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Abstract

In order to reduce the starting wind speed of the wind wheel and improve the
efficiency of the wind wheel, this paper proposes a new type of composite
magnetic circuit permanent magnet generator, which changes the relation-
ship between the magnetic induction intensity and the air gap by changing
the structure of the main magnetic circuit. The structure greatly improves the
air gap sensitivity of the generator, which makes the structural design of the
permanent magnet generator easier to implement. Finally, the effectiveness
and feasibility of the method are verified by simulation.

Keywords

Composite Magnetic Circuit, Generator, Starting Wind Speed, Main
Magnetic Circuit

1. Introduction

As the clean energy with the most industrial development potential, wind power
has become an important part of the energy structure and is closely related to
economic development [1] [2] [3] [4]. China’s National Energy Administration’s
“Twelfth Five-Year Plan for Wind Power Development” predicts that by 2020,
the total installed capacity of wind power in China will exceed 200 million kilo-
watts, and the annual power generation of wind power industry will reach 390
billion kilowatt-hours, which will exceed the 5% of power generation in China.
The actual exploitable wind energy resource reserves of China’s 10 m level are
253 million KW, and the matching low wind speed wind power technology has
become one of the most promising research fields [5] [6] [7]. The progress and
exploration of its key technologies directly affect the low wind speed. The de-
velopment of the wind power industry is one of the key development directions

of China’s renewable energy.
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Wind turbine direct drive permanent magnet generator is one of the devel-
opment trends of the wind power industry. The permanent magnet generator
has high reliability and high efficiency. It can convert wind energy into electric
energy effectively in the low wind speed working area, which has great potential
for development in wind turbine development.

The composite magnetic circuit permanent magnet wind turbine involved in
the project research is main magnetic circuit in the axial direction [2] [8]-[14],
The circumferential direction is a secondary magnetic circuit structure similar to
the conventional permanent magnet layout, The axial main magnetic circuit and
the circumferential cross arrangement make a negative slope linear relationship
between the magnetic induction intensity and the air gap, Thereby, the air gap
sensitivity of the generator is greatly improved, and the structural design of the
permanent magnet generator is more easily realized, the generator cost is greatly

reduced, and the engineering practical application is facilitated.

2. Design of Composite Magnetic Circuit Structure

Finite element analysis is a very effective tool for finding approximate solutions
of complex differential equations.

The structural characteristic of the composite magnetic circuit permanent
magnet wind power generator is a rotor structure, and the permanent magnet
unit adopts a split structure, a rectangular body magnetic strip and a permanent
magnet unit formed by bonding two magnetic poles of N pole and S pole, which
embedded in the outer rotor structure, this can save permanent magnet mate-
rials and reduce production costs.

Through electromagnetic design, the structural parameters of the permanent
magnetic wind turbine with composite magnetic circuit structure and the elec-
tromagnetic parameters of the no-load characteristic are obtained as shown in
Table 1.

The rotor structure model is drawn by the three-dimensional mechanical
drawing CAD software Solidworks as shown in Figure 1, which is imported into

Maxwell 3D for calculation.

3. Three-Dimensional Performance Analysis of Composite
Magnetic Circuit Permanent Magnet Wind Turbine

In the static magnetic field, only the permanent magnet is used as the magnetic
source, and there is no added excitation in the stator winding. Figure 2 shows
the magnetic-density distribution of the curved surface at the center of the air
gap. It is very intuitive to see the magnetic-tight distribution on the cylindrical
surface. The magnetic density of the magnetic conductive strip is relatively large,
and the amplitude is between 0.8 T and 1.1 T. Magnetic density non-uniformity
in the axial direction is exhibited.

There are three operating conditions for permanent magnet wind turbines un-
der transient magnetic fields: no-load operation, load operation and short-circuit
faults.
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Table 1. Design specifications and the main structure size.

Parameters Value
Rated power (W) 100
Rated speed (rpm) 200
Specifications Rated line voltage (V) 24
Frequency (Hz) 50
Effectiveness 275%
Permanent magnet material NdFeB (N38H)
Rotor outer diameter (mm) 164
Rotor inner diameter (mm) 135.6
Rotor
Rotor length (mm) 78
Rotor Yoke length (mm) 6
Embedded depth (mm) 6
Permanent magnet material NdFeB (N38H)
Residual magnetic flux density 1.28
Magnetic induction coercivity (kA/m) 970
Permanent magnet
unit Permanent magnet pole pair 30
Length x width x thickness (mm) 35x7.5x4
Magnetic strip material Silicon steel (DW540)
Magnetic strip size (mm) 75x7.5%x4
Air gap Air gap (mm) 0.8

(©)

Figure 1. Rotor structure model. (a) Rotor model; (b) Finite
element simulation model; (c) Complete model; (d) Sectional

view.
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Figure 2. Map of magnetic density distribution.

