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A novel sensitivity analysis method for machine tool position error

Wang Peitong, Fan Jinwei, Ren Xingfei, Li Zhuang

(College of Mechanical Engineering & Applied Electronics Technology, Beijing University of Technology, Beijing 100124, China)

Abstract; This article proposes a new method for sensitivity analysis of machine tool position errors. Firstly, the position error model of
five axis gantry machine tool is formulated, which is based on the multi-body theory and homogeneous transformation matrix. Secondly,
the geometric error parameters related to the position are characterized by the truncated Fourier technique. The sensitive value of each
error parameter to position error can be expressed as its Fourier amplitude square. After normalization, the key geometric error
parameters are the 2nd, 3rd, 8th, 15th and 26th errors. Compared with the traditional Sobol method, the simulation results show that
the key geometric errors identified by the two sensitivity analysis methods are the same and the sensitivity values are similar. In addition,
the calculation efficiency of sensitivity analysis of the proposed method is better than that of traditional Sobol method. Finally, to verify
the validity of key geometric errors, a compensation experiment on key geometric errors of machine tools is proposed. Experimental
results show that the machining accuracy of the machine tool is improved by 48% after the key geometric errors are compensated.
Therefore, the sensitivity analysis method of machine tool position error in this article is feasible and effective.
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Fig. 1 Structure model of 5-axis gantry machine tool
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Table 1 Serial number of geometric error parameters
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1,2,3, o (x),0.(x),0,(x)
4,5,6 £ (x),&,(x),&,(x)
7,8,9, o.(y),o,(y),0.(y)
10,11,12 e(y),e,(y),e.(y)
13,14,15, o (2),0,(z2),0.(z)
16,17,18 £.(z2),e,(2),e.(2)
19,20,21, o.(B),o0,(B),0.(B)
22,23,24 &,(B) ,&,(B),e.(B)
25,26,27, o.(C),0,(C),0.(C)
28,29,30 £,(€),2,(€),e,(C)

31,32,33,34,35,36,37 8,,5.:5,.55,45.45,.
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Fig. 4  Sensitivity value in X-direction
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Fig.5 Sensitivity value in Y-direction
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Fig. 6  Sensitivity value in Z-direction
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Table 2 Comparison of sensitivity values for critical

geometric errors
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o.(x) 0. 097 0.103
o, (x) 0.151 0. 146
&.(x) 0.082 0.079
a.(y) 0. 083 0. 083
a,(y) 0.182 0.178
X J7inl ‘
£,(y) 0. 062 0. 072
o.(2) 0. 064 0. 068
&,(2) 0.079 0. 083
o.(B) 0.083 0. 087
£,(C) 0.042 0. 039
o,(x) 0. 121 0.119
£,(x) 0.132 0. 142
o (y) 0. 194 0.193
Y Jrin] &.(y) 0. 121 0. 131
&.(y) 0.117 0.109
£,(B) 0.122 0.119
o,(C) 0.121 0.123
o.(x) 0. 161 0.163
&.(x) 0. 127 0.127
o.(y) 0.152 0. 149
Z J514]
o.(z) 0.163 0.168
a.(B) 0. 122 0.119
a.(C) 0.143 0. 147
o,(x) 0.147 0.143
o.(x) 0.235 0.234
p=ya| a,(y) 0.217 0. 209
o.(2) 0.226 0.216
a,(C) 0.163 0. 167
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Fig. 13 Measurement error result of S-shaped specimens
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Table 3 Mean and maximum errors of S-shaped

specimens mm
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