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Power Flow Model of High-speed Motorized Spindles and
Its Thermal Characteristics
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Liu Junfeng

Abstract; Based on the law of energy conservation, a power flow model of high-speed motorized spindles
was presented. Quantitative power loss models of the built-in motor, bearings and air were developed. An
experiment on the 2ZDG60 motorized spindle was carried out under several operating conditions. The
good agreement between the theoretical results and the experimental data indicated that the power flow
model was capable of accurately predicting the power loss of high-speed motorized spindles. And on all
these points, the thermal simulation data of 2ZDG60 motorized spindle showed that the temperature rose

on the areas of bearings and motor was higher. The little error of testing data and simulation data of

B4 HOM

temperature rise proved the correctness of the power flow model.
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Fig. 1 Power flow model
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Fig.2  Loss model of motor
LB A DR
P, =3U,1, coseg, (1)
ﬁ[:fj Ul \]l_éﬁﬁg\%%?ﬁ
cos@, FE T LR DA AL

HLBIALAR AR 23 E T IR AL T-H0FE , 5 110
FE& PO N THIFE P, FUE THAE Py, A

Py =Py + Py,
P, =3Fr, (2)
Py, =3Lr,
A r——E THIM
1,, o, —Jrly i FeL 3 ARl s L L

Mi/Ngg 45, e e 2 ) R AR B 5 G R 5 251
FEL Bl ML L A e T 3
Py =P -Pq, - Py, (3)

WETEE P oy BT RE P, MR T ERE
Py, , MTHLBIHLIE H i AT 255 s AR1K BT AP, =
0,

Py=Pg, :3I£2r£ =sPy (4)
N N O B v G S Gl
HL S ALALA) 2
P,=Py-Pg,=(1-5)P, (5)
R AFE A X B FE
P, +P =P, -P, (6)
Kb P,——HL BB )%

1.3 HRIRFE
645 R A 7 2 A o R T U RG
B AV P SN il R 2 (R R
P R B R L PRI, 4E % 0 B B
T 45 4P P BRI )
Py A 443 g )
M, =[0.675f, (7w,) "D} +£, (Q,/ Qo) TQ,D, ]
(7)
M, =[0.675f, (nw,,) D} +£, (0,/Q0) 7 Q,D,]
(8)
S SRR A S S i R
i R TR T S AR AT e 1 BB
—— R 12 D
0, ——FUBR AN £
0, .0, —FIER 5Py S A )y
Qo Qo —— R P A B A BE A
D,—MHER ARG
Ayl T 57— T PR R 1 A T
il X 1 1 ey
M,; =3p,0,8 ;6,78 )
SR, AR P X P A R
£ —— PR 2 Al 0 1 il
& ,—— PRI 55— K MBI
5 25 T B ARG S84 43 T 0 BN P 1
WRATRE BNERITURE P BBIURE SNRBIURE 29 3

v 7

VA
P[J = 2 (wrolleij +wrull'Me' +wsist£j) (10)
j=0

VA
P, =0.5Y (0 M, +o M, +o M) (11)
j=0

rollj*"" ¢f
A

P, =0.5 3 (oM, +o,M;)  (12)
j=0

A
Pbe :0' 5 2 wmlleLy' (]3>
j=0

AP o, — Bk A e 3



252 P A R = 4

20134

1.4 PEHIFE

BARAS SR EAR N (EE T b 0y e s e
ST IR A 2 B4 o BRI Sy o

M, =0.57"d} L. f./h, (14)

Xh d—HTHEHE | —HTFRKE

po——Z BN r——B U1 )

[ TR b, (RIS

D) IXUBEL 4536 Ry

P, =M1, (15)
X O —Fe TR

2 ASRERET

2.1 KRR

— 77 T e R S Al Ao - IURE R
ARPAFEFN R BH P FE 7 AR i, 55— T T L ¥ 2K
TS SO I IR B 283K B FAOP At H PR S ARE AU 4
Kl 3 Fis

B
K
HFIRFE h
RAR
T

K3k A s A
Fig.3 Thermal model of high-speed motorized spindles
2.2 BRSRERT
17 A4 e T FRL P DA Bl FRES A 1 D
X FRIBE % PR T 0 R S i A S M R AT 07 00
B BATT N 4 TR 2 AR B

z 7
3

2

K4 #fjEHIT

Fig.4 Thermal simulation element
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Tab.1 Thermal boundary condition
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Tab.2 Parameters of motor
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Tab.3 Parameters of bearings

S8 B fl

EilRss B7004C/P4Y B7003C/P4Y
B4/ mm 5 4

R 13 13
W42/ mm 2.85 2.28
A4/ mm 2.70 2.16
PIIA S A%/ mm 25.98 21.98
HMNAIK HAZ/mm 36. 02 30. 01
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Tab.4 Testing data of motor 2 5 = 60°C
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Tab.5 Loss of motor

TGS £/ Ha 300 500 600 800
ETHIRE/ W 35.27 25.90 26.95 34.68
ETFERFE/W 28. 67 36.74 48.71 57.96

PR/ W 0.435 1. 103 1.610 4.084
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Fig.5 Calculated result of bearings loss
(a) B7004C/PAY (b) B7003C/P4Y
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Tab.6 Data comparing of total power loss

Vil £/ Ha 300 500 600 800
M 1190 191.9  252.3  386.7

REEDIR/W

HFEh e 127.5  202.3  268.2  400.1
TR/ % 6. 64 5.18 5.91 3.17
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Fig.7 Distribution of temperature rise
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Fig.8 Simulation and testing curves of temperature rise
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