5 - 10.5
Red, of Area (approx,) % 314 - 32.4 2242 = 2042
Hardenabdlity Roeckwell ¢ max, 50 53
Distange from woter cooled end _
Rookwell €-50 4/16" 6/16° -
Distance {rom water coolcd end -
Rockwell o-i5 18/16* 10/16* -
Distance from water oocoled end
Roekwell e=40 32/16* 15/16°
The betler agreesent of the physisal tost resul:s obtalnad on the above homo- Ny mnte

genised test bars together »ith the comsistently higher values indicste that /.
there is a definite advuntage o be derived from & 10 howr homozenisimg treat- '
ment at 1950°F, S

Research hest C=<75 which was sizilar in ocomposition to C-277 except for .49
silioon camtent comp-red %o 1.0«% and the additiom of ,0U5% borom t. the melt
shoved comparatively high physieal properties without homogenising., Tnis Lo -
epears to be a eomposition whioh serits further iavestigstion,

Ultisste stremgth and ductility were in general higher for the seversl lots of
homogealised bars than for those bars which were givean only a normaliiing treat-
sent prior tu hardeaing.

The cracking which wes experienced »ith the teut bars from Climax heat No, 2634
made with a high earbon ferro-titsnium sdiition and the los cductility of Resesreh
heat C=2TO of similsr somposition and deoxidation practise suggests that the
adaition of ferro-titanium is detrisental ratber than beneficial ia connection
with & high manganese high silieon composition.

R, C. ¥OUQEY, DIRECTUR - Hi.ZARCH LAMORATURLES DIVISION, DETROIT

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

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










































</ —~
A
N
%
|
¥ N
-
. : - -3 t— 2-/ H
N Nw CRIND
M SA7OO0TH
Y\
Y
Y i
/
3 S/ZE
STANDARD ARMOR FLATE
TENSILE SPECIMEN
[ ] [ ) [ ) [ ] [ ] [



	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023

