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Abstract: It is common to apply CAE when developing structural automobile parts. In order to predict the
structural performance of an automobile part, more accurate simulation is required, which increases the
size of the numerical model. In addition, the optimization technique is applied to reduce weight and
improve performance. Recently, optimization methods using metamodels such as response surface method,
kriging, and neural network have been widely used. In this study, kriging is adopted to predict the
structural performance of automobile part. In addition, it is often unreasonable to suggest performance as a
deterministic value when predicting structural performance through CAE. In this study, we introduce a
robust optimization scheme that considers uncertainties, and apply it to the design of automobile parts. In
this study, the robust optimizations for a control arm and a ball joint were performed respectively. The
uncertainties in the tolerances and material property were taken into consideration, and the control arm
was optimized for the lightweight design. On the contrary, and the optimum design of the ball joint was
suggested considering the pull-out strength. As a result, each optimal solution is presented as a distribution

rather than a deterministic value.
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Fig. 1 Flowchart for robust optimization
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Table 1 Comparison of statistics for Eq. (8)

No by, by, bs ;;h 73 % error

1 248, 2.84, 1.18 | 1019.5 | 1019.0 0.05

2 | 055,228,224 | 4976 | 4.970 0.12

3 1.08, 1.59, 2.06 | 20.269 | 20.247 0.11

4 | 294,223, 079 | 1092.1 | 1091.7 0.04

5 | 034, 072, 0.01 0401 | 0412 2.67
No by, by, bs aAh oy, % error

1 248, 2.84, 1.18 | 45.606 | 45.640 0.07

2 0.55, 2.28, 2.24 0.440 0.423 4.11

3 1.08, 1.59, 2.06 1.432 1.412 1.37

4 2.94, 2.23, 0.79 | 44.781 | 44.783 0.005

5 | 034, 072, 0.01 | 0.089 | 0.089 0.00
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Minimize UAh 11

Minimize O/';l (12)

Subject to P,=1.0 (LB=—00, UB=2.5)

Table 2 Robust optimum of Egs. (11)~(13)

Eq.|  bi b 10,10, (03
11 | 0.170, 1.979 2.875(2.872) 0.005(0.004)
12 | 2.461, 2.612 | -1.436(-1.441) | 0.019(0.020)
13 | 0.170, 1.979 2.875(2.872) 0.005(0.004)




Minimize UA}L (13)

Subject to P, =1.0 (LB=—co, UB=3.0)
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0< AKL<3S
(24.0< by<2 B

Fig. 3 Candidates of design variables

Table 3 L9(3* orthogonal array experiment

No by by b3 I & w
T (mm) | (mm) | (mm) | (mm) | (%) (kg)
1 29.00 | 24.00 5.00 5.00 | 0.63 2.83
2 29.00 | 25.75 12.50 7.50 | 0.95 2.67
3 29.00 | 27.50 20.00 10.00 | 5.24 2.52
4 31.25 | 24.00 12.50 10.00 | 1.03 2.64
5 31.25 | 25.75 20.00 5.00 | 4.86 2.52
6 31.25 | 27.50 5.00 7.50 1.59 2.49
7 33.50 | 24.00 20.00 750 | 5.77 2.5
8 33.50 | 25.75 5.00 10.00 | 1.75 246
9 33.50 | 27.50 12.50 5.00 | 6.00 2.36
Table 4 ANOVA for weight
DV S [0} v F F(0.1)
by 0.0834 2| 0.0417 81.140 9
b, 0.0574 2| 0.0287 55.835 9
bs 0.0097 2| 0.0048 9.419 9
by 0.001 2| 0.0005 - -
Error 0.001 2| 0.0005 - -
Table 5 ANOVA for equivalent plastic strain
DV S [0) v F F(0.1)
b 9.065 2 4.532 3.662 9
b 6.317 2 3.158 2.552 9
b; 24.443 2 12.221 9.876 9
by 2475 2 1.237 - -
Error 2.475 2 1.2374 - -

52 FHAAHZGRIX| F24¢ A=, 2020 2@

29.0mm < b, < 33.5mm
24.0mm < b, < 27.5mm
5.0mm < b; < 20.0mm
5.0mm < b, < 10.0mm

(15)

