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Abstract
To achieve desired microstructure and mechanical property of a manufacturing product, heat treatment process is

applied as a secondary process after forging. Especially, quenching process is used for improving strength, hardness, and
wear resistance since phase transformation occurs owing to rapid heat transfer from the surface of the specimen. In the

present paper, a study on surface temperature measurement for water quenching of eutectoid steel was investigated. In

order to determine the temperature history in experiments, three different measuring schemes were used by varying
installation techniques of K-type thermocouples. Depending on the measured temperature distribution at the surface of the
specimen, convective heat transfer coefficients were numerically determined as a function of temperature by the inverse

finite element analysis considering the latent heat generation due to phase transformation. Based on the inversely

determined convective heat transfer coefficient, temperature, phase, and hardness distributions in the specimen after water

quenching were numerically predicted. By comparing the experimental and computational hardness distribution at three

different locations in the specimen, the best temperature measuring scheme was determined. This work clearly

demonstrates the effect of temperature measurement on the final mechanical property in terms of hardness distribution.

Key Words : Quenching, Phase Transformation, Inverse Analysis, Convective Heat Transfer Coefficient

1. M B

dsb= 7IAA, &4, 3t

4 4Ae BAY TAoz Add YAE 97
Fele 2PATE e AAY Ao e
e S Furath ues Suksla o)
wAow 9 2ot dAA 34 Tt A%
AES Aw, A9, EAGEE FHNA B4
oz YA GFdel Uk Aol wFA 3
4 Fol wAsE guss exvge AFHS
F88 FANNoR BAS] AgHoR Ln

# t=8t7]Ed 71 A%-8t Y, E-mail: ytim@Kkaist.ac.kr

o

R

02 N ol x

g Aog Fory date A dss ¢
2 B AT 2 A ET7E AATH1~4]

2 dTdAE 48y 34 H45d 3AHE
Aoz FEAste] AW wE 7 e
A FEdE age 2xolds AAtsta
ANE 7|92 AE o] AEREE oF
At o, S5 w4 AlEe g AFHAS
HAEete oo ¥4 545 4gs] BZAbst
Al dddE Al 7 BRI oE AlHe W
AA sl THLSEE ZH3%a, o]& o] &3}
93] (inverse analysis) 7| HOZ tfF AL

o

STaMIIZEEX/M 193 HM1s, 20104/25



e
7 54 vehie of 949 A5E 99
1 g el Agstel R gAY A5t &

3

Asg exel gez AL A A

kel =
= T
=, e AAEE 2 AE A5l vA=
& -

)
=
=
o=
3

fo N

e

¢

o

e =
ol

=)
il

oo 2 kg o
N

Ny

$13l Fig. 10 AAE w} o
ZXE 20mme}t 35mm Zo
7 Imm¢<] K-type &3
] J3tTh AlHe] BH 2
A3MA Fig. 19 Al 7HA E-dg X
ATh AlA AoA= zEdel EHdd

AlA BolAE= Aol 0.5mm, & 1mm<]
9]

ﬁ
o
o

o
it
2
lo

3

>
S
o O o i
o Nk of

Ao
o o

o of M1 o N e
N

H2

a0 TR =

o o

o]

N
p?
9

"
e
2
K

o T o
i)

SO )

N

Foh £= ojHd we
THA. F, e AHUelE £
ol Wtz net #

2 o vgE =

ot

Table 1 Chemical composition of POSCORD 80S
C Si Mn P S
Wt% | 0.80 | 0.22 0.6 0.01 0.10
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Fig. 1 Configuration of the thermocouple installation
methods
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Input data
- Geometry, properties

- Initial values of temp., HTC
v

Inverse calculation
-Modify & update HTC
v
CAMPphase program
- Temperature analysis
considering latent heat

HTC : heat transfer coefficient
Texp : €xperimental temperature
T,a: calculated temperature

Fig. 2 Algorithm for obtaining a convective heat
transfer coefficient
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Fig. 3 Measured surface temperatures corresponding
to thermocouple installation methods
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Fig. 4 Convective heat transfer coefficients depending
on thermocouple installation methods
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Fig. 5 Comparison of temperature histories according
to the time at various positions of the cylindrical
specimen obtained from the finite element
analyses and experiments
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Fig. 6 Predicted phase distribution along the radius of
the cylindrical specimen
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Fig. 7 The measured and calculated hardness
distributions using (a) the rule of mixture,
(b) Jominy test result in the water quenched
cylindrical specimen
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