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Electromagnetic analysis and design of yokeless and segmented armature type axial flux
permanent magnet motor according to magnetization patterns

Sa-Bin Kim®, Su-Bin Woo", Min-Sung Kim*, Jun-Beom Park™, Jang-Young Choi*, Kyung-Hun Shin"'
Changwon National University*, Chungnam National University*

Abstract - This paper analyzes and compares
electromagnetic performances such as power density, torque,
and efficiency of a Yokeless And Segmented Armature(YASA)
type Axial Flux Permanent Magnet Motor(AFPMM) according
to magnetization patterns. By varying the magnetization
arrangement, magnetization angle, and number of magnet
segments, this study analyzes the electromagnetic performance
of a YASA type AFPMM under both no-load and on-load
conditions for different magnetization patterns. Finite element
method(FEM) is employed to evaluate the potential for
performance enhancement.

2 A sk SIhEel W
g, S0 A& 9G24 AE 7] (Axial Flux Permanent Magne
t Motor, AFPMM)= AAdl H53 A=gle) F2 7eR 5
Ea otk AFPMME tl=a gee) F22 &2 5
ol¢ W& AR AL zterh 59, edgs 3 By
717%HYokeless And Segmented Armature, YASA) 7%+
A aAzk gl gL dn 9o & dr A Ede AR
a1 EA UES SUsE ¢ o 28y AFPMM2 -9 %
T AHoR Qe Fa AEo] Fastal, ofF B 93
A ey gAY FAZ Srkeks T2 dAE R
ol F AL AL A4 A3k Ao weh deEtA v,
Aol Ag Mads EEd= A& AFPMM A% 45 9T 9
A A 71e sttt diEA Ast Ao RE A4
Gt dur wjdo] glom, 4 Wde A5 FE A4S 96l
s ol Axg AL Basit, o= s A FA 9
AFPMME| #37} S7bste], &3 drt gaste 4ol gl
o wbde] Sk w2 ALs g5 wEeR JTAL,
s dAshe T4 5A4E Za
=4 F 7w &9 4 2 2
uebA, & dpode ¢4 ds du wds zte
EFYl AFPMMS| A7) a4 51 As& lasiet. ik o)
< A5t ZAmeh AN £F ol wek Aol o
=

%2
2
[l
N
to
i
-
=)
— o

2. X3t HHE EaAlof ©E HXP| 45 sHA

2.1 YASA EI2] AFPMM2| =X Al U Fe Mj| Hy

a9 12 YASA €Y AFPMME] 718 29 &S ekt 7]
2 2P 205 18ER0RE FAHNH, dd aAA-oF IHA}
(Single Stator Double Rotor, SSDR) T+%& #&3}9t;. 1AAS
NZo2 5ol Azt AA L wjAEIoH, YASA 739 &
Aol wel Az}l FAAE U A S ZEE A5

X 1S AFPMMO| 71# 2do| gt 24 ALgS YERT
M mdEl s dA @ ngAe] F4 A4 LGS FY3
A A, G729 uld WA 8 AA M4 2 7}
T2 oAy 2 5 wsA A Az e 35

Stator Core

Coil

) /5* Halbach PMs

Axial-Magnetized
PMs

Rotor Core

<8 1> YASA EIg] AFPMM2| A

<E 1> YASA Etg] AFPMM2| =3 Aty

Value Value
Parameter i Parameter .
[Unit] [Unit]
Number of poles 20 Air gap length 0.6[mm]
Number of slots 18 Rated speed 3,000[rpm]
Core outer diameter ~ 100[mm]  Number of turns 12
Core inner diameter  65[mm]  Maximum current  20[Anax]
Height of armature 20[mm] Pole-arc ratio 0.98
core
Magnet thickness 2[mm] Number of 10
strands
- S 1
Grade of PM N42SH Grade of omaoy
electrical steel 700-3P
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Performance . .
) Core loss Solid loss [Unit]
Metric
Halbach(30°) 25.0942 3.1729 [W]
Halbach(45°) 24.5461 2.9103 [W]
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Perfo ce . 1-Seg. 2-Seg. 2-Seg.
) Axial Halbach Halbach Halbach
Metrie (30°) (45°)
Back-EMF  7.10[Vims]  800[Vims]  810[Vims] 7.9 Vims]
Torque 283N'm|]  312[N'm] 319[N'm|]  3.19[N'm]
Qipt power ~ 905.9[W] 981.0[W] 1003.5[W] 1003[W]
Efficiency 93.4[%] 93.46(%] 93.46[%] 9352[%]
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