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Characteristics Analysis Study of Surface mounted Permanent Magnet

Synchronous Motor According to Pole Slot Combination
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Abstract

In this paper, the characteristics of SPMSM (Surface mounted Permanent Magnet Synchronous Motor) applied to EPS(Electric Power
Steering) systems were analyzed according to the combination of pole slots. In general, fractional-slot permanent magnet synchronous
motors using concentrated windings have advantages such as being more economical than distributed windings, having shorter end
windings, and high copper fill factor. However, traditional permanent magnet synchronous motor having the fractional slot has a
relatively low winding factor due to the slot pitch and pole pitch ratio. One way to compensate for this is to use a modular motor
with fewer slots for a given number of poles. The modular motor is a motor with the number of slots per pole per phase less than
0.5, and the winding factor is larger than that of the traditional motor. Therefore, in this paper, three types of motors: fractional slot
modular motors, traditional motors, and integer slot motors, were analyzed and the power characteristics were compared using the

FEM(Finite Element method).
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Fig. 1 Fractional slot Motor (a) 2:3structure motor (b) Modular motor

2 =wolAe ol = &3 ol wE Ar|dEy} 1
7 EA, BA PE dYHA Y HsTl &
X(finite element analysis; FEA)2 3l d4 &3 Ex¢d A
719 B &8 AW 23 1 dEriet mEY As7]

5 Bkt

21 3 &8 Zglol WE M37| E8 24
211 59 A9 €35 (@ 4%
e AFdoM A

= e

abA Adeish 5 gick et 39 Y sl we
= a9

s

o
O

$719) B4ol 9 2etx7] W] o|F nelstel Fg 4
G LRSS WAl ATk ANAOR I HY ST4E
Aeshd] Fashl wefshs YR thet o] aokshe
S kB, 5]

KIEE

L fAArs Hau A&} B30 vjesiaz 7heet o 2
dATE 7 =9 AT x5 Agsior et

2. S8t &£5=9] FA-FHj4x(The lowest common multiple,
Lo 57) Eae] Zujsol vjelsh] fie] 24
S840 Aagilsrt 5w B 2 4 s 9
FF eRE Agsor 27 BEAE At Al & qdth

3. ¢ £3549 F| o) 32F4x(The greatest common divisor,
GCD)7} Boleia] 7hsst & 2 e JHIEs g
s TEBIEL N SRR PR
S %] ANAS Uehia, 2ot H A5

Zo)7] fiZol A5 ag SHA Fd 4= Qlrk
' .

[e)
4 vpgo R ol AE7IS

= jE ]
et 39 A SRR A Zlolth o]F4 o
v g3do] Asirlel golshil, Tddt = &% =3

0 S
9] 5704 o]FHHEL} AHSE Y (subharmonic) AJE

37] &) AR} LE Al o] ¢ L5tk

2
fin)

H 13 &% I3l U2 B4R DEHS BN

Table 1 Winding factor of fractional slot single layer according to pole slot

combination

EPNPE-PN 6 12 18 24 30
4 0.866 0.5
6 0.5
8 0.866 0.866 0.5
10 0.5 0.966 0.5
12 0.866
14 0.966 0.902
16 0.866 0.945 0.866
18
20 0.5 0.945 0.966 0.866
22 0.902 0.958 0.874
24
26 0.958 0.936

H 23 5% X80 02 244 0IEHE BAAR

Table 2 Winding factor of fractional slot double layer according to pole slot

combination

EEY N 6 9 12 15 18
4 0.866 | 0.617
6 0.755
8 0.866 | 0945 | 0866 | 0.621
10 0.5 | 0945 | 0933 | 0866 | 0.647
12 0.866 0.866
14 05 | 0617 | 0933 | 0951 | 0902
16 0.866 | 0328 | 0.866 | 0951 | 0.945
18
20 0.866 | 0.328 0.866 | 0.945
2 05 | 0617 0.621 | 0.902
24 0.866 0.866
26 0.5 | 0945 0.647
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EPXPE 2N 21 24 27 30
4
6
8
10
12
14 0.866 0.76
16 0.89 0.866
18 0.866
20 0.953 0.933 0.877 0.866
2 0.953 0.95 0915 0.874
24 0.845
26 0.89 0.95 0.954 0.936
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Table 3 Pole slot combination corresponding to modular motor

% sR4
2 3
4 3,6
6 9

8 6, 9, 12
10 9, 12, 15
12 9, 18

14 12, 15, 21
16 12, 15, 18, 24
18 27

20 18, 21, 24, 30
2 21, 24, 33
24 18, 27, 36
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Fig. 2 3-phase motor model (a) 8pole 12slot (b) 10pole 12slot (c) 8pole 24slot
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O3 3 ME7| M ME (a) 82 125 (b) 102 125R () 83 4&R
Fig. 3 Motor winding (a) 8pole 12slot (b) 10pole 12slot (c) 8pole 24slot
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Table 4 Design specifications for commercial EPS Motor

i s =
AALE 2,400 rpm
HAEA 25 Nm
CEES 620 W

A2 27 85 mm
3 HA 9A 40 mm
AZ570] 415 mm
FFA T 3 mm
o] 23 50PN470 -
FA A N5dFeB B
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Table 5 Motor model design specification according to pole slot combination

BE 8pl2s | 10pl12s | 8p24s il
HALE 2,400 pm
AAHNF 85.4 Arms

3 A4 " 96 -
3 43
sz 0.5 0.416 1 B
BAA S 0.866 0.966 1
A 5.79 3.82 15.7 mQ
DS 122.77 162.55 32.05 mH

H
w
o
>~
>
%

2 7P 30 257 mae] dhef 234
FEM $42 So) 144 54 g waskgct

23 HXHA £8 24

2.3.1 Electromotive Force (EMF)
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Fig. 4 Electromotive force waveform of 3 motors
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Fig. 6 Torque waveform of 3 motors (a) Torque ripple (b) Cogging torque
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Table 6 Torque characteristics according to pole slot combination

P peak-to-peak [Nm] Ripple [%]
8pl2s 1.03 40.55
8pl2s AFAL 0.68 272
10p12s 0.19 7.06
8p24s 1.18 3542
8p24s AFAE 0.69 21.0
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Air gap flux [T]

0 36 72 108 144 180 216 252 288 324 360
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(c)
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Fig. 7 Airgap flux density (a) 8pole 12slot (b) 10pole 12slot (c) 8pole 24slot
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