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Design Technology Trend of Permanent Magnet Generators for Wind Turbines
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This paper deals with design technology trend of permanent magnet generators (PMGs) for wind turbines. First, the classification
and characteristics of each type of PMGs were investigated, and then the characteristics, advantages and disadvantages for each PMGs
type were compared and analyzed. In addition, the specifications and capacities of PMGs currently being developed at domestic and
abroad are summarized. In particular, based on the papers published in the last 10 years, research trends related to design and analysis
of PMGs were described. The results presented in this paper will be useful criteria in design and analysis of PMGs for wind turbines.
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Fig. 1. (Color online) Conceptual diagram of wind power generation system [1].
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Fig. 2. Comparison of permanent magnet generators with and without
gearbox.
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Table 1. Characteristics according to the driving method of the permanent magnet generator.

Type Features

Advantages Disadvantages

- Gearless implementation
Direct-drive type - Increase in generator size
- Low speed, high torque

- Cost increased due to need for
large amount of magnet

- Low maintenance costs

Geared type - Decrease in generator size

- Reduced nacelle weight due
to reduced generator size

- Maintenance problems due to the
use of gearboxes, low efficiency
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Table I1. Classification according to magnetic flux direction of permanent magnet wind turbine.

Radial flux machine

Axial flux machine

Shape

Stator

Structural feature Radial magnetization

Axial magnetization

- High torque/mass ratio

Advantages/

Disadvantages .
28 - Ease of stacking stator cores

- Relatively small use of permanent magnets

- Difficulty in manufacturing slotless stator
- Easy to maintain uniform airgap

- Simple stator winding implementation
- High torque/volume ratio

- Easy to manufacture slotless stator

- Difficult to maintain uniform airgap
- Stator core stacking difficulties

- High usage of permanent magnet

Table II1. Comparison of inner and outer rotor permanent magnet machines.

Inner rotor machine

Outer rotor machine

Shape

Structural feature Internal rotor

External rotor

- Due to the large diameter of the stator, there
is plenty of space for winding design.
- Increased winding resistance due to

Advantages/

Di - .
isadvantages relatively large stator diameter

- Relatively small magnet usage

- Since the end turn is short, the inductance is
small and the winding resistance is reduced.

- Complex mechanical structure

- Severe vibration/noise compared to the
internal type
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Fig. 3. (Color online) Seoltech, 100kW-Class Wind turbine generator
(Direct-Drive 50 rpm, 24.4 m x 11.7 m) [9].
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Fig. 4. (Color online) Market share of major wind power companies
(Renewables 2017 Global Status Report).

=304 200 W~10 kW, A=A 3kW~100 kW, (F)
GUIA 5kW, 15kW, 25 kWa 7le k53t Fig. 3
2 Adeol A LSt 100 kWH AT FTEHEHVIE B
Oﬂ—er]— 3k EHS.EI: 3HAPEE:LQ. Hlxqﬂ

2EEFRE TR AKIe] 2
AR (FY, d) A e s ‘l‘)\]‘ﬁ"_% 2
= 719 7hel HxE AU S EEA gl
S EA)3 OFHOI At FAFTES 3-8 MWEY]

o

FEIA7IE A, BASka 9o, UL 2 MW, 4 MW
o] Zegulzly) 7HHL° g, A= s MW olite] kY]
NS K8y Fot}H9]

2.2 319 ML T

Sle) sl A 84S dsuw 100 7
A7y AA AP 75% oPde ARkl e

2 & g A F2 Vestas(FI7}=), Enercon(ZF<), Gamesa

CRD) 5 A DAL TR A A TP

Arkel] 23 2 7lEdEs BAg dAIECIM 53] Vestas

x FH

Table IV. Development status of wind power generators.
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Fig. 5. (Color online) Research on permanent magnet generators in
papers published in the IEEE journal for the last 10 years.
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Table V. Research trends related to the design of permanent magnet generators.

Permanent magnet
generator

Theme Reference

Generator design considering multi-physics [19-22]
Magnetic gear applied generator proposal [23-26]
Proposal of novel generator and verification [27-31]
Generator design method Proposal [32-33]
Generator sizing equation establishment and analytical technique, [34-42]
loss analysis, demagnetization analysis

Application and proposal of optimal generator design method [43-50]
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Fig. 6. General design flowchart of a permanent magnet generator.
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Fig. 8. (Color online) Electro-mechanical energy conversion flow of permanent magnet generator.

Rotor Stress Analysis

Fig. 9. (Color online) Permanent magnet generator rotor stress
analysis.
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Fig. 10. (Color online) Stator mode analysis of permanent magnet
generator.
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Fig. 11. (Color online) Demagnetization analysis of permanent
magnet generator.
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Fig. 12. General optimization flowchart: (a) stochastic algorithm, (b) approximate Optimization Techniques.
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