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Preliminary Report on the 'Sffect of Cooling 
Rate on the Physical Properties of 

4- to 12-mm. Armour Plate. • 

Introduction: 

Recently, Dr. C. V.  Drury, Director of Metallurgy, 

Army Engineering Desisn Branch, Department of Munitions and 

;.iupply, Toronto, Ontario, requested (Requisition  No  706, 

'e:eport No. 12, Teet 4) that a program of research on cooling 

rates and their effect on armour properties be started. 

Since - it had been shown in previous investigations 

that physical properties are very dependent on the rate at 

which the steel is cooled from the hardening temperature, it 

wes decided to attack the present problem from this angle. 

The  first data required were thieu which would give the cooling 

rates obtained in the production treatment of amour plate. 

Accordingly,  the  Shurly-Dietrich-Atkins plant in al  t, Ontario, 

waS  visited and  tests were run on armour plates 4-, 5-,  6-, 



- i'ate 2 - 

(Introduction,  centtd) - 

7-, and  10-mm. thicknesses, to deteredne  the cooling  rates.. 

At the Shurly-Dietrich-Atkins  plant, two quenching 

methods are useé. In one method  the plates are transferred 

from  the  furnace  to a press and  squeezed between water-cooled 

platens. Small  pieces  of  plate,  of similar thickness.as  the 

plate being quenched, are placed  in  the  press to "shim up" 

the platens  and allow even  pressure distribution during 

quenching.  Pressure  Is  transmitted  to the pletens, which  are 

42x90  inches, by  two  pistons  36 inches in diameter. Thus the 

pressure on  the  plate  depends  on  the area of the platens which 

is covered by  plates.  'Ter'essure on the pistons is normally 

2,000 pounda per  square inch,  but it may be varied somewhat. 

Table I shows the  pressure  on the plate being quenched with 

various pressures  on the  pistons and various amounts of the 

platen area  covered by  the  plates. 

TABLE  I. 

Part  or platen 	:   Pressure on  pistons - 11),Ltalln, 
area  covered 	:  2,00 	: 	1 3G0 	: 185 

-(. ressure en plate, lb./sq.in .)- 
Totall-y  covered :  1,075 	: 	700 	• 99.5 
a covered 	:  1,430 	: 	930 	:  132 
u  covered 	 :  2,150 	: 	1,400 	: 199 

• 

=== 

In  the  second  method the  plates are quenched in  water,  

The  plates are removed from  the  furnace, held vertically in 

a press,  and  tne  whole  fixture lowered into  a  water tank. 

The press  is  made  up  Of  bars  spaced  about six inches apart to 

allow  the  eater to get  at  the plates. It is so constructed 

• that  the  min -Ilium  plate size it  will hold is 36x18 inches. 

PR0CEDUR7ra 

The  epeedomax  recorder, manufactured by Leeds and 

Northrup, was  used  to determine the cooling rates. The method 

of attaching the thermecouple wires to the plate ie shown  in 

-21gure 1. à slot about four inches deep was cut in the plate 

and  the wiree  rare  welded to the bottom of the slo.  The 



771e r7770  - 777e rmo re, 
P/are 

wires Z;1 

Asbestos 

-  Pa;n:e 	 - 

(Procedure, contt(2.) 

wire  e vier() wrapped 	asbestos tape for  a  distance of about 

a foot from the plate. 

Fiur ,  1. 

,4s62stos 

ee.THOD 02 ATTACHINJ THERM000UPLES 
Te rIRMUU ?LATE. 

To determine the coolins rate in the platen fixture 

the experimental plates were placed in the furnace and left 

there fer the regular production cycle, Which is from 40 to 50 

minutes, depending or the plate size, at a tempereture or 

16000  to 1650 ° e. They were then quenched in the regular 

manner in the press. 

For tbe water quench, tha press is constructed such 

that the minimuu 'late size it will hold is 1Sx36 inches. 

Since the experimental plates were smaller than this, the press 

could not be used to hold them. Bowever, it was found that 12 

seconds were required from the time the plate was removed from 

the furnace, to place it in the press, close the press, and drop 

the whole fixture into the water. So the experimental plates 

were removed from the furnace and held above the  ater  for 12 

seconds before quenchiné; them. 

In these weys, coling curves were obtained for quench-

-1st, 	 6-, 7-,• and 10-mm. plates in the platen fixture and 

in water. These curves  are  shown, plotted on eerie-logarithmic 

paper, in 21e;ures 2 and 3. Figure 2 shows the curves for all 

sizes tested, when quenched In the platen fixture, and Figure 3 
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1465 	 95 
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the curves obtained  for  similar sizes when water-quenched. 

Figures  4  and  5  show the cooling curves obtained on  10-mn . 

plate quenche, in the  platen fixture  usine  1,300-  and 185- 

pound  pressures, respectively, instead of the regular pressure 

of 2,000  pounds. 

Results:  

Table II lists the teMperature of the plates in the 

f'Àrnaoe, the tempeelture of the plates at the start of the 

quench, the temperature drop during the transfer from the 

furnace 'eo  the  quench, and the cooling rate at  1303°  F, 

TABI  II. 

Size 

	

of 	Typo 
plate, 	of 

	

mm, 	ouench  

Temeer-
ature  in 
furnace, 

0 1?  

