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Calculation of induction levitation vertical axis wind generator-
turbine system parameters, levitation and influence loop

Abstract.. In the article, the construction of vertical-axis wind turbines is given, the main parameters and the report of levitation and impact loops
were made. It is important to consider the statements received in the temperature report before the construction is designed. So, if the construction
is not chosen correctly, each temperature increase can lead to a reduction of the levitation height. Equations for cooling surfaces are given taking
into account the given heating temperatures of the shock loop and the levitating element. As a result, a method of thermal calculation was
developed. Methods. In this article, the analysis of the method of heat calculation used in electromagnetic systems was carried out. The calculation
of the conductors in the paths of the heat flows transferred from the loops to the environment may also be possible. Results. The resulting
mathematical expressions take into account the demands placed on the levitation element. The developed calculation methodology also allows to
calculate the heat of the affected loop.

Streszczenie. W artykule podano budowe turbin wiatrowych o osi pionowej, wykonano gtéwne parametry oraz sporzgdzono raport lewitacji i petli
uderzeniowych. Przed zaprojektowaniem konstrukcji nalezy wzig¢ pod uwage stwierdzenia otrzymane w raporcie temperaturowym. Zatem jeS$li
konstrukcja nie zostanie odpowiednio dobrana, kazdy wzrost temperatury moze prowadzi¢ do zmniejszenia wysokoSci lewitacji. Réwnania
powierzchni chtodzgcych podano z uwzglednieniem zadanych temperatur nagrzewania petli uderzeniowej i elementu lewitujgcego. W rezultacie
opracowano metode obliczer cieplnych. Metody. W artykule przeprowadzono analize metody obliczania ciepfa stosowanej w ukfadach
elektromagnetycznych. Mozliwe moze by¢ réwniez obliczenie przewodéw w drogach strumieni ciepta przekazywanych z petli do otoczenia. Wyniki.
Powstate wyrazenia matematyczne uwzgledniaja wymagania stawiane elementowi lewitujgcemu. Opracowana metodyka obliczeniowa pozwala
réwniez na obliczenie ciepta dotknietej petli. (Obliczanie parametréw lewitacji indukcyjnej w osi pionowej ukfadu generator wiatrowy-turbina,

lewitacji i petli wptywoéw)
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1.Introduction

Currently, wind energy is developing faster than other
directions. Currently, there are thousands of wind turbines
of various designs and purposes in many countries. Small
and medium-power (up to 50 kW) wind generators provide
electricity to small farms, island settlements and tele towers,
highways, agro-industrial complexes and other local
facilities. The price of wind turbines and the cost of
electricity produced by them is not very high. According to
the opinion of experts, the price of 1 kW of installed power
of wind generators is close to 1000 dollars. Therefore, it is
important to create wind turbines with a high efficiency.
Vertical-axis magnetic levitation wind generators have
several advantages over horizontal-axis wind generators:
Due to the absence of mechanical contacts and friction,
they can work silently and for a long time at wind speeds
lower than 7 m/s.
Low operating costs
High useful work coefficient
Effective processing of electricity supply to local facilities in
regions with very low wind speed
Development perspectives of vertical-axis magnetic
levitation wind generators operated and demonstrated in
Central Asia and many countries have already been
confirmed. Scientific research works related to their
application and operation are going on rapidly. Increasing
the useful efficiency of the wind generator leads to a
gradual reduction in the need for expensive traditional
generators that cause environmental pollution and to the
production of more wind energy. Therefore, more attention
is paid to the improvement of vertical-axis wind generators
based on induction levitation and fixed magnets and solving
design issues. A levitation screen made of aluminum is
involved in power converters, displacement transmissions,
tracking devices and other electrotechnical mechanisms [1].
In those mechanisms, the levitation height h of the screen
depends on its gravity Pa, the voltage U1 and frequency w
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of the food source, the special magnetic conductor A the
working air gap, the number of windings W1 , its height h1,
and the height of the levitation screen h2 is [1]. By reducing
the height of the screen h2, it is necessary to reduce the
overall height of the device and increase its mechanical
stableility. The purpose of the article is to conduct an initial
calculation by creating mutual relations between the main
parameters of the induction levitation system. As a result of
preliminary calculations, ways to reduce the height of the
levitation screen will be investigated.”

A number of scientific articles and monographs are
dedicated to the theory and experimental research of
electrotechnical devices built on the basis of the induction
levitation system [1-7]. However, none of them considered
the initial calculation of the induction levitation systems. The
main purpose of conducting thermal reports of devices is to
provide values of temperatures given for their various parts.
Parts carrying electric current are heat sources. So these
parts heat up due to the current and energy is spent on
heating. Another part of the energy is transferred to the
surroundings in the form of Choule heat losses.

