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Abstract The finite element analysis has become an essential process to investigate the structural performance in
many industry fields. In addition, the computer's performance is improving rapidly, but in large design problems, there
is a limit to apply the optimal design techniques. For this, it is general to introduce a metamodel based optimization
technique. The method to generate an approximate model can be classified into curve fitting and interpolation, and
each representative one is response surface model and kriging interpolation method. This study proposes an ensemble
model made of RSM and kriging to solve a structural design problem. The suggested method is applied to the designs
of two bar and automobile outer tie rod.

Key Words : Ensemble Model, Interpolation Method, Kriging, Outer Tie Rod, RSM(Response Surface Method),
Structural Design
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[Table 1] Design of experiments for two-bar design

d h Vv S Scrit
(mm) (mm) (mm3) (MPa) (MPa)
1 55.5 582.6 827.4 280.7 862.7
2 58.7 493.0 830.4 294.0 1076.1
3 70.1 733.1 1154.1 195.0 11283
4 34.4 955.1 655.3 3535 202.4
5 59.6 854.8 1065.3 213.0 695.5
6 7 550.9 11354 207.7 1761.9
7 26.2 681.4 416.6 542.6 168.7
8 64.7 4470 886.7 2885 1387.1
9 41.8 376.5 550.4 509.8 626.2
10 | 464 643.0 720.4 316.0 5585
11 51.8 298.2 656.2 499.3 1040.0
12 255 992.1 4937 469.0 106.5
13 487 761.2 817.8 275.2 525.7
14| 760 2245 935.2 4379 2386.3
15| 317 439.1 4333 595.4 3374
16| 716 629.4 1101.1 2075 1352.3
17| 218 892.9 400.1 571.0 887
18| 665 345.8 862.7 343.0 1639.8
19| 388 824.3 6789 332.9 306.2
20| 361 250.7 448.4 834.4 527.0

[Table 2] Parameter values for metamodels (two-bar)

RSM Kriging
No. of Res. Bi
m (=1~10) b.61,0;
~0203, 0.974, 064, 0321 [ 415
vV |-0018, 0219, 0006, 077530150
0280, 0.012, ~0.088 - 199,0.
2052, 4142, -4.490,
g |41 3998 51681347,
~1.495, -2.082,-1520,  |2.084,1.875
-2138
003, 0434 0011,
. 0427, 0722, 01511 co -
0| Se |45 0152 -0052|1-552 0.146, 0504
0.100
Vi 11 Vi 13
RMSE |S: 337 St 30.1
Seritt 8.0 Seits 3.8
Optimum |4=37.75, h=585.25, ﬂi?g%'
e | -2041(563.8) V-510865708)
value) [S741L:23(398.7) S=405.2(399.9)
Sc=398.19(398.7) Semd0.90100.2)
-0076, 0614, 002,
v (0229, 0003 01680611,
-0007, 0168, -0.001,|0.690, 0.396
-0.074
1972, -3509, -3569,
s [2028 3425 3847143,
“0513,  -0.743-1416,|3.112, 2.324
-1.565
0005, 0516,  0.070
. g 16,803,
; . ~0524, 0573, 0234, .
30 Sei |0389 019 0043|0042 0720
0.144
/i 06 Vi 02
RMSE |S: 26.3 St 20,0
Serit: 6.2 Seiee 0.2
Outimurn 43789 h=5966, aser
the V=570.4(570.4) V=569.7(569.7)
value) |2-09801(40482) S=1000(399.6)
Sc=397.98(395.41) 3e23907(319.5)
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[Table 3] Weighting factor and RMSE of ensemble model

Cluster:3 Ccluster:6 Cluster:9
Res.| RSM | KRIG | RSM | KRIG | RSM KRIG
(Wr) (W) (Wr) (W) (Wr) (W)
V| 0282 0.718 0.304 0.696 0.365 0.635
S 0.424 0576 0.522 0.478 0.706 0.294
Serit | 0478 0.522 0.383 0.617 0.241 0.759
V: 0.7 V: 0.8 V: 06
Fél\];[ S 173 S 172 S 217
Seit: 2.9 Seritt 2.1 Seritr 2.1
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4.2 O}E{E}0|2E(two—bar) MAIZH|[15]

olS-EEl|ZEE A BEFORA X7 oz
AAE oY o5 dFrFoR WAsa 43
AZ Fol AEst A7)els BEolt) o] LEL ojn] F

