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Study on an Axial Magnetic Gear Composite Motor with Spoke-Type

Rotor by Finite Element Method
XU Hang, HUANG Pinglin”
(College of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: The principles of magnetic field modulation and
axial magnetic gear composite motors are firstly
systematically described. Based on thus, an axial
magnetic gear composite motor with a spoke-type rotor
structure is proposed. And the finite element analysis
method is adopted to carry out three-dimensional
numerical simulation analysis of the electromagnetic
performance of the composite motor, which verifies the
reasonableness of the structure of the motor. The
influence of each parameter of the spoke-type rotor on the
output torque and axial magnetic pulling force of the
motor is further analyzed, and it is concluded that the
influence of the rotor parameters on the circumferential
and axial magnetic pulling force of the two sides of the
rotor is similar, which provides a theoretical basis for
subsequent experimental research.
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Fig. 2 Diagram of the relative angle of the two rotors

TE - FEATL ) R % 5 4 2 FiL Bl 35 1) TR O B G g
AR 3 R,

HT Pl 3 AT, FEATL A R RO 22 E 7% ELXTAR
HgEAE 35 ) 0. 148 Wb, M iz H, 8 #4491 (8
514 V, HEA D ER =R X AR .

015+
0.10] ; 3
L £ \
g 0.05 \
w 0.00 r '\
# -005t f"' Y
~0.10} / N
~0.15F :
0 60 120 180 240 300 360
A )
(a) BEBEH T
600
400
-
2 200
0 :
=0 -
=
1%-200
-400 -
v
~6005—60 120 180 240 300 360
A
(b) #H 5 Hsh #  7e FE

0 24 6 8 101214 16 18 20
T I8 TR
(c) sz Ha Bl B4V e A 4 P
B3 ZHBFRTHHEGERTHNER
Fig. 3 Results of finite element analysis of the

magnetic field at no-load

WA 7 3 [) 7 R 0B % o A G ] 4
() (D, i & 2 g, 12 1 5 15 A
SER SSRGS PR P A A R L PR L, T 4
(a) . () FE 4Ce) (D 7545 H T AL & — %%
TR (8 B 2 3 A
H Pl 4 AT PR S [ 4 s ox 7 g <
BRRE 2 BN 8 YIS AN 10 YRR , W 53501
0.93 T 1 1 T, AN T+ sph A FH B 43 31 4
THT 9.4% M 11% ,
HBRICATHT 25 W X B HLE T REE A 5%
VAP 77 A G, Al 2 ST RRUE IR R
PEUMEEBFE AN BE ) IF HARTE T G758 , Kk

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



RSB, 25 51 4, 45 8 1)

Electric Machines & Control Application, Vol. 51, No. 8, 2024 53
& T DA T N R |n 22— U o o DRET MRS
51—t —— U o kh ; RS BT L5} —— AT N U
. ] =" omm O

E = | = i 5 0 B
B oo5tm =08 {
g 00 & o4f |
roosf b U - .
] S 2 = Wt | : ¢
-15 A A A ) ) 0.0 Le | " s i 2, -15 \ \ A 1 |
0 60 120 180 240 300 360 0 5 10 15 20 25 30 0 60 120 180 240 300 360
HUBRA L) A i R R HURAEE/(°)
() A0 A FF 7 11 FE IS o A< o 5 1 (b) b 7 A< TR 2 388 A 4B B (0) 15 22 Mt 1 01 PR B i ) < Bt ol 0 4
e = W 4 T DR TWAREE ) —EmrE W
B BT 15t | —— bt P B ] b5 R 41 b7
503 w0 Eos -4
= RESF A = 10 = RS
% 0.6 B oost ZEo6r
4 = &
§Q4 & 00 gam
T2 é ¥ 0 ozt g Ej
j ~1of- = |
0.0 2 3 PP (P ..sfi.. 1 -15 0.0k al ds !j Bocalfl Booll op |
Y0 5 10 15 20 25 30 20 60 120 180 240 300 360 0 5 10 15 20 25 30
B SR R o 2 BV R AR B

() Hib e BRI 388 U A 4

BB E(2)
(e) IS {4 R g a1 s ok 0

(F) il 1) Bt B30 5 E 288 Qe A3 - #7 1

B4 FRBATHSE#ZSTER

Fig. 4 Results of air gap magnetic density analysis for different cases
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Fig. 5 Moment angle characteristics of fixed

multipole rotors
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Fig.7 Torque and harmonic analysis at on-load