Temperature 	Temper- 
at start 	ature 
of quench, 	drop, 

0 -0 , 	 0 el  

Cooling 
rate  at 
1309°  

•  	 P./sac,  

é 



^ r

-- - --_^_-_ _---^
^ -_- _ __ _- - _-- _- _ -

.-
_ - . : i _ _• ; _ _

_ . .. -

- _ • __ ^ _ . __ __ _ ..- - __ _ _ _ __ - - _ _^ . I . ^ . _ _

_

_

tj 77

-tfi1
i

_ _ ; ^ --- -- -r- - -
-= t _

- - - - -- ` - ' -
_ ^ - - - - - - -- ^ t- - _ ^ 1 - - - _ -- --

- -_ - _ - - -

-- - - ' _ - -- ' ^ - t^ • - - -

_ - __ --. ^_ - = -- -_ -_ - -- _ -- - ' --- _-- t - -- - - - - - - _ ! - -- - -- - -. , .
_

-I t

J, t 1.
- 1 ^^ - -

- - - - I r - - - - --- - j - - f -- - - - -. . . : _ _ -

- -_-- --- - _--= , _ __-_- -- - '_ -_- -
-- - - ^ - , -- - - - - -- - -
- -- - - - --- _ -- -- -- - - - -- _ t -- - - - -- _ t -- -

- - _ -- - ^ ' - -- -- - - - --- -- - I- _ - _
--

_ --
_ _ _= - - - ^ - _ _- - - -- _ - _ - - - - - -14

- - - - ^ - -- -- - - - -- - - -

-- - - -- - - - -- - - -- -- -- - -- - - - -- -- t -- - - - - - - - --- - -

_ -- - --- --- -- _ - _ - - _ _ _- - -- - -- -_ _ _ - ---

7E^ 7:-- - t

77 H-t-7At - ,-- -- ^ - - - - -- - - -- .



-...• 	• - 	 re • ilaVeUMMU  ) 	• • 71101biegiiiedEt.  MA•eiherniNt,-r• 
men* .1. •  I • 

nzur:   

=Mao
m 
,.............•• Mir. • 

am e u s . or -  a  

M a.m. IMI m .... km dil • mo. MI al 
MOM •MIMIIIMUM MM. 
IMUMMIMMIMIUM•••••••1 

MIIMUMM•••••• ■■ •• ■••••••• 
»MUM Me MIMI 1111.1. MO • a• OM » 
MUM IMMI  c111•1 MIM MU • M111. .• 
MUM Ma 

 
cc  MU Ms IM 0111 .1. 

amm.....« •••••••• •••••••• ant  

	

••••• . -.Rm. 	•.•• •••••z 
•--I .

e  

	

MU 
•- 	•• •• • ••• ••••1 

	

••■•■ •••■11 	•••••■ .  

=
• ••• .  '..•  •I• •11•MI  .  • 1011 
M •• ' 11•••• •••• MIMI 

1 10 0 

ffl=1=.713481= 

MM. ma» am MI 
«mum mu mm M.» MM M. = 28 MUM. 

Ma a» 11. x 	81. n• • IIMM• 

...MUM. 	
M • 

MUUMM•11.3= «MIMI ••••••■ •■•• aling e .1•11 	 IMMIIM 
•••••MIO WIWI M. IIIIII MIIM I a f 	I I I I I lb 	■•••••1 
«MM. •••■•I MUM IBM «MIMI MI Ille »MUM ••••■••• ■••■ ••••••• 1 •1•1 Id. m• • ••• • m ■ Mumma 
•••••••le um.. IMR ■w• 1..1111... • • mr 1 ml • • 	Mamma. •••■•I MIMI Mal OM MI I • I 1111 II MN 1 • Ill M 	1•M•101 

. Malliffl• »Ma Mal Urn .1111•1 In UMMI 
mum •maI mam am  -e  en «mil ID Imma. 

«ma» «am UM Ma MI MIE • Ula IM l• MM. 

imam IMI. •■•■• iM M Mk 1•11 11M MMI MM. 
mama man a Ma. In 11111.• 

• M 
•/M

• 
..«.».•••••■•• ■ •••••••11•11•1 a

alaMIIIMM.M111•11•1•.li r IIIMMIIMINIIIMMMIUMIIIIMUME ■••■ 
MOM mum ••••••••14••• ■• • ••■•■•••••■•ammenam e seamme •■ •••••••■•••••.- •• • • •••■•••••■•••••••••••• 1....■ 
........mor muM • am ••• .... 0.--,--  MM. MIM M. an» Ma MM. a.m... 

MIMIU ■ 	t. ." ...i  aller101X1r ==111•1•1 	 • 3:1=2: sa
■Iimi...-0,1• ■ • mil k% e• •%••••••.a•mammaiumesumum e••■•• 

•■ • 	A. m. , m a • 1g . •• ■ •■• ■ •••■ ••••7•••• S uan= ...... min« NU .. mique 	 • . 1! • • I . Milam IMIM MI m M. Oa »a ma. I» NI aI • l ■ffla. ,•••• ■■ •• ai. 	il 1•••••■•••••■• •••11M12:::1111111e :••••••• 

M■11.1..M.■ à  iv-  5. a ei Ilk t  1111r...amm=1=Z:11.92=ZE := 20:1:151  := 
...1.. ix. a • • anum•••••••••• ■••A Fem... 

Mama ml•  e -  M • Inv « 
•■Il 	••• 1111MIIMUUM 
MIIMIOMM ■ 11111MIMIMMe 

MOM IMMIUMMI•••••••11 
annaMe • Mal 

aeesea  
M■ IMMIMIMMIMUIIIMMIM 
mm■•■•••••••«1 mum« am Imm 
0••■■ ••■■■ ••• mumm m 
IMIIMI•••• MMMUMUM1111M MIN 
MM. IBM MUM MOM Ma« 

■IUM IMUM• IMU •• 
••••••«mlaMM«IMMIMIUMI 
UMMIIIIM111111•111•MIMMUIMUIM 
.••■ IBM IMMM11•10. UU Min 

• IM ■MMINI Us MUM 
MID MI •• • MIMIM 

aimmMaimImm.mamam.M» 
mamm.•••111.»ImmIlIMM =MUM IMIMMIIIIMUMMUI 
MIIIIMMMIMMIMIUMMUM 

IMUMMMIIIMMUMMalaIMMR, 
mamalliaMilmma mmmiammm 
I■m■MIMNIIIINIMMIM MM. 

