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Research on decoupling and step-by-step modelling of
thermal positioning error of the linear axis
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Abstract: The thermal positioning error of linear axis is related to position and temperature at the same time, and the traditional
modelling method has a heavy workload, low efficiency and poor prediction accuracy under variable condition. To address this issue, a
decoupling and step-by-step modelling method for thermal positioning error of linear axis is proposed in this article. Firstly, the thermal
positioning error measured is decoupled, and the slope parameters and intercept parameters only related to the temperature are obtained
based on least square linear fitting. Secondly, the absolute temperature and relative temperature are used to build the slope parameter
model and intercept parameter model step by step, and the mapping relationship is obtained. Combined with the slope and intercept, the
thermal positioning error model is formulated. Finally, based on the established model, the thermal positioning error in a new working
condition is predicted, and the maximum residual error can be realized as 1.6 pm. Compared with the direct modelling method, the
prediction accuracy of the proposed method is improved greatly, which shows its effectiveness.
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Fig. 1 Measurement of linear positioning error of the

X-axis with laser interferometer
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Fig.2 Linear positioning error of the X-axis
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Fig. 3 Ambient temperature change in 4 experiments
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Table 1 Feed speed setting of the linear axis

SCIRWEL WA/ (mmeminT')  DEIRER WIRIRE/(°)
1 2 000 8 30.4~31.6
2 4 000 8 30.1~31.2
3 6 000 8 27.4~28.3
4 8 000 8 28.8~30.5
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Table 2 Details of the temperature sensor

locations of X-axis
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Fig. 4 Installation locations of the temperature sensor
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Fig.5 Thermal positioning error of X-axis
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Fig.7 Relationship between thermal error and time,
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Fig. 8 Thermal positioning error of X-axis with zero clearing
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Fig.9 Thermal positioning error at different feed speed
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Table 3 Screening results of temperature sensitive points

{37 B/ mm U {1 E/mm HUR A
185 [T2,T7,T11} 325 {T1,T6,T12}
205 {T2,T7,T11} 345 {T1,T6,T12}
225 [T1,T7,T11} 365 {T1,T6,T12}
245 [T4,T7,T12} 385 {T1,T7,T11}
265 {T4,T7,T11} 405 {T1,TI1,T12}
285 [T1,TI1,T12} 425 {T1,T6,T7}
305 {T1,TI1,T12} 445 [T1,TI1,T12}
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Fig. 11 Prediction results with point-point method
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Table 4 Prediction performance evaluation index
of point-point method model pm
H#p RMSE 8 ax MAE
PEAIIRZE 1.6 4.3 1.3

A RAE R 20 mm, 780 AT RENA A 14
AN, B AR VR T BT 14 W R R, TAE
B, Zf KEZITEIEAR S 4 iE T 4 AR
ZEMERRE
3.2 AEMREMBHSERE

F 5 FEN 12 45T 4 REEE Ik 32 RIGE (1R 2
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VA A2 | 4 HR A O ME &, R R AR A O A A Y
B, TR TR L R 185 ~ 445 mm , K I, 78 LA
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Table 5 Slope parameter k& and intercept parameter

b obtained by decoupling thermal positioning error

5

bl SEH 1 SEH 2 SEH 3 S 4

K g b k b k b k b

1 -9.8 0.1 -23.7 -0.2 -22.9 0.2 -13.5 -0.1
2 -9.0 -1.1 -22.1 -1.2 -22.1 -1.1 ~-12.8 -1.1
3 -88 -1.8 -22.1 -1.4 -21.8 -1.8 ~-12.6 -1.7
4 -86 -2.3 -21.7 -1.7 -21.3 -2.5 -11.9 -2.5
5 =82 -2.6 -21.5 -3.2 -20.5 -2.8 -11.0 -3.4
6 -7.7 -2.9 -20.4 -5.1 -20.1 -3.0
7 -7.5 -3.4 -19.6 -6.9 -18.3 -3.4 -8.8 -4.7

§ -6.6 -40 -18.7 -8.7 -18.0 -3.2 -7.3 -5.5
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Fig. 12 Slope parameter k and intercept parameter b
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Fig. 13 Thermal positioning error under different

initial condition
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Table 6 Screening results of temperature sensitive points

of slope parameter k£ and intercept parameter b
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Fig. 14  Prediction results of slope parameter k and

intercept parameter b
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Fig. 15 Prediction results of thermal positioning error
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Table 7 Prediction performance evaluation index of MLR

L7 RMSE e MAE
B/ (ume-m™") 2.6 3.6 2.5
P/ um 0.5 0.8 0.5
PUE LB/ pm 0.6 1.6 0.5
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Fig. 16  Prediction results of slope parameter k&

and intercept parameter b
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Fig. 17 Prediction results of thermal positioning error
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Table 8 Prediction performance evaluation index of SVR

Hir RMSE - MAE
A/ (pm-mm™") 2.6 3.3 2.5
M/ um 0.3 0.5 0.3
POE LR 2/ pm 0.4 1.0 0.3
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