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Research on thermal displacement modeling of the variable

pressure preload motorized spindle
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Abstract : There is the problem of machining quality caused by the thermal displacement of the motorized spindle at variable speed. To
address this issue, an experimental method of natural speed reduction for the motorized spindle under different preload forces is proposed
by building an experimental platform of the variable pressure preload motorized spindle. The frictional heat generation model of bearings
based on the energy conservation theory is formulated, and the function relationship between preload forces and bearing heat generation
are constructed. On this basis, the influence law of bearings temperature leading to the thermal displacement of the spindle is further
investigated. The temperature data of bearings and the time of the motorized spindle with preload forces of 1 450, 1 550 and 1 700 N are
used as input to construct a BP neural network thermal displacement prediction model of the motorized spindle. Results show that the
fomulated thermal displacement prediction model can effectively predict the thermal displacement of the motorized spindle, and the
residuals of the prediction model are within 0.5 pwm. The research results provide a new method for the intelligent compensation of
thermal error in high-precision machine tool spindles.

Keywords : high-speed motorized spindle; natural speed reduction experiment; frictional heat generation model of bearings; thermal

displacement prediction model; BP neural network

Wi B 3 . 2022-07-05 Received Date: 2022-07-05
* LA IR H W RIEH TR ek 1 5 B 1k £ R 208 0 3 4 S0 50 = JT O ( KFKT202105) | 22 e vT 48 1+ 5 BHF S 3530 B ( LBH-Q20097)
g1l



78 % & L F ¥

43

0 3l

T

e AR AR SR S B SR AT LA 1 ) R S
T8 T REFEY MPLBEEE RE, EE &N
R A LA B A% O T REFB A i R e, T2 B A R AR
U5 F AT AL Bl R AR A 0 H R il 7R e JEE R4 R i
TR IR G T BN TS BE A i 22 , X
SEHEMTHRMEEERE R | flR B T2 50 L 32
TAEMERERSCHRE A 2R, 0058 0 M /N 23 36 B sl B2 /N T i
R4 R T GO EE T D R 2> (s IR
JE, 8 A P, = A s AL A B A5 ()AL, BERAIRBt R 7 i O
AN TARZET AR SR T Al 2 o
K5 A IALRS & AR U e in 07 QAT VT H
SN TR 2 RN TR

Bossmanns 45 #5715 2 L 3 A D SR IBURE 2 R E
TR DR AR AL 43 BT H S A A R i By R
PFERRE R TN O, TS BRI, &R T
SN, T AT B T A S AR X AT AT
TR T S UEASE RS B MR 1, 23 BT 2T S EO0 R GE IR T
PR SE IR , 45 SR 2 B SR FH 40 T B 45 6 FAVISEL Do) 288 A 78 ] A
HEBH T R G IR T AR 1k, 52 R RSO T e A
FRICAAL , fi5 EL53 A v SRS 37 03 A VIS TR AR L, ik
T AR TR R LA R AR R TR T
BRI R T A $5 s R T ST R
FiAMFEA RIFRAL ER T, SR A BRICA A 4 R M, (H
WFFE R 3 B PR 32 3l PR I 9 52 i B, Than
SRR — G — B4 T R B X A fh AL
SR IR RS IR L I R T RS S0 A WF T F2 A
U BR S0 Pt P A A = i i ) PRSI R A T R 2
HIRET S G A SBULEREL R, BNZE" %
L, Tl R 9 A e i AR 5 R e ) kR A 2
ARG B )R s A TR 5 A HL Y fa g
L Bl 7R 0 PR ARG S Bh 25 SORMIEE BT HLAR D 4
Xof FRUATLAF 1 Uk R 37 1) 4 fih R A 3 A 00 e 49 e L S
it , 7% iR P S A R ILBE  FR AL 7~ 4 I B A
ALY 25 SRLEE , )45 2 B HLIR T (9 728 AL B, E 520
GIRZ AR E T, SR RAAE 2, KT
SEU PR ARSI T B O SR I B 2 R 25 A T A L SR A
XY . Z 77 [ FRRFE AT U D00 e 0 %) ek B oy R 3R 2 5
MBS, Yang 457 AR ds 50100 K12
AT IR 3T, FE TG I T VR PR AR | B
B AR AL (Y PSR, 235 R 3R T S 1 0 %) 00 12k o
R it . Du 551 42 [ AR TS BT RY ) 75 A 1 I
JEAB AR AT OLR , ML P I3 17 Ry L 45 5 F00 B AL e
BN is AT — By 1a] By AR08 22 | B T BE AL L A S

SR IR, BRI ) AT SRR | AR HE SO n] A 2
A ERR R, R AT 2 O A RGO
FLPHTHY , E L o A7 R 2240 R TR R ST PR
TR S AL AL A SER EEAT Y, AR HER Y
PRI S 45 4 A B M TH SR HEAT 2047, AR MBI %o
WA B HERR DT . 5341, X SIS R B
Bl 7 P A A RO LB AR 7 A4 1 2 20531 o P = Al i
FIHRERZE L W AT ST

ey 2 P 2 A0 P DR SR 2301y R LA 7 A A
Bl 7 P A A R T AL 6 A 1 52 ) R, Al A2 R 1)
AR, DLHAR SO 2 SR A AR Tl 7 14 B R A0 I 2%
AR T B A PR R R T, B — b P AR B i S 5
71 AR I 5] RV 3 O 28 0 R i R PR 4 A VR s
PR3 S R A R ) R BRGS0 A Rl R R A A
FAONS A B R 14 5 I ML, 4 A i R TR A R e
AR I BP 22 0 268 T AR Y

| BEAEHSIEFERER

P T PN R AT R D S 28 AT B A Ry TR 7
SRR R G SRR E A A R R IR R S 43 A AR, SR —
e, Al 1 SR A 1 €00 T S 56 ik, 22 41 SR R AN T
TR Ty, Ry S BB S SR it Rl ey R, s ST i R R R R
A PR AR PRI A S
1.1 RWAHARFITESFEEE

AT R A A AR & 1 BT, R
FLIEHAH AR L R A O T s R | A
UG T B HLE T A HUKERE K,

BT AR ) L A A ]

Fig. 1 Structural diagram of variable preload motorized spindle
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Table 1 Main parameters of bearings
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Fig.2 Experimental platform for natural speed reduction
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Table 2 Experimental program for temperature testing
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.4 Temperature rise of a motorized spindle at

varied preload
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Fig.5 Chart of measured thermal displacement at varied preload
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Fig. 6 Curves of frictional heat generation in bearings
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Fig.7 Curves of bearing preload and heat in decelerating
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Fig. 8 Bearings temperature comparison chart
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Fig.9 Temperatures of heat sources affect thermal displacement
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Table 3 Calculative results of prediction errors
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Fig. 12 Prediction errors of the BP prediction model
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