1■11•1•11•11MMIMMIIIIIM 
MIUMMIUMMIMIMM.IIMINOMMI 
ane M• WM Me 

MI 

M••••••••1 •••• •••••••••.... 1« • •• ■•••••• 
ana  •••11.11.11•E la ae Sa
UMMI.MMIUMIMMIMUM 
MIM» «Ma MU I» .• • • MI MI • MM. 

 eass.eac  sa 
an  MM. OM IMUM 111  Ca.  In MOM» 
IMUMIMMIIMIMMMIMUM 
IIIIMMIM111•••••••11•• MM. IDIUMMI 
IMIM• 1•11M  c  ccc.ee.  MM. 
aw■a am ma en ma» 1mm 
mmim •••• Mi• 	» om 
M••••■■•••11.11Malla »MUM IIMMU 

IMMUaeaeesa. ■I1M. 

1••••■ •m»NaMMIIMM Mama. ■im 
1111••••1 JIM MOM MO MUMMIllil• UM111• 
MIUMIMIallialMIUMIUMUMIUM 
MUM MOU 11M an• 1.1 1•11. • MI MI 
• MMIUMMO ca.s.cac  
••■ •••• Ma.amaimmm mom« mom. 
«Ma. MUM •••• 1.• » »a MI 	 MaMlo 
.MMIIMMIMIIIIIMMIMIIIMMUI 

MUM. 
an  OM UM Mil. UM OM IIMM MIMMI 
aa eaeuee  mom 
MUM» MM. MMIM 

■• »MUM MMIMUMMUU 
Mal .11.1Mal 1•1•11 al IBM 1MM 

IIMMM ma. Mani 1M .uca  
ma  e.  IM 

mm. mom 	MI la • »II R. » 
MM. MOM »IBM a• Ma• UM 1M .11 

a
IIMIMMMIU MIR 
ammomilint 	MOP 

mg s .0 •• ID • 1 emu mu «MUM »1•••••• • MM.» 
L'i--  Mrm mew a « • 1 •••••MMIMIMI MOM aM MIM • a MM. 1 _=1#L4411-1414iftEJEEPEtiftatg€1 

• 1000 

«  900 

eoo 

.....==gual 	el 	me imm  =e .g. :eel:  ■N111 IUM MI.»  =ILI  :  mom 

I■ Imnomir In a/ In • ear WI 111■ V 
MM. IMIIIIIIIII.101.1.111/MMIM 
MIMINIIIIIMIMIMIIIIMMIMe 
MIIIIMMIUMUMMIUM » n am...1mm maIMIMM 
■IMMMIMIMMIIIIMIMM 
■11 ■ •■ ••••• ■ •••111UM 
MMMIIIMIMMIIMMMUM 
UNM ■11•1111.11•MUM••••1 
MM. mow. • • 1 m• In II w 1 • MI m an 
n ••••••••••••• ■ ••• ■ •11 
IMIIIIIMMIMMIMMMU•al 
MMIUMIIMMIMIMIMMIII 
MIMMUIIIMMI••••••• ■• 
mm•mmm »M.. Ma.» 
IMMIUMMIMMUMMIMMill 
MIIMUMMIMININIMMIMM 
MMIMMIM•111.1.111•Mini =MIIIMIMMIIMMIIMMI 

ImmeMmimmilm as 
m.n.■m•Imumaimmom 
IMUMIIMMIIIIIMMIIMMI 
MINMIMINIII .E ...... 
MIM __a __se 
1■ •••■••■• ammlam a. 
mim IMMIMMNIMMUM. 
MOM MIIIINIMI• 1•1111MIMM 
••••••••••••••• MUM 
IIIIM OM OM liMil I. • MI MIMI 
«am .m mamim ma man.» 
ml....m»...mmameamm •mm.m.m moM mum ma. mt .... 1m 
=IIMMIMIMMUMM M. 11111•MMMOMMOIIIMUMIIIM 

IMIIIMI M1.11 111UNIMM 
MISIOUTIMMIMI IMMIMMMIUMMIUMMOIMMUI 

U■1111M1111MIMM11•1111.11M1•1» 
5  Mr 111.1. a Oman» im■Male••• ■•••••••1111•MI all 

'7 arirmelutmou 
. 	 a _  • rm... 	 ..-......... i ..... -------- 

.- -- -15.- --------- --- .• ---------- --- 
=====:,==2  

Migniggeggim=======  MM. IMM fIM III• MI «I M Mil MI 111. 

mum gum. ^•• ■ •••• If 
MOM UM • Or .1 • VI • al WIMII Of 

MIMI me. 

Mal 
sm. eammlus. 
mum IMIMMUMUMMMO 
mom aimmmomM.M.M» 
mom 
ma. NM a  .1111•11IMUMMM 

MUM UMIIMIM 
NM MIMI.» MM. 1111 

MIMI« 

MOM MOM IMM1 111111 MU. 
1■IMIMMI•111•11110111•M 
naeaeceeac 
MIR •••••••11.111.UNUMMI 

Mm•••••■ •••••■ •■ ••••■ •■ • 
MMI•••MMIMMUMill•M 
••••••••1131MUNIMUM.111111 
IMMUMM113•11113111MIMIU 

Immimim IMM•••• 

MM.. 	11•• U111 

MIIMMIMMUMMIIE 
MIe 

=  
mo mom ma«. MI 

a 11•1• ■•= 

MEMIEMNIr:: ".  
ma» «I UM 111 X X la 

11111••••••• 
am male 1181.•••  ce.  
MIlla••••••11111••• ■••111•1 • 
•••••••■ ••••••MIUM • 

am mum ma «a MM.« 

EE:HalEE111111 

M 

MIMMI 
Z . 

MIIMIII•1 i  Z.SR  
-E 33CCas L % ....z.....=.............ii....... 

ammo •••••• Ma M • g as  IMM •••••1•1 IM MIUM 
»am am mm .1.«.3w • ., a mammal mmmomm ammIlmn. a 

• UM mom r 
•
w mm ... .ma. mum IMI•••••• U! MINIM 

. _ _ a  . 1.1111113 	an milm MM. • a EOM 
•

11. 
M. NU 	 all.a MINMMMIMINIMMUI•• 	l• • 

II ea/ ma ? giE
M

.w..r.=:::: -: 

M 

	• • 

---= - ;;:m  .. .. . 	. - .n  sa am 
as 	

, 1  - -. i..:: raa = muvI e llm 112 1m
ce 

•••••• MIIII M.11 a OM U M . a 
MM. MOM MI 1.• UM 1111. 	 iMI • 

ll& •••••••ZMIIIM•1111111MMaMMIUMM E»11=11 
IIM••••••.• IMUMIal •••••■ •■•••••••■ Iiim• U. 

