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The Displacement Minimization of the tool Center Point by the
Crossrail Structure Improvement of the Portal Machine

Myung-Gyu Lee*, Ki-Hyeong Song”, Hag-Bong Choi™, Dong-Yoon Lee™

Abstract

General portal machine represents a distinct weak spot concerning their structural behavior because of long protruding
structure components, such as saddles and rams. The weak point causes the deformation of the machine tool and consequently
rises a severe machining error. The purpose of this study is to improve the structural design of crossrail in order to minimize
it’s distortion. Tool Center Point (TCP) was chosen as a reference point for evaluating the distortion effect of a crossrail
and topological optimization was adopted as a method of structural design improvement. The displacements of TCP according
to the machining positions were investigated by structural analyses for both of original crossrail design and the improved

one. The comparing results showed that the displacement of TCP could be reduced about 55% maximum.

Key Words : Portal machine(£% 3-2}7]4]), TCP(Tool center point, -2 S=417), Structural Analysis(--353}|49), Topology optimization
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3D Model and cross section(Y-Z) of Case 1

Fig. 3. FEM Model7

Table 1 Mesh result and Weight for each part

Element Node Weight (ton)
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Fig. 4 Machining position of TCP - case 1

Table 2 TCP displacement(zm) of Case 1

X Y 4 ISO
1000mm -40.2 525 -117.1 1345
1750mm -50.0 438 -84.8 107.7
2200mm -43.4 27.6 -58.4 77.8
2500mm -33.1 26.3 -48.1 64.0
3050mm -123 26.1 -38.5 48.1
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Fig. 5 Displacement of portal machine(ISO) - case 1
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Fig. 7 (2) Boundary condition & (b) result of FEM

Fig. 9 Topology optimization of crossrail
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Fig. 10 3D Model and cross section(Y-Z) of Case 2

Table 3 TCP displacement(ym) of Case 2

X Y Z ISO
1000mm -36.6 238 -112.0 1202
1750mm 419 24.1 -81.7 94.9
2200mm -36.4 20.6 -62.0 748
2500mm -29.5 22.1 -53.3 64.8
3050mm | -14.2 252 452 53.7

Table 4 TCP displacement(tm) of Case 1 & Case 2

Case 1 Case 2 AP Am
X -40.2 -36.6 9%
Y 525 23.8 55%
Z -117.1 -112.0 4%
180 1345 202 10%
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Fig. 11 Displacement of portal machine(ISO) - case 2
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Fig. 12 3axis and ISO displacement of TCP - case 2
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Fig. 13 TCP displacement at Machining point - 1000mm
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