A [15]e0 A4 whg- et S o) et

90 2 2 A = 5 L - :
HE 7 AL HAAAES AR v Qe oFp-EfEre] [Fig. 7] Definition of design variable
2ro 27|EAE Fig. 5ol EA8I¥oH, Z7|mdod
g =34 23S Fig. 60 EAISHTE £ ATellA [Table 4] Design of experiments for OTR design
= Eglemdel oF HAs)E Akelas duh — T
TFZHAGEAE S A gl v o] sk No. | (mm) (mm) (kg) (N)
1 1035 1035 310.83 27769
Minimize Weight 2 1035 109% 32565 29318
Subjectto R>R... 3 1035 115_ 340.39 30829
: 1 1035 1207 355.19 32.359
10.35mm <V <12.65mm, 10.35mm < H <12.65mm 5 1035 1265 366.04 33981
(14) 6 1092 1035 32565 32.062
7 10925 10925 34115 33706
] . 8 10925 115 356.75 35,427
714 R FEdt5olY Rue &3 sksS 9 9 10.925 12075 372.28 37.034
6‘]—1 2 74] \_)\ V H= Fie. 734_ 71-0] 7“.,] 1;}, 10 10.925 12.65 383.78 38.142
by & X 11 115 1035 31039 36228
2} (14)¢] H43rol A Weighto} Al @213kl A 12 115 109%5 356.75 38.3%6
A2 RS saEnEe s JA62 s 13 115 115 37317 40074
| o . i 14 115 1207 380.42 47%
sharz} ok o) & 9l 24> Table 49k 72o] dx=g 15 115 1265 40154 292
AAHE o] g3t AAEHAT ofFHElo|RES] T 13 i;g? 115):; 232’;2 igzéj
= _ _ i} 075 9 . .
R AEstel] e e g Ay} Se el o B | 1205 115 33942 14678
greluelrdle] mebulE 7S Table 591 Aglst%) 19 | 12075 12075 40657 46387
. 20 | 12075 1265 41928 47816
o 3F 2d A A Fea PSP ke e
SRR A A, FesE s b= skt 21 1265 10.35 360.79 45316
ke gHrdel 927} AuEd [15]9F vlwshe] A& 2 | 1265 10925 38777 47112
. 23 1265 115 40154 4939
o= 1 oI Lo| A T}a}AlS 33410 A&7] Wi
= 3 el Thgs B3R o= 7] whiele 24 | 1266 1207 41928 51186
e E S Qe ZRE el diske] a=0.603, 2% 12.65 12.65 44175 53.06

Wi=03970] 1 F=slsol tate] We=0.712, Wk=0.288
o] AFZH AL 4 (14)9] HAsHEAlA S5 2 F= [Table 5] Parameter values for metamodels (OTR)

S EStvElEAR tix|gk A3 A3 V=11.32mm, RSM Kriging
10.35mm7} AFEE QL o] Fh2 Table 504 42 A} Reponse | Bi 6.6,
o (i=1~10) e
gk 7o} A8k gl ~0.006, 0473, 0501, o0
Weight |-0.073, 0.017, -0.011, 3'503 1402
0.036, 0.142, -0.033, -0.06 |
-0.003, 0.686,0.255,
R 0.040, 0.004, 0.035, 0.456
0.012, 0.028, 0.003, 1.588, 2.550
[Fig. 5] Initial design of the OTR ~0.069
. Weight: 0.142 Weight: 0.216
GMSE g 0081 R: 0.201
Optimum [V=11.32, H=10.35, V=11.33, H=10.35,
(true  |Weight=336.1(335.7) Weight=336.4(336.1)
value) |R=35.0(35.1) R=35.0(35.2)
Weight |WR: 0.603 WK: 0.397
[Fig. 6] Buckling of the OTR (initial design) factor  |R: 0.081 R 0.201
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