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Thermal effect model analysis and dynamic error compensation

of industrial robot

Li Rui', Zhao Yang?
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Abstract: To advance the precision of the robot motion is one significant research goal of robot flexible
processing issues. In the process, deformation mechanism of heat caused by temperature variation is
found as one of the important reasons for affect the positioning error. The temperature compensation
method suitable for the industry field was presented and testified through this paper. Effect of robot self-
heating and scene environmental temperature factors on axial motion and the ending actuator positioning
accuracy were analyzed. The thermal distribution and deformation models were built using finite element
theory. Thermal compensation strategy was presented to accomplish the experimental and theoretical
analysis of significant correlation between robot kinematics parameters and thermal models above,
especially self-heating effect. It was convenient and suitable for industrial field environment. Thermal
compensation is experimentally proved to carry the ability to adjust the position error of ending actuator
to less than 0.1 mm.
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Fig.1 Experiment system for temperature error measurement
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Fig.2 Results of thermal deformation by the way of finite element

method in different temperature
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Tab.1 Thermal deformation rate of different

temperature range(10~)

Temperature

10 30 60
range/C
Max 0.401 0.524 0.654
Min 0.117 0.148 0.182
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Fig.3 Quantitative calculation of position error of robot axes every

fixed time interval
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Fig.4 Robot manufacturing process
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Fig.5 Analysis of temperature distribution and thermal deformation
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of robot axes affected by self-heating
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Tab.2 Significant relevant parameter analysis of

robot self-heating effect
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Working Affected t
orkng e? ¢ car? affected
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x/mm  y/mm  zZ/mm Giection PoAme
ter
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Tab.3 Kinematic parameters compensation value

affected by robot self-heating

Kinematic

a/mm d/mm a/mm a/mm  @/(°) as/mm

parameter

Error 0.0937 0.1162 0.1283 0.0557 0.0006 0.0132
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