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Applications of Master Cooling Curve

Synopsis:

Yoshio TORIHIRO and Imao TAMURA

The estimation of hardness distribution curves of the cross section of steel bars quenched was made from
the master cooling curves of coolants and CCT diagrams of steels. These results were in good agreement
with the measured hardness distribution curves for respective steels. The results based on the master cool—
ing curve was compared with those by Lamont’s method and Wever—Rose’s method. In consequence
of this comparison, it was found that the method of the master cooling curve was excellent in accuracy and
in the range of application for different types of steels and coolants. The critical diameters could be also
derived from the master cooling curves and CCT curves. This result was in better agreement with the
practical results than that of the Grossman’s method. .

(Received Nov. 28, 1973)

1. &

Iuji

BEABHIRIC I TR HAR SRBRE LI,

% DWHFEE OWHBE B R T SIS SEFET 51
T, ZhERmERER LI ORTEHRD? F Tt ZoBHE
HfR OB R BT, EBRBEAEEIC RSV TOLEL
SNBHDW, ML RHFIEANT: & XOLEEEk
FUHELEBZMD 2 L THD. KBTS
VBRARF OLEL T HMEBEOSHMBELENL, ch

X DR BT OB AEES R kD, HEEEE L It

BRAEALTHIDOTHS. BBHEE 2, 3 OBAR
BHEFEIOBREIN TS, 2hbDArke fih
M X DHEEFELE R L, Wik 5 S CRhiigkss
Fh TV B RT.

GROSSMANN B 38041 D HEAED ERIIERR & L CHEE
RAEEOHESEIREL, Th i DEARA OBLH50
%<7 ¥4 MBI BRAEE Do (ERER)
ZRDDFEEZRELTHEY. 20 D, OHITEIHG
HEEFIRT 3 it EoThko bhs. BEL,
GRossMANN HDEMRIC X5 Dy OfE & R X 5 D,
OIEZRD, KRR E LB L BaFHmE2F AT
BEOBRTIRTWB L ELdbETHETS.

2. SR KD NABEEIHEBERO
WEHE

HHRAE D> DL OBHFICBEANAL ET 2R OF

DERSHERIR Z TH T 5 12, BARE © {(D-w/S) ra.
a~*u} DEEFHEL, thiRiloEBoB%Ry i
ELTRNE XV 2z DRER~HE, G AR
HE, EMNAEEEEO QORI E)W/S 1 TEAR
A ERREICEASHEIC BT 5 O L EEREDH,
a ERRAF OBYEREETHS. VWEERE 1'0cm,BX 30
cm DOFRMEE 60°C KEHMICHEAN TRD 7=/
a2 Fig. 1 Wiy, o oiiRo kT, B
% 2°0cm, X 6°0cm o SCr3 MR E % 60°C
RKEMTEANZBEORLES RS EH L, 228
SHER K Lzbo% Fig. 2 LRT. 2ELS®D
HERA LB X2 L Vo T #AKh Ltk
W, EREEZEETHEEETmOMZ & o, EBE HIX
M ICHRARFITHL, WAWAED D, W/S Offiicxt
T5 {(D-WS)r31.a-0u8 DERFE LKEI Liz. &
DREROFIZ Fig. 3 wmy. rrrcNREABLTS
L EEDLDTRELHITHLELT ARLERESHEE, fh
@ HETE S, 7k SCr3 o{b2mRas% Table 1
CRT.

AL ERERNERAR 2> HSERA B D WA W A DALE OB H)
BRI TE 5. Tibb,

(1) ROERSHEE» 5D 5 IRE 0 & rhicyt

* IBM4BEIIB28E 24
BOURREEFEA
B RBRFELE¥EHR TiE

— 79 —



1338 #% Lt W

% 60 &£ (1974) %92

800
~\60°C soya bean oil

~ 600
o \\
e
Z 400 S
2 —
E
kS )

200

0 20 40 60 80

/{00 -wrs)" g}
Fig. 1. Master cooling curve for soya bean oil
at 60°C by the silver specimen (1-0cm
in diameter) .
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Fig. 2. Comparison of center cooling curve of
SCr% cylindrical specimens (2-0cm
diamer) derived from master cooling
curve with experimental curve,
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Fig. 3. Relations between W/S$ and {D-(W/S}1-3-
a-0216 for steel specimens of various dimen-
sions, where D is demension of specimen,
W/S is ratio of volume to surface area of
specimen in unit size, e is thermal dif-
fusivity of steel.
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Table 1. Chemical compositions of specimens used.

‘Specimens C Si Mn P S CNi Cr Mo - Cli
SK 6 0-72 028 0-48 tr 0°009
SCM 3 0-35 . 023 0-82 0022 0006 1-08 0-27
SCr 3 0-38 0-21 1-08 | 0-004 0-030 1:06
SNCM 5 030 0-25 " 053 0-014 0-021 2:75 2-75 059 0-13
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Fig. %4. Calculated cooling curves at various posi-
tions of SCr3 cylindrical specimens
quenched into soya bean oil at 60°C.
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Fig. 5. Continious cooling transformation diagram
of SCv3 and cooling cusves at various
positions of SCr3 specimen of 2-Ocm
diameter.
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Fig. 6. Comparison of estimated hardness distribu-
tions by master cooling curves with mea-
sured hardness distribtions.
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Fig. 7. Estimated hardness distribution curves by
master cooling curves, Jominy curves and
measured curves (continued) :
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Fig. 7. Estimated hardness distribution curves by
master cooling curves, Jominy curves and
measured curves.
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Fig. 8. Estimated hardness distribution curves by
master cooling curves, Wever and -Roses’
~method and measured curves.
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Table 2. Crmcal diameters for 10094, martensite in SC.M 3, SCr 3 and SK| 6.

SCM 3 .SGrB N
20°C Distilled water . 4-1cm . 2:8cm . 0'4cm
(H=0-4cm-1) k 2:0cm 9-8 2:2cm 2.0 0:7cm 06
20°C Sperm skim ol 10 92-7 01 1'6
- (H=0"12¢m-1) - 1'5 s 11
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Fig. 9. Continious cooling transformation diagram
of SCM 3 nd cooling curve of sperm skin
oil at upper critical cooling velocity.
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Table 3. Comparison of hardness at the center of
SCM 3 bars, which were quenched into
water and oil, with critical diameters
derived from Grossmann’s method and
present author’s method.

Diametes of Hardness
specimens Coolants (HRC)

4-0Ocm 20°C water 51-7 Grossmann

Present

. Y/ .

2:0 . 567 authors
2:7 205]S nSgﬁrm 48-0 Grossmann

10 ' % 57-% PTCSCDt
] authors
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