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Abstract: Vertical Axis Wind Turbine (VAWT) is a type of important electric equipment. A hybrid
maglev supporting structure in shaft system of VAWT is mentioned in this paper. The simulation has been
conducted to study the magnetic field and force on this structure. The working condition is classified by
four different length and magnetic isolated condition, three kinds of exciting currents compound modes is
studied at the same time. Through the contrastive analysis of ANSYS simulation, the computed results
reveal that the magnetism of pole terminals need to be isolated and face-to-face or back-to-back excitation is
appropriate for magnet units in differential mode. The magnetic field and magnetic force are also emulated
when the rotor working the position of equilibrium.
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Intoduction

The research and development of Wind Turbines is important in the New Energy

Strategy. The VAWT, which plays an important role in it, is receiving more and more

concern [1-2]. Some useful methods are proposed to improve the performance of VAWT. As

concerned in [3-8], the permanent magnetic outloading system is introduced,which with the

purpose of optimizing the energy utilization and reducing the start-up wind speed. In this

paper, a kind of hybrid levitation bearing structure used in the VAWT spindle system is

studied, and some correlative problems are discussed.

The Principle Of Maglev Suspension Used In VAWT. Compared to the Horizental Axis

Wind Turbine(HAWT), the main rotor shaft of a VAWT runs vertically. The sketch of a

VAWT is shown in Fig. 1.

Fig.1 Sketch of a VAWT Fig.2 Schematic of a maglev supporting structure

The supported body in axial maglev supporting structure in Fig. 1 is of disk shape, and

the schematic of it is shown in Fig. 2. Permanent magnets provide the supporting disk with
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suction lift while electromagnets can regulate the lift force with the turbine regular working.

When supporting disk deviates from balance position, electromagnets in differential mode

regulate the location of disk with bidirectional force if needed. Catcher bearings confine the

maximum deviation of disk to avoid its impact on permanent magnets or electromagnets, and

support the main shaft system axially when the turbine shut down.

Magnetic Field And Magnetic Force Analysis

Working Condition. Four permanent magnets are symmetrically located, supporting

the main shaft system of turbines. The force acting on each permanent magnet is 1750N at

lowest to meet the bearing loads demands. E-type electromagnets work in differential mode

and are located symmetrically. They produce a zero resultant force on supporting disk when

they are in the same biasing current with the disk balanced.

Then taking the following hypothesises for granted, such as uniform air-gap flux,

ignoring the magnetic resistance of iron core、the leakage flux and eddy current loss etc, the

resulting force of the permanent union can be expressed as:
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where, yF is the magnetic force of permanent magnet that acted on supporting disk in up

direction, with a nuit of N. B -the resulting magnetic flux density in air gap, with a unit of
T . 0 is the permeability of air， 7

0 4 10    , with a unit of /H m . r is the relative

permeability of permanent magnet. pmh is the length of permanent magnet that along the

magnetic circuit, with a nuit of m . yx is the gap between the supported body and permanent

magnetic union, with a nuit of m . S is sectional area of magnetic circuit in permanent

magnetic union, with a nuit of 2m . The permanent magnet is NdFeB, 1158.789cH  /kA m
and the pmh is 28.33 mm.

Analysis For Magnetic Field And Force in Permanent Magnetic Union. To verify

the force of permanent magnetic union and find the influence of leading poles with different

length, the simulations are classified according to the different length and working

conditions. The first working condition is defined as  rx=1 when the gap between the

magnetic leading poles is filled with air. The second working condition is defined as  rx=0.5

when the gap between the magnetic leading poles is magnetic isolated. By useing

ANSYS12.0, the magnetic forces are computed and listed in Table 1, while the magnetic flux

density vectors are shown in Fig.3.
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Table 1 Comparison of magnetic force in different situations
The length of magnetic

length [mm]
Compared

item
 rx=1  rx=0.5

135
FVW-Y（N） -803.30 -1194.20

FMX-Y（N） -796.74 -1183.431

125
FVW-Y（N） -948.77 -1321.10

FMX-Y（N） -941.06 -1309.05

115
FVW-Y（N） -1137.39 -1468.30

FMX-Y（N） -1129.59 -1458.11

105
FVW-Y（N） -1386.64 -1638.50

FMX-Y（N） -1383.05 -1633.58

ANSYS 12.0.1
JUN 25 2010
09:46:57
NODAL SOLUTION
STEP=2
SUB =1
TIME=2
AZ
RSYS=0
SMN =-.061092

1

-.05996
-.057698
-.055435
-.053172
-.05091
-.046384
-.044122
-.041859
-.039596
-.035071
-.032808
-.030546
-.028283
-.023758
-.021495
-.019233
-.01697
-.012445
-.010182
-.007919
-.005657
-.001131

