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Macrosegregation in squeeze-cast AISCu0.4Mn alloy
based on Taguchi method
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Abstract: Taguchi method was used to investigate the effects of applied pressure(p), pouring temperature(7,), die
temperature(7y) and delay time(#;) on the macrosegregation of Cu in the squeeze casting of A15Cu0.4Mn alloy. And the
level of macrosegregation in cast ingot under optimized conditions was predicted successfully. The results show that the
influence sequence of squeeze casting parameters on macrosegregation from large to small is T, Ty, p, t3. The pouring
temperature of 680 °C, die temperature of 200 ‘C and applied pressure of 75 MPa were proposed for obtaining the
sound squeeze castings. Through analysis of composition and microstructure by SEM and OM, it is revealed that the
squeeze casting leads to the normal segregation of Cu rather than inverse solute concentration profiles under gravity
casting conditions. It is the action of applied pressure that resulted the filling of shrinkage porosity with backflow of
solute-rich liquid along the interdendritic channels. And fish-bone-like segregation strips form, which are parallel to the
die wall. The amount of segregation strips decreases from edge to center in the cast ingot.
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Table 1 Control factors and levels for squeeze casting

Applied Pouring Die Dela
Level  pressure/  Temperature/ temperature/ time /};
MPa C C
1 25 680 150 8
2 50 730 200 12
3 75 780 250 16

Applied pressure: factor A; pouring temperature: factor B; die

temperature: factor C; delay time: factor D.
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Table 2 Orthogonal array experiments for squeeze casting

Sample Factor
No. A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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Table 3 Pareto ANOVA for three level factors!”)

Sum at factor level Sum of Contribution
Factor square of cate/%
1 2 3 differences ’
A YA, XA, XA Sy Sy/Sr
B B XB, XB; S Sy/Sr
C XC O XC XG Sc Sc/Sr
D Z D] Z D2 Z D3 S, D S, D/ S, T
Total T Sr 100

T=XA+X Ay+> A3

ST A-S A HE A - A HE AT A45)°
S5=(X Bi—% By H L B~ X By)+H(E B~ By)*
SHZC- L O HEC-L G HE G2 G)
Sp=( D= % D,)+(E D= D3)*+(E Dy— % D3)?

S T=S A+S B+S C+S D

B 1 RS R R
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Fig. 1 Macrostructures of specimens in orthogonal array experiments: (a) Sample 1; (b) Sample 2; (c) Sample 3; (d) Sample 4; (e)

Sample 5; (f) Sample 6; (g) Sample 7; (h) Sample 8; (i) Sample 9
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Fig. 2 Contour map of Cu content in orthogonal array experiment: (a) Sample 1; (b) Sample 2; (¢) Sample 3; (d) Sample 4;

(e) Sample 5; (f) Sample 6; (g) Sample 7; (h) Sample 8; (i) Sample 9
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Table 4 S/N ratio for sum of variance of Cu content

Mean mass Sum of
Sample No. fraction of variance(S,) (S/N)/dB
Cu/%
1 5.197 0.558 12.08
2 5.231 0.649 11.42
3 5.386 0.967 9.69
4 5.161 0.520 12.39
5 5.316 1.348 8.25
6 5.118 1.169 8.86
7 5312 0.492 12.62
8 5.196 1.032 9.40
9 4.974 0.490 12.64

S _ —IOIgQ , S, = z ¥;» Yi is variance of tested content
N n

and mean content of Cu.
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Table 5 Parcto ANOVA for sum of variance of Cu content

Sum at factor level Sum of Contribution Optimum
Factor squares of rate/% level
1 2 3 difference °
A 2.174 3.037 2.014 1.817 23.21 3
B 1.569 3.029 2.626 3.411 43.57 1
C 2759 1.658 2.807 2.535 32.38 2
D 2.395 2.310 2.519 0.066 0.84 2
Total 8.897 7.829 100
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Fig. 3 Pareto diagram of Macrosegregation of Cu
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Fig. 4 Response curve of macrosegregation of Cu
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Fig. 5 Macrostructures of squeeze-cast Al5Cu0.4Mn with
different pouring temperatures: (a) Sample 4, 680 C; (b)
Sample 5, 730 C; (c) Sample 6, 780 C
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Fig.6 Backscattered electron images at different locations in sample 7: (a) H=65 mm, R=4 mm; (b) =65 mm, R=30 mm; (c) H=
38 mm, R=4 mm; (d) A=38 mm, R=30 mm; (¢) =10 mm, R=4 mm; (f) /=10 mm, R=30 mm
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Fig. 7 Optical microstructures at different locations in sample 7: (a) H=65 mm, R=4 mm; (b) =65 mm, R=30 mm; (c) A=38 mm,
R=4 mm; (d) A=38 mm, R=30 mm; (¢) =10 mm, R=4 mm; (f) A=10 mm, R=30 mm
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