
111> 

OTTAWA 	June lst o  1043, 

:REPOR T 
 

of  the 

ORE DRESSING AND METALIORGICAL LABORATORIES. 

Xxivest .lgatIon No, 1422, 

Austempor#ig of SAE 1060 Armour Plat 
to Rockwel q; 1  Hardness of 50, 

(Copy No, 



Buroau 	Mincei 
W.vJaouijf Metal:jc 

Ole Oressia3 

Lkb...e.atcies  

OF 
ill:11E3  AND RiiISOU.-iCES 

MIr.es andology Branch 

T 	A 	 1rIt e  

EEFOli T 

DRESSIn ea') VM'AT:rtnt"OAT ''ABOr-Ar0R1EZ, ‘. .1 	 u 

Inveattgation 	1422, 

Auetemperiv3 cf SAE 1060 t.rmour Pl-r‘té, 
to.Rockwell eCe Hardness of 53, 

ilLlen of Rellest und Obqect  of   Investio-ation: 

At  the 7eques 1; of A/Lt o  .;'sonriandcr  J, R. Wllerd, 

Senlcr Technician l'!eciin..cal Development, De;artment 

tistional. DOf8flC 	av9.1 ServneL.,-Ottawa,  C 	wc7.70e 

was  begun in the 7..abcira';or -.:es to ascilrtain whether a stee -2 

cf analysis 2im1lar tc aAs 1060 could bo austempered  to  a 

hardness F,ultable for 1136 in 	plate, 

L 
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Vaterial Usea: 
••  1111■•••••••••• :180 	 a••••••■•• •-■ 

Steel pinte  0375 inch  thick was  us c.: for t.'acl 

eY7.crimental wup_ enis steel had the  following ana).ysis: 

Per  cent 
Carbon 
ri.enganese 
Si  lic  :n  
Sulphur 
Phosphorus 
0hromium 
Nickel 
7.ÀrAybdenum 

C64 
0.71 
0,23 
0,029 
0.022 

- 	hot  detected. 

ti 

De.crivtinn. r‘f 

In order to svoid the  precipitation  of  ferrite 

e.arifig tU6 quenzllinî; of this 'las  and thick:ieus of :4teeel 

(pree.encs of ferritc. lefiera  tho  ballistic properties 4:f 

ei7...iour ;plate), 1'  must ..De quenhe below . 90CP P.  in 

half a seL',oud° 

The us•al method Of 'austempering is to quenclr: 

t.L ,  steel into  a bath- (salt, lead, etc.) held at the 

t.i.yeratare at Which it is desired to isothermally transforr, 

The sael is he141 at this constant temperature until trarks-

f:pmation is coll.t.e 	This conventLonal treatment WUj 

sLislactor•  for this class and thicknoss of tet.1, uc; to 

the,  fact that tho quenching bath  (sait  In  th  is case; uld 

PCt  produce  a vap:“1  enough quench to avoid the preclpitatio_ 

oe  ferri)- e, The p;17Jtomicrograph in Figure 2 shows tat 

s.;ructure proouced by quenchini; into 600° F., salt ana 

lermitting the  steel to transform isothermally for :"." 

n.1 - .ates o  The  light  are ba are ferrite. This heat treatment 

iniceed that an immediate qucnch intb  the  medium in Ifihich 

thi.: steel would  . f_sothermally transform was not rapid enouch 

avoid the precipitation of ferrite° 

Oonseziuently„ a timed wster-ouench was resorted to_ 

'JO  nolvea quecu.:hing the steel into water foc 	thita 1.DnR 
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(Description of Experimental Work »  Contvd) 

enough to bring the temperature of the  teL  down to the-

temperature at Which it will be isothermally transformed 

but avoiding the formation of .both ferrite and martehsite. 

It was determined, after repeated experiments with 

various water quenching  tiras end various sait bath tempera-

tures (Salt was tho medium used in 'which to :Isothermally 

transform), that a water quench from 1525° Fd for 5 seconds 

and an isothermal transformation for 30 minutes In a 600° le, 

salt bath gave the•desired hardness of 50 Rockwell qdq and 

the desired microstructure (bainite), 

Now that the desired microstructure and hardness 

were obtained »  it was  necessary to compare the physical 

properties of steel heat-treated by the above method 

(austempered) with those of conventionally heat-treated 

material (quenched and drawn), 

Bend tests and Izod impact tests only were 

conducted for the austempered and the quenched-and-drawn 

material, since the physical properties of material heat- 

treated in these two ways vary significantly In yield strength 

and Izod impact strength, 

• 	A specimen 1 inch wide and 7 inches le-kg was 

austempared us described above, and from this a bend test 

piece (dimensions, 0,349 x 0,388 x 7 inches long) and an 

Izod impact test piece (0,361 x 0,361; below standard size) 

were machined, The hardness of those test pieces was 

Roc3cwell•e0 ,  50 for'eac:h. 

