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Thermal Deformation Modeling and Analysis of High
Speed Motorized Spindle Based on PLS

FAN Liting ,JING Xiaorui ,ZHANG Ke ,ZHU Chunxia

(School of Mechanical Engineering, Shenyang Jianzhu University , Shenyang , China,110168)

Abstract;: This paper was proposed to model the thermal deformation of the motorized spindle at
different operating condition and analysis the correlation between multiple temperature variables
and three-dimensional thermal deformation based on the partial least square method. A precision
sensor is used to measure the thermal deformation and temperature rise of the 150MD2477.5
motorized spindle under steady-state conditions. According to the internal analysis mechanism of
the PLS model, the extracted principal components are used to analyze the interpretability ,accuracy
and overall correlation of the variables. The model verifies the multiple correlations between the

temperature rises of independent variables. The principal components extracted by the model can
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reflect most of the information of the original variables. There is a clear linear correlation between

the temperature rise of the independent variable and the thermal deformation of the dependent

variable. The prediction accuracy of the PLS model is superior to the multiple regression model.

The PLS model of the thermal deformation of the motorized spindle has high prediction accuracy,

which is suitable for actual processing conditions and has supplementary significance for the

compensation of thermal errors.

Key words: high-speed motorized spindle; thermal deformation; partial least square method;

correlation analysis
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Table 2  Operating conditions of motorized spindle
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Table 3 Correlation coefficient of independent variables
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Table 5 The statistical error of the model pm

A

TR 22 (LS/PLS)

Yormue s R 2% /MR 2E
X J71H) 8.417/3.452 2.035/1. 261 0.736/0. 521
Y J5n] 10. 135/4. 639 2.361/2. 135 0. 537/0. 458
ZJ5ln] 27.712/12.72 12.368/9. 257 3.168/2.026
R6 K
Table 6 Composition accuracy
Rd(A;ty) Rd(B;t;) Rd(B;u,) Rd(A;ty) Rd(B;t,) Rd(B;u,)
0.923 8 0.773 3 0.819 2 0.058 5 0.109 2 0.085 6
H1% 6 AL, i THRR T 88 — o, 78 4
N SURVIEN 3 30
FAS R TR A A 92.38% R 15 BT 2 09 50;11%3
§ \ p N 1 ° 5
FHPUR AR R ) o s
ARG 5. 85% (1) 75 5 IR T I %-g- o2 ol3
BB T S BT 0 B, 1 B E o2
RE ST B 5855 ¢, X [N 22 4 B 8 5 1 i R o[ o

REJIIREI77. 33% , Uil B A R A 77.
33% WA S T e LA A2 6 i o, X6 PRI A% o
Ml B W REAE A 10.92% . PRI 3 A
DA AR T AR A H A —E R
Fifie

4.4.2 FRKRDHT

I S A RDRG BE 43 A TR I R R B R
PRI 2R — F R A IR B i 4 K 28
F R O e /N e ARy AN T LUK
W T A AR i AR A TR, 6 ] LS B U
(T Ak, B AR St () 2. ) P A e /s —ofe g
REHR IR 58 — T2 40, 3 e mT Ak i Pl R
FR i A0 i (] R AR OC 2R T 4 L[]
7 Ji.

Mt /u, - TE AT DL SR A5 AR A Y K
TRGEI 1 A w, SEIUARTE M LM IE 2, &
PR, BT R R IE 5015 1Y iR 2
() FAAE— 2 L MEAH OGO 2R AR BE AU IR
g o8

7 6 -5 -4 -3 -2 -1 0 1 2 3
1]
B7 t/u FHEH

Fig.7 t,/u, floor plan

5 8

PLS AN A B2 e, A T e/ 5
TMAS D s PLS 455 0 £12 1) ik 43 BE 6% AR 47
i R AT (A A IR P R R A R A
I S — E R IR T L Z R AR I
FIZEPEAR G IE R, AT LAFH PLS £ [l IS 55 71
ST IRTH RIS (M D R, AR 22 1)
HE— 2R MEBEE T LA

S 3k

[ 1] BRYAN J B. International status of thermal
error research [ J]. Ann CIRP, 1990,39 (2):
645 - 656.

(2] FEHEW. &R HUR B FRAGR LI
BT D], 2 B TR 2011,
(LEI Chunli. Thermal error mechanism analysis
and modeling for high-speed motorized spindle of
CNC machine tool [ D ]. Lanzhou: Lanzhou



744

Tk B B OR E eE R (A SRR )

%36 %

[10]

[11]

