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Table 1 Main components and their mass fraction of

experimental materials (mass fraction, %)

Sn Cu Si Mg Fe Al
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Fig. 1 Liquid die forging product schematic diagram (Unit:
mm): (a) 3D view; (b) Vertical view
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Fig.2 Schematic diagram of sample sampling and component
testing location: (a) Schematic diagram of product section;

(b) Single chip component detection points
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Table 2 Control factors and levels for liquid die forging

Specific Pouring Die Dwell
Level pressure/  temperature/ temperature/ fime/s
MPa T C
1 60 680 180 1
2 80 700 210 3
3 100 720 240 5

Specific pressure: factor 4; Pouring temperature: factor B; Die

temperature: factor C; Dwell time: factor D
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Table 3 Orthogonal experimental table of liquid die forging

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
R4 ZKCFREMNE LT 2R
Table 4 Pareto ANOVA for three level factors!"”
Factor Sum at factor level scslz;?eo(t;f Contribution
differences rate/%
1 2 3
A XA YA, YA, Sy Sy St
B >B) >B, >B; Sp Sg St
C XG0 26 YG Sc Sc/St
D XDi YDy ¥Ds Sp Spr St
Total T Sr 100
T=YA+Y A YAz S (CA LA HEA LAY HT Ay Y A3)

Sg=(YBi=Y. B2 +(XB1=YB) H(EBr-YB3);  S=(LCi—y.Co)+
CCYC)HECrY.C)s Sy=(EDi=Y.D2) HED= Y. D> HEDs~
ZDs)Z; Sr= 84 +Sp +Sct+ Sp
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Fig. 3 Mean Sn mass fraction at each test point of orthogonal experimental casting: (a) Sample 1; (b) Sample 2; (c) Sample 3;
(d) Sample 4; (¢) Sample 5; (f) Sample 6; (g) Sample 7; (h) Sample 8; (i) Sample 9
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Fig. 4 Sn mass fraction of each position Point 5 and Point 7 detected on each orthogonal experimental casting: (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. 5 Optical microstructures at different surfaces in proximal ends((a), (b), (c), (d), (¢)) and distal ends((f), (g), (h), (i), (j)) of
Sample 5: (a) Upper surface; (b) 1/4 surface; (c) 1/2 surface; (d) 3/4 surface; (e) Lower surface; (f) Upper surface; (g) 1/4 surface;

(h) 1/2 surface; (i) 3/4 surface; (j) Lower surface
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Fig. 6 EDS spectra of different tissues in bimodal tissues:

(a) SEM image; (b) Fine crystal region; (c) Coarse crystal region
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Table 5 S/N ratio for sum of variance of Sn content

Sample No.  w(Sn)/%  Sum of variance (S,) (S/N)/dB
1 422 1.96 12.95
2 428 0.884 16.56
3 438 1.453 14.40
4 4.27 1.531 14.17
5 434 0.726 17.41
6 4.27 1.955 13.11
7 4.29 1.316 14.83
8 4.26 0.977 16.12
9 432 1.886 13.26
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Fig. 7 Effect of liquid die forging parameters on Sn

macrosegregation
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Table 6 Pareto ANOVA for sum of variance of Cu content
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Fig. 8 Effect of parameter level on Sn macrosegregation
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Sum at factor level

Factor Sum. of square of Contribution Optimum
1 2 3 differences rate/% level
A 4.43 4212 4.179 0.13 0.94 2
B 4.809 2.506 5.294 8.24 60.73 2
C 4.894 422 3.495 4.44 32.71 3
D 4574 4.074 3.961 0.76 5.63 3
Total - - - 13.57 100 -
*7 WUERE T Sn ZAwHTIIE L SN
Table 7 S/N of Sn macrosegregation verified in experiment
Sam.p}ing MW Variance S/N
position Point 1 Point 2 Point3 Point4 Point5 Point 6 Point 7 Point 8 Average
Upper surface  4.10 432 4.46 4.59 441 447 4.25 4.48 438
1/4 surface 4.08 4.35 4.07 437 4.18 4.42 4.03 4.39 4.24
1/2 surface 4.29 4.05 4.00 4.10 4.63 4.24 391 4.11 4.06 0.71 17.51
3/4 surface 4.52 43 431 442 433 4.28 4.28 4.42 4.36
Lower surface  4.55 4.74 4.67 4.77 451 4.49 4.62 4.62 4.62
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Macrosegregation of Sn in squeeze-cast
Al-Sn-Cu sleeve based on orthogonal experiment

XU Ming', YIN Yan-guo', LI Cong-min', DUAN Cong-chong?, DING Shu-guang'

(1. Institute of Tribology, School of Mechanical Engineering, Hefei University of Technology, Hefei 230002, China;
2. Hefei Yihui Light Alloy Technology Co., Ltd., Hefei 230088, China)

Abstract: Orthogonal test was used to investigate the macrosegregation of Sn in Al-Sn-Cu sleeve in the squeeze casting.

The results show that the macrosegregation of Sn is inevitable in Al-Sn-Cu sleeve in the squeeze casting. In the casting,

both positive segregation and inverse segregation exist. The positive segregation appears near the casting center, while the

reverse segregation mainly exists at the far end of the casting center. At the later solidification stage, the liquid phase with

low melting point is forced to be extruded to the thermal center, which formed bimodal structure of coarse crystal region

and fine crystal region, and the Sn mass fraction of fine crystal region was obviously higher. The process parameters have

a great influence on the macrosegregation of castings. The influence sequence of squeeze casting parameters on

macrosegregation from large to small is pouring temperature, die temperature, dwell time and specific pressure. Under

this experiment condition, the distribution of Sn element in shaft sleeve casting is uniform and the macrosegregation of

Sn element is reduced, when the pouring temperature is 700 ‘C, mold temperature is 240 “C, the pressure is 80 MPa, the

holding time is 5 s.

Key words: orthogonal experiment; squeeze casting; Al-Sn-Cu; bimodal structure; macrosegregation
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