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Review of research on AFPM hub motor

DAI Jianguo, ZHAO Zhiguo, LIU Taifeng, WANG Cheng, HU Xiaoming
(Faculty of Transportation Engineering, Huaiyin Institute of Technology, Huai’an, Jiangsu 223003, China)

Abstract : The industrialization of new energy vehicles is an important way to promote the sustainable development of automo-
bile industry, and it is also the key measure to solve the problems of energy and environment. As an important type of new en-
ergy vehicles, electric vehicles will play an important role in the future competition in the automotive industry, especially in the
field of electric vehicle driven by wheel. With the advantages of compact structure, high power density, low working noise and
good heat dissipation performance, the AFPM motor has gradually become the preferred object of the hub driving device. Based
on the statement of the technical development and research status about AFPM motor, this paper mainly analyzes the engineer-
ing application and technical problems of AFPM motor in hub drive, especially the matching of AFPM motor with other sys-
tems and the problem of heat dissipation at high load conditions, and looks forward to the key role in the future development of
the automotive industry. This paper will play a certain reference and guiding role in the application of AFPM motor in the field

of new energy vehicles.

Keywords: vehicle engineering; AFPM motor; hub driven; electric vehicle; high power density

Wk B8 :2017-10-305 48 01 H 1 . 2017-12-10; ST 4w 4 . 5k &

FETH E R A AR A (51605183) ; VL34 i A A AR FBH22 WF 58 T 1 350 H (16 KJB460004) 5 VL J5 48 7™ 2 WF 1 05 1 B¢ & F 55 50 H
(BY2016061-13) ;¥4 i B JWF 58 5 B BOE CTAD #4051 H (HAG2015027 . HAG201603)

S AEH WA A (1987 ), 53 L VLIR 48 6 N FRUW 1 L 323 NS 40 )y ) e B A T T O

BEEE B EEEFE ., E-mail: hyitjeancool@163.com

W L B L XA R SR AFPM R4S 380K sl F LA 9 255 [ 0 L BHEE K % 4R, 2018,39(1) 1 17-23.
DAI Jianguo, ZHAQO Zhiguo, LIU Taifeng. et al.Review of research on AFPM hub motor[]].Journal of Hebei University of Science and
Technology.2018,39(1) :17-23.



18 L= [ /5 N = S 14 2018 4F

G YRR e 5 PR T Yl SR A A e A T I 1 o [ A A SR ) 2 4% VR R R Y T R R e
HEAR G PR RE DB HE BT RE VR 4507 Ml AR I8 A VR 25 7 Ml e i ik i A o ) R R R AR L R e B R4Sl AT R
LR R BSOS o AR RIS Ml e B T A0 S Bl A I ST L o T R4S A ol 0 T S L A e S B T
A R EOR R R R B B AR e B e P AR SE AL AT U LA

FL Bl AR 77l K R A S B BT 2 R T L L BILRIT R 43X L R R A L S R R R O T b AR A
Pl AT WY A A 47 L (H H T C A BOR B2 B RHE LR K Al A FOBH RS = i R R B IR S e AL R
X B HLBIL A F 5 AN R S R R

Fe BRSOy AR N L HIL L RE RS 1T AL 42 4l b L mT 52 B 2 b B2 2 R 3l O 30 B A A 1R 1 2 BB 6
BEARME R A& S HER R B L AR R 2 AT JUE R BAR EE L E SRR E R
A B LR AR T 2 . EEY Robert J2 i 7k W46 4% 9K 3 25 04 bt e s HL L 1% 3 & AR 3 &
EEREA R BORE D ZEOR AT T RUIL A R T 1968 Ao TR A RV TR A )
Bk HARRITE KT ZAZ N 1991 ATt ot 47 s iR 0 9 i RS BF ) ) 1 22 B A 28 3R sl A L, O 2
W T 22 M SR A A R AR I 28 R TR AR R S A AR R G T R K S R R SR A, Bl L SR
TR A R E 2 KN AR T AR A BRI EOR

H ] A 2 T A 5 G o L B R 0 B 1 3l 5 B < A v A BT S B X A B A LB AR O AF
P T, BF T HT Y L E AR — R MR A TR R AU T AR A A AL, Ak Ty T L)
PRAE PR AT B 2 W) 0 4 485 K 8l 5 AR B BIE 5 R A R SR L O A TSR ST AR IR S B L Bl A

