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Abstract- Starting from the 1960s, a number of scientific 

works were devoted to magnetic supports. Measuring 

devices and equipment built on the basis of those supports 

had high accuracy, but their fields of application were 

limited due to their weak electromechanical resistance. 

Induction supports were used in crucible less melting of 

metals and in transport. When the levitation element is 

made in the form of a short-circuit loop, in most cases, its 

height is comparable to the height of the impact loop. In 

this case, the height of the magnetic system becomes too 

large and the stability of the system decreases. In addition, 

since the magnetic currents are not evenly distributed 

along the height of the levitation element, the current 

density from it is unevenly distributed along its height. The 

distribution law of the current density is not known in 

advance. On the other hand, the law of distribution of 

magnetic currents is also affected by the nature of the 

distribution of the magnetic force of the levitation element. 

As a result, the solution of the problem becomes 

complicated. In order to reduce the gravity force Pa, LE is 

assembled from wires made of aluminum or aluminum 

mixed alloys with low specific gravity. To reduce copper 

losses, TD is assembled from copper wires and connected 

to a constant-amplitude alternating voltage source ~UL. 

The electric energy supplied to the loop is converted into 

magnetic field energy Wm, creating a lifting 

electromagnetic force Fe, which acts on LE. The 

electromagnetic force Fe, in turn, raises F1 to a certain 

height h. This height is called levitation height. 

 

Keywords: Levitator, Electromagnetic Force, Core, Wind 

Turbine, Levitation Height. 

 

1. INTRODUCTION 

Starting from 1968, monographs and scientific articles 

dedicated to the creation of a vertically controlled 

induction levitator IL began to be published, thus laying 

the foundation of a new scientific direction. In order to 

increase the output voltage and radial stability of the 

vertical-axis magnetic levitation wind generator, a short-

circuited loop of the induction levitator and the rotor of the 

quadrupole electric generator are connected to the wind 

turbine tube. Being levitated in the magnetic field created 

by the alternating current loop of the levitator, they rotate 

together under the influence of the wind. The induction 

levitator is cylinder-shaped and made of electrotechnical 

pole. Its upper part is intact. The alternating current loop 

of the levitator is also made in the form of a cylinder, 

placed inside and at the bottom of it.  

Controlled IL allows to set, measure and transfer 

parameters of vertical movement without requiring 

additional mechanisms (for example, reducer, etc.). 

Features of the main destinations: 

• Application in vertical axis wind generator 

• To accurately generate and measure force and 

displacement 

• Simplicity of construct on and manufacturing technology 

• To increase and decrease the values of force and 

displacement by making the loop multi-section 

• Being used as a static support 

Unlike the maglev-type wind generator, the output 

voltage is large and the electromechanical stability is high, 

levitation height adjustment is the advantages of IL. Due 

to the lack of friction, it can work from very low wind 

speeds and have a long service life. 

At present, scientific research works on the 

application of different types of levitators in vertical axis 

wind generators are ongoing. The following levitation 

conditions are fulfilled in those levitators [2]. 
2

1 2; ;M a e a e aP P F KI P F K II P= = = = =  (1) 

Here PM is the repulsive force created by the stationary 

magnet acting on the levitated magnet; Fe electrodynamic 

force affecting the levitated short circuit W2; Fe 

electromagnetic force acting on the aluminum ring by 

alternating current loop W; Pa- gravitational force of 

levitated element [7]. The condition of levitation must be 

satisfied when the external force Px acts on the levitation 

element in the vertical direction [1]. 
2

1 2; ;M a x e a x e a xP P P F KI P P F KI P PI= + = = + = = +  (2) 

The wind generator consists of a wind turbine 1, an 

induction levitator 2, an electric generator 3, a radial pad 5 

and a pipe of a levitated turbine 6. The support pad is 

placed on the base 7 together with the pipe 5 (Figures 1 

and 2) [10].  
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Figure 1. Vertical axis induction levitation wind generator 

 

 
 

Figure 2. Induction levitator 

 

2. EXPERIMENTAL METHOD AND ITS MAIN 

PURPOSE 

An induction levitator with a triangular steel core was 

developed for research (Figure 3). The induction levitator 

consists of an electrotechnical steel core assembled from 

separate sheets 1, an impact loop 2, a short-circuited 

aluminum ring (levitation element) 3, a steel anchor and a 

force transmitter mechanically attached to the levitation 

element. The container 7 for the load PY is placed in the 

part of the power transmission. Standard weight stones 

weighing 5, 10, 15, 20, 25 and 30 grams are placed in that 

bowl. A pointer 8 is attached to the force transmitter 6, and 

when the force transmitter moves up and down, the 

levitation height h is determined according to the 

instructions of the stationary ruler 9. 