AANS FHRe} O JIFEE 9osh) Ho}@l
AnIAEE o] &3 A3

2] (15)01]*1 **ﬁﬂﬂﬁ —?—1-191 ks 15, *J
Elvde=s
2z AA O}J_ Table 33 Z:}Ol Ly ZalHj
Hi 23T 93] 9] M-S T SUFAAEWE
THS TIHen, oz 7

(ANOVA)S T3t} oA
5o Aelatdth. Sl

w0 F An, 57t 2AWNPEY A F=E=
bs, by, by &=olth. FoFF 012 LHH FHL
by, by, b7t S7FEEHBEL byt 44 RS
& Utk Wl by FETE o] LA}
E-JAZ Zloltt. o] ARE V|2E HH35} HA
NA HAAWRTE bE AT by, by, bE DAL
k.

AAAAANA AT F e BFEAH L oY
ZAA7E A& AAT B AFM = AAMS
2 A48 W s dFvlE AR 544
FEAEY] ¥MES ez AAsAT. &7
T FEZE b'=246.35 MPao|Tt}. & 4] (2)°llA
b=[b) by bs], b=[b ]2 BEAT F Ut} & EX

Ab/6(i=1~3), on'=0b /69 BAE, F3AE A
b=0.15 mm(i=1~3), Ab,'=40 MPa°|2}l 7} 3T}

3.3 2N 58
THS AL TIHA ST UP ECl AT
A olalrl BE2 e ZANAE 97 BA5
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Subject to I, +3U = €
29 Omm < b < 33.5mm
24.0mm < b, < 27.5mm
5.0mm < b; < 20.0mm
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Table 6 LHD for kriging model (control arm)
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Table 7 Confirmation analyses at optimum (control