TR A R MLy ) A R AR R R L B ) A [ A4 OR3P A i R S B R LS A B
A A2 10] T 368 7 R 1) 20 F AL R 1o 0 i A ) 20 v ML A B B 1) S K R TR AL B BIL . 5 0 BT 3 R4 A
FCAY LML AT LA B A 10 il 7 i [7) A0 WML GG R RS R A O 8 380K 80 2 e ) s 1) ) P SR BRI AN R v
ST R A A B AR 1) 3 A R A R LA e R R R LA B9 O AR R S T B KU
BARG AN HAFAERE T Z ORI AR PRI 3 3 HE R &5 K R 4 R T 20 R g 2 e o, (7S TR AR 3 AR 4t
HH A P 32 IR 5 Tl 1) 308 G 1) A R BT LG R 14 - 45 0 L 5 A 8 IR B L /DN B9 iR 8l R A AR A
EAENRBRRGMIR R E ",

1 AFPM BHBEHHNFEAREXESEHRIERK

AFPM 5 :CHLAILAH Lo R AR 1] 9 37 i AL 2
A DA B BTN R TR/ B TR L A
PERE 55 U0 A T AR T B Rk i T HILA K
RERNA-Z INEWA -2 N ) RV B 6 S G S 8
P HE 28 55 A — 2 A5 ) PR Y 450 A R
1B,

5% [ L 78 AF HAE B OR % B GIERAS
AhE i KX AFPM L AL R G058, 85
T4 AFPM BLHLEY & 25, PRANRUA T 24 |l # !
425 AFPM B #L 1Y 25 ) K g 1% 1% 3 B 3, 1=K R A s 2— 5 F S HEBR R A s 3— 2 s 4—8 75841,

IFBREE T X A MUK 3l 5 2 R R, O AFPM B 1 AFPM & X &ALk Kz
AL — R IRt T 2SS RS M Fig.1 Basic structure of the AFPM disk motor
S EE S B .

X AFPM HUHLEGRT SR TE 1978 ARREC 24 T8O R i Z 41, 38 KA HL 5% K 2% 1 BRAMANTI i
el Tl AFPM B ALY 5 ik, IR SR 40 Bt AFPM AL IS il 1) % 3 P BRI 8 T — 5 8UE T N b
In) 3 K TR AL B BL ., & 20 tH4E 80 ARAR, WEH 48U P40 43 1 T R [Rl 45 44 (1) AFPM H LA 6 o5, OF B 4
i — 5 XUSNEE 5~ A S 45 R 0 e e T e e R % B 1) 3 A TR A0 AL L AR Y I 5 AR T AR A R R 5 B
KW 5T T7 100 5% 0] KU AAREL B 09 AFPM HLHL, g 1 08/ e ALY 158 6, £ 1 84 5 b 17 T 5i Ak 47 24 98 ), i 3))
HIBE ) T — 7 220 kW, 3.8 kNm IR i35 % JH 1l ) 8 K W 1] 20 AL . BEJS 207 AL IT R T AFPM H



513 o [E L A5 AFPM R 4% 38 0K 3y i MLAT 5% £ 3R 19

HLEYF 5%

SRR T K2 19 SPOONER 2577 #l DOSTAL 252048 T —Fh o (9 & T 2 S A FF R TROUS 1
by 1) 104 380 7K TG W LI PR LS M TR S i AL LA AN TN FAS L TR G TS Z bl
58 o AAR G 45 5, HE T4 T AL RCR AT B . DOk WK F ) MAHMOUDI %1% 3k F 5t %
Bkt 7 1 & AU 50 Hz 09 AFPM H AL, (4L B bR 36 S K AL TR % 5 | fie /MBI AR 6 IE
5% SHL B I B KA DA R O 1l 2 i, 9 38 ook K 0 56 0 T O AR RCR B A R . BB IR R K 1 AYDIN
GLEINE 1 & 24 B 8 WHLE T RS T AFPM HLHLRIT T WF5T . 845 1 /0N e AL 0 A8 575 0 19 O ik Ll ol i 2
T 7 3 0 X E AR o A AR A 2 11 559 145 R e e R0 O v S T B BT T K R AR B LA SR AN TR R T
=1 55 17 48 5 A A R L e LR BGRB8 R T I 2 T Tk A AR .

