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Optimal Design of Process Parameters for Flatness Improvement
in Semi-Solid Casting Processes

Hyungoo Kim*, Sung-Chong Chung”

} Abstract I

Mg alloy is widely used for the IT, auto and consumer electronics industries. Semi-solid casting(SSC) of magnesium
alloys is used to produce high quality components. SSC process is analogous with the injection molding of plastics.
The high strength and low weight characteristics of magnesium alloys render the high-precision fabrication of
thin-walled components with large surface areas. To produce thin-walled magnesium alloy parts, SSC process
parametets on the quality of the finished product should be clearly studied. In this paper, to select optimal process
parameters, Taguchi method is applied to the optimal design of the process parameters in the SSC process. The die
temperature, injection velocity and barrel temperature of the SSC process are selected for the process parameters.
The effectiveness of the optimal design is verified through the CAE software.
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Table 1 Levels and process parameters

Level A(ny's) B(C) c(C)
0 48 600 200
1 55 590 220
2 62 580 240

A : Injection velocity, B : Barrel temperature
C : Mold temperature

Table 2 Orthogonal armay of process parameters

No. A B C Error
1 Y 0 0 0
2 0 1 1 1
3 0 2 2 2
4 1 0 1 2
5 1 1 2 0
6 1 2 0 1
7 2 ¢ 2 1
8 2 1 0 2
9 2 2 1 0

32

A 71E o s AR T Fig. 59
o] 9241 S4ste] 25 HHRE S Y A ¥
Mo FAE ol wigo] 7P} go] W Fiol
&3} ok £E 71ELR 7heY Rl B85 MYl
e 24 8ol & 4= §lrh Table 3% 24 AP2)A £4]

49 %, 7 2A9E

(a) Filling 80% {b) Filling 85%

Aosepmnce

(c) Filling 90% (d) Filling 92

{e) Filling 100%

Fig. 4 Filling procedure

b i i e IEEE L et

i AnyCasiing

Fig. 5. Result of warpage analysis



eSS A7 A S =2 Vol.17 No.6 2008. 12.

Table 3 SN rmatios of the flatness in the experimental design process(jm)

A | B |C 1 2 3 4 6 7 8 9 Avg. SN
1 0 0 0 554 69.0 56? 95.1 95.0 90.1 71.2 733 70.8 752 -37.6
2 0 1 1 52.2 62.9 524 87.0 85.0 79.5 64.0 68.8 62.7 68.3 -36.8
3 0 2 2 53.0 63.9 55.2 89.0 87.2 81.1 67.8 694 63.7 70.0 -37.0
4 1 0 1 50.0 577 572 73.8 85.8 78.3 65.8 60.6 57.5 652 -36.4
5 i 1 2 512 579 56.6 727 78.1 80.0 653 598 54.7 64.0 -36.2
6 i 2 0 54.8 57.5 56.1 87.8 90.6 88.7 67,7 71.8 70.2 71.7 -37.2
7 2 0 2 52.5 614 520 854 85.5 76.5 67.3 66.9 653 68.2 -36.8
8 2 1 0 49.6 55.2 50.8 824 853 88.3 704 70.5 62.0 68.3 -36.8
9 2 2 1 57.4 68.2 58.6 944 944 87.9 723 73.1 68.0 74.9 -37.6
Table 4 ANOVA results for the flatness 5 4=
Factors SS DOF \" Fo P(%%) & Aol e (AZOID)e] 123 22T
A | ost | 2 [oas | 1o | 263 e :ﬂ Emi}ﬁgﬂ'@ﬁ& - ‘ﬂ)—*r«l 4;;7;]‘01 ‘1’%
B 0.67 2 034 2.62 35.79 shol Al [(,(34) QMRS o850 AR,
C 043 2 023 177 24.21
s, 82wt R A A 49& CAE A
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Y BT 710 SNY|) 58 5ol Aolck 7h AaAlg (1) AZ91D2] ¥k 2 FHoA ME4HE(26.32%), 1l
R 9] &4 Angat 4 (1) o83t SNHE— 23} d22(35.79%), 5YL5(2421%)7F F289 HH
a1, A (Y5 ol &3ty 7+ ¢lAbo| 42 SNH| 2] gFe 3 Tof Agiet P Fe= AL A jxg B

stof Fig. 60 Holck. ASA] gk SNu| 4] (1)o] ke
242pe) xwﬁ SNu|7H Heh7} st s2o] Bulw 03}
B HAT ot HY Axo) A4 x24do] Wrh,

a}

A GO ol§ste] S #dste, 74
NSEE FHE oA A ekl tE 7)o PE
Table 4o] Holch olo] whEw Wi mL 3579%, AMEd:
T 2632%, BHLEE 2421%, 2345 Errorl: 13.68%

