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A study on design optimization of a multistage bollard
by Taguchi method
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Abstract : This study deals with optimal conditions for design parameters of the multistage bollard with up
and down installed on the street to protect pedestrians or stop cars. FE simulation and Taguchi method are
used to achieve the optimization for the automatic multistage bollard to minimize effective stress caused by
the external force. Thickness, height of stage 2, diameter and over-all height which affect its structural
strength are chosen as design parameters. According to the experiments combined by orthogonal array, each
of the effective stresses is evaluated. And the results are analyzed by using the signal to noise ratio concept

of Taguchi method. From their results, the optimal combination of design parameters are proposed.
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Fig. 1 Structure of a multistage bollard
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Table 1 Levels of design parameters
(unit:mm)
Parameters . . . .
Level Thickness(A) Height of stage 2(B) Diameter(C) Over-all Height(D)
eve
1 3 340 115 800
2 4 390 140 900
3 5 440 165 1000
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Fig. 2 Design parameters of a bollard
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Table 2 Material properties for FE simulation

Material STS
Density(kg/m3) 7,750
Modulus of elasticity(GPa) 193
Yield Strength(MPa) 207
Ultimate Strength(MPa) 586
Poisson's ratio 0.31

Fig. 3 Initial mesh model of a bollard
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Table 3 S/N ratios for forming load

E)Ig’;igl:rm A B Factors C D Effective stress(MPa) S/N
1 1 1 1 1 640.38 -56.13
2 1 2 2 2 392.42 -51.88
3 1 3 3 3 287.19 -49.16
4 2 1 2 3 318.44 -50.06
5 2 2 3 1 210.61 -46.47
6 2 3 1 2 559.31 -54.95
7 3 1 3 2 177.11 -44.96
8 3 2 1 3 496.97 -53.93
9 3 3 2 1 282.08 -49.01
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Table 4 Response table for S/N ratios of effective

stress
Level A B C D
1 -157.17 | -151.15 | -165.01 | -151.61
2 -151.48 | -152.27 | -150.94 | -151.79
3 -147.90 | -153.12 | -140.60 | -153.15
Difference 9.27 1.97 2441 1.54
Rank 2 3 1 4
1 2 3 1 2 3
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Table 5 ANOVA table for S/N ratios

S 0 \Y% FO
A 14.5617 2 7.2808 30.7323
B 0.6505 2 0.3253 1.3729
C 100.0816 2 50.0408 | 211.2215
Error | 0.4738 2 0.2369
Total | 115.7677 8
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Table 6 S/N ratio of the proposed factor levels using FE-simulation

Design parameters .
. . Effective stress S/N
Thickness(mm) Height of Stage 2 Diameter(mm) Over-all height (MPa)
(mm) (mm)
5 340 165 1,000 168.65 -44.54
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Fig. 6 Distribution of effective stress
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