ESh X AFPM HLALEY A5 © &3k 8] 77 Ak iy Br B, BT 1k, © A %+ INFRANOR A A | 78 [
Robert Bosch 23 & 1% T Je W, 3 TREBF 58 T 45 76 42 7= R 51 B9 AFPM HLHL= & .

i E ST AFPM AL BFSE AL T 0140 K TR B B, (B & U T — 2 MR . TR B Tk K22 9 T i
AL R —Fh 3 T Halbach FE51 Y AFPM # 0 HLETF T0F5T, I B HLUE AL BE T B9 A BE 8 & 42 i T —Fb
BT BLIE W F AL 25 ) 3 ok AR B 2 R DA T L BIL B SR R L T s L B . B B R AFPM HL
HILAE =X A i ) 78 =, HL 9 T B 2 o A o 2 2% TR P T K24 SHANGGUAN 557250 38 1o 14 G5 1
UL R ocY) kXt AFPM HLAL IS SRR E % AT T IR ABEFE AT 50 B s DA 1 W BL AW 1 25 1 43 Al
MNP

R T R IR R A AR 5 B A A A X A R B A AN TR R B R A A 3 T R R vk R L A i
2 S AFPM B MLAE R AT J5 0 145 18 % 5 i A 26 35 50, 3R I A R ik B T 0 B 5 408 Rk 3R H 43 B
T B st 7 6 % 1 55 AFPML H BIL %) 145 6l 2 e L A B AR AR 2502

2 AFPM EEHHH %

AFPM BLAUKE A [ AR MEA AN TR 9 20 A B0 o 3 14 O 5 RV 5 A 80k o ml o3 0 B 1 FL e 1
S5 (RTFR SS) LA IE 7 XU 7 454 (TR Fk TORUS) \BUE F-F 5% 1 (i Bk AFIR) M2 5E -2 8% 7 450 (]
PR MS)4 Bl a2 firR . AFPM UL 2 FIAE 42 51 B SR 2l e i, R ik 32 B AR 40 ™ A 1% e 4 g 00 ok
WP ALA I . TR 2 B s 89 4 Fh A b, e AR A ROSE 25 76 8 L MS 45 0 77 A 19 5% B J2 AFTR &5 44 il
TORUSZHG Y 2 4, J& SS Z5HGIY 4 A5 it ol WL, 58 786 7 8CH 1938 24 F) THETH AFPM g (LAY e 4
far i

a) HE T T A b) HisiE XU T4y ¢) BUE Tt T45H d) 25 -2 T4
(89) (TORUS) (AFIR) (MS)

B 2 AFPM @ iLeg 2 # X
Fig.2 Structures of the AFPM motor

A4 NG S8 P B A B AN R 43 AFPM HL AL AT 3 S 58 1A 3RO FIDE T I8RO 45 1 8] 3 i st
E T ICHE A5 H B AT RUBLRSCR g O L T e e A S A (E A A R BRI A D R XU, SR
VLI AR R A B R A B A T 2B R A A AR TCRS 2 OB A R T R 14 A
W ARAFAE SE 20 3 L B FE A 1 2y 3 /N (9 585 1 BOES JO Rl T LR iy F ML A A D) A (R R B 2
PR AR R RE



2 LI P 2018

a) T B4 b) & FIBk s L
K 3 AFPM &Ly & F4 %% H

Fig.3 Stator structure of the AFPM motor
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Fig.5 Axial magnetic field permanent magnets hub driven motor

Dl shas A B AL RS M RS 25 AFPM R S i LT RCE

AFPM U5 3% WK )y it LA 2270 B3 v O B i oF | 55 HBILAS H TE 2 1) A% SRt AR 2 o 6% 42 ) R 8 R
oG A BB AR5 5 AR RS (DSP) iz % B 45 1 77 326 A0 T (07 B A AR P ) o A o 28 9 ) T 5 P A X
PRI 3

DRI A ) A R 7 A A A

HT T A2 58 PN T s T BR A 25 B sl v BIL Lo 3 2R T | DR LA | 5 o AR Y BRI T R LR R
BUEPLE A 1 A8 A R o3 (] 3 s o 2l g 4 2 2 T Dy R X S BRI SR T 5 R O Ak 22 R T Bl &R
Gt R A EIE R A 5 T B Bh & L 5e B0 HLA FCR  BILBRC R 3 01 A 3l ) P R 45 5T R R (] B R
W] 25 2 B4 7 07 S0 8 W SR B R AR E R T [ I AFPM 48 a8 AL ALY 25 11 A1 5 e 9K 3l ] 3l 4% 1)
WA A S IF T R AR

