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Effects of Different Quenching Cooling Rates on the
Mechanical Properties of JIS SKD61and Its Modified Steels
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Abstract

In this study, the effect of four different
quenching cooling rates on the mechanical
properties, and microstructure of SKD61 and its
modified steels, were investigated.. The constant
quenching temperature was set at 1020°C, and
holding time was 30 min. After quenching,
specimens were tempered to the target hardness
of 46 HRC, and then, the impact toughness of
these specimens was measured.

T T
T.C.Chou Y.C. Chen

As results, the precipitation of carbides
will affect the hardness and impact toughness;
the specimens which were cooled faster during
quenching had fewer carbides and the higher
hardness and impact toughness. Besides, the
specimens which contained more carbon,
chromium and manganese had the higher
hardness. The specimens which contained more
chromium, molybdenum and vanadium required
higher temperatures to temper to the hardness of
46 HRC. The factors of impact toughness
include the hardness after tempering,
configuration of the alloy composition,
quenching cooling rates, etc. So, impact
toughness can be improved by tempering to the
lower hardness, adding the appropriate amounts
of manganese and quenching at a faster cooling
rate.

Key word : Tool steel, Quenching, Tempering,
Impact toughness, Mechanical properties
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Tablel. Time required at different quenching stages
1020°C 700°C 500°C
i £ —700°C —500°C —300°C
g | TR EER AT PER AE PER
(#) (=) (#)
1. 31 30 49
2. 26 22 34
3. 17 14 22
4. 43 26 26
AL L St IR e Tl

7

o [n‘th ,fE g i R Al H]

ﬁiv W$1imﬂmkm0mmpqhwj@ﬁ

5 IR 2 i Eﬂi F“?"TE'«' N 200x

400X600mm H[u [Jh ] Jj % 3 FILJhJFi”
Wﬁfiﬁﬁfw¢ﬂ1MMﬂmﬂw0mmH[°w

hJﬂE I 4 W£_Hmfﬁ%wﬁl)‘/CCT

[IREERIFT R O IR < T

7 600°C 4 ,’zf T Ry F* *‘ F)E“

o [Fi Jigpuk l;f:ﬂ"{[@ £ HRC4611 »

2. E'«Eﬁ'r?ﬁ

2.1 FI ﬁ[iﬁéf’*ﬁ&?ﬁrﬁ’ﬁ*‘/ﬁvg

7Muﬁrhﬂgéﬂ7{w o
%Mﬁ@ﬁ%ﬁ F”rj { Q%ﬂl £, SKD61(F/ H13)
&irE s CCT E““Mﬁl

Temperature(°C )

_ _ .'(m[cnmzr mmp,lmsu%
1000 %(\ SR e
At /\f\ \.& ‘\\ -
800 - -
NG
AVACZ =AW
\ \\ \ | \/\/\\ \"‘,
\ \ \
" BN
RGN
w RUINRIE
10" 10' 163 I‘f) lL(l‘ 110‘ 10*
Time(s)

Fig.1 CCT diagram of SKD61 (H13)
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Table2. Chemical composition of Steels
C Si Mn P S Mo Y Ni Cu Al Co
Steel A 0.399 0.230 0478 0.006 0.001 5225 2.145 0.557 0.068 0.051 0.020 0.012
SteelB 0.352 0341 0407 0.012 0.002 5.638 1405 0484 0.073 0.068 0.017 0.010
SteelC  (0.355 0.319 0424 0.010 0.001 5.679 1414 0490 0.058 0.064 0.048 0.011
SteelD (0.378 0.213 0.549 0.012 0.001 4.942 1957 0454 0.081 0.062 0.007 0.011
SteelE  0.400 0968 0.444 0.007 0.001 5248 1390 0954 0.186 0.092 0.022 0.018
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Fig.2. The cooling curve on the different quenching conditions
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Fig.3 The hardness of steels on the
different quenching conditions
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