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Study on thermal error of motorized spindle based on thermoelastic theory
and mean-value theorem of integral of temperature field

Huang Hua,Li Xudong,Zhao Conglin

(School of Mechanical and Electrical Engineering, Lanzhou University of Technology ,Lanzhou 730050, China)

Abstract It is difficult to model the thermal error of motorized spindle accurately, and most researches just focus on the axial thermal
error and ignore the radial thermal error. Therefore, a method for establishing the model of thermal error is proposed by using
thermoelastic theory and mean-value theorem of integral of temperature field. The bearing temperature-thermal deformation model of the
motorized spindle is formulated by using the thermoelastic theory. Then, the mean-value theorem of integral is used in the axial thermal
error modeling. Therefore, a linear model of spindle temperature and axial thermal deformation is obtained, and the elongation of the end
of the spindle could be achieved only by measuring the temperature of key points. The mechanism of radial and axial errors generation of
the motorized spindle is analyzed to get the coupled thermal error model. A novel method for measuring thermal error of the motorized
spindle by using a ballbar is presented. The feasibility is evaluated by comparing the error theoretical modeling data with the actual
measurement data and the error model is imported into the developed independently external-hanging error compensator. Experimental
results show that the thermal error of machining the hole’ s radial-error is reduced by about 73.5% , which shows that the method is
reasonable and effective.
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Fig. 1 Diagram of motorized spindle structure
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Fig.2 Schematic diagram of bearing thin-walled ring
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Fig. 3 Micro element in the cylindrical coordinate system
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Fig. 6 Thermoelastic effect
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Fig.7 Curve of temperature field of motorized spindle
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Fig.9 Two-way thermal elongation of motorized spindle
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Fig. 15 Mechanism inversion for the spindle system
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Fig. 16 Experiment of radial thermal error measurement

difference of motorized spindle
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Fig. 17 Measurement method of axial thermal error

of motorized spindle
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Fig. 19 Radial drift trajectory of spindle
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Fig.20 Change of ballbar length caused by thermal

elongation of spindle
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Relationship curve between temperature rise and

Fig. 21

time-varying at the & in motorized spindle
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Fig. 22 Variation curve of each error element
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Table 1 Comparison of axial thermal error measurement

and modeling values

AL AL AL AL
e WEHE A 7/°C MEE  ERE
/m /pm / pwm /pum
22.5 0 0 30.7 17.3 18.50
23.2 2.0 1.57 30.8 18. 1 18. 63
26.8 10.0 9. 65 31.0 18.5 19. 07
28.5 13.2 13. 46 31.1 19.0 19. 30
28.9 13.9 14. 36 31.2 19.3 19.52
29.2 14.6 15.03 31.3 19.5 19.75
29.5 15.3 15.71 31.4 19.8 19.97
29.7 15.6 16. 16 31.5 20. 1 20.20
29.9 16.2 16. 61
F2 HAABKERIFFEILEEE
Table 2 Theoretical modeling value of bearing thermal
expansion and clearance
i a] u ¢ I} [H] u ¢
/min / pm /pm /min /pm / pm
0 0 0 135 0. 86 4.45
15 0.21 1.08 150 0.91 4.56
30 0.55 3.21 165 0.92 4.72
45 0.72 3.44 180 0.95 4.91
60 0.74 3.81 195 0.96 5.01
75 0.76 4.06 210 0.97 5.07
90 0.78 4.16 225 0.98 5.12
105 0. 80 4.29 240 0.99 5.14
120 0.83 4.33

FER PR, ZEMKRAAAE (A RERFIRRESZ G AL #
PRAH 5 0 i (0 25 (A e R s A7 el R v R /N
I 21 23 ATLVAE AL 5 € AR BEEEA U G &R, B
AL B HAR A 5 S PRl e e R AR 258 1.2 pm, #2217
R%E E BSSMEEEZE M 1. 83 um KATERIER 15 min
2, A A A OR B UE T R A B S S R 4 rh
{822 B0 590 A 7 F = A ) R i i AR 2 R AR )
RAER.

HRE (14) F0, 2E 00 2 R A BHE P AP 42 55 8 4L
TR 2 o SRR IRE 56 2 | il R A I R AR
A B RV RN AT A 1 S D) 55 f 3l R 0 00 A
TSR B, IR 2 u 76 45 min 7528 L5,
45 min JE AL GEIE ARG 1 TR SRR 24 0.99 pm,
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Fig.23  Correlation curve between temperature rise and

axial thermal error
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Fig. 24  Wiring diagram of external-hanging

error compensator
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Fig.25 Compensation for thermal error in actual machining
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Table 3 Data comparison before and after compensation
AME T wMEE
iRV €
1]/ mm & 1]/ mm 1]/ mm 15/ mm

1 29.979 709 175. 005 271 29. 994 545 175. 002 451

2 29.979 625 175. 005 322 29.994 471 175.002 513

3 29.979 721 175. 005 288 29.994 516 175. 002 462

4 29.979 711 175. 005 158 29.994 528 175. 002 381

5 29.979 906 175. 005 952 29.994 661 175. 002 736

6 29.979 535 175. 005 573 29. 994 345 175. 002 616

7 29.979 431 175. 005 482 29. 994 239 175. 002 561

8 29.979 607 175. 005 467 29. 994 404 175. 002 478

9 29.979 782 175. 005 441 29. 994 567 175. 002 537

10 29.979 756 175. 005 393 29. 994 632 175. 002 493
ity 29.979 678 175. 005 435 29. 994 649 175. 002 523

iR 0. 020 322 0. 005 435 0. 005 351 (F#A% 73. 5% ) 0.002 523 (P#AIL 53. 6% )

R 0. 000 134 201 0. 000 218 421 0. 000 130 066 9.874 3x107°
RSD 4.476 41x107° 1.248 08x107° 4.336 32x107° 5.642 38x107

TEm e TOUT  MURIR SRR O ) & S B 3™ A W
PRl R 2E

3) I FHERAT (S0 i = b PR i 22 i) 7 32 e e 10
TR B C e AT B T 32w 0 50K 32, BT LUKt
I T P LN T BIL PR A 2 LR . 53 4,
A IB B 25 TRl AR A A JR B s i PR 2 A5 Y
FRFedm R, DI, ZAR RS R4 A9 A2 SIOR | 5 T
UK,
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