3) AFPM 2 2% A AL R H AT R4 A HICER 1 R o 4

fed A HLAL Tl Bs AT, AL BE 2 Th e O 1B kX — R A e B A ML HA R B R L AR
1. 2 1 B AR AR K A2 i e SR A A HL A2 BVHBR L 4R B0 LAk B B AT AL (s B . L W B R
] e TS HAC AR 2 3k 7 A O B [

4) AFPM e 43 A AL ELAT 50 4 1) g e s 900 i B 0

BB AR e IR s 5, BAT i AL A i 2 A |l 552 B 22 b 52 2 3R 8l 75 5 L R A SR T 22 ol BE TR 4
AR A SR B8 R 3 ) 7 20 R T AR R ) BT o R RS B S ISR L OF 2 A — o A ) YA R 2
TR BR AR M AT BT LK 22 A PRl R R i, [N e AFPM E LA O 4 4% 9K 20 5 W B AT BEUE 1 e
L Bl BE T LU AT RE b a6 0% 5 48 K 8l ok ) 2 ol 0l

AFPM 4 Bt {IL7E D) A5 B A T AR ROR S5 07 i B AL i R 3, BLE O R i LU B R . A
SCHA T AFPM ALAILEY [ P SMIE T BIOIR BS540 70 28 JF X AFPM AL AL 7 48 980 9K 31 75 1 A BF 5 S T i
IS SLREAT T3  FE MR 2 b L 456 AFPM BB B 451k K7 5 48 K 3l 1 R T T A DB e 1] A8, i 1 T
T AFPM HLUBLAE A 58 38 UK 2l 25 A7 7 19 5B BOR () B, JE H2 AFPM HLHILS H: Al 28 &3¢ 9 DG TiE 1 7E 1 12
i T B0 T A B EOR [R)

TE 5 CERIEFE I B b, Rl 1 BT 42 0 9 LA SC B B AR ME A, 75 AT 4 3l AFPM L L7 58 88 9K 2l 7 T
BB AL 5 2 0 52 Bl A K R

5 % 3Bk /References:

[1] YUAN X, MU R, ZUO J, et al. Economic development, energy consumption, and air pollution: A critical assessment in China[ J].
Human and Ecological Risk Assessment: An International Journal, 2015, 21(3): 781-798.



22 FL |/ 5 2 N = O 4 2018 4

[2] BROWN S, PYKE D, STEENHOF P. Electric vehicles: The role and importance of standards in an emerging market[ ] ]. Engergy
Policy, 2010, 38(7): 3797-3806.

(3] Rk B g U 400 e B oe 2. P I & 2050 ARREVRFHEE R R B R EIIM . dbat . Bl il ek, 2000,

[4] WANG R, CHEN Y. FENG D. et al. Development and performance characterization of an electric ground vehicle with independently
actuated in-wheel motors[J]. Journal of Power Sources, 2011, 196(8): 3962-3971.

[5] CHEN B C, KUO C C. Electronic stability control for electric vehicle with four in-wheel motors[ ] ]. International Journal of Automotive
Technology, 2014, 15(4) . 573-580.

[6] YOO CH, LIMDK, WOO DK, et al. A new multimodal optimization algorithm for the design of in-wheel motors[]J]. IEEE Transac-
tions on Magnetics, 2015, 51(3):1-4.

[7] SANTIAGO ] D, BERNHOFF H, EKERGRRD B, et al. Electrical motor drivelines in commercial all-electric vehicles: A review[]].
IEEE Transactions on Vehicle Technology, 2012, 61(2):475-484.

[8] BENER A, MAADIDM G A A, ZKAN T, et al. The impact of four-wheel drive on risky driver behaviours and road traffic accidents[ J].
Transportation Research Part F: Traffic Psychology and Behaviour, 2008, 11(5). 324-333.

[9] RAMBALDI L, BOCCI E, ORECCHINI F. Preliminary experimental evaluation of a four wheel motors, batteries plus ultracapacitors
and series hybrid powertrain[J]. Applied Energy, 2011, 88(2): 442-448.

[10] LACHHAB I, KRICHEN L. An improved energy management strategy for FC/UC hybrid electric vehicles propelled by motor-wheels
[J]. International Journal of Hydrogen Energy, 2014, 39(1);: 571-581.

(110 ZEW. SRR BRIEE, S5 S5 M0 S MRS A8 8 AL S R M I ], S AR il (T2 0D+ 2012, 42(4) ¢ 796-802.
LI Gang. ZONG Changfu, CHEN Guoying, et al. Integrated control for X-by-wire electric vehicle with 4 independently driven in-wheel
motors[ J]. Journal of Jilin University(Engineering and Techonlogy Edition), 2012, 42(4): 796-802.

