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Abstract : The built-in motor with an integrated magnetic gear can realize high torque without a separate reduction
device. In this paper, the main design parameters of the magnetic gear constituting the magnetic geared motor are
derived and the sensitivity analysis results according to these design parameters are discussed. In particular, processing
and assembly issues of modulators sandwiched between rotating bodies are discussed, and loss and magnetic force
characteristics of various types of modulators are introduced. Since the modulator, which plays a key role in converting
the torque of the magnetic gear, is desirable to have a separate form, it is inevitable to add a non-magnetic support to
add torsional stiffness according to high-speed rotation, so the effect of this is also analyzed.
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Fig. 1 Overall sample layout of the magnetic geared motor
composed of three pole PMSM and concentric magnetic
gear

Fig. 2 Cross-sectional diagram of Fig. 1 showing a
reducing ratio of 7.33/1
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Fig. 4 Magnetic field (MF) according to rotation of the
high speed rotor and its spatial harmonic analysis (SHA)
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Fig. 5 Influence of modulator thickness on resulting
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N
4

Aro] e Y= R kit vpo]m A
o] AR ‘ﬂ'EHi Y Zrolx W ulo|oj A
o}x| U mEH o€ 7} 27| X}H| s HE o]

. whebA @é;!f& S220] A7} o) 3 o)

5

1

?ﬁ e
O

M oHdr
™ oHrr
0

2orlo

=
of
i

er

tietu & - SEP7|ec74 =28 M3 15, 2023

—@— High speed = ®= Low speed Modulator
70
60
__50 ..
£ “
Z 40 s
w AN
=] S
o 30 S
o LI
[ ~o
20 ~os
10 °
0
0 0.5 1 1.5 2 25 3

Air gap length (mm)

Fig. 8 Torque variation result as air gap length increases

Tefj oo} o] thEF 40-45%7} =2 Y EFE
o H Sk

1142 PM array 9] embrace= Hg E 9]0 o]
72 Fofl WE 27 ap7A] 1HqT a7t Qlek
Fig. 70| A€} Zo] thef 90% 4= ool PM 47|
= 10% Zo]1 % %A}ﬂ AL B3 3715 A= Aol

s oleld Aol 3o wE s Ba
£298 95 & 4 21ch. oPAISLO 2 Fig, S0l 49}
Zo] 33 A7) A48 Felay 33 2710 4
2ol whu| g5l %714k B4 o] 7)1 Lt of
% 54 262 228 ) lmm o] j2] T2 G5}
= AL 29 2w v vA Q5L nesiy 2
Ratz e

4. &4 E4g 18t njadE J|of
2E20lE 2

J-2 Fig. 90| A eF &
g
FE 2= Zﬂ%éﬂ 950 HH A% ¥ E(Outward
type)E Fgth A &5 ST w7] wi ol tiadst
=PM2] A& HFE B H| 23 E 0 2 F2]517] $3)
A= ol2fgt ezt vhgrAshel. 12t Fig. 2, Fig. 3
off ASHE MG e R E 8] - 11455 PMo| E

EZ x4 2E] Q] 9E-S k7] wj o] Fig. 99 A9}
7+2 Outward typeoﬂ/ﬂ—‘: YL Qs SET T3
& BRI o) oYk 3] AR/ A7ME 2Ug
S mEW PMoj| o8} A} &50 = 1 o} Fal who
Fol7] ol E7HsHA T Y2 2=t
A|3Hz o] felshar utebA] MG 4] Inward type-S



Magnetic Force Analysis and Design Methodology of Magnetic Gear in the Magnetic Geared Motor

Fig. 9 Concept layout of the traditional magnetic gear
(Outward type)

Fig. 10 Cross-section diagrams of the recommended
modulators (a) connected type (b) separated type
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Table 1 Transmission torque comparison between inward
magnetic gear and outward magnetic gear

High speed max. torque | Modulator | Low speed
Outward 8.5Nm 40.4 31.9
Inward 6.9 Nm 32.8 25.9

Table 2 Torque variation of various modulator structures

High speed max. torque | Modulator | Low speed
Trapezoidal 6.9 Nm 13 259
modulator
Connected 13.5Nm 64.1 50.6
modulator
Separated 152 Nm 722 57.0
modulator

Table 3 Core loss and solid loss of various modulator
structures

Core loss (W) Solid loss (W)

Trapezoidal 59.04 241.01

modulator

Connected 0.0028 122

modulator

Separated 0.0027 90.1

modulator
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