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Shape Optimal Design for the Leg Parts of Chair

Sung-Soo Kang*, Young Soo Jeong'

Abstract

In this study, a chair with 5 or 6 legs was designed using the commercial program CATIA V5 in order to efficiently
design considering the load conditions. In addition, the stress analysis and shape optimization were carried out using ANSYS
Workbench for the chair consisting of stainless steel, aluminum alloys, magnesium alloys and structural steel. As a result,
a chair with five legs showed the maximum equivalent stress at the end of the edge of the wheel parts and on the other
hand, a chair with six legs showed the maximum equivalent stress at the corner of the connecting parts of the pillar and
leg. In addition, the material and the weight was reduced by shape optimization for the chair model with 5 legs and maximum

equivalent stress for stainless steel was found that greatly relaxed, compared with that of before shape optimization model.
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(b) Side view

Fig. 1 Schematic view of chair [mm]
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(a) Bottom view

(b) Front view

Fig. 2 CATIA model of chair

(b) Loading direction

Fig. 3 Fixed condition and loading direction
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Table 1 Mechanical properties of materials

Stainless | Aluminum | Magnesium | Structural
steel alloy alloy steel
Y ]
OUBS 1 193GPa | 71GPa | 45GPa | 200GPa
modulus
P M 1
oIssons 0.31 0.33 0.35 0.30
ratio
Yield
207MPa 280MPa 193MPa 250MPa
strength
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Fig. 5 Deformation distribution for stainless steel

Table 2 Maximum equivalent stress for materials

Stainless | Aluminum | Magnesium | Structural

steel alloy alloy steel
5 legs

18.284 18.265 18.263 18.292
(MPa)
6 legs

13.898 139 13.901 13.897
(MPa)

Table 3 Maximum y-directional deformation for materials

Stainiess | Aluminum | Magnesium | Structural
steel alloy alloy steel
3 legs 0.052 0.141 0.223 0.050
(mm)
6 legs 0.039 0.105 0.167 0.037
(mm)
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(b) After shape optimization

Fig. 6 Shape optimization model

Table 4 Maximum equivalent stress for optimization model

with 5 legs
Stainless steel Aluminum Magnesium Structural steel
alloy alloy
13.898MPa 13.9MPa 13.901MPa 13.897MPa
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