g3ALFSE ] 21 P A 55 (20043 59)
Journal of the Korean Society of Precision Engineering Vol. 21, No. 5, May 2004.

oMF HESZaelel TxsY W HHMA
olsH" ZuUR
Structural Analysis and Optimal Design of Eddy Current Brake Frame

Seung-Chul Lee” ,Shin-You Kang’

ABSTRACT

The eddy current brake system is a non-contact brake based on the mutual relation between the rail and the frame.
Consequently, the accuracy is required in estimating the stress concentration and the deformation of the eddy current
brake system. In this paper, the static analysis considering the gravity and the suction force for the deformation and the
stress concentration of the main frame of the initially designed eddy current brake system was carried out. The shape of
the I-type beam obtained from the optimization was analyzed and compared with the initial model. Also, the initial
model was modified based on the optimization model and the result was verified to have the acceptable improvement.
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Fig. I Shape model of wide flange beam
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Fig. 2 Section of wide flange beam
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Fig.3 3-D Model of eddy current brake system

Zo el H&¥E A7 SCMn2 o|¥ 21 714
A Table 1 ol I%EM a’lu}”
Table 1 Material properties of SCMn2
r Material property I B \’aluc
L Young's modulus 210GPa L
Poisson'sratio 03
Density 7850 kg/m
Yield stress for
Tension 590MPa
Compression 590MPa
Bending 710MPa (
Torsion 360MPa ;

2225G 8} XS ool ot AN
221 74

AR AFZH A Proof load & Eddy Current
Equipment 27 7]F(¢hell Astd 2F 9] 25G
+ QEoz 3t W9 et g i Y
AL dE) AES.

222 SE=H % FA=A

T3 Leg 7} Leg-pin ol &3] A= o]#]3=
FEE 78 A y Bl dis) 7&5& AR
I, 12 242249 olmg A He] Hi= Cross-bar
o] EREE x HEel o F&3UeH, Ty
o] T4 Node & z &gell sl 74 ARG 3§



: E=A

AdFets)a) A21d A5%E

% Eddy Current Equipment A 7]&(¢hell YA
3] 245172 229 T A 304.8 kg + wide flange
beam 3ttell FAFHAE A2 10 A FA
125 kg)®l 25G & wide flange beam & ST H ¢
o] Hel2 ASAA y $Fel gisf HEAG 2
2, Aoz RE HALE A A g
10000N & wide flange beam St Ao HA}Ad o} 2
Zse gydoz2 U gkl 336768 Nim® o ¥
o2 3stof Qo] AL E y WFoZ AL
29 Fig. 4} 2}

(a)

Fig. 4 Loading and boundary condition of frame
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Fig. 5 Maximum displacement by 25G gravity
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Fig. 6 Maximum stress by 25G gravity
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Fig. 7 Flowchart of optimum process
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Fig. 8 Design variable of wide flange beam section
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Fig. 9 F.E.A of initial model

Table 2 Range of design variables and state variable

DV Initial Lower Upper
o (mm) (mm (mm)

t; 20 10 40
t 35 35 40
ts 20 10 40
ts 25 10 40
1s 35 335 40
te 28 10 40
ty 40 10 40
tg 40 35 40
to 40 10 40
h 117 115 120
Wi 147 145 150
W2 147 145 150
1 270 100 500
1 370 100 500

S.v. Initial Lower Upper

Defl 2.553 - 26

(mm)

a‘;‘;:) 180MPa | - 590MPa
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(b) Stress distribution

Fig. 11 F.E.A of optimal model
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Table 3 Optimum result of wide flange beam
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Table 4 Initial model result and Optimum result

Initial model Optimal shape model

Maximum Maximum

Displacement 4.2 Displacement 4.1

(mm) (mm)

Maximum Maximum

Von Mises 86.5 Von Mises 93.3
Stress(MPa) Stress(MPa)

Weight (kg) | 30484  Weight (kg) |  266.54
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Fig. 12 Displacement of an optimal shape model
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Fig. 13 Stress distribution of an optimal shape model
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Fig. 14 Shock load of Eddy Current Brake Frame

Fig. 15 Loading and boundary condition of Frame
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Table 5 Shock Load Analysis Results

Initial model Optimal model

Time Max. Max. Max. Max.

(sec) Disp. Stress Disp. Stress

(mm) (MPa) (mm) (MPa)
0.01 8.15 288 8.37 245
0.03 34.63] 528] 34.82 548
0.06 30.97 425 28.11 138
0.09 29.45 127 26.64 120
0.12 27.70 172 24.93 197
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