[12] FBEiC, MG, 5T kb 5 ms o 4 a8 i LR RE R 254 PiAk B [T, P AL T2 4, 2015, 35(4) . 979-984,
WANG Xiaoyuan, GAO Peng. Optimal design of permanent magnets of in-wheel motor based on evolution strategy[]]. Proceedings of
the CSEE, 2015, 35(4): 979-984.

[13] WU F K, YEH T J, HUANG C F. Motor control and torque coordination of an electric vehicle actuated by two in-wheel motors[J].
Mechatronics, 2013, 23(1): 46-60.

C14] A5AZR M. b 10) 1 37 7K W ) 20 8 a8 i BLATE SR L D] I AR I8 < IR ZRK Tl K% L 2012,
NI Ronggang. Research on Axial Flux Permanent Magnet Synchronous Wheel Motor[ D]. Harbin: Harbin Institute of Technology. 2012.

[15] GIERAS ] F, WANG R J, KAMPER M J. Axial Flux Permanent Magnet Brushless Machines| M]. London: Kluwer Acadenic, 2004,

[16] BRAMANTI A. Analysis on a synchronous machine with axial air gap[C]// ICEM .[S.1.]:[s.n.],1978: 2-10.

[17] WEH H, MAYER R. Synchronous machine with permanent magent excitation as a flexible propulsion motor with high efficiency[ J].
Proceedings of International Conference on Electrical Machines,1984,20(6) . 607-612.

[18] WEH H, MOSEBACH H, MAY H. Design concepts and force generation in inverted-fed synchronous machines with permanent magnet
excitation[ J]. IEEE Transactions on Magnetics, 2003,20(5):1756-1761.

[19] SPOONER E. CHALMERS B J. “TORUS”: A slotless, toroidal-stator, permanent-magnet generator[ J ]. IEEE Proceedings B-Electric
Power Applications, 1992,139(6) :497-506.

[20] DOSTAL Z, LIPO T A, CHALMERS B J. Influence of current waveshape on motoring performance of the slotless permanentmagnet
machine Torus[ C]//International Conference on Electrical and Machines and Drives.[ S.1. |:[ s.n. ], 1993: 376-380.

[21] MAHMOUDI A, KAHOURZADE S, RAHIM A N, et al. Design and prototyping of an optimizedaxial-flux permanent-magnet synchro-
nous machine[ J]. IET Electric Power Applications, 2013, 7(5); 338-349.

[22] MAHMOUDI A, KAHOURZADE S, RAHIM N A, et al. Design. analysis and prototyping of an axial-flux permanent magnet motor
based on genetic algorithm and finite element analysis[ J]. IEEE Transactions on Magnetics, 2013, 49(4): 1479-1492.

[23] MAHMOUDI A, KAHOURZADE S, RAHIM N A, et al. Design, analysis and prototyping of a novel structured solid rotor ringed line
start axial flux permanent magnet motor[ J]. IEEE Transactions on Industrial Electronic, 2014, 61(4); 1722-1734.

[24] AYDIN M, ZHU Z Q. LIPO T A, et al. Minimization of cogging torque in axial-flux permanent magnet machines: Design concepts[ J].
IEEE Transactions on Magnetics, 2007, 43(9): 3614-3622.

[25] AYDIN M, GULEC M. Reduction of cogging torque in double-rotor axial-flux permanent-magnet disk motors: A review of cost-effective
magnet-skewing techniques with experimental verification[ ]]. IEEE Transactions on Industrial Electronics, 2014, 61(9): 5025-5034.

[26] EWei, BEE, #HifiR, %. 5T Halbach M3 300 #k.0 K # R 5 AL LRI — BUB KBRS ]. B T AR ¥R, 2007,
22(3): 2-5.
WANG Xiaoyuan, TANG Renyuan, DU Jingjuan, et al. Optimization of disk coreless permanent magnet synchronous motor based on
Halbach the wedgy airgap motor[ J]. Transactions of China Electrotechnical Society, 2007, 22(3): 2-5.

[27] SHANGGUAN Xuanfeng, ZHANG Kai. Static airgap magnetic field of axial flux permanent magnet disk motor[ J]. International Journal
of Digital Content Technology and Its Applications, 2013, 7(7). 1175-1182.

[28] SHANGGUAN Xuanfeng., ZHANG Kai. Calculation of 3D airgap magnetic field distribution of an axial flux permanent magnet motor[ J].

