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Abstract- The presented work shows the characteristics of
stabilizers with levitation winding, as well as technical and
economic indicators of devices for automatic control
systems, test benches and galvanic elements [12-15].
Determination of output characteristics, analytical
expressions of parameters and initial data of an
electromechanical device with a levitation element when
considering design issues is one of the necessary steps in
the algorithm for solving the problem. The initial data for
calculating an AC stabilizer with induction levitation are:
the range of mains voltage change AU, load currents Zj,qa1,
Lioadn, T1oaan, mains voltage frequency w, load resistance
Rioaa (or power Piqq), travel of the Xy moving part. The
main task of designing an AC stabilizer with induction
levitation is to determine the analytical relationships
between geometric dimensions and initial data.The
equations of functional relationships between the cross
section of the core and windings (S., S,), conductivity A,
stroke Xjs and current density j; are determined. The ranges
of change defined for conductivity A, current density j; and
stroke X)s retain the principle of proportionality of the
geometric dimensions used in the design of the stabilizer.

AU
The relationship between the ratio —L and the load
Xm
current /;,,s=I; shows that with an increase in the nominal
values of the stabilized load current, the voltage drop AU,
decreases.

Key words: method, optimizing, parameter, AC stabilizer,
induction levitation, levitation coordinate, levitation
winding, excitation winding, analytical expression, core.

1. INTRODUCTION

The basis of the issue of solving design problems is the
establishment of the relationship of analytical expressions
between the initial data, geometric dimensions and
parameters. For this purpose, it is necessary to develop a
mathematical model of a system of expressions, the
solution of which allows you to establish analytical
relationships between the initial data and parameters such
as xu, Pp, So and S;, Puy. The initial parameters for
calculating an AC stabilizer with a levitation element

include: AUC, I/oadl, [zoadz, . I/oadn, , Rzoad or P/oad, as well
Ay or hmin [9-13].

The stability of the load current is a distinctive
condition for ensuring the specified accuracy of the
equipment, for testing, etc. Therefore, in various
calculation methods, when solving problems, non-linear
current-voltage characteristics of the elements used in
stabilizer circuits are used. The movable anchor under the
action of weight forces P, and F, determines the
equilibrium position F, = P, (levitation condition).

2. CALCULATION OF SECTIONAL EXCITATION
WINDING
Figure 1 shows the distribution schemes of stray
magnetic fluxes and the dimensions of the sectional coils.
Number of coils turns [5, 9-11]:

F F F
W :—0§W20 :_O§Wao ==L
Ly Iy, Iy,
where, Wy >Wyo > W03 Wyg =Weins W3 =

2P
Fy = /7

According to height &19, 421, h32 the number of turns is
determined W>; and W, [1-3]:

(M

w,

max

min »

Lo =1 =Ll =1

F
Wlonl=I_]§W21=W20_W105W32=W30_W20 (2
1

At [10>10> 150, to reduce the size is acceptedj10:j20:j3o

and then q10<¢20<g30, because:
I I L, . I
Gy = #;%o :Aé%o :iéh =1
1 1 1 9

Given that ¢30<g20<qio the copper filling factors of
sectional coils k3 are different. In practice, for most brands
of wire windings with processed insulation, a fairly
accurate coefficient k3 is determined by the formula:

ey ~ 0.623d = 0.648/g = 0.54%1 4)

where, d =1.13,/q is wire diameter without insulation.

