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Optimum Design of Rail in Semiconductor Processing
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Abstract

There is an over head hoist transporter(OHT) by the system for delivering the wafer in semiconductor processing. The
transfer system consist of carrier, vehicle, rail and support. The rail supporting the wafer and the transfer system should
maintain enough strength and stiffness. To achieve lightness and enough strength and stiffness, optimization algorithm
should be introduced in design process. In this study, two kinds of section shapes as L-type, C~type is carried out the
structure analysis and optimization. Total weight of rail is to be minimized while displacement should not exceed limit. To
improve the initial model, topology optimization is done by the plain problem. Size optimization is done with 3D solid
element and PLBA algorithm, the RQP algorithm. The weight of optimum model as L-type, C-type is decreased by 2.3%,
1096 respectively. It is improved better than the initial model in the strength and stiffness of the structure.
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12! 1 Over Head Hoist Transporter system
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Material data St
Ultimate tensile strength 185 MPa
Yield tensile strength 145 MPa
Modulus of elasticity 69 GPa

Poisson’s ratio 0.33
Shear modulus 25.8 GPa
Yield shear strength 115 MPa
Allowance displacement -1.5mm
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I 2 Contact displacement of two sectional shapes

(Unit :mm)
Distance L-type Distance C-type
1st polnt — ~0.17268 ) ) oine -0.11456
2nd point -0.16428 .

. 2nd point ~0.11634
3rd point -0.15577 .

. 3rd point -0.11814
4th point ~-0.14707 .

. 4th point -0.11995
5th point -0.13823 .

. 5th point -0.12178
6th point -0.12919 6th point ~0.12363
Tth point  -0.11976 pomn '

Average disp.  -0.14670 | Average dis.  -0.11990
Angle(degree) 0.126 Angle(degree) 0.027
035

03 X

Displacement

y =—0.0022x - 1.6537

y =0.0005x +0.1707

—o— L-type
-~ C-type
— % (C-type)
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720

22 3 Graph of gradient of two sectional shapes
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X 3 Displacement analysis of improvement model (Unit :mm)

P1 P2
Dis. Initial
r=5 r=20 r=5 r=20

1st point -0.1727 -0.1406 -0.1207 -0.13822 -0.1209

2nd point -0.1643 -0.1342 -0.115 -0.13249 -0.1163

3rd point -0.1558 -0.1278 -0.1103 -0.12667 -0.1117

4th point -0.1471 -0.1213 -0.1051 -0.12076 -0.1069

5th point -0.1382 -0.1147 -0.0998 -0.11473 -0.1021

6th point -0.1292 -0.1081 -0.0945 -0.10876 -0.0972

Tth point -0.1198 -0.1015 -0.0891 ~0.10259 -0.0925
Volume[mm?®) 67,469,000 76,288,191 78,957,367 70,134,658 72,803,834

Average -0.1467 -0.1212 -0.1050 -0.1206 -0.1068
Angleldegree) 0.126 0.0916 0.0744 0.086 0.069
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a2l 7 Boundary condition and design domain of 'L—type
rail topology optimization
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12l 8 Result of C-type rail topology optimization

AN r=0mm¢% Wt vlwsl 2w A9 n&dk A g Ve
gel, 5 gaee o 4%9 HEY #2E ¥ 4 Arh
AzAo# C2-1d ¥3 R=5/mm¢l T4 Fejrt A€
nd 7 Aot A
4. ATHMH
4.1 2AF HAALA
Qudoz 7xEe AAAAN Fray Ty
ARALA zZ2adste] AAdde T 71 & ool U
o AR, 9d Tay o] ofue Relth. A,
212 9 An alternative plan about C-type of initial design Tz AFgA =& A4 veS oz sthe Ao}
olg3t ozl S HAy] T whhol AL HHAAY]
of WA vimal] Bkt E 4o HEo] ¥ r=5mm T} o] WhHe A 49 ok B e AFHE Hdlu
2 o C2-1& -0.098mm, C2-2+€ -0.1039mmo= Tz E EfA dold e i o e Bl
E 4 Displacement analysis of improvement model (Unit :mm)
C2-1 C2-2
Dis. Initial
R=0 R=5 R=0 R=5
1st point -0.1146 -0.0954 -0.0952 -0.0982 -0.0994
2nd point -0.1163 -0.0965 -0.0963 -0.1000 -0.1012
3rd point -0.1181 -0.0977 -0.0974 -0.1018 -0.1030
4th point -0.1200 -0.0989 -0.0985 -0.1036 -0.1048
5th point -0.1218 ~-0.1002 -0.0997 -0.1055 -0.1066
6th point -0.1236 -0.1014 -0.1008 -0.1073 -0.1085
Volume{mm?®) 63,034,200 64,261,935 61,949,231 61,585,586 59,272,882
Average -0.1191 ~-0.0983 -0.0980 -0.1027 -0.1039
Angle(degree) 0.029 0.017 0.017 0.029 0.029
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% 10 Design variables of L-type rail

dod- A AL -#ITH

E 5 Range of design variables (Unit:mm)

Jom u e w
Initial 3 5 3 5 20
Lower 2 3 2 3 20
Upper 4 7 4 7 20

E 6 Result of approximate optimization (Unit:mm)

Design

variables L2134 x Obj.(mm®)

Initial 3 5 3 5 5  67469,000
P2.r=20 3 5 3 5 20 72803834
Optimum 2.06 4.3 3.0 4.3 20  65919.069

E 7 Displacement analysis of contact part after optimization

(Unit :mm)

Digplacement Initial P2, r=20 Optimum
1st point -0.1727 -0.1217 -0.1273
2nd point -0.1643 -0.1163 -0.1226
3rd point -0.1558 -0.1117 -0.1178
4Ath point -0.1471 -0.1069 -0.1128
5th point -0.1382 -0.1021 -0.1077
6th point -0.1292 ~0.0972 -0.1027
7th point -0.1198 -0.0925 -0.0974
Average -0.1467 -0.1068 -0.1126

Angle(degree] 0.126 0.069 0.069
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22! 11 Design variables of C-type rail

E 8 Range of design variables (Unit:mm)

Design variables Initial Lower Upper
bl 5 5 10
r 3 3 8

E 9 Result of approximate optimization (Unit:mm)

Design variables Initial C2-1, =5 Optimum
bl 10 13 7.8
r - 5 6.27
Obj.[mm3] 63,034,200 61,949,231 56,781,000
X 10 Displacement analysis of contact part after
optimization (Unit :mm)

Displacement Initial C2-1, r=5 Optimum
1st point -0.114560 -0.0952- -0.10246
2nd point -0.116340 -0.0963 -0.10310
3rd point ~-0.118140 -0.0974 -0.10375
4th point ~0.119950 -0.0985 -0.10441
5th point -0.121780 -0.0997 -0.10510
6th point ~-0.123630 -0.1008 -0.10580
Average -0.119067 -0.0980 -0.104103

Angleldegree]) 0.0286 0.017 0.0114
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