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Thermal characteristics analysis of a novel 3-DOF
deflection type PM motor
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Abstract ;: Concerning the problem of the thermal safety and thermal stability of a novel 3-DOF deflection type PM motor, the
thermal characteristics of this motor are analyzed. The heat production of this novel motor working in the rated and overload
conditions is simulated for temperature field using finite element analysis software, and the motor's temperature contours under
different operating conditions are derived. The research results validate the rationality of the structure design of this proposed
novel motor, which provides a reference for the structure optimization and performance indicator improvement of this kind of

motor.
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Tab.1 Motor structure parameter
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Tab.2 Thermal physical parameters of motor materials

ok SHAH/(Wm - KD g/ - (kg « KD HE/(kg e m™®)
BEAE 23 448 7 750

4 400 386 8933
Bk 10 350 8 300

5 MERGRESH

5.1 BEITEBRATEAER

F ANSYS WORKBENCH %K {4 % 12 % % sk #% o ML ifE 4T = 48 005 B 40 07, 1% B 30 55 18 B R 90 46 18 B o
20 C, FHLZE BB AT B R X MR AK AT WHEBMARLECH 12 W/ (m® - K), Hig TERS T B4 #E
YiH 48 W, BRFEA R 0.1 W, ﬁﬁiﬁﬁ%ﬂﬁf‘mﬁ%ﬁ:zﬁz@ﬁu@ 4 mm,{ﬁﬁ%gmﬂ@ 5 Bf/T

I
B4 wiumREELSH = E BS5 amdfBEiER

Fig.4 Part of the modal temperature distribution diagram Fig.5 Part of the modal temperature vector diagram

M 4B 5 AT LU E H L X AR IE W TAER IBPCR BN B T RAEBE T 67.1 C &
IR =R 20 CHREE] 25.1 C. LRI R B B0 N E T KB, o7 WA A X LA AR I R A oy
EEEM. o TR S T 805 R BRED 2 T G4 598 TH X 5 TR B AR R M 8K (R Tk B R A
—E MR,

5.2 FHIEBERTEAER

o TS Pr P B LAY TAEE O U B R 4%, XS B LT i BOR B I 0 AR B DL AT e A + 0 BB, 7
5 4. 1 W HSNEA SR AHEOL T, H R KRB BUE R 1.5 4580 1.8 A B, Bt HLAY 4 #E 3% K F 108
W8k 0.1 W, K5 B HLIEEE 2 i = B SR E R B E AN 6 FE 7 s .

H6 wdBAFRESHZH B7 andBAFBREAXEH

Fig.7 Part of the model overload t t
Fig. 6 Part of the model overload temperature '8 a ¢ model overload temperature

R . vector diagram
distribution diagram &



284 mode BB K ¥ ¥R 2015 4¢

S HTIE 6 FIPE 7 BT, BUHLEE 1.5 F5 A0S B IR UL R AR, RIAE R I B B A% 00 T B DL S IR Tk
F) 94.7 °C, AR K 47.8 °C, B R P A T4 ch 75 s LAY S8 20 4% B AL, 7T DL FE 3 88 T AR 00 F 51 Bl i
T B BRI R4 % TR R IR T R A P
5.3 HEFREBEEISHT

i TR AR [ 6B T 2 3 30 R IR A R 1 L R 2001
1o 788 B A T 1A 0 e 2 VB 5 L B R A R T 3 3R
BEILG: , PR 43 7 oMLK B % F7E AR TR B9 TAE B F 150
B THE RS LR S R E AR S EXEE.,
Bl 8 g R T EHLTE AR [F] TR e A 0 A R A e
BRI, WESRTLE S EELSEER 1.2 AF 1007
3A THERH#E FR#EANRSEERH 55.2 CTHE

