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Abstract : This paper deals with design precess about an outer rotor type surface mounted permanent magnet synchronous
motor (SPMSM) used in continuous variable valve timing (CVVT) system in internal combustion engine automobiles. Outer
rotor type SPMSM generate large torque and adequate at high rotation speed. For initial design, space harmonic analysis
(SHA) is used. In order to minimize cogging torque, optimization was conducted through response surface methodology
(RSM). In the end of paper, a finite element analysis (FEA) is performed to verify the performance of the optimum model.

Key words : Cogging torque(=7] E=1), Finite element analysis(FEA, -3F2 2~34]), Response surface method(RSM,
HHS- 29, Surface-mounted permanent magnet synchronous motor(SPMSM, EAS-28 G214 57315 7)),
Space harmonic analysis(SHA, &3FaLz=3}F 41 7H), Total harmonic distortion(THD, 23} ¢ &)

Nomenclature 1. M B
A the z-axis component of magnetic vector potential Ao AER Ade] = ola= @AM
T RUARC| L T L0 )

Jom : current density of PM, A/m?

1o . permeability of air Fale] A3t Fio]l Al wi7)zbzel] <3|

M : the magnetization s, AARITE Y £, nF ARE=
J: arbitrary value s w717k wETES QA s AL,
et g BAE AR N A 1EES
h : magnet width, m s elois o _ e e
B : magnetic flux density, T ds] datebar ok T AsA A
= - H7l mEe HE AR AEAIRE] ot

. AR Aol 2 dFS vRH. shAvE FA e

Subseripts Wi Aol= co, NO©l el F7leted

PM : permanent magnet S QHE of7Ist}. o]& Eol7] HF X &=
FHEHE At WE IiH AHE Aofske

Continuously Variable Valve Timing(CVVT)E U] F-i-<

Aol -3,V
o7 CWTel Agele HE9] FEeERie
A&, AEFo]7] wjit] cogging torque A7
* 1-E¢ | E-mail: kamkam123@hanyang.ac.kr. Ao}, FE CVYVTO AFEsHE EEE outer
rotor Surface-mounted permanent magnet synchronous




motor(SPMSM)©| t}.
FE A,

outer rotor motor SPMSM<]
RE 7|7} YT A9, inner
rotor motor®. T} outer rotor motor7} 3] H ML o]
dre Eis HuEd = dd. 2A,
PM(permanent magnet)o] 3|1z} Q39 <FZFd
Hxl},]o} PM-/] H]A].,Q tﬂ—x]z‘sl— 2= 01];]_ /}1;;]]’
outer rotor motor®] H$- EE 9ol 7=
ARA AH o] 7hsstr] wiEel Qlxle] F71A <1
Zejura= "e Qo Andew
motor+=inner rotor motorol] H]&] F7F& <l
fre]shet.

Bl

rotor

el A

outer

_%
=

CWTel  AR&3l=
Response surface method(RSM)= 8319 cogging
torque AR Y3k HAHA T Finite element
analysis(FEA)E &-83}o] Back-EMF, THD, cogging
torques A 3ct.

SPMSME&

2. X7|MA

CVVTE outer rotor motor SPMSME 712715
k3= Back-Electro motive Force(Back-EMF)<}
cogging torque = A~3}7} I Q@ 3}},

Z7]/47 ¥4 Pole-angle .2 A&}l Space

harmonic analysis(SHA)S &-&3] %7]4A1E 3t}
Table 1= outer rotor motor SPMSM2] A}<fo]t},
Table 1 Specification of the motor.

Specification Content

Type Outer Rotor SPM

DC link Voltage [V] 12

Pole/Slot number 8/12

Operation type BLDC 6-step

Rotor outer diameter [mm] 70

Stack length [mm] 23

Cogging torque [Nm] Max 0.05

Air gap [mm] 0.5

PM Br [T] 0.44
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Table 4 Result data
B-EMF [Vins] Cogging
X THD [%

25°C @1,000 rpm 6] torque [Nm]
Initial 116 7.87 0.14
model

Optimum 115 14.42 0.047
model
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