MN MUMM/11.••••■ 	«I 1» • ••• Immmilima am amm mmimmimm•••• mama «a a. 
mminImalimmim MUM... irer 	

• 
• e 

• • m.mM
m•mm

milml lam Mfe• r •• a Rm.«. n Iiimem IMIMM•IMMII• 
mama mall MI. .1.1:1Z C. ••• 	■ • mIl inmaill. • MIMIIIIIMM •••••••••••••••• ■ 
.111•MI RIM MUM Mal II 	

t 	
. IMMIMIU• MIMI • ■1•11.1M MIUMMI• ■• ■••11.• 

===1»:::.» 2 .  . 1 	....1=....222aut:::................22::..22 

92 = = F.. e 1 II I i 1 I I 
n  lam wei all 	 an . 

11■11 IMIM = lel 2 

1 mr=33:81.111 ea em= mmm ... ; ...,:eeez==mreemme  
..m g 	_.:=2===illib::: àC el  

1..,. 	
IMMIM.MMIMIII••••• ■ 

= .M.= re :II r• r.: a= mmimml ■ incii =............mtravorri==== .„....,..a rer::  

1===a5 I. Ede  
an anas  Inm M 

: 

El= OM mm« mle ma. am am«. ma» mum MIMMMI•lim m 1.1 

MIll• MI 11.1. a:  

	

alaiMMUI111 	
II MIMI MIll ......eiGememils. 
• •••■ .....••• ■ •••1113•1•111MUM 

• MOM la» •••••••» Oa ..11.11m. amm «Ma« MMIIMIM M M 

	

1M l• 	 I•M MM. MM. 1••• MI 	•MMIIII•all 

•••••••■ IINIM IM• IIMI MI •• •• I• /NM MI ea e al  _ 	1 • lb ..,.........,........ 
..........1•IMIMMIIIMIMIMIM • • _ at . • MIIMMMI Mal MM... 
=Mina all•MIIIMMUMM Ill 

mum mum mar m• ma « um • •■• m 
am. am we ow so we ma li I 

- -  511 ••••••••••••• ■ ••••••• 
Irs\1==m lam•toui .• am 

olim aselmet•• se  

==•=3::31 ■ :::: •• I 	all mlim.MM 1•••••• ■•• 
.. 111.11».1M• MI» u•• 

.....m.m.....0• pie• 1 . 

11:====2.1•:=ZIZ 11  ----  iIii
1 
 1 

_  la E12:1:12::: : 
alMIMMIIMI MI IM.I 

MMMIMI.M113.1:1 ZUMM, 3,7  ••••• ■•■ •...mm 11.1m. 
• ••-- ma la • VIUMIIIIM MD« MIUM 

=M1MEZ ZUCUMIIII • • • r 1--  • I " 11-  MU a  »MUM 
IMMI11•11•• 	IMIMMIMIIIIIMMI F. 111 .., 	ID, 	 -  - 1MM., »Ma 
MiNa• •••• M. M•in l• al m Mr 	 Meg • , M • MI 1 1 I•MI•Mln••••15 

500 

In 11•111•11 UV 1•• .1 • a. I 

m•moneamosa am e a • 
INIMIIMMMMU M•• ■ • • 

ma mama «Om 
am 	 m• 	MM. 
Mai 	 5 5  •••• ■••• 
aliMal».1•111. U• - 3... ..• 

lam am am • 
Malmm«.1.1mm • 

1.11 

Za.r. 	 UPI 
mom. a m• m mlem 

me ma a• m ag• 	 • .  Inc 	 MUM In • UNII 	 MOM MM.." 	 I= 
IIMMISMUMMMIMen•••1•111“ 1••••10 MIS 	IMMINillOMIII•11111/••111110111•11MMI■ IMMIeMl••■ •••11•1• 
1•1•111111MIIM 01111•1•• MO 	 •-•• • • IV IF,  •• • MI •• - 	 im lialam.m. maim. 	Jr • 	 mmalmilmm 	«mom allam.•••■•• 	II 

0 

U3 PI 
c'à 

o N 
CiL1 xi 

z -3 

Xzj 
c) 	tx7 

â > 
w 1-3 

z 
e 	1.11 

• tl 
t-3 •ty 
sieg 	c) 

> te, 

ei 

Ca 4C0 
• MMMMIMIMIM • ■ ••••••1 

ME MOM1.1.11« • 
IIIMM1M1 MUIMUMM • 

aMIMIIMMI.M1111111M1111•MIMUMO • 
• MMIlmmmallIMUMIUMIIIMMe • 
■••■•• •••••• M. Me 
.M•MMIMIIMMI•11.1111•Mal 
a MM. NUM I. 
immi•11.1111•11•MMEMIZ 
rm.. «ma 	«I MI am 1•1 
•maarm 	 al 	» 
ammaaavamillmoMMIMMIII•••• 
mama MI» MD MOM U. • 	1. 11. 
mmalirma. all•MiUMMUMMIII 
mom am« em 1.1•M al • ••• MI 
alai MM. 	••• 	I• • 11111 
!Mat ••••■ ••• ••• 	ID 	•• ID 

1••11•11•11•1 
ammilmm•IMMIIMUM•XIM. 
• 111■11 ■ •••• ■■ ••••• MI. «Ow 
mimml mm maw ••• um mo x 
MIUMIMM  a cacas  
.1■ •■ •••1.1_110•11111111•111. 
mom, nMOM M•11•• 1•• 1•1 
maim. mmUMIMMIUMMIMMI 
•••■■■ ••••■ •••••••••••• 
•••••• 

 
aeaees Mall 1M 

maamam• mum. MIIIMM•Ma MOM 
imam Ian 1M la • aim • 
ma.•••• ma, 	 «. mm. a • 

F 

E-f 

....■.1.1 	

• 

• • 

:Ina ...==ren innim..,uniumiErecals,=====iracc 

«IIIM MO. UM IM • IN • MIR IMM IMIMMIIIMI IIIMIMMIIIMI la ID OM 
MIME 1.1.1.111• UMMIMMI MM. OM X MS MI» 