3| 184.3 °C, AT Wiz B AILTE K HL i AR 60 F ok i SO

TRE/C

1 1 1 1 1 1 ]
6 18 20 22 24 26 28 30

PRI R E , TR X KO A i R E Y RL/A

R AL LR B8 R AT AR KA
Fig.8 Curve of the temperature of PM rotor with

6 ZE 1‘% respect to different currents

A SCF A PR T8 B304 o K ik 3 - O e K =

A i BE R LAY & BRI DL REAT 20 A R T IR AR BUE TARRE T Mg BRI TARRE T A AE 0L, @
RS RS T RS T AR SRR T AT RESR . HRSRERY, AYESE TIEHR
TARRSERT N 67.1 C, AR TARBEREN, ANTEIE T ZER 86 Bk E TREB N ZBELE
BRPIRR P FAFETEZ RIS & B AL AR R B DR BOF AR H i TH T KBS E T
BB B, e ALE R TARTE 0L T W B & S BUR TR AR TS s AL TAR R E . B A
iR AL — B BT S AL R B TARGE M S %, 78 SRRl 1 3K 3 A0 £ 4R SR B BOH R T — B TR
NE.

5 % 3Lk /References:
(1] X, #E<Fi, MA S, %. MEF WA E AR i sh PR B 5407 (], L, 2010,43(5) ;10-12.

LIU Jiao, HUANG Shoudao, CHENG Benquan, et al. Analysis of temperature field in a cycling oil cooled permanent magnet synchro-
nous motor[ J]. Micromotors, 2010,43(5): 10-12.

(2] F¥sk, skHefh, EH@, % BT ANSYS Workbench X AL B #8-& 47T 1. WHb TR, 2013, 30(5) . 314-318.
ZHOU Haidong, ZHANG Yanwei, WANG Bochao, et al. Fluid-solid coupling analysis of wind turbine blade based on ANSYS Work-
bench [J]. Hebei Journal of Industrial Science and Technology, 2013, 30(5): 314-318.

[3] MmAE, 2k, XaEE, 5. =4 12/8 Hm EIF SR i pl s R ELT]. WAL Tk BHE, 2014, 31(1): 20-23.
ZHAO Yuanzheng, LI Bin, LIU Zhizhong, et al. Design and simulation of extra-high voltage switched reluctance motor with three-phase
12/8 poles [J]. Hebei Journal of Industrial Science and Technology, 2014, 31(1): 20-23.

[4] GUO Youguang, ZHU Jianguo, WU Wei. Thermal analysis of soft magnetic composite motors using a hybrid model with distributed heat
sources [J]. IEEE Transactions on Machines,2005,41(6): 2124-2128.

[5] S KERuilEF=4RESNAMRTIHHES4HD]. JLa. 4duw Ji k%, 2006.
MA Shaoli. The Calculation and Analysis on Stator 3D Temperature Filed of Turbo-Generators by Finite Element Method[D]. Beijing:
North China Electric Power University, 2006.

(6] T3CGEARE,BIRR. BT ANSYS BB AR HLRBE S 447 T]. B HL,2005, 38(5) . 13-15.
DING Wen, ZHOU Huijun, YU Zhenmin. Analysis of temperature filed for switched reluctance motor based on ANSYS[J]. Micromo-
tors,2005,38(5) :13-15.

[7] QU Fengbo, LI Zhipeng, CHENG Shukuang, et al. Calculation and simulation analysis on starting performance of the high-voltage line
start PMSM[ C] // IEEE International Conference on Computer Application and System Modeling. Taiyuan:IEEE, 2010:198-202.

[8] MgscHe. FfEfei2tIMI. VU . P4 30 R it , 2006:5-19.
TAO Wenshuan. Numerical Heat Transfer{ M]. Xi’an: Xi’an Jiaotong University Press, 2006: 5-19.

L9 24601, BRigte, i R, 4. W& HKRE I s LSt 08 F 4R E S dr (0], b E WAL TR 224R, 2011, 30(18): 55-60.



w3l % KR TR = A B AR ST 285

L10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

(18]

(191

[20]

[21]

LI Weili, CHEN Tingting, QU Fengbo, et al. Analysis on solid rotor 3-D temperature field in high voltage PMSM[J]. Proceedings of the
CSEE,2011,30(18): 55-60.

GRABEZHNAYA V A. Heat-transfer degradation boundary in supercritical-pressure flow[J]. Atomic Energy, 2006, 101(4):13.
ALEKSEEV G V. Solvability of stationary boundary control problems for heat convection equations[J]. Siberian Mathematical Journal,
1998, 39(5).27.