2. Experiment and analysis

Figure. 1 shows the main principle diagram of the
triangular  induction  systems used in  various
electrotechnical devices [10]. The triangular induction
system consists of a steel core (1), an alternating current
winding (2) placed in the lower part of the middle rod, and a
levitation screen (3) that can move up and down without
friction. The levitation screen moves along the middle rod
when the voltage supplied to the alternating current loop U1
changes automatically in a certain range. As a result, the
levitation height h changes and the vertical travel of the
working mechanism, which is in mechanical contact with the
screen, is adjusted [3].
Steel core:
a= 10.0mm ; b= 20.0mm; ¢= 50.0mm ; hc= 80.0mm
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Dimensions of SD :
h1=65mm ; c1=47.553mm ;
Number of windings and active resistance of SW
W1= 1457 ; r1= 40 Om
Dimensions of aluminum rings.
h2 =10 mm; h2 =15 mm; h2 =20 mm; c2 = 5 mm;
The number of windings of the short circuit levitation loop
W>=400 ; r.=6.19 Om ; h, = 30 mm
first, calculating the weight of aluminum rings with the
equation given below
P,=(gy,)x1,%8,=(26.487x10" ) x108x107xS,=2860.596S,
Here
gY. =9.81x2.7x10°
1, = 2(2a+b+2c,+4A, ) =2(2x10+20+2x5+4)10°=108'10"m
S,=c,xh,=510"xh, . A, =110"m .

A,=510"m $,=1510° m’
We calculate
1 N3
h, =10'10 M. 1510°m. 2010°m. 7510°m’.
100107 m?.

P ”ir." \
L" l‘r
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Fig. 1. The principle scheme of the induction levitation system

In other cases, a mechanical force is exerted on the screen
by the working mechanism and The levitation height h
decreases, and the current in the circuit /4 increases :

I, ZV% %(P3+PX)
(1) !
where Pa is the gravity of the screen; Px — mechanical
force; 1 — specific magnetic permeability of the air gap
between parallel bars; W; — the number of windings of the
womb.

When the main parameters are expressed by the
power coefficient np, the calculations are simplified and the
interaction between the parameters is clearly described.

The force of gravity can be indirectly calculated from
this expression

P

X

(2) Paznp-l

Then (1) and (2) can be written as follows
RINEIN
L_WA\r?

©)
b
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) L
where by, = 0.97+0.98 is the electromagnetic connection
coefficient between the screen and the coil [1].

On the other hand, the force of gravity depends on the
geometric dimensions of the screen and the specific

thickness of the material (aluminum) from which it is made
[6,7]:

Figure. 2 shows the dimensions of the screen and is
determined from that image [7]

The solution of the problem. From (3) and (4) we get the
mathematical expression of the dependence of the
levitation height on the parameters Ay, As and C>

Ay [h“rhlj
(5) h=\/g_ 3 3

Here
(6) h >0;
Al
(7) A ANMYE
Kuu]
(8) Al = oW, \ 2gYa
10-3
9) Coria 107 y
EM1
1, X3
"':“————-::
I .
X1
=]
]
v —
u, xy EM2
Fig. 2. Magnetic system induction levitator of cylindrical
construction

Since its electromagnetic field can penetrate deep
traces into aluminum materials at f = 50 Hs is not greater
than 14 mm, the thickness of the levitation screen C; is
selected according to the given condition (9) in the
calculations [7].

The value of parameter A; depends on the data in the
project task.

In this case, we get from A= 3661. 429 (8)

It can be seen from Equation. 11 that the value of the
levitation height depends on many parameters of the
induction system. To write this dependence clearly, let us
denote the main dimensions a, b, c. It can be seen from
Equation. 11 that the value of the levitation height depends
on many parameters of the induction system.

