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Analysis of the Carburizing Heat Treatment Process for SNCM Alloy
Steel Using the Finite Element Method

H.J. Kim, S. C. Choi, D.J. Lee and H. Y. Kim
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Abstract

Heat treatment is a controlied heating and cooling process to improve the physical and/or mechanical
properties of metal products without changing their shapes. Today finite element method is widely used
to simulate lots of manufacturing processes including heat treatment and surface hardening processes,
which aims to reduce the number of time- and cost-consuming experimental tryouts. In this study we
tried, using this method, to simulate the full carburizing process that consists of carburizing, diffusing
and quenching, and to predict the distribution of carbon contents, phase fraction and hardness, thermal
deformation and other mechanical characteristics as the results. In the finite element analysis
deformation, heat transfer, phase transformation and diffusion effects are taken into consideration. The
carburizing process of a lock gear, a part of the car seat recliner, that is manufactured by the fine
blanking process is adopted as the analysis model. The numerical results are discussed and partly
compared with experimental data. And a combination of process parameters that is expected to give the
highest surface hardness is proposed on the basis of this discussion.
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Table 1 Chemical composition of SNCM220
and SNC815

C Cr | Mn | Ni Si | Mo
0.17 | 0.40 | 0.60 | 040 | 0.15 | 0.15
023 | 065 | 0651 070 | 035 | 030
012 [0.70 [ 035 [ 3.00 | 0.15
018 | 1.00 | 0565 | 350 | 035
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Table 2 Properties of SNC815 for each phase
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et Eq. (2),
Kinetics TTT curve I'TT curve
Latent Heat 595.36 661.51
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Table 3 Level setting of process variables

Variables (Unit) Level 0  Level 1

(A) Temperature-1 (C) 850 870
(B) Temperature-2 (C) 800 850
(C) Carbon Potential-1 (wt%) 1.0 1.1
(D) Carbon Potential-2 (wt%) 0.8 0.85
(E) Time-1 (min) 30 40
(F) Time-2 (min) 20 30

Table 4 Layout of the Ls(2”) orthogonal array
Temp.-1 Temp.-2 CP.-1 CP.-2 Time-1 Time-2
() (C)  (wWt%) (W%) (sec)  (sec)
Proc.1 850 800 1.0  0.80 30 20
Proc.2 850 800 1.0 0385 40 30
Proc.3 850 850 1.1 0.80 30 30
Proc.4 850 850 1.1 0.85 40 20
Proc.5 870 800 1.1 0.80 40 30
Proc.6 870 800 1.1 0.85 30 20
Proc.7 870 850 1.0 0.80 40 20
Proc.8 870 850 1.0 0.85 30 30
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Table 5 ANOVA table for the hardness in the
middle of a tooth

SS DOF MS F-test

Temp.-1 8.000 1 8.000 44.444
Temp.-2 18.000 1 18.000 100.000

C.P-1 22.445 1 22.445 124.694
C.p.-2 83.205 1 83.205 462.250
Time-1 42.230 1 42.230 235.111
Time-2 1.805 1 1.805 10.028

Error 0.180 1 0.180

Total 175.955 7

4% 23 e z2HL ABCIDEF°lH
Z, Table 3914} (A)Temp.-1 870C, (B)Temp.-2:
800°C, (C)CP.-1L& 1.1wt%, (D)CP.-2E 0.85wi%,
(E)Time-1 40min, (F)Time-2 30mino] ¢}, ©
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Table 6 ANOVA table for the hardness at the
root of a tooth

SS DOF MS F-test
Temp.-1 2.000 1 2.000 4.938
Temp.-2 6.480 1 6.480 16.000
C.P.-1 6.845 1 6.845 16.901
CPp.-2 15.680 1 15.680 38.716
Time-1 15.125 1 15.125 37.346
Time-2 0.980 I 0.980 2.420
Error 0.405 1 0.405
Total 47515 7
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Fig. 16 Distribute of hardness in the
optimum process condition

22 29l 3] (confirmation run)S T35} Fig.
169l 2 A%E Jeligd. 3Wd uE BE
BRA ZAxgtol A JdepduE g <&
t}.