1111111111

a11 ) wh=135mm

1

X

Y

Z

.026001
.259813

.493625
.727437

.961249
1.195

1.429
1.663

1.896
2.13

JUN 25 2010
09:47:14

VECTOR

STEP=2
SUB =1
TIME=2
B
ELEM=36
MIN=.026001
MAX=2.13

a12 ) wh=135mm

ANSYS 12.0.1
JUN 25 2010
03:21:32
NODAL SOLUTION
STEP=2
SUB =1
TIME=2
AZ
RSYS=0
SMN =-.057916

1

-.056843
-.054698
-.052553
-.048263
-.046118
-.043973
-.039683
-.037538

-.035393
-.031103
-.028958
-.024668
-.022523
-.020378
-.016088
-.013943
-.011798
-.007508
-.005363
-.001073

1111111111

b11 ) wh=135mm

1

X

Y

Z

.031781
.24984

.467899
.685958

.904017
1.122

1.34
1.558

1.776
1.994

JUN 25 2010

03:22:25

VECTOR

STEP=2

SUB =1

TIME=2

B

ELEM=36

MIN=.031781
MAX=1.994

b12 ) wh=135mm
ANSYS 12.0.1
JUN 25 2010
07:05:06
NODAL SOLUTION
STEP=2
SUB =1
TIME=2
AZ
RSYS=0
SMN =-.059889

1

-.05878
-.056562
-.054344
-.052126
-.049908
-.045471
-.043253
-.041035
-.038817
-.034381
-.032163
-.029945
-.027726
-.02329
-.021072
-.018854
-.016636
-.0122
-.009982
-.007763
-.005545
-.001109

1111111111

a21 ) wh=115mm

1

X

Y

Z

.035269
.267167

.499065
.730963

.962861
1.195

1.427
1.659

1.89
2.122

JUN 25 2010
07:05:20

VECTOR

STEP=2
SUB =1
TIME=2
B
ELEM=49
MIN=.035269
MAX=2.122

a22 ) wh=115mm

ANSYS 12.0.1
JUN 25 2010
05:26:24
NODAL SOLUTION
STEP=2
SUB =1
TIME=2
AZ
RSYS=0
SMN =-.057038

1

-.055982
-.053869
-.051757
-.049644
-.047532
-.043307
-.041194
-.039082
-.036969
-.032744
-.030632
-.028519
-.026406
-.022181
-.020069
-.017956
-.015844
-.011619
-.009506
-.007394
-.005281
-.001056

1111111111

b21 ) wh=115mm

1

X

Y

Z

.041716
.258217

.474719
.69122

.907721
1.124

1.341
1.557

1.774
1.99

JUN 25 2010
05:26:52

VECTOR

STEP=2
SUB =1
TIME=2
B
ELEM=49
MIN=.041716
MAX=1.99

b22 ) wh=115mm
ANSYS 12.0.1
JUN 25 2010
07:11:21
NODAL SOLUTION
STEP=2
SUB =1
TIME=2
AZ
RSYS=0
SMN =-.058465

1

-.057383
-.055217
-.053052
-.050887
-.048721
-.04439
-.042225
-.04006
-.037894
-.033563
-.031398
-.029233
-.027067
-.022737
-.020571
-.018406
-.01624
-.01191
-.009744
-.007579
-.005413
-.001083

1111111111

a31 ) wh=95mm

1

X

Y

Z

.028057
.259626

.491194
.722762

.954331
1.186

1.417
1.649

1.881
2.112

JUN 25 2010
07:11:32

VECTOR

STEP=2
SUB =1
TIME=2
B
ELEM=148
MIN=.028057
MAX=2.112

a32 ) wh=95mm

ANSYS 12.0.1
JUN 25 2010
05:38:04
NODAL SOLUTION
STEP=2
SUB =1

TIME=2
AZ
RSYS=0
SMN =-.056075

1

-.055036
-.052959
-.050883
-.048806
-.046729
-.042575
-.040498
-.038422
-.036345
-.032191
-.030114
-.028037
-.025961
-.021807
-.01973
-.017653
-.015576
-.011423
-.009346
-.007269
-.005192
-.001038