No| (b | iy | o) | (MPa) |09 | G jm) T -
1] 3026 | 2623 | 1476 | 24396 | 257 | 256 N mm) | ) | mm) | 600 | ke)
2| 33.00 | 2634 | 16.19 | 253.98 | 475 | 2.42 1 | 29713 | 27466 | 5519 1.953 | 2.569
303293 | 2727 | 522 | 230.11 | 430 | 241 2 | 29612 | 27527 | 5431 1.876 2.571
4| 3205|2606 | 17.33 | 236.82 | 586 | 2.47 3 | 29649 | 27523 | 5515 | 1.866 | 2.569
512949 | 2510 | 9.15 | 23534 | 094 | 2.69 4 | 29614 | 27449 | 5429 | 1866 | 2.575
6 | 3231 | 2590 | 7.64 | 229.09 | 2.68 | 2.51 5 | 29622 | 27443 | 5532 | 1801 | 2.575
7 13145 | 2723 | 10.04 | 26025 | 1.56 | 2.47 6 | 29.731 | 27500 | 5445 | 1832 | 2.566
8 | 31.93 | 2537 | 1341 | 255.69 | 1.98 | 2.53 7 1 29712 | 27569 | 5422 | 1998 | 2563
9| 2993 | 2749 | 17.39 | 261.34 | 2.89 | 2.50 8 29.655 27.476 5.430 1.807 2.572
10| 31.62 | 24.28 8.24 250.64 0.65 2.63 9 29.750 27.513 5.485 1.971 2.564
11| 33.07 | 2467 | 8.69 | 233.57 | 1.84 | 253 10 | 29612 | 27459 | 5464 | 1810 | 2575
12| 3037 | 2491 | 547 | 230.82 | 091 | 2.68 11| 20673 | 27538 | 5445 | 1959 | 2567
13| 2939 | 27.11 | 10.87 | 233.00 | 2.12 | 2.58 2 | 29665 | 27465 | 5517 | 1846 | 2571
14| 3348 | 2740 | 9.85 | 262.86 | 4.76 | 2.36 3 | 29722 | 27501 | s480 | 1885 | 2566
15| 3048 | 25.53 | 19.85 | 248.01 | 4.57 | 2.55 4 | 20727 | 27530 | 5475 | 1860 | 2365
16| 29.64 | 26.67 | 12.14 | 239.88 | 2.17 | 2.58 51 635 2755 | 3330 | 1915 | 2368
17| 29.26 | 2425 | 18.39 | 231.52 | 339 | 2.68
18| 31.77 | 2544 | 19.58 | 24652 | 5.63 | 2.50 16 | 29681 | 27569 | 3433 1885 | 2369
17 | 29.674 | 27507 | 5506 | 1965 | 2.569
19| 31.06 | 2498 | 13.12 | 26599 | 0.86 | 2.59
20| 3129 | 24.06 | 597 | 227.65 | 0.79 | 2.67 18 | 29704 | 27446 | 5506 | 1956 | 2.570
21| 31.59 | 24.82 | 19.07 | 25642 | 3.68 | 2.54 19 | 29714 | 27447 | 5450 | 1835 | 2.570
22| 29.03 | 2647 | 18.75 | 235.93 | 4.73 | 2.58 20 | 29721 | 27464 | 5478 | 1854 | 2569
23| 30.16 | 24.10 | 12.73 | 24248 | 1.04 | 2.69
24| 3262 | 2528 | 15.69 | 252.50 | 3.05 | 2.49 A7IA e ZAERRDERE FHR FAHAXE
25| 29.68 | 2444 | 6.55 | 26432 | 048 | 2.73 ou)ty g,= HEFHE 200tk 4 (16)9A
26| 29.82 | 2599 | 11.56 | 24095 | 1.63 | 2.61 o] Wi U SrlaAwME ] WE U mE
27| 31.01 | 2694 | 17.92 | 251.74 | 427 | 247 Hats 387 2ARDS TSI 2 (5)ERE
28| 3238 | 26.83 | 14.12 | 262.09 | 2.78 | 243 DAL FES o gt AAMZe Fag
29| 30.59 | 24.71 | 14.63 | 259.20 | 1.03 | 2.62 Agegre Asaate] setuE s @ AR SO
30| 3337 | 25.14 | 639 | 24976 | 138 | 2.50 Sejste] AAE Aol
B O] 4 i e e sy
33| 3322 | 2640 | 1031 | 257.98 | 2.77 | 243 o) Thsdesign P OIS ol 33kef d07He] HEHS
34| 3187 | 27.00 | 1690 | 241.72 | 564 | 244 AT 2 ZRF st fIa s
35| 32.16 | 26.18 | 13.68 | 265.16 | 2.01 | 2.48 TR o|2HH SItAUIES AHET
36| 30.76 | 25.73 | 15.46 | 24543 | 2.67 | 2.56 Atk o]A S Table 60 B AT o] &S 7]
37| 30.86 | 26.79 | 7.03 | 25464 | 1.02 | 2.54 22 W EFY EWAE o]&3ted 387 AR
38| 3271 | 2442 | 16.51 | 238.00 | 3.82 | 2.52 < AASIATE AZIA x=[bi bi'l=[x1 x2 x3 xa]=[b:
39| 31.24 | 25.66 | 11.28 | 24477 | 176 | 2.56 by by bi']oITh.
40| 3253 | 26,57 | 9.10 | 239.30 | 3.01 | 2.46

SRR E i A (3), ()l = 2
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Table 8 LHD for kriging model (ball joint)

No b1 (IIUI) bz (mn) F (kN)
1 17.965 3.880 79.678
2 20.283 1.115 75.477
3 15.937 1.553 65.603
4 16.618 1.903 69.476
5 17.591 3.177 74.488
6 16.941 1.385 67.093
7 16.169 2.221 68.389
8 18.543 0.525 65.335
9 16.725 3.108 74.058
10 19.122 3.805 81.067
11 20.311 2.464 75.895
12 17.116 2.632 72.256
13 18.394 2.925 76.969
14 16.414 3.569 74.000
15 19.607 2.860 78.167
16 19.345 2.326 74.926
17 18.248 2.131 74.395
18 17.441 1.648 70.81
19 18.719 3.363 77.033
2 19.866 3.688 82.664
21 15.506 1.839 66.031
2 15.703 0.995 63.874
PA] 19.041 1.212 72.874
. 19.936 0.751 71.837
Pal 17.87 0.909 69.282
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Table 9 Confirmation analyses at optimum (ball

joint)

No by(mm) bi(mm) F(kN)
1 19.376 2.4586 74.118
2 19.376 2.2586 74.975
3 19.376 2.0586 74.767
4 18.876 2.4586 73.027
5 18.876 2.2586 73.701
6 18.876 2.0586 73.519
7 18.376 2.4586 73.849
8 18.376 2.2586 73.359
9 18.376 2.0586 73.341
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