2u, {mc+2.92 I, (1+“Hx
ma

(2+m, )(c,+24,) +4C2+8A0}C2

mC

m

-
(10) Then B= ]

From the last analytical expression, the dependence of the
Ao parameters on the main dimensions and dimensionless
coefficients is evident [6].
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Let's determine the maximum value of the lifting height
according to the equation. 11

dh d Ay by
an, _dn, (yh, 3
We get:
A, X
21, 3

1) h, 3225 A%

The height of the levitation element h, depends on the
parameter Ap and the latter on A; and B

A A
B

3(2.25
llzzé/5 25[ jz: )\'IZXCZ

Table. 1 shows the values of -i-F:, lzand 4 [6]

(12)

Table. 1 Values of parameters

.
2 3 4 5
me 1 7
8.03 7.31 61.87 6.57 6.36 5.22
1 168 149.3 | 140 134.4 130.666 | 5.24
24
1161 1044. | 980. 939.685 911.611 5.21
. 148 | 776 714
105 | 9.81 | 938 9.09 8.87 5.23
2 224 196 184 173.6 168 5.23
1533 | 1386. | 1313. | 1256. 1220. 5.2
.623 | 636 742 194 721
13.1 12.3 11.9 11.6 11.4 52
3 280 2426 | 224 212.8 205.337 | 5.24
66
1915 | 1727. | 1632. 1571. 1529.980 | 5.23
.202 655 666 139
15.6 14.8 14.4 14.1 13.9 5.27
4 | 336 289.3 | 266 252 242.666 | 5.23
33
2068. | 1957. 1884.993 | 183.588 5.29
2289 | 139 140
454
18.1 17.3 16.9 16.6 16.4 5.23
5 392 336 308 291.2 224 5.28
2663 | 2410. | 2281. 2198.617 | 1916. 5.21
.681 | 974 490 663

It can be seen from (12) that to reduce hy, it is
necessary to increase the product it. for this, height of
induction systems can be reduced.

Consider the condition h > 0 in Equation. 11:

b (5

(13) Ve > (373

Based on the obtained mathematical expression, it is
not difficult to determine the minimum value of the levitation
height. (13) - taking into account the Equation. (8) - (13),
let's perform the initial calculation of the induction levitation
system based on mathematical expressions. In the arbitrary
state of SW, the laws of distribution of magnetic fluxes
along a steel core can be analyzed by differential equations
known for long magnetic lines. If the magnetic resistance of
the steel is evenly distributed throughout the core and the
specific magnetic permeability of the working air gap is
constant, the solution of the problem becomes much
simpler. The complex electrical resistances of SW and LE
depend on the complex magnetic resistances of the steel,
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so mutual inductances and magnetic couplings are reduced
by increasing the magnetic resistances of the steel parts. In
this case, the active resistances of SW and LE increase,
and their inductive resistances decrease [8-14].

Preliminary account of the induction levitation system

Given: 220.0V; W = 1000.0; @=314.0; g = 9.810 1/sec’;
1 N3
Va=17210"kgm?
A0 =05 1073m; Cz =13’10_3m;

2. We select from Table. 1

m, 1,

—6
2= 1440 © 107 uNm; Mazgo, Mezso ; 2 =

266-010°,
and we calculate
\/Mz - V14.4.10° 26610 =1957.140'10°°
3. We calculate
A, 3661. 429 '10”°

Ay AMC, 195710°-114,01710° 4,

408’107

103
h, Z3/2.25%A% =W2=84.618' 107y

A, 16.408107
Jhy _ \84.618107 _ 55 406107

h, h (84,618 . 66)
= | 103 -3
3 + 3 - 3 3 10 =50.206’10
4. Levitation height:
-3 -3
h = (56. 406 —50.206) 10~ =62 10
5. Condition (21) given above is satisfied:
-3 -3
56.406 107 > 50206 ' 10

Calculations can be continued:
6. We calculate

c= C, +2 Ao - (13+2-0.5)'10’3 = 14107
b:mC’C=5.14,1073m
— 7010
a=Ma = 4 =17510"n

-6 -6
Sc —oab=2-70 - 17.5 - 107 o450 107 2

. -6 -6
S, _¢,- hy_ 13 * 84.618 10 = 1100.034 - 10

m
& 84.618
To-CGo 13 <65
12 :2(2a+b) +8 A0 +4C2 =2 (2175+70)'10_3+

8-0.5107 4413107 = 266 107y

The previous value of I1is taken.
From the calculations, it can be seen that the total height in
the first option is smaller (89.5 mm). Therefore, it is
advisable to reduce the height of the screen in the first
place.
1. Heat calculation of the levitation circle
Figure. 3 and 4 show the cooling surfaces and main
dimensions of the LW.
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Here Sy and Sy, external (side) surfaces; Sd" and Sd™-
internal surfaces close to the middle rod; Su and Sa — upper
and lower surfaces; the thickness of the frame is marked by
Ay, and the air gap between the frame and the core is
marked by Ao. The total internal dimension is 2A=2(A+ Ag ).
Figure. 2 shows the dimensions of LD [5].

