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Fig. 1 3D model of an engine block
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Table 1 Chemical composition of casting materials
Wg /%

Si Cu Ni Mg Zn Zn Al
12.0 2.0~3.0 1.0~2.0 0.5~1.0 <0.2 (ZJfi ) <0.01 (Z&ffi ) foh
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HHITHEDIT . RARERAUGEIREIRR TR
FH=4ET, BERDVELREE . TR, S
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I, SABIRERAHypermesh AT EINAEHIX] 55,
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Fig. 2 Finite element model of the engine block
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Table 2 Simulation parameters

28 HfE
ML TG C 80
PR C 720
Fe R i)/ 20
fiFg A/ mm 0.5
{4 F1/kPa 40
g (g-em™) 2.678
M FRAF REIGPa 75
TR L 0.3222
PR R AR Y (W-m? - K?) 500
B SGEZ  HAR A (W-m? - K?) 2000

2 REHEILZSHERAGER
21 EXRAIEIRIT
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RImAE . EAREEE K FURIFR.

&3 BEFKFEIT
Table 3 Factor level design

K- i
AlC B/C Cls D/kPa
1 690 20 10 40
2 700 40 15 50
3 710 60 20 60
4 720 80 25 70

LRTZ2H 5%, BiRTRENT00 €. EEM
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Table 4 Orthogonal test scheme
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Fig. 3 Thermophysical parameters

Frs e
AlC B/C Cls D/kPa
1 690 20 10 40
2 690 40 15 50
3 690 60 20 60
4 690 80 25 70
5 700 20 15 60
6 700 40 10 70
7 700 60 25 40
8 700 80 20 50
9 710 20 20 70
10 710 40 25 60
1 710 60 10 50
12 710 80 15 40
13 720 20 25 50
14 720 40 20 40
15 720 60 15 70
16 720 80 10 60
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Table 5 Orthogonal test results

e
iz BEFR s AEpa AR em®
A/°C B/I'C Cls DlkPa
1 660 20 10 40 555.8 113.25
2 660 40 15 50 604.4 112.83
3 660 60 20 60 707.7 112.40
4 660 80 25 70 719.1 112.79
5 680 20 15 60 583.8 113.37
6 680 40 10 70 613.4 112.81
7 680 60 25 40 624.8 113.55
8 680 80 20 50 759.7 112.80
9 700 20 20 70 566.1 113.19
10 700 40 25 60 595.8 113.62
11 700 60 10 50 725.1 112.38
12 700 80 15 40 798.7 11114
13 720 20 25 50 660.9 111.99
14 720 40 20 40 636.6 112.15
15 720 60 15 70 639.3 112.53
16 720 80 10 60 679.2 112.87
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Fig. 4 Orthogonal test values for each indicator
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Table 6 Composite scoring values for each indicator
e : Y5k ks i) /s i AR BUem® P
7 E, W, 7 E, W
1 1 0.149 194 370.814
2 0.799 918 0.318 548 398.924
3 0.374 64 0.491 935 427.034
4 0.327 707 0.334 677 455.144
5 0.884 726 0.100 806 483.254
6 0.762 865 0.326 613 511.364
7 0.715 932 0.028 226 539.474
8 0.160 56 0.869 06 58.20% 0.330 645 0.90 596 41.80% 567.584
9 0.957 596 0.173 387 595.694
10 0.835 323 0 394.249
11 0.303 005 0.5 468.983
12 0 1 511.300
13 0.567 312 0.657 258 431.456
14 0.667 353 0.592 742 417.380
15 0.656 237 0.439 516 419.110
16 0.491 972 0.302 419 442.474
RT FEEEIRES 540 ; | ;
Table 7 Comprehensive scoring range analysis H \ H
i i i
WiEE ME A B c D 20T : : !
K, 413.0 4703 4484 4597 500 E i E
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Fig.5 Composite scoring main effect plot
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Table 8 Analysis of variance for comprehensive scoring
TEHRWE WEFH AdE ¥z PE B
A 34 055 3 11352 5.05
B 8278 3 2759 1.23
c 7508 3 2503 111 Fye(3,15)=3.29
D 6991 3 2330 1.04
FRFEIRFE 6746 3 2249
it 63 579 15

TE: Fogs (3, 15) li& 4535,
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Fig. 6 Comparison of solidification time under different schemes
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Fig. 7 Comparison of prediction results of shrinkage and shrinkage holes under different schemes
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Table 9 Comparison of solidification time under different

schemes
ENGNES L [ 1] /s
A2B4C3D2 759.7
A1B2C1D3 605.1
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Table 10 Comparison of shrinkage volume under different

schemes
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Fig. 8 Engine block castings
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Fig. 9 CT inspection results of cylinder block castings
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Multi-Objective Optimization of Low-Pressure Casting Process of
Aluminum Alloy Cylinder Block Based on Entropy Method

DENG Wei', SONG Zhong-mo*, LEI Ji-lin*, LUO Kun', XU Yuan-zhi’>, ZHANG Yong®

(1. Yunnan Provincial Key Laboratory of Internal Combustion Engine, Kunming University of Science and Technology, Kunming 650500,
Yunnan, China; 2. Kunming Yunnei Power Co., Ltd, Kunming 650224, Yunnan, China; 3. Chengdu Zhengheng Power Co., Ltd, Chengdu
610500, Sichuan, China)

Abstract:

Based on the finite element software ProCAST to construct the finite element model of a certain type of
aluminum alloy cylinder block, the L,s(4") orthogonal test scheme was designed, and the influences of four
process parameters of pouring temperature, mold preheating temperature, filling time and holding pressure
on solidification time and shrinkage volume were explored. The entropy method was used to calculate the
weights of the two evaluation indexes, and the solidification time and shrinkage volume were converted
into comprehensive scoring values for single-objective optimization. Through range analysis and ANOVA,
the influence of each parameter on the comprehensive score was obtained: pouring temperature (A)>mold
preheating temperature (B)>holding pressure (D)>filling time (C), and the optimal process parameters were
determined as A4B4C4D1. Compared with the original process parameter scheme and the preferred process
parameter scheme, it was found that the solidification time shortened by 20.35%, and the shrinkage volume
decreased by 2.96%. After the production test, the appearance quality of the cylinder casting was good, and
there were no obvious casting defects, which verified the rationality of the optimal process parameters.

Key words:
aluminum alloy cylinder block; low pressure casting; orthogonal test; entropy method; multi-objective
optimization
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