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Abstract: [Objective] To address the issue that traditional
sensorless algorithms can only observe electrical angles and
thus cannot be applied to servo positioning, this paper
proposes an S—pole, 9-slot interior permanent magnet
synchronous motor with an asymmetric rotor. The asymmetric
inductance characteristics of the rotor are utilized to observe
its mechanical angle. [Methods] By introducing magnetic
barriers and magnetic bridges with different parameters under
different pole pairs of the rotor, the magnetic resistance of the
main and leakage magnetic circuits between the stator and
rotor was altered, leading to periodic variations in the
inductance waveforms that were directly related to the rotor’s
mechanical angle. Based on the analysis of the magnetic
circuit, a correction coefficient that considered the asymmetry
of the rotor was introduced to modify the inductance
calculation method using the winding function method.
[Results] The results indicated that increasing the width of
the magnetic barrier reduced the inductance, while increasing
the height of the magnetic bridge increased the inductance.
Compared to finite element simulation results, the average
percentage error was approximately 1.59%. [ Conclusion ]

The calculation and simulation results validate the feasibility
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of the proposed asymmetric rotor topology for identifying the
mechanical angle in sensorless algorithm.
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Fig.1 Relationship between electrical angle and
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Fig.2 Cross-sectional view of asymmetric rotor IPMSM

HUHLE TSE41R 1 9 M 2t S8 ol 4R vh
MRS , BAT R T ey 2 O sh BRI Al
FIRERE S ALY R T OV BRI,
HA R 0% AR (9 H 02 e, 7 5l
AT PIRIREERBE T+ (1) ¥ oK Bl VA3 A0 B Y
— W5 AP 1, A TRT A0S T F18 A T e 9 32
AHASE , EHLAEAH QB RE B E] 22 5 (2) TEAS TR0 T
N5 1 SRR AT i BE BT AN AH S5 R B, BLAE
R B REATR ] 2

XK IPMSM HL R Rl SRR AL AR SC il T ik
D) B (2) M7 AE, BT TPMSM AL 2k
FEAAT 5 UL B ] 40728 1k ) A0 3 i, e BRLAE
HUBBOE 2% F o 6, A0 2 27 HUEE 515 4
A, e 3 R

A 3 R, et (1) (45 s D, Bt
(2) BYT AU A A FL RS O, 7 — S HLAR A 2 A
NS P e IR & A e T AL B AR R
LT

2 EFEEEEMEN ST

HEL AL 205 DR e TR A 1) 22 (AN, % T HILAR AL
B B A S R I (B[R] R 1 L B B iR

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



KBV A5 1) e T AU BTG A SRR O O R R B A PR REATY TPMSM 3
ZHENG Tao, et al; Design of IPMSM with Asymmetric Magnetic Barriers and Magnetic Bridges for Rotor Mechanical

184

Position Sensorless Technology

0 w2 = 3n2 21 5n2 3m T2 4n
| it 4t wit®
— : :

wit®@

1.1 X

0 w2 n 3w2 21 St2 3n Tn2  4n
0 /rad

B3 SIANIEMFRIERTERBRRK

Fig.3 Inductance waveforms before and after

introducing asymmetry
M L ALYERE . W B | B T 1 B9 A e S 402
ANTRIRR S R A A ) S B, PR A 1R 2 ST LA
TR B REAT S H O 7L 1 (1 IPMSM HUBRERL 1
St B AL | BRREAT R kB RE RS e T
NIy 22— R K B AL 4 PR

B4 #HFN\Sz—50EE
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