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Abstract. An analytical method is presented for calculating the electromagnetic field of the stator
winding of an alternating current machine, a turbine generator by solving the Laplace equation, first for a
point conductor with a current i, by the method of separating variables when representing the space of the
machine location consisting of five regions. The purpose of the work is to show that for all three
components of the air gap field created by the winding, the magnetic circuit is common, but the magnetic
circuits are different for each of them.

Introduction V and in a cylindrical coordinate system satisfies the
Laplace differential equation in partial derivatives

Of the currently existing analytical methods for solving 0 oV 1 0%V

the field equation, we used the method of direct solution, — - — > = 0 (1)

i.e. solution of the Laplace equation by the method of 5,0( apJ p op

separation of variables. It is known [1] that the method

of direct solution of the field equations is reduced to

finding a potential function that satisfies the Laplace or 0,3
Poisson equations, as well as specified boundary and &, o, ua
other conditions that determine the field in a particular S
investigated area of space where an AC electric machine 2,4 2
is located [2].
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Analytical method for calculating the
electromagnetic field of the stator
winding of a turbine generator

An analytical method for calculating the electromagnetic
field of the stator winding of an alternating current
turbine generator (TG) by solving the Laplace equation
first for a point conductor with a current i, by the
separation of variables method when representing the
space of the machine location consisting of five regions
[3] (Fig. 1): -
1. Outer region p > d with index 0 and magnetic
permeability o=4rn107H/ m;

2. Stator area d>p>c with index 1 and permeability z1;

3. Air gap c>p>b with index 6 and permeability 1o;

oI PR e

Fig. 1. Space for the location of electrical machines

The expression for the magnetic field strength in the air
. ) ! gap created by a three-phase two-layer stator winding
4. Rotor area b>p>a with 1n§ex .2 and permeability M2 with integer g; when a sinusoidal symmetric three-phase
5. Internal area @ >p >0 with index 3 and permeability current with a frequency f; flows through it will have the

Ho. . o form
Since there is no volume distribution of the current

density in this two-dimensional model, the magnetic
field can be characterized by a scalar magnetic potential

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 216, 01118 (2020)
RSES 2020

https://doi.org/10.1051/e3sconf/202021601118

HT = 4pWK1q] ZKnKo6nqun *

n=l

. ( 2p-1m ( 2nj
smn| ¢ ———— (smm| o, t+— |+
p 3
@
) p—-lrn 2m) . ( 272)
+sm|@Qp———————|sm|of—— |+
p 2 3p 3
. ( 2p—-1nr 72']
+smn|@———————|sin &f
p 2 3p

In Figure 2 shows the distribution curves of the stator
bore circumference of the magnetic inductions of the
individual components of the resulting air gap field
created by the two-layer stator winding of the TVV-200-
2 type turbine generator, as well as the distribution of the
sides of the coils for times t = 1/600 and 1/300 s within
one pole division. When studying the magnetic field in
the air gap created by one or another winding of an
implicit-pole synchronous AC machine, the resulting
field is conventionally divided into three components:

1. The main field with magnetic induction By;

2. The field of scattering along the crowns of teeth with
induction By;

3. Field of belt scattering with induction By,.

The main field is a field with an order equal to the
number of pairs of poles of the machine, and the
scattering field along the crown of the teeth is the sum of
all spatial harmonic fields of the air gap with an order
starting from the subdental nnz and higher. The value of
nnz can be found from the expression nn, = (Z: / 2) -p,
where Z; is the number of stator slots [4-5].

As seen from Fig. 2, the curve of the stray field along the
crowns of the teeth is practically symmetric about the
abscissa axis, and each pair of poles is located
symmetrically relative to the axis of the corresponding
groove with a current and the magnitude of the magnetic
induction of this field, other things being equal, is
proportional to the value of the total current of the
groove, and the magnetic field lines of one pair of poles
cover only one groove with current and the magnetic
poles are located symmetrically about the axis of each
groove with a total current other than zero.

With the expiration of time, i.e. as the star of the phase
current vectors turns, the axis of each pair of poles
remains stationary relative to the winding, coinciding
with the axis of the corresponding slot, and only the
value of the magnetic induction changes almost in
proportion to the value of the total slot current.
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Fig. 2. Fig. 2. The distribution pattern of the component of the magnetic induction of the stator winding
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Conclusion

The belt component of the field of differential
scattering of the armature winding due to the shortening
of the pitch of the distribution of the coils in the grooves
by an order of magnitude or more may be less scattering
along the crowns of the teeth,

* When calculating the field, the equivalent values of
the magnetic permeabilities of the stator w; and rotor o,
found separately for each component of the air gap field,
should be used, which correspond to the actual operating
mode of the machine,

* For all three components of the air gap field created
by the winding, the magnetic circuit is common, but the
magnetic circuits are different for each of them.
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