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Recently, because of the growth in the leisure industry and interest in health, the
demand for bicycles has increased. In this research, considering the vertical load
on a bike frame under static state conditions, the deflection and mass of the bike
frame were minimized by satisfying the service condition and performing
optimization. The thickness of the bicycle-frame tube was set to a design
variable, and its sensitivity was confirmed by an analysis of means (ANOM). To
optimize the solution, a response-surface-method (RSM) model was constructed
using D-Optimal and central composite design(CCD). The optimization was
performed using a non-dominant sorting genetic algorithm (NSGA- II), and the
optimal solution was verified by finite-element analysis.
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Fig. 1 Bike frame model
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Table 1 Level of each design parameter

Lev. X X2 X3 X4
1 1 1 1 1
2 3 3 3 3
3 5 5 5 5

Table 2 L9 orthogonal ammay

A N Mass | Stress | Deflection
[ke] | [MPa] | [mm]
1 1 1 1 1 1.14 64.48 0.2536
2 1 2 12| 2 1.57 19.27 0.1390
3 1 3 3 3 1.95 15.21 0.1066
4 2 1 2 3 1.72 18.93 0.1036
5 2 1213 1 1.94 14.52 0.0791
6 2 |3 1 2 1.64 66.31 0.1700
7 3 1 3 2 1.86 12.63 0.0727
8 3 2 1 3 1.80 42.60 0.1252
9 3 312 1 1.78 18.48 0.0861
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Table 3 CCD & result

Design Variables [mm] Mass Stress | Deflection

xi x x3 x4 [ke] [MPa] [mm]

2 2 2 2 55.86 1.42 0.213

2 2 2 4 54.16 1.57 0.205

2 2 4 2 24.19 1.58 0.157

2 2 4 4 23.78 1.72 0.152

2 4 2 2 54.94 1.53 0.208

2 4 2 4 53.09 1.67 0.199

2 4 4 2 23.23 1.69 0.150

2 4 4 4 22.70 1.83 0.144

4 2 2 2 57.25 1.55 0.177

4 2 2 4 55.58 1.70 0.170

4 2 4 2 23.40 1.71 0.126

4 2 4 4 22.68 1.85 0.120

4 4 2 2 58.13 1.66 0.174

4 4 2 4 56.16 1.80 0.166

4 4 4 2 23.05 1.81 0.121

4 4 4 4 21.48 1.96 0.117

1 3 3 3 28.90 1.57 0.208

5 3 3 3 42.12 1.82 0.131

3 1 3 3 29.12 1.58 0.160

3 5 3 3 39.85 1.79 0.150

3 3 1 3 96.54 1.53 0.256

3 3 5 3 18.17 1.85 0.119

3 3 3 1 31.16 1.55 0.157

3 3 3 5 27.56 1.83 0.145

3 3 3 3 29.92 1.69 0.150

Fig. 3 Mesh Structure of bike frame
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Table 4 D-optimal & result
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s = 0.91137540.051042x, +0.058375x, +0.077708x;

+0.066542x, +0.001583x,x, —0.0005x,x,

—0.00092x,x, +0.000125x,x, +0.000125x,x,

+0.000333x,x, +0.00125x,x, +0.00025x,x,

—0.00063x,x, +0.000333x,x,

(R-Sq = 99.97%)

=0.45325-0.04971x, +0.00828x, —0.08758x,

~0.00459x, +0.004376x,x, +0.000706x,x,

+0.000726x,x, +0.001269x, x, —0.00022x,x,

+0.008889x,x, +0.000119x,x, —0.000219x, x,

+0.000644x,x, —0.00012x,x,
(R-Sq = 98.61%)

=156.6463—-5.37125x, —6.20125x, —56.7529x,
—0.27792x, +1.427083x,x, + 0.24625x,x,

+1.170833x,x, —0.7725x,x; —0.19125x,x,

+6.888333x,x, —0.09x,x, —0.08875x,x,

+0.2475x,x, —0.11042x,x,

(R-Sq = 98.22%)

He 5o €2 A, 58, A ddd volEE
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[e]
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= 0.824924 +0.075217x, +0.064648x, +0.088316x,

