Volume 43|May 2025

ISSN: 2795-7365

Burasian Calculation Of Magnetic Circuits

Research Bulletin

With A Moving Screen Using The
Superimposition Method

Boltaev Otabek
Tashmukhammatovich

Tashkent State Transport University (Tashkent, Uzbekistan)
Doctor of Technical Sciences (DSc), associate professor

Akhmedova Firuza
Anvarovna

Tashkent State Transport University (Tashkent, Uzbekistan)

Assistant

ABSTRACT

found to be no more than 4+7%.

The article considers the sequence of calculations using the method of superimposing
magnetic circuits with a movable electromagnetic screen and when the parameters of the
magnetic circuit are determined using different methods, the difference between the
results is 1+3%, and the difference between the theoretical and experimental results is
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It is known that devices with movable
electromagnetic screen (MES) are used for non-
contact measurement of direct and alternating
currents. On the example of the magnetic
system of the device developed by the authors
[1], we will consider the sequence of
determining the sizes of the magnetic circuit
using the superimposition method. To do this,
we will formulate separate equations for cases
where MES is not present in the magnetic circuit
and MES is considered as a source.
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In the absence of MES, the switching
scheme of the magnetic circuit has the form of
the switching scheme presented in Fig. 1. Since
the distribution of the magnetic flux in this
mode is the same for the left and right sides, it is
sufficient to derive expressions for the left side
itself. Therefore, we create the following
equation for the magnetic flux and magnetic
voltage in the left part based on the equations
created for the elementary section dx, along the
coordinate x,.
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A4, A, - the boundary conditions introduced to determine the integration constants are as follows.

Q;ltlxzzo = Qbmf (4)

Quix,=x, =0 (5)
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Figure 1. Distribution of magnetic fluxes and dx, elemental field exchange scheme for the case

without MES

Based on these boundary conditions, we determine the integration constants 4;, A,:

Qumf up —YXu
Ay = 2O (1% 4 1), (6)
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Putting the determined expressions of 1ntegrat10n constants 4;, A, into equations (1), (2) and
(3), we form the following expressions:
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To determine the maximum magnetic ﬂux generated by the field winding (FW) in expressions

(8)-(10), we write down the equation for the left side of the magnetic circuit in question according to

Kirchhoff's second law, and based on this equation, we determine the expression for the maximum
magnetic flux on the left side generated by FW:

Xu

Ff = QlllmfZIiO + ZMP fo Q;hxzdxz + U/,sz (11)

By putting the appropriate quantities based on the boundary COIldlthIlS of this equation, the
maximum magnetic flux is determined as follows.

2F gshy Xy

Qums = e (12)
here Ag= =2 ch (2 )2 + (22,0 + ZypX,)shy X,,.
Taklng equality (12) into account, expressions (8)-(10) look like this:
U, = L2 (chyx, + chy (X = %)), (13)
Qhyx, = 3 (hy X, = shyz, + shy (X, = x2)), (14)
Qlyx, = Z—’; (shyX, + shyx, — shy (X, — x3)). (15)

Now, for the case where FW is not present in the magnetic circuit under consideration and MES is
the source, we will draw up the scheme of replacement of the corresponding elementary sections,
taking into account the distribution of the magnetic flux along the magnetic circuit.

#1x2 +dQ#1x2

Cor <f> Uy + Uy,

Qllizxz + dQ/lizxz
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Figure 2. Distribution of magnetic fluxes and dx, elementary field exchange scheme for the case
where MES is the source

Similar to the sequence of calculations given above, we draw up equations based on Kirchhoff's
laws on the basis of the switching scheme shown in Fig. 2 and we form the second-order differential
equation of the magnetic voltage. Through the solution of this second-order differential equation, we

derive the magnetic flux expressions:
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We determine the integration constants A;, A, based on the following boundary conditions:

Q;ltzx2=0 = Q;lthC (19)

Q;ltzx2=x = 0 (20)
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A4, A, - by inserting the expressions of the integration constants into the expressions (16)-(18),
the expressions of the magnetic voltage and the magnetic current become as follows:

QfimscZ
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To determine the maximum magnetic flux generated by the MES in expressions (23)-(24), we
write down the equation for the left side of the magnetic circuit under investigation according to
Kirchhoff's second law and we determine the expression for the maximum magnetic flux on the left side

generated by the MES:
x
Fsc = Q;ltmchuO + Q;ltmsczup (XM - x) + Zup fO szxzdxz + qu2=xl (26)
2Fgcshyx
= AG 4 (27)

2
here Ag= 4ZT’”"ch (yz—x) + (ZZ#O + 22X, — x))shyx.

By inserting the expression (27) into the expressions (23)-(25), we form the following equations:

2FscZ

Upx, = ij (chyx; + chy(x — x3)), (28)
FSC

Qlix, = = (shyx + shyx, — shy(x — x3)), (29)
FSC

Qliyx, = = (shyx — shyx, + shy(x — x3)) (30)

(28)+(30) and (13)+(15) the curves
formed when the magnetic current and
magnetic voltages given in the expression are
added using the superimposition method are
consistent with the curves constructed based on
the experimental results (Fig. 3). This, in turn,
indicates the correctness of the results, as well
as the possibility of using the superposition
method in the calculation of magnetic circuits

with MES. It is possible to calculate magnetic
circuits in other methods, but the process of
calculating the magnetic circuit in the
considered method is more complicated than in
other methods. Therefore, it is appropriate to
calculate magnetic circuits with separate results
in the case where MES is absent and MES is a
source.
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Figure 3. Curves of dependence of magnetic currents on the screen displacement at different
values of the extinction coefficient §; > f, > 3

When the parameters of the magnetic
circuit were determined using different
methods, the difference between the results was
1+3%, and the difference between the
theoretical and experimental results was found
to be no more than 4+7%.By analyzing the
magnetic flux curves in the magnetic circuit of
the investigated device, the nonlinear variation
of the magnetic flux along the magnetic circuit
and as a result of changing its sign at the
magnetic neutral point and decreasing the value
of the extinction coefficient, its linearity is
determined.
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