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The automobile is an important means of transportation. For this reason, the
automotive wheel is also an important component in the automotive industry
because it acts as a load support and is closely related to safety. Thus, the wheel
design is a very important safety aspect. In this paper, an optimal design for

minimizing automotive wheel stress and increasing wheel safety is described. To

Received 23  December 2014
Revised 24 February 2015
Accepted 11  May 2015
Keywords:

Response surface method (RSM)
Approximate model

NSGA-IT

D-Optimal

Central composite design (CCD)

study the optimal design, a central composite design (CCD) and D-optimal
design theory are applied, and the approximate function using the response
surface method (RSM) is generated. The optimal solutions using the non-
dominant sorting genetic algorithm (NSGA-II) are then derived. Comparing
CCD and D-optimal solution accuracy and verified the CCD can deduce more
accuracy optimal solutions.
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Table 1 Material of aluminum & load condition
Young’s modulus 71,000 MPa
Density 2,270 kg/m3 Fig. 1 Aluminum wheel
Poisson ratio 0.33
Tensile yield strength 280 MPa Table 2 Level of each design parameter
Compressive yield strength 280 MPa X1 X2 X3
Tensile ultimate strength 310 MPa 1 3 3 25
Load 4,900 N 2 4 5 30
Rotational velocity 125 rad/s 3 5 7 35
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Table 3 L9 Orthogonal array

Stress Mass
Lv. X1 X2 X3
[MPa] [kg]

1 3 3 25 36.835 13.344
2 3 5 30 21.873 14.923
3 3 7 35 15.493 16.922
4 4 3 30 31.788 13.654
5 4 5 35 21.655 15.442
6 4 7 25 19.211 15.087
7 5 3 35 31.9 13.962
8 5 5 25 24.97 14.383
9 5 7 30 18.203 16.172
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(b) Sensitivity of mass
Fig. 2 ANOM of design parameter

Fig. 3 Mesh structure of wheel

Table 4 Result of CCD
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Design variables Stress Mass
xi X x3 [MPa] (ke
2 4 27.5 28.621 14.088
2 4 325 25.932 14.509
2 6 27.5 21.282 15.246
2 6 325 17.575 15.877
4 4 27.5 27.800 14.074
4 4 325 23.037 14.495
4 6 27.5 19.747 15.232
4 6 325 17.645 15.863
1 5 30 23.119 14.937
5 5 30 21.48 14.909
3 3 30 32.69 13.66
3 7 30 18.098 16.186
3 5 25 22.718 14.397
3 5 35 17.683 15.449
3 5 30 21.873 14.923
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3} 2},

Soess =31.40224 -1.6964x, —15.46408x, +3.37099x;
+0.07739x,> +0.85101x,” —0.07158x,” +0.28138x,x,
—0.02345x,x; +0.08215x,x;

R —Square:99.01%
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R —Square :100%
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Table 5 Result of D-optimal

Design variables Stress Mass
X1 X x3 [MPa] [ke]
5 7 25.6528 22.818 15.531
5 5 25.9075 23.663 14.478
3 5 34.925 18.777 15.441
5 3 34.9534 27.247 13.973
5 5 33.1545 20.351 15.241
3 5 34.7301 19.443 15421
4 7 31.1938 16.794 16.355
3 7 34.8465 15.549 16.9
5 6 32.2412 19.787 15.823
4 6 26.7983 20.361 15.143
5 3 28.1961 32.566 13.532
3 3 33.6896 29.148 13.898
5 4 34.4488 23.39 14.652
3 5 29.0814 21.14 14.826
5 6 25.1568 20.685 14.929
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Fig. 5 Accuracy of RSM about stress and mass by D-optimal
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Table 6 Optimal solution of NSGA-II using CCD

X X2 X3 Stress
4.4207209 5.8937383 34.202671 15.741381
44207212 5.8937364 34202672 15.741382
4.4207210 5.8937362 34202672 15.741382
4.4207207 5.8937358 34202672 15.741383
4.4206934 5.8937200 34.202691 15.741387
4.4206935 5.8936969 34.202693 15.741417
4.4207165 5.8937094 34.202669 15.741424
4.4207162 5.8937090 34.202669 15.741425
4.4207162 5.8937091 34.202669 15.741425
4.4207160 5.8937088 34.202669 15.741425
4.4206930 5.8936994 34.202680 15.741429
4.4206928 5.8936994 34.202680 15.741429
4.4206932 5.8936995 34202679 15.741429
4.4206930 5.8936993 34.202677 15.741432
4.4207075 5.8937075 34.202659 15.741439
4.4207073 5.8937074 34.202659 15.741439
4.4207071 5.8937074 34.202659 15.741439
4.4207073 5.8937074 34.202659 15.741439
4.4207073 5.8937074 34.202659 15.741439
4.4207073 5.8937074 34202659 15.741439

Table 7 Optimal solution of NSGA-II using D-optimal

X X2 X3 Stress
3.8088877 6.1588275 32.710168 17.073553
3.8088741 6.1588279 32.710132 17.073584
3.8088955 6.1588278 32.710115 17.073596
3.8089131 6.1588276 32.710106 17.073602
3.8088630 6.1588275 32.710108 17.073606
3.8088576 6.1588275 32.710108 17.073607
3.8089369 6.1588275 32.710068 17.073631
3.8088845 6.1588275 32.710072 17.073633
3.8076459 6.1588283 32.709584 17.074183
3.8075917 6.1588327 32.709574 17.074192
3.8075868 6.1588333 32.709560 17.074204
3.8075814 6.1588333 32.709560 17.074205
3.8075794 6.1588334 32.709558 17.074206
3.8075314 6.1588332 32.709562 17.074209
3.8075892 6.1588327 32.709541 17.074220
3.8075703 6.1588330 32.709536 17.074226
3.8085650 6.1588237 32.709227 17.074380
3.8073873 6.1588251 32.709313 17.074445
3.8074835 6.1588255 32.709293 17.074449
3.8074858 6.1588250 32.709274 17.074465
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Table 8 Comparison of CCD & D-optimal & CAE result

pell)erlii]er CAE D-Optimal CCD
Stress | Mass | Stress | Mass | Stress | Mass
[MPa] | [kg] | [MPa] | [kg] | [MPa] | [ke]
1 22.503 | 14.397 | 19.824 | 14.401 | 23.232 | 14.397
2 37.223 | 13.33 | 31.445 | 13.331 | 33.109 | 13.33
3 21.873 | 14.923 | 21.473 | 14.921 | 22.104 | 14.923

Table 9 Comparison of CCD & D-optimal & CAE accuracy

Design CAE D-Optimal CCD
parameter Stress [MPa] Stress [MPa] Stress [MPa]
1 22.503(100) 19.824(88.09) | 23.232(96.8)
2 37.223(100) 31.445(84.4) 33.109(88.9)
21.873(100) 21.473(98.1) 22.104(98.9)
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