Mg BigE drleine] FeE o xjo] e o4,
B4, Toble 1014 oI W2, A2, 2RO

CAE A EF ol Hyiz &3
Error9] 7jo{zof
ARREE, FYE T
g3tof Ajzshe

} &
= T
RN ‘15: %Xﬂ-ﬁ_ﬂ:y} =18 Floldl & 9l

g SolA EAshe 245
Hjsto] 11 gho] 23] 28R, WELE,

77t BDHH} 2}391 3 #2125

of, oft

o =
2 T

33

BAE Foko] Felsta

(2) AZ9ID FjE gl A e Bhg-aL 2 FAoA A
olERAN SR, E2E, SHRIEE A7 55
m’'s, 590°C, 240C 2 Aeiats A9 YT o 27} 3
&7} g

(3) B dola Aol A AU, offslo] 21 &
Zo4et Yl e) A Y] et F2 53.7%umol, thE £
Ao Fx3t Aie] v|ate] 20~30% H= FHE F
7} ol Yg eelstglct

AZshech

of

T, BT FETR HARE e TS
HAAG) Hete] A 222 Balel A Al sl
o) Washu, A% JAYE, KUAUNE BE Aol=
9 owERe AAate] Bl tg AARA WA ol



o

L

7 343

-36.600

o
(8

-36.700
-36.800

-36.800

SN ratio (dB)

-37.000

-37.100

-37.200

Level

(a) Injection velocity

-36.800
-36.750
-36.900

-37.050

SN ratio (dB)

-37.200
-37.350

-37.500

Level

(b) Barrel temperature

-36.600
-36.700
-36.800
-36.900
-37.000
~37.100
-37.200
-37.300

o
r

SN ratio (dB)

Level

(c) Mold temperature
Fig. 6 Factor response graph

Et =

= fa

2

(1) Kainer, K. U., 2003, Magnesium Alloys and Technology,
WILEYVCH GmbH & Co.KGaA, New York, USA.

(2) Avedesian M. M. and Baker H., 1999, Magnesium
and Magnesium Alloys (ASM Specialty Handbook),
ASM International, New York, USA.

(3) Sin, S. L. and Dube, D., 2004, “Influence of Process
Parameters on Fluidity of Investment-cast AZ91D

34

Magnesium Alloy,” Material Science and Engineering
A, Vol. 386, pp. 34~42.

(4) EI-Mahallawy, N. A., Taha, M. A,, Pokora, E., and
Klein, F., 1998, “On the Influent of Process Variables
on the Thermal Condition and Properties of High
Pressure Die-cast Magnesium Alloys,” Journal of
Muaterials Processing and Technology, Vol. 73, pp.
125~138.

(5) Wu, D. H. and Chang, M. S., 2004, “Use of Taguchi
Method to Develop a Robust Design for the
Magnesium Alloy Die Casting Process,” Materials
Science and Engineering A, Vol. 379, pp. 366~371.

(6) Syrcos, G. P., 2003, “Die Casting Process Optimization
using Taguchi Method,” Jowrnal of Materials Processing
Technology, Vol. 135, pp. 68~74.

(7) Kwon, T. H., Moon, C. K., Kim, Y. H., and Choi,
J. C., 2002, “A Study on the Design of Gating
System for Semi-solid Diecasting Process,” Journal
of the Korean Society of Precision Engineering,
Vol. 19, No. 8, pp. 116~125.

(8) Park, S.H., 2001, Modern Design of Experiments,
Minyoungsa, Seoul, Korea.

(9) AnyCasting Inc., viewed 6 October 2008, <http://
www.anycasting.com>.

(10) Wang, Y. C, Li, D. Y., Peng, Y. H,, and Zeng, X.
Q., 2007, “Numerical Simulation of Low Pressure
Die Casting of Magnesium Wheel,” International
Journal of Advanced Manufacturing Technology,
Vol. 32, pp. 257~264.

(11) Tang, S. H,, Tan, Y. J., Sapuan, S. M., Sulaiman,
S., Ismail, N., and Samin, R., 2007, “The Use of
Taguchi Method in the Design of Plastic Injection
Mold for Reducing Warpage,” Journal of Materials
Processing Technology, Vol. 182, pp. 418~42612.

(12) Spencer, D. B., Meharabian, R., and Flemings, M.
C., 1972, “Rheological Behavior of Sn-15%Pb in
the Crystallization Range,” Metallurgical and Materials
Transactions B, Vol. 3, pp. 1925~1932.

(13) Fan, Z., 2002, “Semi-solid Metal Processing,”
International Materials Reviews, Vol. 47, No. 2, pp.
49~85.

(14) Han, S. H, Kang, C. G, and Sung, S. J., 2006, “A
Study of Rheology Die-casting Moulding by using
Mg Alloy,” Proceeding of Korean Society for Precision
Engineering, pp. 257~260.