- Steel core dimensions: 

a = 10mm; b = 20mm; c = 50mm; hc = 80mm 

- Dimensions of TD: 

h1 = 65 mm; c1 = 47.553 mm; 

- Number of windings and active resistance of TD: 

W1 = 1457; r1 = 40 Ohm 

- Dimensions of aluminum rings: 

h2 = 10 mm; h2 = 15 mm; h2 = 20 mm; c2 = 5 mm 

- Number of windings of a short-circuited levitation loop: 

W2 = 400; r2 = 6.19 Ohm; h2 = 30 mm 

First, calculating the weight of aluminum rings based 

on the following equation: [2]

( ) ( )3
2 2

3
2 2

26.487 10

108 10 2860.596−

=  =  





 = 

a aP g l S

S S


 (3) 

where, 
39.81 2.7 10ag =    

( ) ( )2 2 0

3 3

2 2 2 4 2 2 10 20 2 5 4

10 108 10 m

l a b c

− −

= + + +  =  + +  + 

 = 
 (4) 

3
2 2 2 2

3 3
0 0

5 10  

10 m ; 5 1  0 m

−

− −

 







= =

= = 

S c h h
 (5) 

We count [1-4]; 

 
3

2 10 10 mh −=  ;  
315 10  m − ;  

320 10  m− ;   

6 2
2 15 10  mS −=  ;  

6 275 10  m− ;  
6 2100 10  m−  

The lifting electromagnetic force is directly 

proportional to the square of the amperes of the alternating 

current loop (I1W1) and the specific magnetic permeability 

λ of the air gap in the paths of the stray magnetic currents 

of the ferromagnetic cylinder [1-4].  

( )
2

1 10.5eF I W =  (6) 

Centrifugal electromagnetic forces affect the levitation 

loop both in the radial direction and ensure the radial 

stability of the levitation system. Centrifugal radial forces 

act on the levitation loop in the direction of radius R [8]: 

( )
22 2

2 2 2 0

1 8
( / 4 ) (ln 0.75)

2

 
= =  − 

 
r

dL R
F I

dR r
I W    (7) 

To reduce the gravity of the levitation loop, it is made 

of aluminum wires and attached to the tube of the turbine 

[5]. An industrial frequency voltage U1 of 50 Hs is supplied 

to the alternating current loop and the magnetic flux 

created by the loop is closed by passing through the 

ferromagnetic cylinder and the ferromagnetic layer of the 

tube. Since the part of the pipe passing through the 

levitator is made of ferromagnetic material, the magnetic 

flux passing through it and the lifting force affecting the 

levitation loop increase Fe. As a result, the turbine is 

levitated together with the pipe. 

 

3. SOLUTION OF PROBLEM 

Then, according to the equation given above, we get: 

[9] 

1. 
3 3

2 210 10  m ; 5 10  m h c− −=  =    

2. 0.143 NaP =  

3. 
3 3

2 215 10  m ; 5 10  m − −=  = h c   

4. 0.215 NaP =  

5. 
3 3

2 220 10  m ; 5 10  m− −=  = h c    

6. 0.283 NaP =  
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Figure 3. Experiment facility 

 

Cross-sectional area of the middle bar of the steel core [5] 
6 6 22 20 20 10 400 10 mcS ab − −= =   =   (8) 

The value of the magnetic induction in the middle rod [6] 

1

6
1

2 220 2
1.7  Tl

314 400 10 1457−







 
= = =

 
m

c

U
B

S W
  (9) 

Equivalent height [7] 

( ) ( ) 3 3
12 1 2

1 1
65 10 10 25 10 m

3 3
h h h − −= + = +  =   (10) 

The electromagnetic force Fe is determined from the 

levitation equation:  

e a yF P P= +  (11) 

It is not difficult to determine the electromagnetic force 

Fe for any values of the levitation height h, since the 

gravity force Pa of the aluminum ring and the gravity force 

(load force) Py caused by the used load my are known [4]. 

1. When the levitation height h = 0, the load force Py is 

maximum, so the electromagnetic force Fe is maximum, 

i.e. [7-10]. 

max max= +aF P P  (12) 

2. When the levitation height is h = 10 mm  

10 10aF P P= +  

3. When the levitation height is h = 20 mm  

20 20aF P P= +  

4. When the levitation height is h = 30 mm  

30 30aF P P= +  

5. When the levitation height is h = hmax= 70 mm  

70 70aF P P= +  

 

In written statements 

70 30 20 10 max   P P P P P  

70 30 20 10 max   F F F F F  

and since Pa is assumed to be constant, it is not difficult to 

determine the dependences of Fe(h), I1(h), F1(h) from 

experience [12]. 

Let's analyze the mathematical expressions of the 

dependence of the main parameters h, I2 and Fe on the load 

Py [7-10]. 

