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In many fields, the importance of reducing weight is increasing. A product should
be designed such that it is profitable, by lowering costs and exhibiting better
performance than other similar products. In this study, the mass and deflection of
steel structures have to be reduced as objective functions under constraint
conditions. To reduce computational analysis time, central composite design
(CCD) and D-Optimal are used in design of experiments(DOE). The accuracy of
approximate models is evaluated using the R’value. In this study, the objective
functions are multiple, so the non-dominant sorting genetic algorithm(NSGA-
1), which is highly efficient, is used for such a problem. In order to verify the

D-Optimal validity of Pareto solutions, CAE results and Pareto solutions are compared.
Non-dominant sorting genetic algorithm
(NSGA-I)
1.ME U, FZelle HFEA 7S o8t AAZT] @AMEH &
£49 24 AAE Axsta Yo,

A s z2E, 337, AAE HIRT A Za(steel 2 AFelA 1851 Qe B 7|94 AERES 9Es 38
structure)®] AAA AT = Qe FAEE GHAT FA 8 A A= AE FEHOE AA Hlom A7t A7k A% A
7 %3l(weight lightening)Z 37 ata gloml!l ojd] B3k A7 F A48}, A5 Ak THES7] 913 A4 (deflection) gk 348}
So] okt H o2 sy gl £ 0354 < (multi-objective function)Z ZH=T}. 454|420

I W= Ao A e wol7] Hste] Bole # Ee A2 Ve Fe AMG A WeE AAsta, iy 24
BAE BAA) (stiffener)et @A, T ZAFEREAA £3) (parameter analysis)S AAIEY AAH AAASFY] UHE
AREE I Qlom F2A HPRE HYshs 7)%S 2L Q7] Wi (sensitivity)S Q1 @t} ofoj A FAFAAIEH(CCD)# D-F
o]l 4= AF EA thete] FAH R EAsfor & Aol A7 %W (D-optimal) & 3t APALE A9 24 A o=
At} FAdd = BAA A 71& AR Ao o&dfgke.  FEEHE HHFEW (response surface methodology)S A4 H
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Fig. 1 Stiffener of steel structure

Table 1 Material properties

Value
Density 7.85%x10° kg/mm’
Young’s Modulus 2x10° MPa
Poisson’s Ratio 0.3
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Table 2 Level of each design parameter

Level X1 X2 X3

1 125 2 4

2 150 6 6

3 175 10 8

Table 3 Table of DOE and results
Design Variables Mass Stress | Deflection

X1 X2 X3 [ke] [MPa] [mm]
1 125 6 6 31.56 1814 0.516
2 150 6 6 31.98 135.9 0.351
3 170 6 6 3247 97.78 0.240
4 150 2 6 31.07 260.2 0.538
5 150 10 6 32.89 98.88 0.284
6 150 6 4 31.52 1914 0.675
7 150 6 8 3243 102.7 0.251
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Table 4 CCD & results

Design Variables Mass Stress | Deflection

xi x2 x3 [ke] [MPa] [mm]
1 125 4 5 31.14 257.0 0.707
2 125 4 7 31.35 199.8 0.516
3 125 8 5 31.67 180.0 0.583
4 125 8 7 32.09 135.6 0.400
5 162.5 4 5 31.50 177.7 0.456
6 162.5 4 7 31.86 128.5 0.279
7 162.5 8 5 32.39 116.2 0.360
8 162.5 8 7 33.17 81.86 0.201
9 150 6 6 31.98 135.9 0.351
10 175 6 6 3247 97.78 0.240
11 125 6 6 31.56 1814 0.516
12 150 10 6 32.89 98.88 0.284
13 150 2 6 31.07 260.3 0.538
14 150 6 8 3243 102.7 0.251
15 150 6 4 31.52 1914 0.675
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Table 5 D-Optimal & results

Design Variables Mass Stress | Deflection
X1 X x3 [ke] [MPa] [mm]

1 163.9 9.50 4 32.34 124.5 0.537

2 170.6 6.82 4 31.96 140.5 0.557

3 138.2 6.47 7 32.07 130.3 0.345

4 174.2 2.95 8 31.82 118.4 0.232

5 171.9 6.15 7 32.76 85.05 0.193

6 133.7 5.24 7 31.72 154.9 0.403

7 165.1 9.83 6 33.32 80.82 0.224

8 126.0 9.76 7 32.44 119.3 0.364

9 159.0 8.77 7 33.23 81.06 0.205

10 144.1 7.89 4 31.72 175.1 0.666

11 160.2 2.00 4 30.96 317.3 0.791

12 127.0 2.09 7 31.01 278.8 0.634

13 159.3 4.34 8 32.09 111.6 0.247

14 127.8 5.44 6 31.52 185.0 0.510

15 163.2 8.10 4 32.07 139.3 0.566
4.3 HISEFHTE(RSM)
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Fig. 4 Accuracy of CCD RSM about mass, deflection and stress
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Fig. 5 Accuracy of D-Optimal RSM about mass, deflection and
stress
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Table 6 Comparison of some case NSGA-II (CCD) and CAE

NSGA-II CAE
Mass Deflection Mass Deflection
[ke] [mm] [ke] [mm]
1 31.019 0.515 31.057 0.562
2 33.075 0.175 33.086 0.173

Table 7 Comparison of some case NSGA-II (D-Optimal) and

CAE
NSGA-II CAE
Mass Deflection Mass Deflection
[kg] [mm] [kg] [mm]
1 31.025 0.540 31.048 0.573
2 34.163 0.122 34.302 0.124
7] Wzl Algk 21-& W3 HHE @l T A FHo et
ﬂw S8 MU % glow, 7] wde] Hs) BAY} 24
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