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Table 1 Geometric error elements of three-axis machine tools
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Fig.2 Topological diagram of machine tool kinematic chains
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JUTiR 2 KL | K2 | K3
0./um 1230 | 2460 | 36.90
J,/um 8.53 17.05 | 25.58
J./um 1221 | 2441 | 36.62
e /(um- m') | 4.64 9.28 13.92
&, /(um-m") | 9.74 1948 | 29.22
e /(um-m') | 11.85 | 23.70 | 35.55
J3,/um 11.03 | 2206 | 33.09
J,/um 1282 | 25.64 | 3846
J.,/um 13.84 | 27.67 | 4151
e, /(um-m™) | 1175 | 2349 | 35.24
&, /(um-m") | 7.68 1535 | 23.03
e,/(um-m’) | 2.79 5.58 8.37
5. /um 8.45 16.89 | 25.34
J,/um 5.06 10.11 | 15.17
0./um 13.09 | 26.17 | 39.26
e./(um- m') | 11.55 | 23.10 | 34.65
e./(um-m') | 8.56 17.11 25.67
e /(um-m') | 1071 | 2141 | 32.12
S,/(um-m™) | 7.11 1422 | 2133
S./(um- m™) | 879 17.57 | 26.36
S./(um- m™) | 432 8.64 12.96



Error and Compensation of CNC Machine Tool Mﬂlﬂ{iﬁﬁﬁﬂ‘%

R4 EXRWER
Table 4 Results of orthogonal experiments
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Table 5 Analyses of variance table
REITCR {25775 1 /107 FIHE /() 5 2/107° Fi&
O 0.0475 2 0.0238 1.06
O 0.0037 2 0.0019 0.08
O 1.8597 2 0.9299 41.46
B 2.4050 2 1.2025 53.61
B 0.0472 2 0.0236 1.05
& 0.0010 2 0.0005 0.02
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Table 6 Machining accuracy identification results
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Methodology of Identifications and Tolerance Design of Machine Tools
Crucial Geometric Error Elements
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[ABSTRACT]

Facing the machining accuracies, a methodology of identifications and tolerance design of machine tools

crucial geometric error elements (CGEE) is proposed. Taking a vertical machining center as the object, the volumetric
error of machine tools is modeled based on screw theory. Combined with the volumetric error model and the definitions
of machining accuracies, the machining accuracies evaluation models are established, and the indirect experimental
verification strategies and implementation technologies are proposed. The CGEE can be identified by orthogonal
experiment and statistical analysis, and the identification results are verified by numerical experiment. Then, the mapping
relationship between machining accuracies and CGEE is constructed based on response surface method, and the tolerance
design of the latter is transformed into an optimization problem. Genetic algorithm is used to obtain the optimal tolerance of
CGEE. While the machining accuracies meet the requirements, the product cost of machine tool is the lowest, which shows
that the proposed method is conducive to the robust design of machine tools accuracies.

Keywords: Machining accuracies; Machine tools; Crucial geometric error elements (CGEE); Identification; Tolerance

design
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