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Magnetic gear can transmit torque without any mechanical contact among rotational parts in rotating mechanical systems.
Especially, magnetic gear using rare-earth PMs can be used in variety of industry application because of their great power efficiency.
Thus, recent trend shows that magnetic gear can be replaced with common mechanical gear. This paper deals with comparison and
torque analysis for magnetic gears with parallel and Halbach magnetization according to various design parameters. Using a two
dimensional (2D) finite element (FE) analysis, suitable gear ratio is selected. We performed analysis for magnetically connected inner
and outer torque with respect to various design parameters including thickness of inner and outer PM, steel pole angle, segments of
Halbach array and magnetization pattern of inner and outer PMs. Finally, we can obtain improved design model having parallel and
Halbach magnetization with larger torque, compared with an initial design model.

Keywords : magnetic gear, parallel, Halbach, two dimensional finite element analysis.
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Fig. 1. (Color online) Structure of magnetic gear.
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Fig. 2. (Color online) Magnetic gear according to magnetization (a) parallel magnetization (b) Halbach array with 2 segments (c) Halbach array

with 3 segments (d) Halbach array with 4 segments.
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Fig. 3. (Color online) Halbach array with 3 segments (a) magnetic flux line produced by inner permanent magnets (b) magnetic flux line produced

by outer permanent magnets.
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Fig. 4. Magnetization direction according to segment number per pole pair (a) external field (b) internal field.

Table 1. THD of inner torque according to gear ratio.

Gear ratio 2 2.5 3
Pole pairs of outer PMs 8 10 12
Steel pole numbers 12 14 16
THD of inner torque [%] 8.53 9.01 66.89
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Table II. Design parameters of magnetic gear.

- 155 -

A7 M 0 AAA W *
G, Gear ratio 3.75 N, Steel pole numbers 19
P;, Pole pairs of inner PMs 4 P, Pole pairs of outer PMs 15
Tin Inner PM thickness [mm] 10 Tow Outer PM thickness [mm] 10
Zin Inner air-gap length [mm] 0.6 Gour Outer air-gap length [mm] 0.5

Pole arc ratio of PMs 1 T: Steel pole thickness [mm] 15
Wiy Inner rotor speed [rpm] 1000 Angle of steel pole [deg] 9.47

4, 915 F7AE] = 5 159 W) Hol B} S0k
weby B =Roxe 7lofn] 3.750]a S GRpe] =
F7F 85019 @5 F7Ae = 471 30591 FllE 7]
olg 7] siME=lE et

5. OFHIE] 7]o{2] MA =

S G772 = 471 59T uf 7]ofule] wE f3ta
A8 Azt E3 THD7F 7P 22 71oHlE 7 UiS
7 9 A F & 2P e fekassiA Ans
Hglo 2 B =Fox EFEA A4S 3 vllg 7)o
7] SRl HAWMS= Table 19} 2T} wepr] B =
= e AsiaS ol8sked 1:3.759] 71onlgl Y= 3
A7} Atele] 1A Ha 191E 2 viadlg 7)ejr) 2kt
Jaar 23}, &Rk 28} GRS 7HE o Table 1101 A
AR AASRe] Wl w B3 siAS alsiolt).

S

|

=

1L AA W0 UE E35Y sH4

Table 119] AAIATE vl o2 Fulsk, gk} x|} J++
2HS zhe vy 7loje] HEA A A= Fig. 69
2t} 213yl AXE vble} o] 3.759] 7|oHlE 2= wi
gl 7]oje] Y& 1 I[P} 1000 rpme) $E2 34
o &= A& e WS SRR HiEEF 267 ipme]
&2 g, auy B =FoAe 9 sAE 74
AA F& oMo AEA 43S st S 9

(b)

= 3=} Alolell YR8 agH FAS Fol] WS A
Aol ofaf) A3 AARFE E) AgEm Hapidk 2p
3} GRS 2t viEdlg 71ole] UiS Sxixte) 95 3
AR FEEE E3= 22 37.59Nm, 140.57 Nmo|iL 3
ATHE 3h} 23} As e vldlg 7]oje] Y&
sHAtet &S Al fEEe = Z7Z} 4442 Nm,
168.21 Nmo|t}. ZHzte] AadlEd] o&f A7 A S 2k &
w23} vy Zlole HeRr vkl 7]oje} Blask
of WSt 95 2% of 1.2 & B 2t

1 SR SHol| hE ) E3

WSt o5 3dxke) el 2 GRS o
B B354 NS S8l WSt 25 daAe] S= 1,
o= 0.6mm, 3QE DY g AWE AXFhE s 947°%
AP Fig. 7& W - 215 A FAPE 1019
HlES A ek o) gt et Ae} G
of 70l mE HNEIS vehdn. g7Ae] AVt S
7FE dAle] AP sl A5 d|lel #Agle] %
g} et A} GRS 2t vidlE 7109 =
H 93 fede Ede G7ARE FA v S
7¥etn @A FAZE 14mmd wf WS 915 374}
B HUEA gs 2t o] wle] WS 259 Ele
Table 1olA AAE 74 FA7E 10 mmd 2o} 3
W Ak o oF 20 %, ARk w oF 36 % SISt
ok 2y Wels A AV B 14mme] B

= s R Parallel_in
E 100 \ -------- Parallel_out
2 o
o
5 2
Qo N
% -100 . Halbach_in " .~
L= Halbach_out "=
> 200 5 10 s

Time [ms]

©

Fig. 6. (Color online) 2D FEA result for magnetic gear (a) magnetic flux distribution with parallel magnetization (b) magnetic flux distribution

with 3 segments Halbach array (c) results of static torque analysis.
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Table II1. Comparison of torque analysis result.

Inner torque [Nm] Outer torque [Nm]

Initial model with

S 37.59 140.57
parallel magnetization
Initial model with
Halbach magnetization 4442 168.22
Improved mode.l V\{l'[h 43.40 16181
parallel magnetization
Improved model with 49.67 185.65
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