Applied Mechanics & Materials, 2013, 273: 338-342,



513 o [E L A5 AFPM R 4% 38 0K 3y i MLAT 5% £ 3R 23

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

JARAS VR, M. A TR0 R R RGBT R 55 T R LT ). Wi TL R 222 (2210 » 2010, 44(8) ¢ 1548-1552.
ZHOU Junjie, FAN Chengzhi, YE Yunyue, et al. Method for reducing cogging torque based on magnet skewing in disc-type permanent
magnet motors[ J]. Journal of Zhejiang University(Engineering Science) , 2010, 44(8): 1548-1552.

GIERAS F ], WANG Rongjie, KAMPER M J.Axial Flux Permanent Magnet Brushless Machines M ].Berlin: Springer Netherlands, 2008.
CAPPONI F G, DONATO G D, CARICCHI F. Recent advances in axial-flux permanent-magnet machine technology[]J]. IEEE Transac-
tions on Industry Application, 2012, 48(6): 2190-2205.

FIbE . 1 BVR 4 48 a8 8 U T0 RO K R R 28 B L 4 TR SR B 52 [ D] R HEE: KRR, 2014,

WANG Xiaoguang. Research on Control Strategy of In-Wheel Disc Coreless Permanent Magnet Synchronous Motor for Electric Vehicles
[DJ. Tianjing: Tianjing University, 2014.

CHAKER N, SALAH B1, TOUNSIS, et al. Design of axial-flux motor for traction application [J]. Journal of Electromagnetic Analysis
&. Applications, 2009,1(2); 73-84.

wadl, M, BT, A MR AL R R ER LT ], s E AL T4 . 2015, 35(1): 192-205.

HUANG Yunkai, ZHOU Tao, DONG Jianning, et al. An overview on developments and researches of axial flux permanent magnet
machines[J]. Proceedings of the CSEE, 2015, 35(1): 192-205.

RAHMAN K M, PATEL N R,WARD T G, et al. Application of direct-drive wheel motor for fuel cell electric and hybrid electric vehicle
propulsion system[J]. IEEE Transactions on Industry Applications, 2006,42(5): 1185-1192.

JAVADI S, MIRSALIM M. A coreless axial-flux permanent-magnet generator for automotive applications[ J]. IEEE Transactions on
Magnetics, 2008, 44(12): 4591-4598.

FBUUBE, JEVLIR . W B R K T IR A e LA TR SRk AL ] b LA TR, 2017, 28(6): 744-755.

ZHENG Shugin, LONG Jiangqi. Control tactics modeling of electric vehicle permanent magnet brushless wheel motors[]J]. China
Mechanical Engineering, 2017, 28(6) . 744-755.

SOLERO L, HONORATI O, CARICCHI F, et al. Nonconventional threee-wheel electric vehicle for urban mobility[ J]. IEEE Transac-
tions on Vehicular Technology, 2001, 50(4). 1085-1091.

BT A KR RS B LG R GRS D . MR . WAJRIE Tl K2, 2011,

GONG Hailong. Research on Magnetic System of High Torque Permanent In-Wheel Motor [ D]. Harbin: Harbin Institute of
Technology, 2011.

ARRFy, . BEAGKREF L B ALEIR & 3h SR A R LT, feRrF AL, 2010€10) :66-76.

DENG Qiuling, XIAO Feng. Application of disc type permanent magnet synchronous machines to hybrid electric vehicles[JJ. Small &
Special Electrical Machines, 2010(10): 66-76.

JEARK, BRPHIT R, A, 5. i S TG KRG TG A LG S E m L], AL S AR, 2012, 1611 : 76-83.

LU Dongbin, OUYANG Minggao. GU Jing, et al. Field oriented control of permanent magnet brushless hub motor in electric vehicle[ J].
Electric Machines and Control, 2012, 16(11): 76-83.

XS . 28k 2k B TE R B B AL BB ST DL AU WV R A, 2010.

ZHAO Peng. Research on Design of Disk Permanent Magnet Brushless DC Motor[ D]. Hangzhou: Zhejiang University, 2010.

A=, KA. FeR LIRS H AR Ry S RL]]. ERHE T RS %M (AARRS), 2015, 29(17): 10-18.

HE Ren, ZHANG Ruijun. Research and development of in-wheel motor drive technology[ J]. Journal of Chongqing University of Technol-
ogy(Natural Science), 2015, 29(17): 10-18.