0 yP = , maxh h=  

1
12 70

1 2
mak

a

U
h h h h

W P 
= = − =  (13) 

( )
1

1 min 702
1 12 max

uI
K U

I I
W h h 

= = =
+

 (14) 

( )
2

min min 1 700.5e aF F W PI F= = = =  (15) 

30   yP P=  (16) 

( )
1

1 302
1 12 30

uI
K U

I
W h h 

= =
+

 (17) 

( )
2

30 1 30 300.5e aF I W P P F = = + =  (18) 

20 yP P=  

( )
1

12 20

1 20

 
2 a

U
h h h

W P P 
= − =

+
 (19) 

( )
1

1 202
1 12 20

uI
K U

I
W h h 

= =
+

 (20)                   

( )
2

20 1 20 200.5e aF I W P P F = = + =  (21) 

10 yP P=  

( )
1

12 20

1 10

 
2 a

U
h h h

W P P 
= − =

+
 (22) 

( )
1

1 102
1 12 10

uI
K U

I
W h h 

= =
+

 (23)    

( )
2

10 1 10 100.5e aF I W P P F = = + =  (24) 

1. max 0   yP P h= =  

( )
1

12

1 max

  0
2 a

U
h h

W P P 
= − =

+
 (25)    

( )
1

1 max2
1 12 0

uI
K U

I
W h 

= =
+

 (26) 

( )
2

max 1 max max0.5e aF W P PI F= = + =  (27) 

From the analysis of the mathematical expressions of 

the parameters given above, it can be seen that as the load 

force increases, the levitation height h decreases, while the 

loop current I and the lifting electromagnetic force Fe 

increase. Since the results of the analysis coincide with the 

results of the experiment, the correct determination of the 

dependences of Fe(h), I1(h) and F1(h) from the experiment 

cannot raise any doubts.  
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To determine the main characteristics [9] ( )1I h , 

( ) ( )1 ,  eF h F h  dependencies need to be calculated. These 

calculations
3

2   10 10  m,h −=   
3

12 25 10  m, h −=   
310 10  m,h −=   320 10  m,h −=   

330 10  m h −=  and 

370 10  mh −=   we take for. 

1. When the levitation height is h = 0 [10] 

( )

3
1

1 2 3
121

1 158.421 10
6.336 A

25 10

uI
K U

h hW 

−

−

  
= = =   +  

 (28)            

1 1 1 6.336 1457 9232.827 AF I W= =  =       

( )
22 6 2 6

1 10.5 10 10 9232.827 85.245 NeF F F − −= = = =  (29)                             

where, 

( )

31

2 2 6
1

0.96 220
158.421 10

314 1457 2 10

uK U

W 

−

−

  
= =   

  

 (30)    

6 60.5 0.5 2 10 10 / mHN − −=   =  

2. Levitation height 
310 10 m−= h   [7] 

( )

3

1 3

158.421 10
4.526 A

25 10 10
I

−

−


= =

+ 
 (31)                 

1 1 1 4.526 1457 6594.876 AF I W= =  =             

( )
26 2 6

110 10 6594.876 43.492 NeF F− −= = =   

  

 
 

Figure 4. Addiction from experience, case 1 

 

 
 

Figure 5. Addiction from experience, case 2 

 
Figure 6. Addiction from experience, case 3 

 
Table 1. I1(h), F1(h) and Fe(h) values of dependencies 

 

hx ,10-3 0 10 20 30 70 

I1, A 6.336 4.526 3.52 2.88 1.67 

F1  10-3 A 9.232 6.594 5.129 4.196 2.37 

Fe, N 85.245 43.492 26.31 17.612 5.62 

 

4. RESULT 

Magnetic levitators can be created not only on the basis 

of permanent magnets, but also on the basis of 

electrodynamic and induction levitators. The newly 

designed induction levitator allows you to adjust the 

levitation height and is easily connected to the axis of the 

generator. The new design of the stator-rotor assembly of 

the generator allows to significantly increase the output 

voltage. The turbine tube of the vertical axis wind 

generator of cylindrical construction is mechanically 

connected to the short-circuited levitation loop and the 

four-pole rotor, so they rotate together under the influence 

of the wind. The constructive features of the rotor have led 

to raising the output voltage to the required level. 

Centrifugal forces act on the levitation loop in the radial 

direction and ensure the radial stability of the levitation 

system. In order to experimentally study the vertical axis 

wind generator based on the induction levitator, a research 

vessel was developed and the main characteristics were 

calculated and obtained from the experiment. The results 

obtained from the experiment coincide with the results in 

the theoretical parts of the vertical axis wind generator. 

 

NOMENCLATURES 

 

𝜆: Specific magnetic permeability 

I: Current of winding 

Px: External force 

Pa: Force of gravity of the levitated element 

W2: Electrodynamic force Fe acting on the levitated short 

circuit 

PM:: Repulsive force produced by a stationary magnet 

acting on a levitated magnet 

W: Number of wraps 

K: Displacement coefficient 
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