+0.086482x, —0.00179x,x, —0.00004701x,x,

—0.00141x,x, —0.00016x,x, —0.00051x,x,
—0.00091x,x, —0.00038x,x, —0.00046x,x,
—0.0004x,x, —0.00176x,x,
(R-Sq = 100%)
=0.522491-0.05972x, = 0.01533x, = 0.09694x,
—-0.02335x, +0.005598x,x, —0.000060494 x x,
+0.001854x,x, +0.001494x,x, — 0.00037 x, x,
+0.009734x,x; +0.000654x,x, +0.000735x,x,
+0.001207x,x, +0.001861x,x,
(R-Sq = 98.54%)

=221.727509+9.415739x, — 20.208008x,
~70.390682x, —28.621101x, —1.40932x,x,
+0.765825x,x, +1.236971x,x, —1.934871x,x,
+2.294277x,x, +7.37659x,x; +1.075692x,x,
+1.142815x,x, +2.648194x,x, +2.025167x,x,

stress
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Design Variables [mm] Mass Stress Deflection
X X2 X3 X4 [ke] [MPa] [mm]
1.14 | 1.13 | 493 | 144 1.506 | 27.18 0.193
1.12 | 340 | 358 | 1.33 1.514 | 28.60 0.196
240 | 138 | 1.87 | 3.57 1.519 | 59.62 0.207
265 | 147 | 1.70 | 4.90 1.619 | 6533 0.207
1.86 | 2.76 | 471 | 3.63 1.790 | 24.40 0.143
191 | 1.00 | 481 | 1.78 1.568 | 27.17 0.161
449 | 493 | 383 | 1.06 1.807 | 26.66 0.123
2,67 | 483 | 1.01 | 222 1.552 | 99.68 0.266
460 | 493 | 1.09 | 4.99 1.873 96.19 0.218
495 | 399 | 500 | 1.00 1.871 19.80 0.108
1.01 | 3.11 | 1.70 | 3.91 1.533 | 46.05 0.261
1.00 | 3.75 | 3.88 | 4.92 1.807 | 2642 0.180
1.10 | 5.00 | 442 | 1.84 1.699 | 24.51 0.172
232 | 488 | 122 | 455 1.714 | 62.77 0.238
1.10 | 495 | 388 | 3.44 1.771 24.84 0.175
500 | 442 | 1.68 | 1.29 1.657 | 7043 0.186
495 | 1.10 | 3.28 | 5.00 1.868 | 2637 0.127
370 | 1.00 | 4.40 | 2.15 1.678 | 20.63 0.130
5.00 | 1.06 | 1.06 | 3.92 1.615 98.91 0.225
494 | 482 | 215 | 1.12 1.698 | 56.20 0.164
5.00 | 472 | 1.08 | 498 1.885 94.50 0.214
3.51 | 3.03 | 5.00 | 1.02 1.740 18.95 0.119
243 | 465 | 1.69 | 198 1.567 | 64.03 0.214
371 | 1.01 | 452 | 4.83 1.877 | 21.62 0.121
5.00 | 390 | 490 | 3.56 | 2.049 18.73 0.101

(R-Sq = 98.46%)
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Fig. 4 Accuracy of RSM about mass, deflection, and stress (CCD)
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Fig. 6 Pareto solution of NSGA-II

Table 5 Comparison of some case NSGA-II and CAE

Table 6 Comparison of some case NSGA-II and CAE

NSGA-II CAE (D-Optimal)

Mass Deflection Mass Deflection
[ke] [mm] [ke] [mm]
1 1.976822 0.0993434 1.97696 0.1080
2 1.443061 0.1702078 1.44945 0.1673
3 1.259534 0.2579242 1.26947 0.2591

NSGA-II CAE (CCD)
Mass Deflection Mass Deflection
[ke] [mm] [ke] [mm]
1 2.119723 0.1076863 2.10945 0.1049
2 1.404814 0.1765582 1.40245 0.1816
3 1.234318 0.2674771 1.21588 0.2948
AAA%E 24T & Y9108, D-ARAGEL XX 9B

(determinant)S A2 dh= Ad A 2¢S 44
A BE Aoz glol FABAAGHA vlE) AY3ATE Y

T2 483t HZ3E

% 9.
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| W W9 Yol

Adstel St I 2+ U900k olP T A
Ak A5k BES Tesl S
7K ARADEE ol §3te] WrgER meel T W Qs
fo8 D-AAALgurt FUFAALDE) 22 o He 89
AUTL ekl 2e BT 5 A
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