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The Characteristic Analysis of a Single-Layer 12-slot 10-pole
PM Synchronous Motor with Asymmetric Teeth Widths
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Abstract

Single-layer winding configuration in a 12-slot 10-pole Permanent Magnet Synchronous Motor (PMSM) has been
adopting in electrical power steering (EPS) systems to get the high fault tolerance capability of the motor. However, the
motor with single-layer winding has magnetic circuit saturations in the teeth, which deteriorates its performance. In this
paper, we propose asymmetric teeth widths to get over the demerit, and analyze the effect of the teeth width ratio
variations on the performances of the PMSM. As a result, we suggest the most valuable teeth width ratio for designing
the PMSM with a single-layer winding configuration.
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Fig. 1. 12-Slot 10-Pole PMSM with a single-layer winding.
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Table 1. Specifications of the PMSM.

EOLYTAN 7| MIST| dAAE
Section Item Value Unit
Number of phases 3
Number of slots 12
Stator Number of turns/teeth 11 turns
Stack width 30 mm
Outer diameter 90 mm
Number of poles 10
Rotor Outer diameter 50 mm
Inner diameter 10 mm
Power 650 W
Rated
Speed 1200 rpm
Magnet(NdFeB) 14 T
Material
Steel(50PN600) 05 mm
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Fig. 2. Teeth width variation.
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Fig. 3. No-load back-EMF.
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Fig. 4. No-load iron loss.

a8l 4 FRSHEE

—-1-=12-+14 1.6 1.8 2

15

1.2 B

0.9

0.6

0.3

0

120 150 180

210 240 360

-0.3

Flux Density [T]

-0.6
-0.9
-1.2
-15

-18

Fig. 5. Teeth flux density.
J3 5 Al RS 2

a9 62 AF WA wE dEr]e] AN
SAEAE et AF v)7F S7hgel wet 1.8
M= s AFe &) B0 S7behA T, 185
o AAE B 29y BVt #A2EE B 5
Atk E3, 147A = B30} 4Es Frlseol
2 o)M= Tl A Fel nlaj = vlE Ava
ARG E EAVL A Y AES

o o] olft= #Ale]
AEALTE FolE
HARE, Ao fle= ‘l
7] Wil 2 olE% =
]_

<
T A

S A A e Sl

NPI

sho} 712 %*@6}71 W o]t} meby
qo) A% W 44l g AFs1e] 54 Mo
Aede o & A 29 7 AF W ARl o

£ AARE A AL UE

6.918
= 6.914

6.85

Torque [N-m]
-2}
4
A

&
N

6.65

66

6.55

TeethWidth Ration

Fig. 6. Rated-load torque.
J% 6 4585t E3

(1208)



324 j.inst.Korean.electr.electron.eng.Vol.22,No.4,1206 ~1209,December 2018

=1
5 Adxo] Ao gle Adx 524 ¥, w
g 2AEDE7E AR wel A& iAol Fs)
A gk AR A o] Hol= el 2] o
Fol AE u) WAl old SAL FE SR
FEFS VAA Aok b 27 9l A E dE
719 A& O EAvt AOE HE 149 A2
Aol Al A2 o

1640 1643
16.4 ]

16.26 S
16.18

!-——._

16.0 ‘
15.77

i

-
‘“—-\H————ﬁ

Teeth Width Ration

Fig. 7. Rated-load iron loss.
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