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Abstract

This paper presents an indirect compensation of
thermal errors during machining, in which thermal
error is modelled as a linear regression of
temperatures measured at 4 specified positions. In
this regression model, weighting coefficients of the
measured temperatures were estimated by using the
least square method. The grinding test with
compensation, after 4-hour warming-up operation
before the test, showed that the maximum
machining error of the work pieces was reduced to
12/m while it measured 28zm without compensation.
Furthermore the standard deviation of machining

errors was also reduced from 8ym to 2/m.
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Fig. 1 Thermal Error Behavior of Machine Tools
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Fig. 2 Thermal Error Measuring System
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Fig. 3 Test Setup for Position Errors &
Temperature Measurement
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Table 1. A Sample of the Measured Data

Time | El | E2 | E3 |B EX

(min) | (zm) {(am) | Gam) | ()
09 | 0 |-22|-74| -74 11841277(23.71156

T | T2 | T3 | T4

1097 3 | 1. |-34] -64 |184}|28. | 24. |156
21. | 3 109|-33] -6.3 |18.1/28.7|24.3/15.3
3. | 1 105]-3.| -4. [181]28.7(249(153
41. | 0 [-1.1-4.| -4. [181]287]|249] 15.

Notes: E1, E2, E3 are position errors at 10mm, 100mm,
190mm from wheel head respectively. B EX= E3-El.

And T1, T2, T3, T4 are temperatures measured at the
bed, wheel head, ball screw, and atmosphere respectively
O
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Table 2 The Results of Regression
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Fig. 4 Dimension of Work Piece
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Fig. § Gnndmg Error Comparison before & after
Compensation (Ist test, from 4 hours after start)
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Fig. 6 Grinding Error Comparison before & after
Compensation (2nd test, from 4 hours after start)
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Fig. 7 Grinding Error Comparison before & after
Compensation (3rd test, from 4 hours after start)
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Fig. 8 Grinding Error Comparison before & after
Compensation (2nd test, from 10 hours after start)
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Fig. 9 Grinding Error Comparison before & after
Compensation (3rd test, from 10 hours after start)
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Table 4 The Accuracy of Grinding Test 1
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Table S The Accuracy of Grinding Test II
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