«NM ■■ •••••••11. a. •••■ • ■••••••••■ ••••••••MIMMIMMI 

• M

MM  M

» 
mum me war I. IM IM1 M en M.«. ■ moo lia• m le MI IMMIM 
MM.» am la 1.• I•11 1.11.11 fflllemie•MM II•MIUM IMMIM 
•••• MD •MI .11 MI • • MI a  11.. 11 •IMIM •••• m• 1M UM MI • 1M •11 . ====::=--: -=:r.....r.r.:::::: - ...... -- ... - - 	- -31 	 mem 1mm amm 11.1 Imlm » 
n  MIIMII••••••«1 	1•••••■•«11111•1111111MMIU IIII 
MIMI MU IMMIMal Mal 	1••••••Mal•MMIMM•tem a• al 

MI M » MMIIMmaiMUMMUMIMIDUIM nec . 2::......... ...■•,... M.» IIMMIMM.m« 
..m. 1mm am all Eta • MI al. MI MIMI. NM OMI Mal.• UM II 	. MM 
Mu» Mu E al/ ai • 1•111 OM MI MUM •M» ma am M .• MI UMMII MI 

M MU 	Ili • • IIIIM OM 
••■ •••11 1111.1•••• ■••• ■• 

=aim MUM •111111••••MIU 
mom al..•••••••MIMMUI 

■ ....m......IM m.m. «mum ..mm mal M. am. 1111 al ml MD » 
am ami am ag. « ...MI Mk .• am» mali IIM OM Ni• » OM In» im « 
m•M•••••••11UUMIIIIIM MM. Mall IIM IIM MU UM MI IIM 1•1 
••■•• al» ....opleem...1. sm.. MIMI MIMI MI •M •  eau  
UM MM.. MI•MUMMIIIM • .1■ ••••••11•1•NIMMUMMIMUI1 
aim. .m. •Rn•IM”.11M11•1•• 1110■1■111M11•1111MMIMMIIMIng 
■• um emmammMiMMIM IMIMMUMMI MaIMUMMUM. NB lei 
MD UM.» MI» Man« Ma. IMIIMM••••• ■■•• ■•••MUMIMIM 
MM. 1•■• ■••••■ ••••11•111, •1••••••••••••••••••12••••••• 
•••••••••11MUI MOM.... • •••••11.11M IIMMINIM11 .11.1•1•1•1 
■•■ •• ■■••immimin» ••••••••••■ •mm...» IIIM.Mim 
am m.M.M.• m•Ma«1.11. eammmaimumm•MMMIMIUMinm 
MIMI MI MI Minim • 11•1 al a. MOM 11.1» MINI. ■ • MS I U111 1 I I la • II M. 
VIMIIIMII I UtlIà MIII•U MI IIMIM11•••• ■■ MMMI111•11111111MM 
MOM Mil I • • MI I I I Pal. WM anal IIIIMM »Mil amaMMIIIIMMIIIMMI 
am•MIUMMUI MUMMIM MM.». •••••••••MIIIMMIM 
mom IMMINUMMIIMIMMI mMIII •••• a» 111M MI INM el UM.» In 
••••••• ■•••■ ••••••••1 ••••••■••••••IMMIMMIMMI 
MUIIIMMIIIIIIIIWNIMM U■1111UMMIMUUMIMIIIIIMMUll 
MOM MI.MIIMUMUM.11111. IMIMMUINIMMIMUMIMMIMIU 
maim «gm m mom m lam.» » ma•Mmi...mm••••»”M•••• 
mum mm».........smamm mown ■II Mime 1mm ...gm.. .. 
Mi.•MMUMMIIIIMMINII MIMMIIMMIMMUIUMMIUMUNIMI 
MU M.MMIUMM UM MOM mma•MUMIIMMIIIMMIIIIIIMMIIII 
MIMI UMMIMIIMI•MIIMMI MM.... MIMMIMIU• IMIMMI 
mm• MIIIMMIM Mu me um » maiM •••11 .M. Ma 1M MI lal. MM.. 
MIMIIIIMMIIMM amnimaala Maill•MIIMIMMIUMMMUMMIMI 
IMIMIMMUUMM •11111MMIU 	MMIIM MI« 1.1.11 UM UM" Ill al MI 1M IIII 

eml naZI Zrigrn ...13 Iffly-..===:::-..1; -----___ MI ■• ... 	n•IMMMAIMMIMMU••••••■ 

WIMM Ma UM IM. MI M III 1•• •I• MI MI «MOM IMM ImaMmIlMba•Mmai 
MU MINIIMMIM NUM.. aMisaMMUUMDIMMIMMIMMI.MMIM 
•••••MIM  as  1111•11MM MI IIIMMUUMMUMINIUM• M MUM 
11111.1• MII. »I 1.. ....•mmal um..........ffl........... .....a  ma amMINIUmm ma m maw» Mom MM. M Ma MI I I I ••• IM MI 
mmolliaMM 1M» Ma MUM • minomimmaMal• M11101•••••» 
mom MIMI». ...maIm mu lim MIMMMIMM•IMIlmim•INIUMIM 
mal• MU laa •11 .... • ms .1.1 la al Ima.••• mum Imo mi 1» 1.1 MI • 111111MM 

 .. a elm re, mi a. • •••••• Mal .1m. 11.• I. « ID O MI 11•11.1 
■• m. am m • • • •• m a • • MM., MIIM gm qm. •111 elit l• • M. M ..  • 

300 

Im«131.1.• • cesse     = 
mmmammm • milmomam 
mim mmillimm :Seam MI MUM MM. 

UM111«....."MIZ m.. «.. ...1ZZZ:= •••••,.....••• ■ •••bi• ■• .............••••••••••••■ 
,.■ •■.__......r..._ 
n  MIIIMMIMINIt 	am UM MM. 
1MM MIIIIMMUIIIIIIIM MUIR IIMMII 

ma MMINIM•MI• MIU MUM 
mim minim., ammamm 5 a .m.m 

MIMI II» 
MU MO 11.11MMIMr MIMI 

«m. Mamiirmaz:::........ 