3)

For sectional coils /12, /23, h30 high, you can write [2]:

I, = 0.5481,0 k! = 0.548 Ly s kM = kg, = [T (5)
Dimensions are determined 412, A23, h3o [5]:
1,,\W, 1, W, L W.
by = ].0 1? shy = ?0 2,} shy = %0 3,%, (6)
Jiciks Jiciks Jieiks
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The total height of the sectional excitation winding:

hyg = Py +hyy + gy =y + hyy (7
where,
hyy = Iy + Iy, (8)
Section leakage inductance:

, ho h h
Lg = VVI%JJ’S %;Ls = W220/1s %i W3Ms ;0 ©))

The number of turns and currents are different, so for
each section the levitation coordinate is determined
separately. From expressions [10]:

kU
[10 — u max h’
a)VVlOﬁ’(hIInax 12 j
n
kU
I, = “ maxh,, (10)
a)WZZOi hr,:wx 12 —Xe2
3n,
kU
130 — u ma);lw
a)mz(]ﬂ’[hr'r’;ax 12 J_XCZ
n,
defined:
h!
hr'nax = Mpax 110 -2 (11)
3n,
hi- X
hr,':lax = max[ -1 +;2 (12)
20 3”1 a)szo/i
h X
hro=m Ly — 24— (13)
a; ax 30 3}1/1 CUVV320}L
where,
kuIIO
Mypax = W (14)
From Equations (11) and (12) under the condition
Mhax = Max  We have:
2 i ' ’ hl"2 hlz
Xep = OW30A | Upax (ml ‘mz) " (15)
L y)
From Equations (11) and (13) under the condition:
Myoax = Mmax  We have:
I . hh—h
Xe3 = OWso2 | Upyy (] —m3) = ”} (16)
L 3n,
iy —hiy = hyy = o3 hs = hiy = hyy = hyg
Where’ Umax (mf _mé) = (110 _IZO)mmax
Umax (mlr _mé) = (110 _I3O)mmax
then;
hyy —hy
Xep = szo |:mmax Ly - 120 03 10}
n
(17)
hy—h
Xe3 = ‘0W3.oﬂL |:mmax Ly - 130 %}
n
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Figure 1. Calculation of the sectional excitation winding

3. METHOD OF CALCULATION OF STABILIZER
ON THE PRINCIPLE OF INDUCTION
LEVITATION

Given:  Unax=250V;  Umin=160V; [1=110=2A;
120:1.5A; 130=0.5A;a)=314; T =T2:80 OC; Bc=1.5 TL
1. According to the calculated values [9-11], the following
are selected: n,=5.167;, m,=2; m.=2; o,=1.599;
A=8.03x107S.
2. The number of turns and mmf windings are determined:

v~ | kAU _\/ 0.96x90 _
D\ ef X4 \314x2x26x107 x8.03x10
h=14n

=2x812=1624; F, = byF, =0.98x1624 =1591.5 ,

where, X,=26x10~m

3. The force of gravity of the middle rod of the magnetic
circuit [4-7] and the cross section are determined:
P=n,P, =1.05x10.01=10.5

Pr = g7ksySoplyy =9.81x8.9x10° x0.6x1027x10™°

x186.12x107° =10.01
kAU N2 0.96x250%+/2
wk,BW,  314x0.92x1.5x812
4. The geometric dimensions of the levitation winding are
determined [6-8]:
964.6x107°

=964.6x10°m?

c =

x2

Ky
oo c’"za: . =15.5x10"m
2m; 2x2
15.5%x107° -
CZZL:+:14.1X10 3m_;h2:c2ne2=
Ny :

=14.1x107x5.167 = 72.85x10 > m
12

Ly = 2630y~ - L =2x14.1x107 x1.1x—= =186.12x10°m

a
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no=2m,+2m,+m,m, =2x2+2x2+2x20=12
b=m.c=2x155x10" =31x10"m
b _31x107°

=15.5%x10"m

m,

5. Sections are defined [7-8]:
Sy = oy =14.1x107° x72.85x107 =1027.2x10 m?

Suvor = Iy Iy +4c,) = 72.85%107
x(186.12x107 +4x14.1x10™* ) =17667.58x10"* m’
6. Defined [7-8]:

F . _
P E— L . R MU
k32S()2 0.6x1027.2x10"
P, =2.422x10"* Omxm
I, I,
P =B 2202 _ 082 16242 2222 _ 13 51 vt
32S02 32S02
7. Checked [5-8]:
S F22p2lcp2
= 2rZe?
k32S02kTS00012

159157 x2.42x10 ¥ x186.12x10”
0.6x1027.2x107° x13x17667.58x107°

8. When I, =,=2A, is determined [5-6]:

W, = b,W, =0.98x812 =796

9. Given n=1 and determined h; =h,=72.85x103 m.

10. In Equation (13) and (14), coefficients are calculated:

m=1.572; n,=1.235; n.=2.147.

