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Optimal Shape Design of Legs and Stretcher Parts of Chair

Young-Min Lee"", Hoon Jeong'

Department of mechanical engineering, Seoul National University of Science and technology, Korea

Abstract

In this paper, Shape optimal design for a chair with 4 legs and 2 stretchers consisting of stainless steel was conducted. The
shape was transformed by identifying stress and deformation for the part of leg and stretcher. In addition, load condition and mesh
was designed using Hypermesh. The stress analysis was carried out using CSD_Elast that is one of EDISON program. In seat test,

Maximum equivalent stress was showed at the contact part between seat and legs. As a result, a leg cross—section with rectangular
and arch was designed. And optimal height of stretcher was found to reduce a deformation. Also, maximum deformation was

reduced by designing a stretcher with ellipse cross—section. So, Optimal chair having 4 legs with rectangular cross section and 2

stretchers with ellipse cross section was shown to satisfy the safety ratio.

Keywords - Chair, Stretcher, Optimal design, Finite element method, Seat test
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Fig 1. Dimension of Seat and Back.
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Proximity 71%5& AF83l the] &2 elements sizeEd
4 7 AFstn YR 1008 Ayt a2la FA4e
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o= 2t} (Table 1)

Table 1 Mechanical Properties of Stainless Steel

Young's Modulus(Gpa) 193
Density(g/cmg) 8.00
Poisson’s Ratio 0.33
Yield Strength(Mpa) 205
Tensile Ultimate Strentght(Mpa) 515

] 4709 A 2.9105 kegolx Ao W3k oA
a2 Ao eate Aol 0.028%= At ~EfA F
A 1.37kgol™ 2 eak= AU 2.7%% skt o4t
of Folets BAxAL -zt 9 A2EAEs W
AR (KS G ISO 7173)¢] Al wh2br] ofef 4| 744
< AAssiH
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A5 300mm ¥ <ol 1332N(Cload)< 7Fhtt.

Fig. 2 Seat load and fixed condition
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Fig. 3 Back load and fixed condition
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Table 2 Dimension and result of square
Square Basic 45 Rotated
Cross
section
Thickness 2mm 2mm
O ax(Mpa) 8.53 7.8
Fig. 4 Leg forward load and fixed condition 9o AFH HAH o= st WEgow AL
A &9 BX A A Rl Ao Actstd
2.3 o] ke A3} AA TAY FEe] A A B A7 A AxAE 3
A AAET. 9¥el FdE A7 45x20,
o Fde HAs Ao A5 4 ks dF 50x18, 60x15, 72x12.5mm 2 wvl¥7ie A2
o] A thst= Flg 29 Aol wet AYsiAnt. AR o7 HAzE mdrg e g s Agl
2E td R daiMe 3 4= A 83dx 7] t}. (Fig. 6)
Exde 30x30mm Ao AAAG. S7HE
R D}ﬂﬂ S FEdA JEEd o e )
AP e BAe FEd Hd 57t o] dAst=
A< gl (Fig 5.)

(CASE 2, Strecs (Node), W MISES }
ag31

LEASE 3, Streds (Node), VONMISES )
7.8077

Fig. b Comparison of Equivalent
(Von-Mises) stress with basic and rotated
leg
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27 #ExFE Ftdnh,

- 92

Fig. 6 Comparison of Equivalent
(Von-Mises) stress with square(left) and
rectangler(right)
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Table 3 Dimension and result of rectangular cross

section
Rectangular Dimension(mm) O max
Cross section a b t (Mpa)
45 | 20 | 1.83 6.213
50 18 | 1.74 | 6.820
60 15 | 1.56 8.448
72 1:' 1.38 | 10.516
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Table 5 Dimension and result of arch Side cross

A AARY. sl 2y We Mgl FE section
WSS Jej & oA %E%‘Ol HAZH AT} (Table 4).
Arch Dimension o
Table 4 Dimension and result of trapezoidal cross re (mm) max
. (Mpa)

section

. Dimension O ax(Mpa Side cross section a b t

Trapezoidal (mm)
a h t )
: N
. f‘T 45 | 20 | 2.1 9.253 1 20| 10 2.3 6.3505
a
teld W gye b £e 9 EET B A
A2+ (45x25mm) o2 A sle] AW FAS A
At a3 tert stge Rl HA S5t 2 20| 20 | 2.06 | 4.8982
go] WY e LAY 5 WA o=
gl 25% Fo| Foj=t oAFH telE A
éﬂhq.
N E T HW, P T Hoz FuE uly
7 SHEEE A (Fig 7)
3 20| 20 2 5.6040
{ CASE 2, Stress (Node), YO MISES )
' 2.4 2EHA P49 A3 44
oA 2 thelel st Wge] AAnE aae) A

Wl A48 AAE RN, 22dA ol Ao
g} AHE Aol AL T Fig. 29 BT} Fig.

MIN=0.000372798, MAX=4.53518

Fig. 7 Equivalent (Von-Mises) stress of 39 S%°l Al@S gAld] Adsiiet. ~EHH] B4 W
Arch-shaped leg No. 2 FES FHO=Z vwsigd
~E A A Eo|E Loty e upHoARE
oA malle] A% AN7E mad wzg Ay 5 00 200, 300 mm £ LFA FOR of w 2=eq A
b gee ndn, ofA e 239 A gy px Do IS W 2020mm v 10x10mm 9 g7 A
g BW #@3te o RN HewsA ags e AANG. A Gwel AR g At
A BE He AL B 5 AQqTh 4% "ojw oy M e (Fig. 8)
£ & 940 AN ok dFd YAz o
4 5 Al o e Ho 57 9 ARE A
sttt (Table 5)
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Fig. 8 Deformation of chair as the height of

stretcher

Table 6 Comparison of the strecher in height

Height from ground(mm) Max.
Deformation (mm)
100 0.4148
200 0.3872
300 0.3947

Table 69 Z3e] wet elxjel Wgo] 1¢ He ol
200mm o4 thelo] ~EAAE Fekn
99 AR Bl 44 8 wolol ue sEdA F4E ol

W7 Fig. 39 te] AWF Al@E Zgste] thele] ¥g
TS At 7 dle] P4 Table 73 Zo] £ 4
A7HR, 44 AN, Beges AAT.

Table 7 Dimension and deformation of stretcher

. Dimension Deformat
Cross section (mm) .
- ion(mm)
outer inner

1 35x13 24xT 0.5495

2 10x40 4x30 0.4338

3 30x50 25x45 0.368

7 (EDISON) &z st Z Itz
rEAAE 57 G

]
A2 Boe 54 B

{ CASE 2, Displacement, TRANSLATION )
038801

{ CASE 2, Displacement, TRANSLATION )
2.5251

0,33734

0.0000 0.00000
MIN=0, MA¥=2.52511 MIN=0, Max=0.368007

Fig. 9 Comparison of Deformation with No

stretcher and the stretcher (ellipse)
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Fig. 10 The final chair of optimal leg and

stretcher
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