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ABSTRACT

A Study on Non-Contact Hybrid Type Power

Transmission Device for Wind Power Generation System

Chan-Seung Gim
Advisor : Prof. Yong-Jae Kim, Ph. D.
Department of Electrical Enginnering

Graduate School of Chosun University

When the wind speed changes rapidly, the wind turbine is stopped
for the safety of power system and the mechanical system. At that
moment, the wind turbine gearbox is damaged and broken due to
high contact load of the gearbox. In addition, the problems such as
increasing frictional heat and deterioration of the brake arise because
the power of the blades is transmitted directly to the brake. This
paper proposes a hybrid magnetic gear shape that solves the problem
caused by the contact of the mechanical gear, which is the power
transmission device of the wind power generation system, and the
power cutoff system. An optimized structure of the hybrid magnetic
gear suitable for the wind power generation system is derived
through the torque and loss analysis. Two excitation methods were
compared and a better one was picked up from the loss analysis. The
power density and efficiency have been analyzed and compared for
all possible combinations of gear ratio and pole numbers in the
selected excitation method. Two dimensional finite element

method(FEM) was utilized for the analysis.
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Fig. 1. Structure of wind turbine
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Fig. 2. 2008-2012 aggregated downtime per wind turbine subsystem
(Source : NREL)
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Fig. 5. Structure of hybrid magnetic gear with excitation type inner rotor
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Fig. 6. Structure of hybrid magnetic gear with excitation type outer rotor
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B 12 & 233 Hwshy] Yl AAIRE stojBef= ntayE 7]ofo] MY
UERdTE S=at ARl F ARERO] sdet =3 SoflA stojE =
obadlg 7] AA Atol= B A2 AREHE H|wsh] ffste] & 2
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Table 1. Specifications of hybrid magnetic gear

Excitation type
Unit
Inner rotor Outer rotor
Inner rotor diameter 34 61.5
Outer rotor diameter 126 135 mm
Stack length 85 156
Inner yoke 184 338
Pole pieces 115 133
Outer yoke 247 935 ,
Volume cm?®
Coil 28 31
Magnet 86 36
Total 660 1,523
Weight 5.04 11.61 kg
Magnet B, 1.0 T
Steel material 35JN230 -
Revolution Inner rotor 4000
d rpm
SUEe Outer rotor 1200
Slot fill factor 38 %
Current density 5 A/mm®
- 12 -
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Table 2. Loss of hybrid magnetic gears

Excitation type Difference
Inner rotor(A)|Outer rotor(B)| (A - B)
Inner Yoke 24 1 23
Outer Yoke 9 351 -342
Iron loss(W)

Pole Pieces 10 14 -4
Total 43 366 -323

Permanent 51 110 _59

magnet
Joule loss(W) Coil 17 5 12
Total 68 115 -47
Iron loss(W) -
+ Joule loss(W) 111 481 370
- ‘I 3 -
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Contour Plot : kW/m3
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Fig. 7. Contour plot of iron loss density of hybrid magnetic gear with

excitation type inner rotor
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Fig. 8. Contour plot of iron loss density of hybrid magnetic gear with
excitation type outer rotor
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Contour Plot : kW/m?3
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Fig. 9. Contour plot of eddy current loss density of hybrid magnetic
gear with excitation type inner rotor
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Fig. 10. Contour plot of eddy current loss density of hybrid magnetic
gear with excitation type outer rotor
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Table 3. The least number of permanent magnet poles of the
inner & outer rotor each gear ratio

Gear ratio Least number of poles Numb?r of
Outer rotor Inner rotor pole pieces
1.5 6 4 5
2 4 ) 3
2.5 10 4 7
3 6 ) 4
3.5 14 4 9
4 8 ) 5
4.5 18 4 1
5 10 ) 5
55 29 4 13
6 12 2 7
6.5 26 4 15
7 14 2 8
7.5 30 4 17
8 16 2 9
8.5 34 4 19
9 18 ) 10
9.5 38 4 91
- 18 -
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(a) Hybrid magnetic gear models within 2:1 gear ratio

Inner : 4= Inner: 8= Inner: 12= Inner: 16=
Outer: 103 Outer: 203 Outer: 30= Outer : 402

(b) Hybrid magnetic gear models within 2.5:1 gear ratio

Fig. 11. Hybrid magnetic gear model shapes in the same gear ratio
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Magnetic Flux Density
Contour Plot : T
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Fig. 15. When the number of poles of the hybrid magnetic gear

having the same total surface area is changed, the flux

saturation of hybrid magnetic gears
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