' A specimen of the same size was water-qUenched and 

drawn to the same hardness as the austempered pieco, It was 

subsequently found that the hardness of this specimen was 

Rockwell , 0 49. From this specimen bend and Impact test 
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_ 
: "The_significant.Ofference between austompered and 

CbtxtlenallY -heat-treàted steol'ateUnd Rockwell 
5Q,Içe that the former.yields . at:a lower load and 

Ptuees'at- a Much high'er•load  (psi)  thue  
longer pprlod of distortion. Is obtained before 
failure. The .  conditions which-  e/tist-durinë'the tïn  
a shell :18 penetrating a plate are not directly 
related to the phyaical properties às measured at 
slow speeds. However, recent evidence  bas  shown 
that some relation does exist .  Therefore, the 
longer period of distortion (1 0 e., greater area 	. 
distorted, consequently lower unit stress) obtained 
with austempered products Should relate to the 
amount of energy absorbed by an austempered plate 
in resistinethe ,p„y:!orress of a projectile‘throuto n  

.drawn steel. This report .stated: 
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(Discussion of_Resu1•4; 

4aboeatorieS,On_MaY.,2 Ptk.1, 

eiffpr„ences between austempored steel and,quenched-and, . 	, 	 ;: 	. 

-.QUo#Pe :fUrther frder:pport of invostigatIon 

•..i: 	 ,-„, 
"Yielding properties are of groat significance in • 

armour plata„.„„„.. It is logical to .ass.Ume 5 
 .therpfore thet the swoorlority of austoMpored armour 

. plate -iles  ii its loWar elastic liett .,'*which allows 
te cushion  the shoàk and distribute tkI9 stresses 

fartWir through the plate .,; 'It'was-obser'7ed-that 
austempering produced a steel with a lower elastic 
limit (for the sue ultimate) - and' that in ,the plasele 
range of deformation the load-to-deformation ratio 
was higher for austampored products." 

From Figure 1 the following chart was comPiled: 

YIELD CHARACTERISTICS. 
,.... ,_ . 2 	 A 	. 	- 	B 	:Loia7required 

-- -itàad.YeriTà00:1-,Oad'fot'' .0:fedOi ---te.lb -rease 
Material 	tinch:PerManent:Inch permanent:from A to 139 

.:set, in -poUnde:set, in 	Pounds:  • - in poUnds 
-e.-;i, 	:i;S:ut=11.,=e...- 74%. °e,;t ".,.s'Z: - ,-:...'-e,,à.e-e_-.7-'7.--fze',-rezrt."';',---I.'i;-Lfm----•-g 

t 	. 	 . 
.. • Q,;ter4.C.P.ed, . giro. .c.prrer..t ,,,.... 	. . 5,450 	- .. 	6,2(.)0 '750 

. 	 . 
5,800. 	899 - . 	 . 

.....•,,,,......,-.,...,,,,,,.,,,,,,:-,....,,,,,,,,,...,:„,,,,-,.......T...._-,,,,,,,..,,,.........,,..-...--,=-5-,..,......,,,,,,,,.....--,,......e.m..... 

The above table Indicates that the load-todeformation 
.- 	. 	 . 	.• 	.. 	..-.:;. 	• 	.:,.• 	. 	, 	;.ui i„ 

ratlo Is greater ln the austemperod material. 

Austompered 

■ _ 
It may be se en  e  therefore, ,that although the specimens 
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were hoà.treated In two.diffrent 'e.J>ey to appr ,»JJIely .tho 

Eeme hardes e ..tbeirriobi 	.impàcit -  prpartleo eti.mark4ly 

,d .L..fforen't. • 

Purtner,wQrk will bc, und6rtakentgieustemper. and  • 

qutench -ànd -dràw- lai-ge'sectiongil; of  tbis.plate and. &dbjeot 

tecots'fr'oompaPison, 
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_Figure 1. 
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X500, rital etch, 

QUENCHEM IN 6000  F. SALT 
FOR 30 MINUTES. 

X2000, nital etah. 

AUSTEMPERED. 

X2000„ nitel etoh„ 

WENCEED AND DRWN. 

======= 
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