J. of the Korean Society for Heat Treatment
Vol. 7, No. 2, June, pp.103~110.

Ge 0

/103

Etazie| AEIHM FEtRLHE o8t 2N

SHZCEE — FHE
G T L eI Eat
o p g T YE e

Temperature Analysis for Carbon Steel at Quenching
Process by F. E. M.(Finite Element Method)

Kim Ok Sam*, Cho Eui I1* and Shin Young Woo**

*Dept. of Mechanical Engineering, Yosu Fisheries Univ.

** Dept. of Refrigeration Engineering, Yosu Fisheries Univ.

ABSTRACT

It is well-known that the analysis of temperature distribution is substantilly important in optimal de-

sign of quenching process.

The unsteady state temperature gradients generated during the quenching process were numerically
calculated by the Finite Element Method(F. E. M.). Formulations of F. E. M. based weighted residural
method were presented for the analysis of the two dimensional heat conduction problem. In the process of
calculation, the temperature dependency of physical properties of the material was in consideration. At
early stage of the quenching process, the abrupt temperature gradient has been shown in the surface of the

carbon steel(SM45C).
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Table 1. Physical properties considering of temperature and structure.

Structure
Austenite Pearlite Martensite
Properties
Thermal Conductivity 52.34-3.52E-3*0 52.34-3.52E-3*0
14.65+1.25E—2*0
(W/mTC) -3.48E-5%¢° -3.48E-5*6*
Specific Heat
3 586.15 443.84-0.41868*8 443.8+0.41868*0
(J/kgC)
Density
8.15E03 7.85E03 7.85E03
(kg/m)
Latent Heat
- 75362.4 83736
(J/kg)
Heat Transfer
14443.5*Exp 14443.5*Exp 14443.5*Exp
Coefficient
i (83944.1*921¢) (83944.1*0 ~2918) (83944.1*0 -2 %)
h(W/nC)
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Fig. 1 The shape of mode! and boundary condition.

7

\\\

(0.0)

Number of elements=288
Number of nodes =169

Fig. 2 Finite element mesh for temperature analy-

SIS,

A Jedeg g48 MUsHA $@ste] Aae] s
e A 7IaA sten 169789 A3l 28874 9
AP arz TAsAY PEEDS 1AM 8%
We TASD FoINE g Wsgs 75

>

17131 3 Gauss points& Ap&3l ZF g4 &5
A3Es At SR ¥ o At dad {3
42 Z2ade s§5E Fig 39 Yehidt.

to

input data

{ automatic mesh generation J

time increment

calculation of element stiffness

and load vector

( assemble of element stffness matrix ]

d

calculation of temperature byJ

Gauss elimination method

revaluation of latent heatj

result ouput
|
stobj

Fig. 3 Flow chart for temperature analysis.
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Fig. 4 Comparison of experimental and analytical
cooling curve at r=11mm, z=19mm.

S} difF z7idAAM ¥ Mo ARyl zfolE
Yehl e & e dujFaAdiA d4E Fh
& 71¥7t BEF $EHE VP fEso 22EE
A& g B ©E7) i oz ARET olf
ol 9ste] Wzto| o)A DAldAE Y&
T sEAg WA 2w vjEHe 2xa g A
E5ol A7) Wi AAAH FAAFE HoAE
.

z=0mpo]3L r¥E 0olA 20m7=| F&PAzl A
$ WZAIre] 0.2, 1, 5, 10, 30 & 50secz W3EH3
W 2% FHjE yebd Ao] Fig. 5ojtt. WAt
0.2 9 1secA% A3 AL gk oF 12m7R=
27|58 FABRY 1 o|F ol lsecolld FAHT &%
Aetg HoFeh o}g2] WztAIzte] 58 10sec7} A
S eutdt 2= 7ol A% drhid 30 9
50seco| M= FAH9} AlHEREI} Ao dHAMsa
2EREE FAT

Fig. 6& r=0m= 31 z93S H3A|7l A9 3
ZHA e wE SETFE HAFE 3o Fig 59
U3t gAFS E’_°]E}. 8} 10sec?}t 30sec 73 1A
= AHe BHE 25t A9 dREL Ue ole T
Wafeo| W 94 %E] zegRol M= oha|Eoll A EAdE
do] BFALAY F7)ute] H&3 g o ol
Rte] dAdgo] H3lsr) WEeR Yzrdrt. 2
23 Fig. 59} 62 WU (r/R)et #81(2/2)7t 0.8,

EEIE | FRG L TR, 24 1094/107

1000
Q02 aec. O i1 sec & 5 sec
o 0 10 sec. ® 30 sec. B 50 sec
~ 00 $ S o w':ﬁ::*g"’ -0 -
© Th—a “a. ~
. T '\g ‘X
P o .
= 600 - e i
2 R N A
« %
& 400- e
a, Sl \
g 9\ '
)
= 200 e e e
¢ - o __ oo \
e Wl — - B~ 8 - ':‘:’:
0 - f————————————r U
0.0 5.0 10.0 15.0 20.0

Radius, R {(inm)

Fig. 5 Temperature gradient of z=0mm and r—direc-
tion during quenching

1000 0 0.2 sec. O 1 see a5 sec
6 G 1D sec ® ) sce " 50 scc.
~ ao0 $——8—_ 5 ° =R BITE e
AL \\U\ S
@ b T u R
- | —— R N,
8600 T “al \\ \
=l ) \0\\ “a |
pet
i .
° 400 - 1
E |
o »\9
S 200 i “’“*0\0\.-\.‘, \9\
3 —— - :— -
0 A+ —— S
0.0 5.0 10.0 15.0 20.0
Distauce, 2 (mm)

Fig. 6 Temperature gradient of z—direction and r=
Omm during quenching
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