3.1. No-Load Operation

The main magnetic field of the no-load is provided by a permanent magnet, and
the magnetic field passes through the air gap and the armature winding. When
the rotor rotates, the armature winding cuts the rotating magnetic field line to
induce the three-phase AC electromotive force, and the stator winding is called
no-load operation when it is open. The no-load characteristic is one of the basic
characteristics.

It can be concluded from the Figure 3 that the no-load electromotive force
waveform is close to a sine wave with amplitude of 30 V, which satisfies the de-
sign requirements; the cogging torque curve is smooth and stable after stabiliza-

tion as show in Figure 4.

3.2. Load Operation

When the permanent magnet generator is under load operation, the armature
winding and the external circuit form a closed circuit, and a current will flow,
and the armature reaction will in turn affect the distribution and waveform of
the air gap magnetic field, thereby affecting the working point of the permanent
magnet. The external circuit load during load operation is set to a purely resis-
tive load, and the load resistance value is 5.67 Q from the rated voltage and
power.

Figure 5 shows the three-phase output phase voltage waveform and current
waveform with good sinusoidality at rated load. The phase induced electromo-
tive force contains third harmonic. The three-phase winding symmetrical con-
nection cancels the harmonics of multiples of three and three and does not out-

put to the external circuit. Therefore harmonics are greatly suppressed.

3.3. Short Circuit Faults

When a three-phase short-circuit fault occurs in the permanent magnet genera-

tor, the armature winding current will increase several times instantaneously, the
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Figure 3. No-load back EMF waveform.
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Figure 4. Cogging torque curve.
37.50
] Curve Info rms
7 = |nducedVoltage(Phased)
2500 ] Setup1 : Transient 203002
7 InducedVoltage(PhaseB)
i Setup1 : Transient 202675
] InducedVoltage{PhaseC)
12.50 g Setup1 : Transient el EE
= 0.00 -
= ]
12,50 -
-25.00 -
37850 fHr—r—r—1—1T—r—r—r—"T7r—"—"—""T" T
0.00 5.00 10.00 15.00 20.00 2500 30.00 35.00 40.00
Time [ms]

Figure 5. Three phase output voltage under load.

armature reaction will increase, the permanent magnet operating point will
drop, whether there will be irreversible demagnetization problems, and the worst
three-phase short circuit will be required. The fault is analyzed. In the external
circuit, the control of the voltage control switch is controlled, so that the short
circuit fault can be simulated at a certain time, the short circuit occurs after the

generator runs for one cycle under the rated load, and the short circuit occurs

after three cycles to resume normal operation.

DOI: 10.4236/wjet.2019.74B003

22

World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2019.74B003

G.S. lietal.

20.00
1 Curve Info max

= Current{Phases)
Setup1 : Transient 19.8195

10.00
= ]
T ]
2 000 ]
g ]
£ ]
= ]
5 ]
£-10.00 ]
a ]
-20.00 -}
—r —————————— T
0.00 20.00 40.00 60.00 20.00 100.00
Time [ms]

Figure 6. Current curve under short circuit fault.
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Figure 7. Torque curves under short circuit fault.

Figure 6 shows the short circuit current change waveform. The short-circuit
current is six times the load current. The short circuit current increases, causing
the motor winding to heat up and the loss is too large. Figure 6 Torque fluctua-
tion curve during short circuit, sudden increase in torque produces vibration
and noise, increases mechanical losses, and reduces motor life. From the short
circuit of Figure 7, the minimum magnetic density of each permanent magnet is
0.4 T, which is larger than the permanent magnet demagnetization inflection

point, so there is no irreversible demagnetization problem.

4. Conclusion

The three-dimensional performance analysis results of the new composite mag-
netic circuit structure permanent magnet wind turbine show the correctness and
feasibility of the design method. The structural parameters and the estimated
electromagnetic performance of the permanent magnet wind turbine are de-
signed by the field-circuit combination method, which is convenient and quick.
Shorten the design cycle and calculate the accuracy to meet the engineering ap-
plication requirements. At the same time, compared with the traditional radial
magnetic circuit structure permanent magnet wind turbine of the same type, the
reluctance torque of the permanent magnet wind generator with the new com-
posite magnetic circuit structure is significantly reduced, and its operation is

stable and the reliability is high. It is conducive to low wind speed start-up and

DOI: 10.4236/wjet.2019.74B003

23 World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2019.74B003

G.S. lietal.

expands the application field of small wind power generation systems. The
structure can achieve an efficiency of 80%. It has the characteristics of simple
structure, small size and light weight, and is suitable for independent power

supply systems.
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