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A Study on the Process Parameters Improvement of
Spheroidization on Low Carbon Steel by Using Taguchi Method
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Abstract

This paper presents an approach to promote the sphericity of low carbon steel
material with optimized process parameters by Taguchi method. The factors effect
sphericity including heating rate, soaking temperature, soaking time, cooling
temperature rate, air-cooling temperature, alloy composition, pre-treatment, work
piece size, location in furnace and furnace feature. Four factors including soaking
temperature, soaking time, location in furnace and air-cooling temperature were
chosen in Taguchi experiments. A L9 orthogonal array experiment was applied in this
study. The sphericity and signal-noise ratio were also estimated from experimental
result. A set of optimal process parameters was determined from the effect plot of
SNRs. The verification experiment was also processed and proved the reproducibility.
Finally, the analysis of varience ( ANOVA ) was carried on to investigate the percent
contribution and the interaction of each experimental parameter.
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Fig.1 Precipitatior of hypo-eutectoid steel in cooling process
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Fig.2 Sphroidization process of Strip carbide in Perlite structures
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Fig.3 Spheroidization process types
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Table 1 Different metallographics comparison standards
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Fig.4 Standard metallographics of JIS G3507-2
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Table 2 Control factors and levels
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% 620 5 500
s 660 7 400
Al 700 9 300
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Table 3 L9 (3% orthogonal array experimental parameter assignment

S8 ERrE  FPRRE  FPRISE ZARE
B - T hr T
SEe A B C D
NO.
L1 & 620 5 500
L2 & 660 7 400
L3 % 700 9 300
L4 th 620 9 400
L5 h 660 5 300
L6 rh 700 7 500
L7 Z[] 620 7 300
L8 Z[] 660 9 500
L9 Z[] 700 5 400

4.2 EhUER
AW FEE P BRd Fig.6 AR - i 1022 4344 DL 9 4HA [FIHVBGE S BT

BRACREHE » AT T e AH R BB A B - AR A A FOS® Sl {bER(ERA
TEZSHET TR ER A E

9 e
RSB (TH

HEFT B FFHFOS® #E
il

S Z /T
S (510224561 < [ R

TTER(ERHE

(|t

Fig.6 Experimental flow
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Table 4 L9 (3%) orthogonal array experiment results
NO AL TR
A B C KB Tl TEAE SNR
: 1 2 3 S
1 1 1 1 1 5738 5852 6237 59.42 2.13 50.26
2 1 2 2 2 89.15 77.74 88.7 85.20 5.28 53.40
31 3 3 3 9243 9549 93.95 93.96 1.25 54.23
4 2 1 3 2 8162 83.66 82.13 82.47 0.87 53.10
5 2 2 1 3 92,67 9296 90.92 92.18 0.83 54.06
6 2 3 2 1 9092 92.65 87.55 90.37 2.12 53.89
7 3 1 2 3 7718 8227 76.7 78.72 2.52 52.70
8 3 2 3 1 8765 8451 87.76 86.64 151 53.53
9 3 3 1 2 8843 89.86 88.92 89.07 0.59 53.77
Table 5 SNR response table
Ny KEL JKAE2 KIS PIEH  mEKE
A 53.33 53.69 52.63 53.21 A2
B 52.02 53.66 53.96 53.21 B3
C 52.70 53.33 53.62 53.21 C3
D 52.56 53.42 53.66 53.21 D3
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Fig.7 SNR effect plot
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Table 6 Analysis of variance table results

H
EHE . HRE
R F- g fE RSP HE  Feratio HRUE B
SS P%) ¢
DOF
A 1.74 2 - - 14.88 3
B 6.59 2 - - 56.38 1
C 1.34 2 - - 11.44 4
D 2.02 2 - - 17.30 2
Error 0.00 0 - - 0.00 -
Total 11.69 8 - - 100.00 -
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Fig.8 Interaction between factors B and D
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