. • UM MI. • MM. 
mum ..«. In» m. m • 1mm ... amm» 
ma. Mil. MU « .. • a. OM m• m a mamm 
n  MaillUMIUM.• MIMI«  •a» 
MUM MIUMM.1111.•••• Mal al MM.. 
MUM m•mmmamaimaap ma■ga 
alUM/MaIMMM•11.M.Imm • ■ •■ 
■ am m »MIMI MM. MM... 
MOM MMII1 «MUIR IMOU II MM... 
• 1••••11M .111•1 OM 1M 1•11•1 alUMMI 
1•••• MUM UM al• a• MUM • IMMI 
mom amall•Mm mammm • mmam 
mom... m MMID•11••• MI Immil.. 
MM. MMIIMM•M•11•8111.. 1•11111••• 
na  MIMMIMM•1111« • ••••• 
.11MamliMMUMMI• MI« IM  sa 

 .M. im m mina ma...Me MUM. 
• MM MIMIUM•1 51MIMUI L.= 
MMUMIMMIUMIIIMM.1 
Min IIMMIMIMMI•111••••• .1 MM. 
MIMI IMIUMMUMUMMIII a MMIM 
am ammm«mmiam « • mum 
MailiMamm»,11•1. MM.» 
•■ ••• OM MOM Ul• MI Ul UM. 
Min MIMMIIMMIII• •• 
Mal MIIMIMMOU •■• := 
mm. malimm«m a mIME a...am 
Mai •••••MIMMUUNIMIU 

a5  MI•••••••••• MID MM. --3......I.IMMIII 
am» mmammommm 
111•M MM. ...IMO.» aa

mum». 

====::=1:: 

M 

=
um milmom am mme e. 

= IMU ml I» ■ . • M. MI m 
ma mma. magnum m a

Ma mum «I» ma. m m.1 a
MBOMOU MII.N1.0 MM.. «1«.» 
lalmil IMIIIIMM Ma MI as I. 	IIIIMIM 
mi. M.m.»..UNIIMIUNI• a
mm. ma. m. m la m • «6 1.• • • mum 

■•• week «a MI. • MI • ••••• ■•• 
MOM MIMMIMIIMIMIM 
MMIMI111•••• ■ ••• 
MMIMIOM IIMUI••••Mle 
MM. aMIMMMUIMIIIMI• 
«Inia•MMIUMMUMNIMU. 
UIMIIMMIIIIMMI•••••11•1 
UMIMUMMUIIIMIUMU 

mmammimmiamma mmolm 
mmm.. e.sseee  
MMUMIIIMIIIMMUMIMMUI 
IMMUMMIMMUMMUM 
1•••• Maim MUMINIMMI•11 
Ma. ••• Ma. Om M. 
»M.MmINIMMIIIMMMee 
•••■• ■■•••••IMMIMIU 
MIMUMIIIMIMM la ,.  a UM 

MM. • • 1MM am mlm am • 
at • 1M MM.. MM... 

S1 5  lCeS 
• «a • . omM111110.1 
111 MUM • .1mM...um .3  • . IBM MI•1•1•1•111.M. 

111•11•13MIMI• • • 

=M1•111e.••Ms•MMIMMI• 
a •••••11•1111•10M•IM• 

UM OM •II •••1111111••• 
MI.IMMIIIIM•••• ■••• 

mom me allaellIMI ae.• 
au» m.••••••• ■■••••••••• 
mmilb .•■••••••• ■ •••11•11••• 
mmliMMUllta MOM  as 
• me am mm 	•• 
mma ma». mm 
maw maIMMI•111111».1. II1M • = MIIIIM1.11••• .111, ale • • 

1.111.1.1.•••1111.11•11•110 
mom «am. mmi «mini 
emu milamminumME113 
11••• Maim UIM IUMM 
n 1M UZI IMP M nec  IMI••• ■01.1.1••• 

am.». mom ma ma m a 

• •mm•••■•• m. a...mama ma 
• ma.. 	•••• u. • • Ilan I» 
• mm»M• m•IMUMMIMUME 
• ammo. MaIll MN UM 	• IM 
• minimaIMUMMIIMI. Ile• 

mmmm•MM.m. 
IIMMm«........1»alm mama. 
• 11•11•MMIMMINMIMIMM•I••••• 
ammdm «OM /M• 	 d• • M. •• 

••■•■ ••■•■ mum 	 MM 

1 000 0.1 	 1 	 10 	 100 

TIME IN SECONDS 



13C-JC 

1200 

1100 

1000 

900 

000 

700 

600 

500 

400 

300 

200 

1-4 

Ll 

çr-1 

cf) 

ér: 

(=1 
r:r1 

ce 

•
• 

11. ;earl* 4. 

.■1 	 1.■...-....••• ■••w w • ■■••A••••,•■■•-à new 1.7 moue..1•11.1,1unsti 
.. 
r■■r.....,..m.rir .Ir MIR 1 ■■■11r Imulurfeavwf,pr 	1! ■■••■• 	g M If II.V Ilt • -• 11, 4  Iffl•I MIMI QM M MI MO MI IOW 0/ • • «MIMI. II•MIIIIMII OM IM Ma IQ •• OM • 11••••• Main MI MI MI IM IM 	 QI MIM•1111■11 MC IMM IM MI O. • OM II. MI E IMIM•I 1■IM MI IMIM MUM IBM In& • == 1•11111111••••111111 _ I■ M11••111•M14•1•1111•111111•••■••••■ mgvuo i_. g:e2=•••••=....:: 	:••••••■ ••=mm2:•••I• .: à•m•■ ••m.•••o::mo•à:2 ....e«wjz:.•E::!mcci: 1■1..•••• ■••••••••••••••■••■ ••• •••.— 

	

