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Geometric error model of CNC machine tools
based on Abbe principle

ZHAO Zhuang', LOU Zhi-feng', ZHANG Zhong-ning' ., WANG Xiao-dong',
FAN Guang-zhao'* , CHEN Guo-hua?, XIANG Hua®

(1. College of Mechanical Engineering , Dalian University of Technology, Dalian 116024, China;
2. Institute of Advanced Manu facturing Engineering , Huazhong
University of Science and Technology ., Xiangyang 441053, China)
% Corresponding author , F-mail . fan@dlut. edu. cn

Abstract: In order to address the shortcomings of the existing space error analysis methods of CNC
machine tools, the geometry error compensation model was optimized based on Abbe principle. First,
the geometry error compensation model of the three-axis machine tool was deduced, and the precondi-
tion for the correct usage of the model was provided. Second, the mechanism of spatial error transfer
of three-axis machine tool was analyzed, based on the Abbe principle. The influence of Abbe error on
the positioning accuracy of machine tool was determined, and the theoretical calculation formula was

provided and verified by conducting experiments on the moving axis of machine tool. Finally, the ex-
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isting geometric error compensation model of HTM was optimized based on the Abbe principle and
Bryan principle. This model was used to fit the diagonal space error, and compared with the actual
measured diagonal error of the machine tool. The existing HTM geometric compensation model can
compensate for the machine tool space error, altering it from 41. 15 ym to 16. 37 ym, with a compen-
sation rate of 60.22%. The optimized compensation model can compensate for the machine tool space
error, altering it to 5. 32 pm, with a compensation rate of 87.07% , which is an increase of 26. 85%.
The experimental results show that the optimized compensation model is more reasonable, and further

improves the accuracy of space error compensation.

Key words: CNC machine tools; geometric error; compensation model; Abbe principle
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Tab.5 Measuring stroke and interval of each axis (mm)
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Instrument installation diagram for measure-

ment of geometric errors of X, Y and Z axes
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