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Methods for increasing electromagnetic efficiency in induction
levitator

Abstract. Electric devices with a levitation element (LE) are widely used in the automation of production processes due to their simple design, high
accuracy and reliability. When used as an electrical control device for automation, it is necessary to increase its electromagnetic efficiency and
quality factor to increase the stability of the characteristics of the induction levitator (IL). To do this, the article determines and analyzes the quality
factor of the working air gap by determining the main dimensions of induction levitation, and also discusses ways to increase the electromagnetic
efficiency.

Streszczenie. Urzadzenia elektryczne z elementem lewitujgcym (LE) majg szerokie zastosowanie w automatyzacji proceséw produkcyjnych ze
wzgledu na swojg prostg konstrukcje, duzg dokfadno$¢ i niezawodno$é. W przypadku zastosowania jako elektryczne urzgdzenie sterujgce do
automatyki konieczne jest zwiekszenie jego sprawnosci elektromagnetycznej i wspoiczynnika jakosci w celu zwiekszenia stabilnos$ci charakterystyk
lewitatora indukcyjnego (IL). W tym celu w artykule wyznaczono i przeanalizowano wspoéiczynnik jakosci roboczej szczeliny powietrznej poprzez
wyznaczenie gtdwnych wymiaréw lewitacji indukcyjnej, a takze omodwiono sposoby zwiekszenia sprawnos$ci elektromagnetycznej.(Metody
zwiekszania sprawnosci elektromagnetycznej w lewitatorze indukcyjnym)
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Introduction

In the processes of automation of technological
processes, automatic control of the positions of the moving
parts of the working mechanisms is often required with the
help of an external force and an alternating current voltage.
In these cases, it also becomes necessary to measure the
external force, stabilize the current on a variable load and
obtain several nominal values of the current on the load.
Despite the simplicity of the design of induction levitators
(IL), they are more effectively involved in solving these
problems, under the action of the efficiency of the induction
levitator, there are no friction forces, the working stroke of
the moving part is automatically controlled and additional
elements not required (e.g. mechanical springs, guides,
gearboxes, bearings, etc.) [1-21].

From the scientific and technical literature, the

areas of application of IL are known:
- supply of galvanic baths with stabilized currents;
-control of the insulation thickness during the winding
process;
- stabilization of the tension force of wires of small sections
during winding;
-support for controlling the vertical position on the frame of
working mechanisms;
- tracking system for remote transmission of movements
and efforts of the working mechanism;
- controlled system for light-beam soldering, etc.

Statement and solution of the problem..

The design of a simple induction levitator consists of a
stepped magneto wire, a fixed excitation winding and
levitation elements. On the basis of this, the induction
levitator (IL), composed in different directions of electrical
devices, additional windings (output and compensation
windings) are located in the magnetic circuit. Levitation
element consist of a short-circuited copper winding or a
short-circuited aluminum frame.

To improve the characteristics of the induction levitator
(figure 1a) used as an electrical control device for
automation, it is necessary to increase its electromagnetic
efficiency. For this purpose, the work determines and
analyzes the quality factor of the induction levitator,
considers ways to increase the electromagnetic efficiency.

Based on the law of conservation of energy for an induction
levitator (IL) in a steady state, we can write [1,2]:

- — — 0B —2
(1) f’s[EXH]dS =lyH—dV +[ycE av ,
ot

where the closed surface S limits the volume V of the
electromagnetic circuit of the system.

The left side of equation (1) represents the
electromagnetic power entering the system from the
network through the surface S. Inside the volume V, this
power is divided into two components [11-13]. Magnetic
power :

— 0B
) Py =lyH—av,
ot
expressing the change in magnetic energy over time:
ow.
3) Py = —"
ot

and electrical power:

—2

4) P, =[ycE dv

going to cover P, losses in circuits with currents. On the
basis of this, the induction levitator (IL), like any other
electromagnetic device, can be represented in the form of
two interconnected circuits - electric and magnetic. A
universal quantity characterizing the useful output of an
electromagnetic device is the electromagnetic efficiency,
which is determined by the ratio of the magnetic power
entering the system to the power of electrical losses :

(5) Py T @

After a series of transformations, we get:

1 di
6 =—x—,

© TEM iR dt
where R and L are the active resistance and inductance of
the electrical circuit of the system, and i - is the current
flowing through it.

It should be noted that the increment in magnetic energy
is equivalent to perfect mechanical work [5-7], ie.
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(7) AWy = AWy oy = fodx

Therefore, electromagnetic efficiency also characterizes the
ratio of mechanical power to electrical losses:

fe dx
®) o
EM T,

If the current in the electric circuit is a sinusoidal function of
time i=lpsin(ot+e), then it follows from (6) that :

oL b
(9) Ny = ——ctg(ot + ) = —ctg(at + p)
R R

those. electromagnetic efficiency proportional to the quality
factor of the electrical circuit:

oL

R
If we imagine the induction levitator as a magnetic system
consisting of two interlocked electric and magnetic circuits,
then the quality factor can be determined through a simple
formula :

(11) 0= a)GMGe
The conductivity of the electrical G, and magnetic Gy loops
are defined as:

(10)

S S
(12) Gy =Gy =02,
Ly I,
where o and g are specific electrical and magnetic

conductivity; le, In, Se and S, are the lengths and cross-
sectional areas of the electric and magnetic circuits.

