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A Study on the Compensation of the Thermal Errors for Machine Tool
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r Abstract }

reduced from &pm to 2um.

This paper presents an indircel compensation of thermal errars during machining, in which thermal error is modelled as a
linear regression of temperatures measured at 4 specified positions. In this regression model, weighting coetficients 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 maxirmmn machinmg eror of the work pieces was reduced to 1 Zam
while it measured by 28un withow! compensation. Furthermore the slandard deviation of machining errors was also
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Fig, 2 Thermal Error Measuring System
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Tahle1 A Sample of the Measured Data

Tme| El | B2 | B3 |B EX Tl 2| 1| T4
(o, (pm) | (am) | {um) | Lumd
09 | 0 |-22|-74 | -74 | 184|277 | 237|156
109 ] 3 1, | -34 |64 [ (84 28} 24 | 156
a1 3009 |33 |63 | I81 287 |243]153
31 1 |05 | -3 0 4 [181]287)|2491153
4i 00 P4 |4 s s 2| 1S

Nofes: E1, £2. E3 are position errors at 10on, 100mm, 190m from

wheel head respectively. B_EX=E3-EL
And T1, T2, T3, T4 are {emperatures measured af the bed, wheel
head, ball screw, and atmosphere respectively{” C)
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Fig. 4 The Results of Regression
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Fig. 5 Dimension of Work Piece

Nates:
— ® — : Change of machined length (compensation)
— # — : Change of machined length (non-compensation)
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Fig. 6 Grinding Error Comparison hefween Compensation
and Non-compensation
(1st test, until 4 hours after machining sfarts)
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Notes:
— m — : Change of machined lengfh {compensation)

— # — : Change of machined length {nen-compensation)

-- A+ : Tool offset (compensation)

Fig, 7 Grinding Error Comparison between Compensation
and Non-compensation
(2nd test, until 4 hours after machining staris)
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— o — : Change of machined length (compensation)
— & — : Cliange of machined length (non-compensation)

-+ A - : Tool affset (compensation)

Fig. 8 Grinding Error Comparison between Compensation
and Non-compensation
(3rd test, untif 4 hours alter machining starts)
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Fig. 9 Grinding Error Comparison between Compensation
and Non-campensation
(2nd test, until 10 hours after machining starts)
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— m — : Change of machined length (eompensation)
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-- & ++ 2 Tool offset {compensation}

Fig. 10 Grinding Error Comparison between Compensation
and Non-tompensation
(3rd test, until 10 hours after machining starts)
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Table 2 Results of Grinding Test

Standard Deviation{um)
Measure- Until 4 hours after Until 10 hours after
ment machning starts 4 hours of machining
{every 30 mminutes) (every 30 minutes)
Number Com'pen Non-Com Comlpen Non-C(.)m
Test of -sation -pensation -sation | -pensation
Speciimen Surface Surface Surface | Surface
®) () ® | W
Ist | 10EA - - 00037 | 0.00%0
Ind| 19EA 0.0033 0.0031 00021 | 0.0047
Jod | IREA 0.0056 0.0033 00038 | 0.0044

Table 3 The Accuracy of Grinding Test I

Accuracy (um)
Number afier 4 hours of
Test of machining Note
Specimen| Compen | Non-Compen
-sation -sation
lst 10EA R 28 Compensation
Max:12um
2nd 12EA 7 13 Non-Compen
-sation
3d ITEA 12 14 Max:28um

Table 4 The Accuracy of Grinding Test I

Accuracy {zm)
Number after 4 hours of
Test of machining Note
Specimen| Compen | Non-Compen
-sation -sation
Compensation
Ist 7EA 18 18 Max:33m
Nen-Cormpen
ad | TEA | B 14 -sation
Max:14im
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