FEKR BN, BT ANSYS gy 54 m g Pl - 4R SR A S [T, waf&sh A3k, 2011, 33(2) . 23-26.

WANG Shuifa, CHEN Dewei. Analysis of two-dimensional steady temperature field of asynchronous motor based on ANSYS[J]. Electric
Drive Automation,2011, 33(2): 23-26.

EHEHFHY. B, %, TR ERII R REGRE RS AI]. BFal, 2013, 41(8): 30-32.

LI Qingging, HUANG Qin, YANG Li, et al. Coupling analysis and simulation of electromagnetic field and temperature field for brushless
torque motors[J]. Small & Special Electrical Machines, 2013, 41(8): 30-32.

20 AR W, 5. TR R Bl HLE B T S BE B BB RO Ok R R U AT LT b B R TR AR i, 2007, 27(24) .
85-91.

LI Weili, LI Shoufa, XIE Ying, et al. Stator-rotor coupled thermal field numerical calculation of induction motors and correlated factors
sensitivity analysis[J]. Proceedings of the CSEE, 2007, 27(24): 85-91.

oA, TaE. HERITEITTRKE RS By F BRI Bigmil, 2003(6): 8-10.

MA Jie, YU Qizhi. FEM calculation rotor losses in PM synchronous motor[J]. Explosion-proof Electric Machine, 2003(6) :8-10.

AR YRR, TR LS VLA, 55 BRERR SR T M AL = SR BE S AT [T, o = AL TR 242, 2007, 27(21): 66-70.

ZOU Jibin, ZHANG Hongliang, JIANG Shanlin, et al. Analysis of 3D transient temperature field for torque motor in the state of steady
electromagnetic field[J]. Proceedings of the CSEE, 2007, 27(21): 66-70.

WANG Qunjing, LI Zheng, NI Youyuan, et al. Magnetic field computation of a PM spherical stepper motor using integral equation
method[J]. IEEE Tansactions on Magnetics, 2006, 42(4): 731-734.

HIER, XEE. 2RI RIHIEFRESHITESAIIT] BUFRL, 20094 22-25.

XIA Zhengze, LIU Huijuan. Analysis and calculation of the stator temperature field of asynchronous traction motors[J]. Small & Special
Electrical Machines, 2009(4) . 22-25.

A, WU . SO R B PR FIRE SR T]. Kbl AR, 2005(2):1-5.

WEN Zhiwei, GU Guobiao. Calculation of rotor temperature field for solid pole synchronous [J]. Large Electric Machine and Hydraulic
Turbine, 2005(2) . 1-5.

ALEKSEEV G V. Solvability of stationary boundary control problems for heat convection equations[J]. Siberian Mathematical Journal,
1998, 39(5) . 27.

KRAL C, HABETLER T G, HARLEY R G, et al. Rotor temperature estimation of squirrel-cage induction motors by means of a com-
bined scheme of parameter estimation and a thermal equivalent model[J]. IEEE Transactions on Industry Applications, 2004,40(4):
1049-1057.

[22] JUNGGI L, KWANGHEE N, SEOHO C. Loss minimizing control of PMSM with the use of polynomial approximations[J]. IEEE

[23]

[24]

Transactions on Power Electronics,2009,24(4) . 1071-1082.

RIOUL M. A Thermo hydraulic modeling for the stator bars of large turbo generators: development, validation by laboratory and on site
tests [J]. IEEE Transactions on Energy Conversion,1997,12(1): 1-9.

Z= R IR, KRB B BUKRER: F s X = 8 W A LRGSR AT LT ] bR K 25224, 2012, 33(5) :422-428.

LI Zheng,GUO Zhihu,ZHANG Yue. Magnetic field analysis of a novel 3-DOF deflection type PM motor[J]. Journal of Hebei University
of Science and Technology,2012,33(5) :422-428.



	55.pdf
	56.pdf
	57.pdf
	58.pdf
	59.pdf
	60.pdf
	61.pdf