Total cooling surface of LD

S, =S, T8, T8, TS,
Here
S, =h, (I, +4C,) . 8;=0.5h,x(I1,+4A) S +S, =2c,],

_I1,+4C, +4A =TI, +4C, 11, =2(2a+b)
I, =TI+ 4A

A=Ag+A¢ . o Ay %24, ~1107 :

Since the cooling conditions of the LW surfaces are
different, the total surface area is calculated by the
following.

I2

Stz =S +nt (Sd +Sa +Su )

Here, the coefficient n; is determined from experience and
shows the efficiency of heat transfer from different surfaces.
Since the steel core is heated in an alternating current, n=0
is taken for the surface of the coil close to the core. In this
case, n: S¢=0 and the equation (8) is written as follows:

— ! —
s, =8, (s,'Fs, )=s, t(2C,1,) =00 o
unframed bandane windings, n=1.7 for frame windings, and

n: = 2.4 if the winding is wound directly on the core [4].
We get the expression of Sy after writing (7) to (8).

Stz :81]1C§ +2(2h2 +r|t +H0 ) Cz +h2H0
Or after taking into account that ho=Is, C> , we get
Im, 1II, .
S, _ntcg"_(;"';xﬂtjcz

Since these coefficients are accepted as approximations in
the calculations (Me2x2+6 va nw1.7), Equation. 11 obtained
above can be used for preliminary calculations.
It is not difficult to determine the required cooling surface
area Sp indirectly using Newton's known equation for
temperature rise.
_ Fzzpnz

ka3ZStzne2C§

s =[P2]__EL
" T kT'k32neZC§

G _[P] B
12 " T, ka32nez

The specific electrical
temperature rise.

Ty

S

resistance p, depends on the

253.452

p2= p20[1+ (o)) (T +35-20)] = p20 00 (1+ 2 )

Here op = 0.0042 1/c ; pao = 2.78 108 Omm, the ambient
temperature is assumed to be @, =35 °C. The values of p./1»
are given in Table.1.The value of ampere windings is found
from Equation. 4 and 5 of the F, mathematical model. We
find the thickness of the LW from the Equation. 12

B2
c, =3 mt (pzj 2
T, ) kiky,

Table. 1 shows the values of the dimensionless
coefficients n;” , n; and m; depending on the levitation
coefficient .,. As the levitation coefficient [, increases,
the coefficient m; decreases, as a result, the thickness of
LW decreases c,. In this case, for a given value of
temperature 12, the height h, increases. According to
Equation. 13, it is not difficult to calculate the remaining
parameters after determining the thickness of the LW:

ho= e, & ; S2=haCa; er= M, + 4, ; Fo=baF+;

It should be lower than the value of the magnetic induction
in the air gap where the coils are located. The specific
magnetic permeability A of the working air gap C is obtained
mainly from the C/R ratio, so that A decreases as this ratio
increases [15-20]. The reason for this is that the amperes of
the influence loop placed in the air gap of the ferromagnetic
device are large. As the gravitational force of levitation
increases, the amperage of the induced loop also
increases, but reducing the C/R element causes the
amperage to decrease. The number of windings of the
influence loop is inversely proportional to the cross-
sectional area of the ferromagnetic tube. For this purpose,
the best way to reduce amperage is after cutting the outer
diameter of the ferromagnetic tube. To reduce the height of
the levitation element, first of all, it is necessary to reduce
the amount of windings of the influence loop. In this case,
the height of the induction levitator decreases and its
vertical stability increases. In order to calculate the complex
resistances and heat calculation of the induction system of
the vertical-axis wind generator, the analytical expressions
of the distribution laws of magnetic currents and voltages in
steel parts were obtained, and the complex magnetic and
electric resistances were determined.

3.Conclusion.

The induction levitation system is the main part of
energy converters, displacement sensors, trackers, as well
as other electrical equipment. In order to improve the basic
mechanical stability of this equipment, it is necessary to
reduce the height of the induction system. From the
obtained mathematical expressions, it was determined that
by reducing the height of the levitation screen and the
height of levitation, it is possible to reduce the height of the
induction system. As a result of the calculation,
mathematical expressions were obtained for the maximum
value of the levitation screen and the minimum value of the
levitation height. Based on these expressions, a
methodology for the initial calculation of the induction
levitation system was developed. To calculate the heat of
an induction-levitation wind generator with a vertical axis,
the levitation equations, the winding temperature rise
equation, and the winding surface cooling equations were
applied. It was determined that in order to reduce the effect
of thermal drift, it was necessary to reduce the thermal time
constant of the induction system.
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