11. Dimensions are determined [6-7] :

¢'=(n,xc)=(2.147x15.5x107) =33.28x10~ m

=80.6 °C

¢ 3328x10”°
1.03

l=1,,-4c=186.12x10" —4x15.5x10~ =

=3231x10" m

=124.12x10" m

Iy =1 +4cn, =124.12x107° +4x15.5x107 x 2.147 =

=257.23x107 m
12. For the excitation winding [2-6] are determined: So:
and Seooll:

Soy = ¢l =32.31x107° x72.85x107° =2353.8x10°m?

Seoon = I Loy +4c)) = 72.85(257.23+4x32.31)x10™° =

=28154.3x107° m?
13. The current density, power, losses and overheating
temperature of the excitation winding are determined:

= 1624 ==1.15x10° A/m’
k31 Sor  0.6x2353.8x10”
l, -8 -3
Pl :Fiz P cpl :16242 2.42x10 ><25723><610 —11.6 Vi
31501 0.6x2353.8x10"
P+P 11.6+18.51
n=—tt2 - 6+1851 g5 oc

kpS.,n 13x28154.4x107°
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14. Coefficients are determined [5-9]:

,_b_ 31x107°
¢ ¢ 3328x107°
o =14 222 1g[ 14 = :1+&ln(l+£j:2.287
m, m, .93 2
py 303
A 5.34
where,

Ag = 2pym.op = 2x1.256x107° x0.93%2.287 = 5.34x10°°
15. Dimensions are determined:
by =h +nyhy = (72.85+1.5x72.85)x107 =182.1x10~ m

Ppax = MUy “ M 029%107 x250- 82108 =
ny 3x1.5

=32.03x10" m

s = U — 12 20,2010 160 - 18211073 =
n, 3x1.5

5.93x107 m

where,

. 0.5 =0.29%107

m = =

OF WA 314x1624x812x8.03x107°
Examination [1-3]:
X, =l = I ) = (32.03-5.92)x107 =26.1x107 m

16. For wire turns Wi, W21, W3, current densities are
determined:

Go=gq =02 _
O 115106
Ly 1
920 =" =T - &
i L15x10
Iy _ 05
i 1.15x10°
17. The coefficients are determined by Equation (5):
Ky =0.548[1,, = 0.54¥2 = 0.588
k! =0.548/1,, = 0.54%1=0.54

k' =0.5481;, = 0.54¥0.5 = 0.495
18. The number of turns of sections is determined:

max

=1.739x107° m?

=0.87x107° m?

%0 =0.435x10° m?

K K
Wi =_1=@=312; Wy =_1zﬁzl624;
Lo 20
F 1624
Wy =1 21624 _ 5548
130

Wy, =Wyy — Wy =1624—812 =812
Wy, = Wy — W,y = 32481624 = 1624
19. The height of sections [7-10] is determined:
LWy 2x812

ek 1.15x10°%32.31x10°7 x0.588
LWy, 1x812

okl 1.15x10°x32.31x107 x0.54

hyg =743x10° m

hy, =40.45%107 m
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LWy, 0.5x1624
ekl 115x109%32.31x107° x0.495
hyg = hyo + by + Iyy = (74.3+40.45+44.15)x 107 =
=158.9x107° m

hyy = hyg + hyy = (74.3+40.45)x107° =114.75x10 m
20. Dimensions and coefficients are determined:

By = hyg+nyhy =743x107 +1.5x72.85x107° =183.6x10™° m
hly = hyy +1yhy =114.75%107 +1.5x72.85%x107 = 224.03x10™ m

