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Prediction and Control of Effective Stress Distribution of

71.116 Aluminum Alloy Vacuum Casting
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(School of Mechanical and Automotive Engineering,Shanghai University of Engineering Science , Shanghai 201620, China)

Abstract;In order to reduce the defects such as hot cracking of the casting during the vacuum casting solidification

molding process, the temperature and stress fields of ZLL116 aluminum alloy castings were numerically simulated by the

finite element analysis software ProCAST. The effects of casting temperature, heat transfer coefficient and mold wall

thickness on the maximum effective stress of the casting and the casting center were analysed under temperature and

stress fields. The internal effective stress distribution of the casting was forecasted by experiments. The results show that

the maximum effective stress of castings can be effectively reduced and the effective stress in the casting center can be

also reduced when the casting temperature is 700 °C , the heat exchange coefficient is 5 000 W/(m® + K) and the mold

wall thickens. Under this condition, the internal effective stress of the casting can be evenly distributed to reduce the

tendency of hot cracking and obtain the casting with good quality.
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Figure 1 ~ Vacuum suction casting

principle of bottom leakage type
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Table 1  Chemical composition of ZL116 alloy %
Si Mg Ti Al
6.50 0.35 0.10 =90. 25

K2 M RS
Table 2 Thermo physical parameters of materials

WY G prewey
o e LY
(W kg™ ) (W-m™' K1) (kg - m ™)

MR B/

ZL116 29 2.18 184.21 2 670.57 0.39
311 273.22 185.04 2 615.67 0.39

401 366. 60 185.45 2 595.87 0.39

553 ([EAIZR) 534.54 186.02 2559.69  0.39

625 (LR ) 1 054.97 85.02 2417.44  0.50

651 1 084.96 86.02 2410.09  0.50

670 1107.75 86.78 2404.54  0.50

700 1111.63 88.77 2 395.35 0.50

850 1316.82 94.33 2 353.65 0.50

LA 553 275.81 273.02 8772.09  0.35
625 275.35 274.67 8750.62  0.35

T 553 215.28 191.73 8558.14  0.35
625 245.18 194.05 8539.52  0.35
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Table 3 Experimental setting of different
process parameters
S WEHRE/C RS/ (W-m™? K™  BAAEE/mm
1 650 5 000 55
2 675 5 000 55
3 700 5 000 55
4 650 2 000 55
5 675 2 000 55
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Figure 2 Casting schematic and ) o > 0% 45
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Figure 3  Effective stress distribution at different pouring temperatures
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Figure 4 Temperature-effective stress curve of

different casting temperatures at the central point
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Figure 5 Effective stress distribution under

different heat transfer coefficients

Figure 6 Temperature-effective stress curve of

different heat transfer coefficients at central point
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Figure 7 Schematic diagram of die wall thickness
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Figure 8 Effective stress distribution under

different thickness of die wall
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Figure 9  Temperature-effective stress curve of
different mold wall thickness at central point

4 ITZHSHMUEKIRIIE

PR A A BRITEEA A ProCAST X 5 14 1)
T 5 L SN g A5 U, T LA 2 85 1 1A R0
3535, A B v U A RO Il T AR 7
TR ROV T RK B2 S i BRI In] , AL
B2 RO IRAR ™ it R A 77 5% 38, BT LA, W B R
2057 H AR T , 45 X6 545 3l 1) R JRe AT A A L R
AR o B R R IR, e P AR, B AL R
3ANSHON G S FEIAT TR, B S R R W] AR
FEIRE A 700 C AR HON 5 000 W/ (m* - K) ,HE
HEEJE N 55 mm ], BEAT RO KRR 55 1 1) A 250 77,
Y PR BY b , TT B S BE AFR BRE . 18] 10 izt
LAZECE 3 WSEsats 2 i 55 1R i il ) AL, &
AR A B TR0 B 2 199. 79 MPa, 78 K T4 AL
SERPRA ROV ) 88.51 MPa, T L iZ TSR
TR PR 1) 45 2 A5 RS
5 %HKig

1) GEEREEX G F AR R i . 1 4R

B 10 AL T LA R0 5 s 2 AL A
Figure 10  Axial section view of casting

rods under optimized process parameters
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