4

%2

el Aerda

o
ol

A A 1291

[
[34) (2]
}

P o o

' 1
' 1
‘ o

;‘ quenching

0 720 4320 6120
Time (s)

'
'
'
.

heating ! carburization

Volume change (%)
< m o

e
2

©
+
i
3
i
N

(=]

Fig. 17 Volume change in heat treatment process

Fig. 172 A FAHE<¢] A& WslE e
RAolth, G FAANM 2.82%Y F719F 25E F
AollA 230% (Z71AF ti8] 243%)9] FATL
dojut AA ¥4 FU4Y AFLE 052% FUHE
Aoz vyt AH wsly fEo] X9
A4 WM3E By oy AFE AA FAH F
gtoll 0.096 % (0.0007mm) 717} dejged, A
FE Z7% 0.11%(0.0044 mm) ZAsFov &
ERE= 0.11% (0.0044mm) F7}st4t. ol A
Ve AYE HYE Hoys FElER AF
wske ZAY £ g AxZda dadd. §
MATE duydFol AY g AeF YEWH
o, AA AFL 3xY PAoler ZRAgY =2
AE e FHRE FLBEAsted AddHFol o
ot s A AEELE ZYHstn A5E W &

=2
A7 e Aoz s duygFS FAY
F e TEY Ao godH
ojfer AY R FFZE FTA dstd 23
staich. a3y 2A AELS

24 F =9 32 Foho A58 B9 A4
2 Zolxw AL ¥IN AEET. §F =9
R0 g 4w 2 4 o g B4
gudn 9de 19 IAY T4 Fdass

4. 2 B
AA TR FIH zhow I AAY I
Ao frdaside £YP5to g PE, AW
3 A% 2E ¢ 949¥ Sol B £43 23
g 9¢ 7 Ut £ JuudRs o8



1292 2¥% - 444 o5 - VY

FARF AFE B3l M & EUEAREES
AL & e TAZRAL 7Y F8 2
g a93td o3 2o

() #E3A 4 23} ¥F Bu AR
d ga 2¥ S FAT 5 ded, 4
A dxe FAANAM AP Fn A8sL 4
AL Aoz ward

@ Aoz A8 Axgy Adoez A%
AEge BF RO RE Zold ma 4YA

oz a3 dAz FFFEY HY Fst
& g4 JeERAR, FAzA & Hx
3z AAHY BN Ao o]fE
AL Aoz Aztdd. 4 AArF AR A
o]Z Rol AL AAl A9 EHA dA AL
Age BEHAE A1ET Hol & 2oz B
o}. _

3) Agz2 U 7t 297], = 2 Al 59
ety 24F 657 FAVTE AAsH 2
AG R AAG HFEATE FPsg o,
5 AR ¥ YA EUAEE Uz ¢
= EXg 24L& AANsta A L Fsho @
k=

@ €A48 F F7)99 AFL 052% T
A3, AP @H AFE 0.096% 371, FA WA
3= Xl maE 011% A F&: == Fvtsl
gt} o] Axe A4 wile AA FF st
AL HAE "o} FFolnz Frloje g
WYL A7 BAHRA &g Ro=E dUdT.

& F

32 &

L)

i)
Fo
ra

(1) Park, S. J.,, Rhee, K. S. and Kim, K. S., 2002, "Hard-
ness and Distortion Characteristics of SCM415 Steel
by Carburizing," J. of the KSHT, Vol. 15, No.6,
pp. 269~271.

(2)Kim, H. S., Lee,K.B., Yu,C.H, Kim,H. T. and
Jang, H. Y, 2000, "Effect of Induction Hardening
on Mechanical Properties in Gas Nitrocaburized
SM35C Steel," J. of the KSHT, Vol. 13, No. 4, pp.
224~230.

(3) Baek, S. H, 1998, "Friction-Wear Properties of
Carburized SNCM," J. of the KSHT, Vol. 11, No.
3, pp. 159~167.

(4)Kim, O.S. and Koo,B.K., 1998, "Analysis of
Hardenability for Carbon Steel Using Finite
Element Method(I)," J. of the KSHT, Vol. 11, No.
2, pp. 131~139.

(5) Cho,S.H. and Kim,J. W., 2001, "A Study on
the Analysis of Residual Stress in Weldment by
Considering the Phase Transformation of Carbon
Steel," Trans. of the KSME(4), Vol. 25, No. 3, pp.
390~398.

(6) Franz, C., Kubler,R., Muller, H. and Lohe, D,
2000, "Residual Stresses and Distortion due to the
Heat Treatment Process," 20th ASM Heat Treating
Conference.

(7) Krauss, G., 1999, "Martensite in Steel : Strength
and Structure”, Materials Science and Engineering,
A273~275, pp. 40~57.

(8) Choi, S.C., Kim,H.J., Kim H.Y. LeeD.J,
2004, "A Finite Element Analysis for the
Carburization Process of a Ni-Cr-Mo Carbon
Steel", Proc. of the KSME, Vol. 4, pp. 123~129.

(9)Kim,H. Y., Choi, J. G.,Kim, J. M., 2005,
"Crashworthiness for Automotive Seat with Round
Recliner", Proc. of the KSME, Vol. 5, pp. 131~136.

(10) Jeffrey  Fluhrer, SFTC Inc, DEFORM™3D
User's Manual, Ver. 5.0

(11) Park, S. H., 1995, Modern Design of Experiments,
Minyung Press Co.