For the simplest electromagnetic system, which is
a coil of W turns on a closed ferromagnetic core, the length
Im and the cross-sectional area S, of the magnetic circuit
coincide with the length /. and the area S; of the core
section [11-13]. As for the electric circuit, its length /s and
cross-sectional area S, are determined in the form:

[ .
wire o _
(13) le = :Se = Syird?

w
Where I and S; are the length and cross-section of the coil
wire.
Considering the induction levitator as a single-loop system
with equivalent active Rs=ri+ry, and inductive resistances
X1=X11-X1n , its quality factor can be represented as [4]:

X X - X
(14) [ W U R V/

Ry o+

If we neglect the scattering of the excitation winding (EW)
and levitation winding (LW), instead of (14) we get:

2 %32 %
0 -k 770,
n
(15) gQ=——"7-—"7"—,
B
1+ k%2 0)
n

where k=W1/W, ; Q:=x14/r1 -quality factor excitation winding;
2
%)
1+ Q22
Quality factor excitation winding Q. is a function of the
coordinates of the levitation of the levitation windings x,
therefore the quality factor of the induction levitator Q also
depends on x. If we take into account r1,7=k2r2, which

according to (14) and (15) corresponds to the expression
for the quality factor Q at x=0, then from (15) we obtain :

x
Q2=x22/r> -quality factor levitation windings; O, =

Q_QI+QIQ§—Q§
1+2Q§

Using expression (16) for the excitation current and
electrodynamic force, one can write [15]:
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Fig. 1. Generally accepted schemes for the distribution of magnetic
fluxes (a) and the equivalent circuit of the magnetic circuit for an
induction levitator (b).

It is quite obvious that of all possible device designs, the
best one is the one with a higher quality factor Q.
conductive and magnetic materials with high specific
conductivity o and p With a constant volume of the
electromagnetic system, the most rational use of active
materials takes place when the quality factor Q is
maximum.To determine the quality factors Qs+, Q2 and Q ,we
will compose the equivalent circuit of the induction levitator
magnetic circuit (fiqure 1) [15].

The equivalent circuit is made according to the well-
known scheme of distribution of magnetic fluxes in a two-
winding transformer, where the line of separation of
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magnetic fluxes Oy (magnetic neutral) divides the
interwinding distance x along the barks. The magnetic
fluxes of the windings consist of leakage fluxes ( @4 and
®@,5) which are closed with in the height of the windings (h+
and hy) and fluxes (@1 and @) passing through the (0.5x)
sections. The corresponding magnetic conductivities along
the path of the flows are denoted by A, A41x and Aps, Ao
The resulting magnetic conductivity on the path of the fluxes
®; and @, are defined as:

Magnetic fluxes @;and @, are determined:
Q) =FA5Dy =FHA,
Taking into account the distributed nature of the leakage

fluxes of the windings ®@ss and @, for their flux flows, one
can write :

b,
(20) vig = | —dyd@g
0 hl
yw,
(21) Vos = | —dypd®y,
0 h2
Where:
W,
1
Aoy, =| —1 X(yﬂs)dyl?
1
(22)
W.
2
dDyg =| —1) X(yz/l)dyz
hy
Then, to determine the leakage inductances of the
windings, we can write:
4 2, h 4 2. h
(23) L = - WA L, =2 - wyaL
I 3 Iy 3

Specific magnetic conductivity of air gaps ¢ and ¢ are
determined from well-known formulas [7-9] :

b b
(24) Ag =24, ;02};/1:2;10 ;O‘b

Buckling coefficients o,”and o, depend on the dimensions
of the magnetic circuit a, b, c. c’.
Magnetic fluxes @y, @1 ,P2s and D, respectively, are
determined from the expressions:

1
Dy = FA 5Py = Fl(;ﬂ‘x)’
(25)
1
Dy =3Py = Fz[;b‘)

The inductances of the windings are determined:

2| M1

(26) Ly=Lig+Li, =W 4 +—=x
3”1/1 2
2. [ 1

(27) Ly =Ly +Ly, =Wy4 7-#;)6

Accordingly, for the quality factors of the windings, we
obtain:

o o | h 1
(28) o, =Zwii +—x

w h 1
_sz/l 1 +—x |,

(29) 0 =

where

A c' S
ny == —x——in, >1
Ag c oy
Resulting inductance and quality factor field winding:
h h
(80)  L=L +kiL, =i a2y

@) == &

Current field winding is determined:
Yy Yy Yy

1= = S

\/R2 T (al)? R\/1+Q2 RQ
where Q>>1.

It is convenient to determine the resulting inductance L
and figure of merit Q on the basis of the equivalent circuit
for the distribution of magnetic fluxes, shown in figure 2 [20-
21].
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Figure 2. Equivalent circuit of magnetic flux distribution

From this scheme, we determine:
where:

(34) A

h hy
o= AgiAy :TA;AX = Jx

3
The inductance and quality factor of the excitation winding
are defined as:

194 PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 99 NR 10/2023



2
L=W (A +Ay +Ay,) =

(35) h h
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The equivalence of expressions (30) and (35), (31) and (36)
is beyond doubt [22,23].

Consider ways to increase the quality factor Q and,
therefore, ways to increase the electromagnetic efficiency

TEM .
Because the:

2
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To increase the electromagnetic efficiency or quality factor,
it is necessary to increase the specific magnetic
permeability of the working air gap [12,13]. To do this,
increase the values of the coefficients my,=b/a and m.=b/c.

Conclusions

To increase the electromagnetic efficiency and quality
factor of the induction levitator, it is necessary to increase
the specific magnetic conductivity of the working air gaps,
where the levitation winding moves.

An increase in the height of the windings and a
decrease in their thickness lead to a decrease in the
average length of the conductors and the temperature of
overheating of the windings (at a constant value of the
cross-sectional area of the windings). These changes
increase the quality factor and increase the efficiency of the
induction levitator.
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