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Compensation of Gravity-induced Motion Errors on a Parallel Kinematic Machine Tool

Kyoto University Toshihiro OKUDA, Soichi IBARAKI, Yoshiaki KAKINO
Okuma Corporation Masao NAKAGAWA, Tetsuya MATSUSHITA

This paper presents a methodology to compensate contouring errors introduced by the gravity on a
Hexapod-type parallel kinematic machine tool with the Stewart platform. We first present a kinematic
model to predict the elastic deformation of struts caused by the gravity. The positioning error at the tool
tip is given as the superposition of the deformation of each strut. It is experimentally verified on a
commercial parallel kinematic machine tool that the machine’s contouring error is significantly reduced by
compensating gravity-induced errors on a reference trajectory.
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m.g: gravity on
a servo
motor

myg: gravity on a
ballscrew
m; g : gravity on a
platform joint
mp&: gravity on a
platform plate

Fig.1 A Hexapod-type parallel
mechanism machine tool, Fig.2 A gravity model on a
COSMO CENTER PM-600 by strut and a platform.
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Fig.3 Comparison of measured (T;) and simulated (7;) servo

motor torque profiles on each strut (¢ = 1 ~ 6) in a circular
operation (Center location:(X,Y,Z)=(0,100,-1008) (mm), tilting
angles:(A,B)=(-23,0) (deg)).
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(a) Center location: (b) Center location:
(X,Y,Z)=(0,100,-1008) (mm), (X,Y,2)=(-70,-70,-1008) (mm),
tilting angles:(A,B)=(-23,0) (deg) tilting angles:(A,B)=(-17,-17) (deg)

Fig.4 Comparison of measured (dashed line) and simulated (solid
line) contouring error profiles in a circular operation.
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Fig.5 Comparison of the circularity error with and without
the compensation (center location: (X,Y,Z)=(0,100,-1008) mm,
tilting angles: B = 0 deg, A = —25 ~ 423 deg)
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Fig.6 Comparison of contouring error profiles in a circular
operation with (solid line) and without (dashed line) the
compensation.
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