By = hy+n,h, =158.9x107° +1.5x72.85x107° = 268.2x10™ m

Iy, =44.15x107 m

max — k”Uf;aX = 09§X250 6 :36X1073
WFZA  314x1624> x8.03x10”

mo- kuU,2nin _ O.9fx160 23107
WFZ L 314x1624% x8.03x10”

21. Capacitance resistances are determined [2-4]:

hyy ~
Xy = O A M (g =Ty )+ 22— | = 31416247 x
3n,
3 -3
$8.03x107 x| 361032 —1) 4 LAETX 0T =TAIXI0 ) g5
3x1.5
2 h30‘h10 2
X3 =05 mmax([10_130)+37 =314x3248" x
;
3 -3
$8.03x107° x| 365103 (2=0.5) + 2021 MO 056 46

3x1.5

4. CALCULATED VALUES AND DEPENDENCIES

The data in Table 1 can be used to determine the
geometric dimensions of an inductive levitation AC
stabilizer. For this purpose, the following sequence will be
used: determining the course of the levitation winding Xjy;
current density based on stroke ji; specific magnetic
conductivity A based on current density; product of
sections of the core and windings (So1xS.); determination
of ampere turns, parameters 4;, 42, Si°, S2", So1 and So;
dimensionless quantities m,, m. according to the value A4
(from Table 1), geometric quantities [5, 9-13].

Table 1 shows the ranges S°, j1, A for various Xy
strokes. For calculations, the use of data ensures that the
principle of proportionality is maintained.

Figure 2 shows the dependencies S"=f(Xy, ji1) and
Amin=fXu1, j1), S™=(50+150)x10 according to which, as
Xy decreases, the power S” decreases and A, increases.
For the range §'=(50+150)x102, we have: Amin=12.5x10°
Hn/m., j1=(2.5+4.0)x10°A/m?, X3,=(8+20)x10" m.

5. CONCLUSIONS

For different variants of current stabilizers, different
calculation steps are used. The connection of the excitation
winding sections of these stabilizers allows you to get
different rated currents. The implementation of the
technical task for the device at the design stage is a stage
in the algorithm for solving questions for the AC stabilizer
on the principle of the effect of induction levitation, and
this determines analytical expressions between parameters
and initial data, as well as output characteristics.

61
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Figure 2. Dependencies S =Xy, j1) and Amin=AXus, j1)

Table 1. Variation range of /i, S°, A parameters for different X,/ strokes

Xyx10%,m | jix10% A/m? S'x1072 Ax10°, Hn/m

3 2.5 50 20
3.0 50+58 17220
35 50:68 14.8+20
4.0 50+78 12.5:20

10 15 |
2.0 50+53 19+20
2.5 50+65 15.2+20
3.0 5077 1320
3.5 50293 1120
4.0 50103 9.5:20

14 15 50+53 19220
2.0 50+73 13.8+20
25 50+58 11420
3.0 50290 9.5220
3.5 50+108 820
4.0 50:127 7220

50+144

16 15 50+60 16.520
2.0 50+80 12.5+20
25 50+100 10+20
3.0 50120 8+20
3.5 50+140 7420
4.0 50160 6.2:20

18 15 50+68 14.5220
2.0 50+93 11220
25 50+115 9+20
3.0 50+138 7+20
3.5 50+160 6.2+20
40 | T

20 15 50+78 13220
2.0 50+106 9.8:20
25 50+126 7.8+20
3.0 50+152 6.320
3.5 53+150 6+17
4.0 56150 6-15.8

For the design and calculation of the stabilizer on the
principle of levitation, when performing the technical
specifications, between the geometric dimensions and the
main parameters of the device, analytical expressions of
the ratios [12-15] are established. Based on the equations
of the mathematical model, as well as the magnetomotive
forces of the windings (currents, overheating, induction in
the steel of the magnetic circuit and mechanical forces), an
AC stabilizer with a levitation winding is calculated.
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