4 KEFHETRSHXHHEESH
(8 & 4z 71 B 55 Wi

N7 B4 B ) T 3 R o 2 1 1A AL
KRR — AN HEINRZ — ARSI 2 T

Method

200} e
7150} //
Z 100}
2 o — DT
& 0 -- BT

0
1 e e S S

0 100 200 300 400
HLFUA
B8 mRK/NSSHRAHEENXR
Fig. 8 Relationship between current magnitude and

multi-pole output torque
tE sy o 2D Ry A\ o LA 2 R AR 1) 1
T30 B W e 7 Z8OEAT 00 . KRGS TR B
KINIE 9 Fron , 25 RS HAN SR 2 B
x2 HEXBH

Tab.2 Relevant parameters

SR RIS
I T AR R AR B L o, =Ly/Lpy
LI ARG B A8 7 =L/Lpy
DL ¥ IR /mm H,
ZWEE TR E /mm H,
L
- - LINE

Y STy
B9 k#EFTREE
Fig. 9 Schematic diagram of permanent magnet rotor

B9 e L Loy 203 HAR AN S 145
— W SRR TR B s H N7 MR D, —
(D,—D)/2 N EHAE; DD, 4353 B ALY
WL oMz

WA FROC AT AR B R Z R AN A 10 B
Mo X T2 T, i B 10 Ca) AT He
R I 3 R AR B 8 A0 e DA i R g i i
W 22 5 Tl ) B L ) By % T I R AR I B ) 3
InSE AT, Xt T AR 7, BIEL 10 (h) AT K
AR ) 8 a0 X i 4 5 R ) 2 W) AR X 5/
X TS 1 0 2l R IR S A TR
3 A E RN TP @ RN N e A s
50% Ji + i e R L AN o AE Bl 1) 07 0 B 22
LMK,

HIP 10Ce) I 10 Cd) Al Hay H 4 i 2 I B
G YRR B 1 TR SH G i, 24 5 T 5 R R A )

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



RS, 265 51 4, 45 8 1)

Electric Machines &. Control Application, Vol. 51, No. 8, 2024 55

BRAELA 130 %6 Ji o B HEL 180 18 Jo s 24 28 A1 5 P 1) o1
TI U R e 1R BE B ni s

12 ; — 105

{100
z 11 s
= 19 g
=10 .
2 ne
& 9t 8513
T g _ | {sof¥

7 [

2 |t {70

02 03 04 05 06
KR A L]

(@) 7% 4 2 6 ) (9 5

I2 f { 90

1 185
E -
5 10 80 E
) . 755
b =
% BE i 1 Tﬂ:.z

? | i) &

g LS it 60
02 03 04 05 06
AR A L )

(b) 7, %o i tH e 5 5 il 1) ) F) e
65 —— 65
> 60t 60
_‘;‘2 55 $5E
& 50 50 &
& 2
East 453
=23
40 | —— Sl RS 1 {40
I 4 5 = .k
B0 0T 12 13 14 15 D
7 5B fmm
(c) H %o} e 4 5 i ) 7 PR )
12 T
u; i {66
= 11}
_,%lo»'
E | S
7 —— i D
6l -4 {56
10 LI 12 13 14
H 7 I /mm

(d) H i ety e il v g S
10 kEEEE T & S HxH H ¥ 28 S5 E B R ) BRI
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rotor on output torque and axial magnetic pulling force
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structure

In this paper, a composite motor structure
based on an axial magnetic gear with a yokeless
structure of axial flux motor of spoke-type rotor
is proposed, as shown in Fig.1.

Firstly, the basic principle of axial magnetic
gear and composite motor is introduced at the
paper. Subsequently, the magnetic field of the
motor is analyzed in different cases by finite
element analysis software, and the analysis
results verify the feasibility and reasonableness
of the structure by comparing with the theory in

the previous paper.
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rotor
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Fig. 1 Three-dimensional model of a polymagnetic axial

magnetic gear composite motor

Further, the torque characteristics of the
structure in different cases are analyzed, and the
results shown in Fig.2 indicate that the torque of
the composite motor can be greatly improved,
and the analysis results are consistent with the
theory. And, comparing the relationship
between the torque of the two rotors as a
function of current for different magnitudes of
current, the results show that the output torque
is close to a linear trend with the magnitude of
the current, while there is essentially no effect

on the torque on the other side.

Finally,

drawn:

the

following

conclusions

are
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(1) The polymagnetic axial magnetic gear
composite motor achieves the complete
multiplexing of magnetic gear and permanent
magnet motor magnetic circuit, which is
conducive to achieving high torque density, and
the finite element analysis shows the
reasonableness of the structure and the through-
current will be increased by different sizes of
output torque, and the output torque is enhanced
by about 100% in this paper.

(2) The study shows that the rotor
parameters on both sides of the axial magnetic
gear composite motor do not have the same effect
on the output torque, but the effect on the axial
magnetic pull force is relatively close, which
provides a theoretical reference for further

optimising the motor structure.
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Fig. 2 Torque characteristics
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