University of Technology,2011. )
R B in T b B 32 Al R 22 BF 5%
[D]. RE: RER2Z,2011.
(TIAN Liangju. Research of thermal error for
CNC machining center motorized spindle[ D ].
Tianjin ; Tianjin University,2011. )
WA, B, 5 A, 55 B DAL A T R
PERR DR 22 R [T ] WL R % 2 4l (T
) ,2018,52(334) ;46 —53.
(XIE Jie ,HUANG Xiaotiao, FANG Chenggang,
et al. Thermal characteristics and thermal error
modeling analysis for motorized spindle of gear
grinding machine tool [ J]. Journal of Zhejiang
university ( engineering science ) ,2018,52(334) .
46 -53.)
ST ZE B W, e B S5, SETASAE AR
B DU AR ZE L[ T ] SRR 5L
K,2016,643(1) ;60 - 65.
(DENG Yongjun, ZHANG Zhijing, JIN Xin.
Thermal error modeling of spindle based on
feature  weighted naive Bayes [ J ].
Manufacturing technology and machine tools,
2016,643(1) :60 -65.)
LIU Hui, MIAO Enming YUAN Xin, et al.
Robust modeling method for thermal error of
CNC machine tools based on ridge regression
algorithm[ J ] . International journal of machine
tools and manufacture,2017,113 .35 —48.
oK. HMCS00 Fib A0 T mp ot S 4l B iR 22
BT B[ D] 22 2B TR 24,2018,
(WU Yongwei. HMC500 horizontal machining
center spindle thermal error analysis and
modeling[ D ]. Lanzhou ; Lanzhou University of
Technology,2018. )
HOU Ruisheng, YAN Zongzhuo, DU
Hongyang, et al. The application of multi-
objective genetic algorithm in the modeling of
thermal error of NC lathe[ J]. Procedia CIRP,
2018,67:332 - 337.

Wi/Iviz X i, e 45 T L A A S
REMCHLRZ R [ 1], BLAR T2 2% 4z, 2013, 49
(11):135 - 142.

(CHEN Xiaoan, LIU Jiufeng, HE Ye, et al.
Research on the thermal properties of high
speed mptorized spindle and their effect[ J].
Journal of mechanical engineering, 2013, 49
(11):135-142.)

AREL 7 HLBRER X . CKH1463 K% 5ds
FEH b R AT (D] MUK 5 W
JE,2013(13) ;27 -32.

(ZOU Liyun, QIU Xiaoli, ZHAO Yishun.
Thermal characteristic — analysis for the
motorized spindle in CKH1463 precision CNC
turning center[ J ]. Machine tool & hydraulics,
2013(13) .27 -32.)

BGET SRAA AR, 1 BB AL B R A A
PER)A BRIC o #7 [ 7], it = i 3& £ R, 2003
(10) ;20 -23.
(HUANG Xiaoming,

ZHANG Bolin, XIAO

[12]

[13]

[15]

[16]

[17]

[19]

Shuhong. FEA of thermal properties for high speed
motorized spindle[ J]. Aeronautical manufacturing
technology ,2003(10) ;20 -23. )

SR Ry R F S Tl PR 20 BT R 6 5
[D]. /R W R Tl K2 ,2015.
(ZHANG Zheng. Thermal and  dynamic
characteristics analysis experiment research of
high speed spindle[ D ]. Harbin; Harbin Institute
of Technology,2015. )

SR PRI, 1 5. e 3 ) PR 3 Al R
P [T]. ABHURS A S b TR,
2019,542(4) .46 - 49.

(ZHANG Chuang, LIU Baoguo, FENG Wei.
Thermal characteristics analysis of ultra high
speed grinding electric spindle [ J ]. Modular
machine tool & automatic manufacturing
technique ,2019,542(4) .46 -49. )

A2 RGN, INITR 55 BPEALR 32 BB
P HT L] REER 24l ( AR 5 TR
HAM) ,2013,46(9) :846 - 850.

(JIANG Shan, ZHAO Zhigang, SUN Minglu,
et al. Analysis on thermal dynamic characteristics
of CNC machine tool spindle [ J]. Journal of
Tianjin university ( science and technology ),
2013,46(9) :846 —850. )

EOYTH  BR/NEE 2 s R e e R H A
PESPEREIT[T]. HLIIL 30,2011 ,35(12)
84 -87.

(BI Jiangtao, CHEN Xiaoan,LI Yunsong. Thermal
performance  analysis of  high-speed  high-
performance motorized spindle [ J ]. Journal of
mechanical transmission,2011,35(12) .84 —87.)
H8E - e AL = Al PR T Y A R R A T
[D]. 220 2B T K2 ,2011.

(SHAN Kuanping. High-speed electric spindle
unit thermal characteristics of research) [ D ].
Lanzhou: Lanzhou University of Technology,
2011.)

ST L T i T R T A5 S 58 BF 5

[D]. JEFH . TR A SR, 2015.

( XIA Wanlei. Motorized spindle temperature
intelligent prediction and experimental research
[D]. Shenyang: Shenyang Jianzhu University,
2015.)

SKREN T, A8, A RE, 45 B LR e
IR TSI SCIEFE [ 1] . US55
3 ,2018(1) ;129 —132.

( ZAHNG Lixiu, LI Jinpeng, LI Chaoqun,
et al. The experimental research on temperature
rise and thermal deformation of high speed
spindle of CNC machine tools [ J]. Machinery
design & manufacture,2018(1):129 —132.)
B RN 3 A )5 v KR [ M.
Jbmt [E By Toll i Rt 1999.

(WANG Huiwen. Partial least-squares regresssion-
method and applications [ M ]. Beijing; National
Defence Industry Press,1999. )

(DUESmE . XIFOL  SESCH AL JE s )



