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Thermal error modeling for spindle system of precision CNC lathe
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Abstract; The experiments and modeling of thermal error compensation for the spindle system of a
Computer Numerical Control (CNC) lathe were researched. A thermal error compensation model for
the Spindle system of CNC lathe at axial and radial directions was established to enhance its error
compensation ability and to improve the machining precision. A test platform for the thermal error of
the spindle system was built. The five point method was used to test the thermal error of the spindle
system, and a thermocouple and a infrared thermal imager were taken to measure the temperature
changes of the spindle system. Then the gray comprehensive correlation analysis method was used to
identify the temperature-sensitive measurement points and to construct thermal error prediction model

based on re-sampling step particle swam optimization to evaluate the model effect. The prediction

5 HEA:2016-01-26;f&1T HHA:2016-03-31.

BEEWH: B X+ =17 BH S #4 %0 % B 3 H (No. 2012BAF12B08) ; B &% [ A BF 2% 3k 4 % B i H (No.
51475087) ;3L T A BT RII H (No. 20131043 ; 10 T 44 BB I R F2 AR 5 %6 25 TR WF 58 0 1 50 if A
4% B H (No. CMHT-201208)



1732 e KE TR

5 24 &

results on the thermal error compensation model based on re-sampling step particle swam optimization

show that the axial residual thermal error is —1. 29 pm—1. 55 pm, and the modeling accuracy is
95.04%. The thermal residual error along y direction is — 4. 68 X 107°°—9. 66 X 107 °°, and the
modeling accuracy is 91. 26 %. The thermal residual error along =z direction is —5. 83X 107°°—8. 59X

107%°, and the modeling accuracy is 93. 24 %. The research shows that the thermal error compensation

model has high precision and a strong engineering application value.

Key words: precision Computer Numerical Control (CNC) lathe; spindle system; thermal error

modeling; thermal error compensation; Re-sampling Step Particle Swam Optimization
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and motor

F2 T 1S0230-3 Fdz ALK i 40158 2 ) o s A
&R LR 5 R g R 22 00 6 F /.
Kl 2Ca) BroR i R GRH 12 4 # % XX PT100
T A2 SRR S i S il R L b R L T B R R A S R

5P I IR R AR L A R AL IR AR B, B
PRGNS EREZH -2 A RO T £
R B BRI 2 (b) BTk . Ty JCE 76 3 3
Al R L 0RE 5 T, ik A S Al R A 0 BE 5 T
I A 3 SR R R 0 BE 5 T CE AE 3 RS ok
R 5 T i A S S R A O RE 5 T iR AR
2 A S b R O BE 5 T R A 3 AR A R g
s T 50 A 2 ol A6 AR i 3R A B 2 3 5 T
EE A 2 A R A i R 5 T A 3 T A A A
Je S S 5 T CE A L HLYA EIRE T T 5 T B
e HL ALY HI T IR AR 6 B B SBWR-
ZK1 #,5% H VarioCAM® hr 21 4h #4543 0 5
AR R RR A A . E SRR AR 1A S ) 22 5 A
7 [ K AR S B AE PR ILD 2200-2 78 25 0 BE O
P AS AL IR | FH Ok 52 JORS 25 LR 32 il 4415 22 1 )
WL OGO B AL R I S R 1 iR, il fF
SR NI EE R E RS S Labview $di R %
TR R 42 U P A% TR 5 0 B A% A O B

(DR HIERET &

(a) Data acquisition platform

=
— ¢ _..T, i
& I _:f': |
T\ 'Tx By
= -
Cb) ¥ B I £ 431

(b) Distribution of temperature measuring points
B2 MUK 3l PR 22 5050 MR R 40

Fig.2 Testing system of spindle thermal error



1734 ¥ HE TR 24 %
1 HARUBEREFIHOBISH
Tab.1 Parameters of laser displacement sensor
LHER/mm BREELA/mm BREZLE/mm  TERE/C 26 %) PR 2/ pm SR/ pm MR SR /kHz
37%5:0.03
2~50 24 26 0~50 1 10
F#45.:0.007 5
2.2 PIRENRKFEE Wy Z m AR R 22 0, B (D i, (R B AT

WP 3 FER . R 8 It 3 A AR 22
F bl v X 1) KT S 3 ) PR 2
HAG AR By DEATINGK, 4 L) WAG RS by BR3L Y
G e i T ) X ) ) 0 R) B Ly R AR ERER R
PR3k 5 PR T A R Ak Ao o 1T 22 () X g S 0 R S
B#E, H E=L5 — Ly & F AR mE Z m #4040 5%
WEN 0, ML kS ks MK 4 3 042 10 T
Y ) A DR 2 Oy, AR ERES ke 5k T
R EAE AR G R R e AR R S B TR
LR 5 A 0 /ML T 0, 0 tan 0~ 0, # &

XF FERIAR Y 18] B e iR 22 0y EAT I GE
L AI44_AIJ')7(144_142)_(IJ]_I49,)

tan@z:@:g: S - S

b

QYD)
K. S WAL AL IRAS ki 5 ks Z A X ) K- B
B 5 ALy A Ly SRR 57 B A6 I 40 2 IR 2 5 ARG
MRS ZREEE; Lo ALS AL 22{H; L,
L 3% A% S 4% Rk B W) S K R Y Z 1) B
Lo Ls R f B AR AR 42k B VB RS KO R A WS Z
Ii] LB

ks k,
4 o [
Ls L
f‘q - lf 3 =
! E4hv)E '
[ [.J
AL,
v .
0, i AL,
_ (L
i RS :
T——_\'

3 BAR 22 R R 2 R

Fig. 3 Schematic diagram of thermal error testing theory
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