..».1•1••••••••MIIM.■■•••■•■■•■•1•••1 1•••• ■••11MM.IMEZ■01MIIMMIMINIIIMMIQIMMI•111• 	IMP •MIMMIIMa•I IIM 	 ■•••11MN•1 MIMI. 1•111•Ma■ IIIIMII ■••■ ••1 Ma MIIIMMIIM• 
MIMI MMIMIIIMWM•••••■ •11••1••• ■•■IMIIIMOIMIN ..119ilf 11•1■ 1•■•=3 
Mann .111•1•••••■ •1•1ffl•111•11•1■1:miliii 	 11.■• 	 um ••••••■• ■ ••1•111M•1•11•11MM•11•■■••■11■ 11.»IMMIIM II•1 a MMIIMI• 	MIMI 1•1•11■ 1•11 1•• 

-- 11•■■ •111111•1•11MIMI111.1 •■••1 
M2 	

Mr: Ell■ IMIMI IMIIIMIIII.011e Mr 1313■1111MBEIM11.1:::1:!:-E11.3....1.• 
Wine QM am pa mi■ Inms rum mug -- :I:mg: . u■gg um 2 : b, 8.11._ . = e 3  : =.1 mum mom  gem :  rim..... : LI ..= emu _=..::= .::._=.= Eiz ejz  :: 

-E inzE __ _= = —==ziii=11.,=339.fizat;1,1 	 mammon lemumen■ mpeommetumm...•••• ■•••■•=gg or am • 1•• 

	

--me. -==.=.7.1-en:s.-mg: 	— 	1..........--- - 
111•1•1•1•11•1• MINIM 

	

1.31•11M•MI•I•11.• 	MI 

	

MN 	
M 

_ ..===e RE mama: =maw MMIEEism..... : 11====,..:: .:M=Ead111:111  
— ---.a. queelomma mom 	oulA 1 I 

IIM•11•11•1 ■ 11•1••1•110••••1•1•■••■••11M•111•MI•111111à6  =11:11112:112WM11• ■••111211MieMIMIllinaliaini•MIIIIMUI■MM•VI:: MIIIIM: 
MIMQ•11 MaIllEarl::===E:En a  

1■ 11•••• ■ •••■■ •■■••■■ ••••■■•■ ••11M 	
■ 	II•1IIIM 

	

, 	•■ •••■ 	•1111U1M1•1.11 	••■■■■■ ••••111 1M Me 
MIMI; 	• 1•11111111• 	11•MIMISIMIMMIII mom: . 

	

Rouge 	ammulamma•amos -E. e-m:-.2:-.1ahl= u.. EZZEESEL:E 
._____— Idàlill mil 11  Ili •=11  1151111111111! II  Ink filM lg. =112211 :1; ; 11.141=-1 .11.1billial -lril le— ....U..=.11.0 111 Id 	 . 	•■• MI «HUM, MI 	• 	 __ ••••••11MIIMI 

MI.:IMMI1U1:11•111■ 1■ 1•11MMIZ•111M: MI 
IMO. 	

MIZIlaZ :là MOM::: 

IMMI•mumumefflal• ZIELEMLOIM 
bh, Ecoshirei===mideac  JIMIMMIIIII niEgazid EincEEE  

—mEE:
i
:: 

—mam=  zonimicsialim— remazi-e19: ___asigrer.in=iint. _ 
I 	Inhi 	=Ea ...2==-En msE elk =ffi MI Ei d .1•11 NB fin;  -. 

MIIIIII h .—  illiEre..%—'="4"larEM-14111111111011nindlEinEaa'arEncsil 
aTia  Bp 28:—....11:::.z.:: 

—
—........ 

__mu-re 	g . :ffimicriazzi—.-2=1,,::- :::„........... :....--3:1- ir:----1r....1 . ..___ ___ 	....=-E :11, EE :,:=  ■II --  .U111111 .1: :M.  On! OMEN., IMMIM Ma = MI •IIEE SI: LI I 
MN 	WI 	 'a M■11 MI.  MI Wag= 

10111Z31 Il 
â mom» or  _a • ...,,.. sz, soMMILIZIIL am INIM=maZaqoam IM•11•3 1■•■ •■ ••••011113•11••1111•M=11•11111111113 

II 	

CC ra E BB WI : : 1■••• = a.. = - : I may w.....—==miu=2.:===.= 9 Ili •uww=1:=Iii:  ..... a s  
...... 	 _a__ :......... 

___...... 	_____. _ _______ ___.. __ _ . _:.......=::: ,...._:d ardEiguipanimonim...111. ......=di m_sliardimmirdin  • _:. __ .: 	..= 	am M":311==....:1::•C : 	= 	s s 	2  _Ian 
—...... 	......:=.--=== -- z  ■•I•111 IIIMB --  MI» : • WM : QM 0 ■IMI •■■ Mg. ■111 :II I/M 	 .8 :=ZICE: 

..— SIIMINI MI IM WI — ,—.... 	

INIMMIMMIINI 

=MC: 
•••ffl •• • • 	

. 	
IM WM»: LI: 1M i•111111111111■= IMIIIHMIMOIB:11•11 ,  ._ 	1.1011■ ••••1 MIIMMIIIMMINIIMIIMINI Ille MO _ 	z  - a : ■ am ammo emu •IMUM11••0118 	0•11•11• 	

01 MINIM __ 	 , _ 	IIM•11•••1 
MMIQM • 

:Hilmar: g::::...........E..§ amEgi...... %1:  mi  - ......12 M... 
1I Ji 

.1”1•M=MINZIMILI: 111::•113•••••■ 

QMIMI ■I 11111121=1....a 

moo ziemiaramllpi  
..t. —MIMI M.MMIRM.1.1111 MIMIMMIIMIMIIIMINIMIIIMIMMI 1 11■111MIN 

100 
0.1 

. __, . MIR MO IMMMI3 MIMI IB ■IIIIMI 11•••-.2 II 	...n., :•_ p E .  II••• MI 1.111M•1111MIM al 	■■••••••••1111•IIIMMOM•••1 	•IMI•IMI■ 	
IIM CCOMMI ■ O•21 	■1.■ 