1111111111

b3 ) wh=115mm

1

X

Y

Z

.031956
.249163

.46637
.683578

.900785
1.118

1.335
1.552

1.77
1.987

JUN 25 2010
05:38:18

VECTOR

STEP=2
SUB =1
TIME=2
B
ELEM=148
MIN=.031956
MAX=1.987

b4 ) wh=105mm
ANSYS 12.0.1
JUN 25 2010
07:20:00
NODAL SOLUTION
STEP=2
SUB =1
TIME=2
AZ
RSYS=0
SMN =-.056741

1

-.05569
-.053589
-.051487
-.049386
-.047284
-.043081
-.04098
-.038878
-.036777
-.032574
-.030472
-.028371
-.026269
-.022066
-.019964
-.017863
-.015761
-.011558
-.009457
-.007355
-.005254
-.001051

1111111111

a41 ) wh=75mm

1

X

Y

Z

.02923
.259552

.489873
.720195

.950517
1.181

1.411
1.641

1.872
2.102

JUN 25 2010
07:20:10

VECTOR

STEP=2
SUB =1
TIME=2
B
ELEM=49
MIN=.02923
MAX=2.102

a42 ) wh=75mm

ANSYS 12.0.1
JUN 25 2010
07:20:00
NODAL SOLUTION
STEP=2
SUB =1

TIME=2
AZ
RSYS=0
SMN =-.056741

1

-.05569
-.053589
-.051487
-.049386
-.047284
-.043081
-.04098
-.038878
-.036777
-.032574
-.030472
-.028371
-.026269
-.022066
-.019964
-.017863
-.015761
-.011558
-.009457
-.007355
-.005254
-.001051

1111111111

b4 ) wh=105mm

1

X

Y

Z

.02923
.259552

.489873
.720195

.950517
1.181

1.411
1.641

1.872
2.102

JUN 25 2010
07:20:10

VECTOR

STEP=2
SUB =1
TIME=2
B
ELEM=49
MIN=.02923
MAX=2.102

b4 ) wh=105mm

Fig. 3 The comparison magnetic field and induction indensity distribution

Taking the data in Table 1 and graphs in Fig.3 as consider, the gap between the

magnetic leading poles needs to be magnetic isolated as the comparative analysis of

horizontal direction shows.The length of magnetic leading poles should be as shorter as

possible to reduce the magnetic flux leakage and enhance the levitation force as the

comparative analysis of vertical direction shows.

Excitation effect analysis of electromagnetic unit. E type electromagnets are used in
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the mentioned supporting structure. This type of electromagnets have also been studied and

used in many instance. The force expression of these electromagnets have been studied and

verified[9]. A electromagnetic unit contains two E type electromagnets, which are placed in

two sides of the supporting disk. The two components work in pairs of differential mode.

Three compound modes of the exciting currents are compared as following. Corresponding

to the three kinds of compound modes, three kinds of magnetic actions are reached. The

difference between the actions are base on the relative direction of magnetic flux that pass

through the dominant leading pole. If they flows in the same direction, the compound mode

can be named drawing form temporarily. If they flows face to face, the compound mode can

be named face-to-face form. While they flows back to back, the compound mode can be

named back-to-back form.

a ) Back-to-back form b ) Face-to-face form c ) Drawing form

Fig. 5 Coupling simulation of the integral magnlev structure

Through the comparison of dirrerent graphs shown in Fig.4, both the magnetic actions

in the face-to-face form and in back-to-back form have no mutual coupling,urrent situation is

similar to the current, and paired electromagnet without magnetic flux density of the cross,

mutual coupling between no influence. However, there is mutual coupling between the pairs

of electromagnets in drawing form, which is shown in the graph c). So the former two forms

of exciting currents are better for the application.

a ) Global map b ) Partial enlargement map

Fig. 5 Coupling simulation of the integral magnlev structure
Magnetic Analysis of Integral Maglev Supporting Structure. There is only little

magnetic flux leakage along the supporting disk as shown in Fig.5. The order of magnitude
of flux leakage density is about 10-4 level, while that of main magnetic flux density is 10-1

level. The magnetic induction density hasn/t been strengthen. So the mutual influence can be
ignored. The computed result shows:FVW_X=5474.7 N, FMX_X = 5714.7 N. Compared
with the oretical calculation 7000 N, the deviation is about 18.36% ~ 21.79%. Therefore,
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some allowance should be given in actual structure design.At the same time, the gap between
the magnetic leading poles should be magnetic isolated.

Conclusion

As the rusults of ANSYS simulation show, the magnetic levitated supporting system

mentioned in this paper can offer effective force for VAWT.

The length of leading poles, which is used to constitute the magnetic circuit, should be

setted as shorter as possible. At the same time, the space around the magnetic leading poles,

especially the gap between them, needs to be magnetic isolated.

The exciting currents for the two components of electromagnetic unit should be

coordinated. The compound mode can be face-to-face form or back-to-back form.
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