— 1=raill larmaimEEEEr---===zzEirakr"-==-4Eriorm=surn mr===Einno sums mum= z.----===LEsura cliffl==-: h ..:1=:3 
-1-1-M1111111111r11111111M—MilIMÉLIMPALTÉHIMEMINIIIIIIIMMIIIIIIII 

IHNIMIBRIONIUMMINIIIIMMUM111111111111111111111 
=1--ZINIMMEIMIlliffilliffigle111111111011111111/1111MMUMIMMIZMUM111111 
--  li ae-PHIIPing=3""mueeilln="m15111 ,19 11,MIMMINIMiiiiiffILM sesm----=z-.:-.  
-- UM 11-Mr.---12—EffiniliagiLliiiinilagalliMill:MICIIMMIZEM IIII-EN - . sop  

---= es 	IEMEireellil= u  "e rdellinil ilmErrani11111111M1 MU ......... ............ ......._ ... ....... mmiEEE R-rE: E====EE :rgE LF----r.remze  _ 	 nnEErf,===zopr  ivo  mmammil--irunsmininEE§E: aszsi EM-1:=E-ewasimmuss:-?-...r.e.E.---E-1-i-o  .. 	Einzzisi =....InEzU 	ii ren-ril: 	us inch-----zz::-: 	--- - smEE.-2.1111 si 	me: um:: zz . 	=--s--..rm-:::zz EEIE-1----3----- raze-10"ElliMMURIMMERMEIP 
—cm–zza. ee"11111111V-11111112":i e—ffiiiiiiiiiiire....==ELMINIMMER1111111ir-CWWITA 

r===rni E33-911111111EMINÉM.z.- --======11Mweel===MinnifigE rg2WeertMILIMMLINCR 
1 1 0 100 1000 

TL:E Ir: SEC ,DNDS 



. _ .
_ .^ a_ _ -. ^ F - ♦ s ^ : , . } _ _-

- - ' - --
- -t _ -- ^

- _

' ^

^
'

-
, .

f

_ _ _

- -^-I -

_ _

-

1

_

-

= -

_

^

=1=1

__ _

-^
-_ ^

_

^

_ -

) -- - U -
+ ! ^- - , '

H
I

- -
-- - f j- - ^ : ^'_ !

-

•

-

_ -

- -

'

I
; - t

i

I

f

__-
^

r

i

-^-
,

-r ^ - ^- - -^ ^ - --,-- T - -,, _ . . . .. _
-i ; - _. . . ^ ,, . . .

Ti m^
.

^^
,
;

l
^ . ^

J

! i i , j ' ,

}

:l
*

, •

- - _ ^ - -!ii I ^ I;

-

^
j_

$ I

Hi - I
_-^__ __ _ _ ...

.
y .

i _-- ___ .
_ _

- t
- ♦ - _

f= t ^ ^ ! _ _ ^
J_

=^

-- Hl L ^ - ^ ' i' ^ ; • ^ ± ^ ;
_--

-- _ - ---- I S U ^



Discussion: 

Before eomenting on fee ourves obtained, sotie 

 remarks on th a process at the Shurly-Dietrich-ütkine plant 

are in order. 

Considering the platen quenching first, the plates 

are traneferred manually from the furnace to the platen 

fixture, Usually, two :-,lates are quenched at once. The first 

plate is removed from the furnace and placed between the first 

and second elatens, The second plate is then taken out and 

placed between the eocond and third platens, and the platens 

are closed. U:lic furnace door romains open about a foot 

during the whole aperetion. Thue $  the time between removal 

from the furnace and start of quenàh is longer for the first 

plate than for tha second *  Thie difference is from six to 

eight seconds. Therefore the first plate is colder at the 

start of the • uench than the second plate, and if it has 

cooled to such a de3ree that its cooling-curve cuts the "nose" 

of the eecurve for the steel, complete hardening will not take 

place. However, the re3ults of hardness tests taken as a 

production checl ,  do not indicate any lowering of hardness on 

those plates, eo It nay be eeeumed that the steel used has 

sufficient hardenablliti so that, on cooling, the cooling curve 

does not cut the nose of the S-curve. 	 - 

In the case of the water quench, only  one plate  is 

quenched at a tilee, is  mentioned previously, the plate must 

ba a minimum cf xli inches tO fit into the press. It is 

transferred manually from the furnace to . the press, the press 

is closed, and the erhole fixture is lowered into a water tank 

in  which the watsr Ie circulated by a pump. 

Very little can be said about the shapes of  the  cooling 

curves, as  there is no  data to compare them with, From Table 
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(Discuesion, contir.1) 

it will be noted tisat in both the platen quench and the water 

quench the 6-mm 0  plate has a greater cooling rate  ee  1300P  F. 

than has the 5-men, plate, With this exception,  the cooling 

rates decrease quite regulerly as  the size  of plate increases, 

r2he  coolire; rate obtained on 10-mm, plate, using  preseures 

of 1,300 poundeand 135  pounds is lower than that with the full 

pressure of 2,000 pounds, as 19 to be expected. 

Tho temperature drop of  the plates during removal 

from the furnace and elacing in  the platen fixture shows  the 

variation in  the  time required to transfer  the plate, In the 

case of the weter quench the temperature  drop shows more 

regularity, indicatine that the  times required to quench  the 

plates are more uniform, If the  test plates had been actually 

quenched in the press the times might well have been  more 

 irregular, but numerous timing trials  on production plates 

showed the time to be quite reeular, 

lurther  Investigation:  

Now that the production  cooling curves have been 

obtained, the program for further research is to  duplicate 

these cooling cures  in  the  laboratory  and to obtain other 

cooling rates both faster and slower than these, Thus a 

whole series of cooling curves for each plate thioknees wilI 

be obtained, The physical properties  of test specimens cooled 

et  each rate will be determined and the  results plotted, From 

these charts, the cooling rate at which  the physical properties 

beesin to drop off will be found, If  this eooling  rate is lower 

than that obtained in  production, then the optimum physicalm 

are being obtained  in production:  but if it is greater, then 

the production cooling  rate  must  be increased, in order to 

ebtain optimum physicals, 
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