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Introduction

Electrical reactors are the electromagnetic devices the
primary purpose of which is to introduce inductive
reactance into a high voltage circuit. They are used in
electrical power transformation and distribution systems as
well as in the control and communication systems.

Taking into account needed electromagnetic parameters
and linearity of veber—ampere characteristics the reactors
are divided into four groups: air-core reactors, reactors
with broken magnetic systems, with closed magnetic
systems (saturable reactors) and having magnetic systems
with gap (bus reactors) [1, 2].

The air core reactor is used to limit the short circuit
current. It can be the consumer of reactive power when it
is necessary to increase transmission line capability. The
air core reactors are serial-connected to power line [2].

The main technical parameters of reactor are: nominal
voltage U,, nominal current [, and relative inductive
resistance (ratio of reactor voltage, when /=I,, and nominal
phase voltage of electrical network) [2].

Magnetic field of reactor can sometimes reach the
values dangerous to human [3]. Therefore it is important to
know the distribution of magnetic field and its extreme
values.

The detailed construction of air core reactor

The coils of reactor are manufacturing separate for
every phase. The three phase coils are distributed one over
other (see. Fig. 1, a). The coils are separated by support
insulators this way, that mutual inductivity among
windings could be significantly less then coil inductivity.
Depending on nominal current the coils can have one or
some parallel turns.

We investigate reactor RB-101600-0,35. Its nominal
parameters are /=50 Hz, Uy = 10 kV, Iy = 1600 A, the
inductive reactance x = 0,35 Q.

There are five wires connected parallel. The total arca
of wire cross-section is @=5x320 mm?®. In vertical direction
the number of turns is equal to 16. The middle phase of
reactor has the reverse direction of turns in comparison
with lower and upper phases.
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Fig. 1. Distribution of reactor phase coils (a) and reactor
representation in network diagram (b)

Electromagnetic processes inside reactor

Let reactor have only one turn. The voltage u and
instantaneous power p can be expressed
. d¥Y ) .d¥Y
u=ir+—; p=i'r+i—. 1)
dt dt
In these expressions the signs correspond to increase of
current and interlinked magnetic flux, when voltage is
positive.
Magnetic field energy of reactor W), is:
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where W), is initial magnetic field energy.
Evaluating equations:
I-N
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we can express the average energy value W in one
period of current alternation this way

—  [-N-® (I-NVu,S,
WM= =
2 2h

where 2 — turn height; Sg — the area of space inside
windings.

Magnetic field strength H and magnetic flux density B
have only axial components.

When reactor has round turns, we can evaluate the
reactor heat losses W), this way:
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w, = P2y = i2pl"1’_'N - pwlsp. :SipMWM ,(5)
Sap. Vap. Ho Vap.

where R, — inner radius of windings.
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Fig. 2. Magnetic field inside reactor coil

The reactive power can be expressed by magnetic field
energy:

O=aW,, =27W),. (6)

Magnetic field outside reactor

Magnetic field strength in any space point can be
calculated using Biot-Savart-Laplace law (see Fig. 3):

Hzdei; dH. - [rxdl]-i: i-dl
i

; s . sin Zr,dl;  (7)
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where dl is length element of current, - radius-vector of
point, in which field is calculated. The integration must be
done for all elements of reactor coil. Let us have solenoid
with free shape plane windings (Fig. 4, a).

Fig. 3. Magnetic field source

Fig. 4. The solenoid (a) and magnetic field of elementary area (b)

If magnetomotive force iN is distributed uniformly by
solenoid axis, we express the axial component of magnetic
field strength by solid angle (see Fig. 4, b). The centre of
Cartesian coordinate system is in the centre of elementary
area dS. The area dS is situated in xz plane; the current i is
directed along axis x. The side d/ is directed along axis x,
and the side d/ — along axis z. The winding axis is parallel
to axis z.

Assume that the coordinates of measurement point P in
which an axial component of magnetic field strength dH., is
computed are x, y and z. The distance at point P to

coordinate system origin is 7 = ,/x*> + y* + z* and to axis
x is: 4/y’ +z*. Evaluating the geometrical structure
(Fig. 4) and using Biot-Savart-Laplace law, we obtain:

dH , = dH sin g,; dH = iﬂdhdl sing,: dS = dhd:
sin @, :ﬁ; sin @, :#; &)
de = i—fsin% = ﬂ;ﬂ%
Therefore
1 iN dhdl  y v +z' _iN d@

dA, = , (10)
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where dQ is the solid angle, subtended by the area dS at a
point P.

The magnetic field of all coils is proportional to sum
of elementary solid angles, subtended by elementary areas
dS at the point P (evaluating sign) [2]:
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The magnetic field strength on axis created by any
reactor coil can be computed as field of massive turn with
current / (Fig. 5) situated in middle coil plane. In Fig. 5 dl,
and dl, are the winding elements. They are perpendicular
to figure plane; dl; is directed towards us, and dl, - from



us, dH; is magnetic field strength created in point P by
current element /dl;; dH, - magnetic field strength created
in point P by current element /dl,. Total value of radial
component H, is equal to zero. In any axis point magnetic
field is directed along axis: dH=e,dH,=e,dHcosg.

C di, | dH,
¥
i ¢ R
AL
0 z P d‘HEZ
= dH —
¥, oA,

Fig. 5. Magnetic field strength on coil axis

By Bio-Savar-Laplace law

_INdIsina _ INd/
47R*  4nR*’

dH (12)

where a is angle between dl; and R (since dl11R, sina=1); /
—reactor current, N — number of coil turns.

27R,
INdl _ INR,
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(13)

cosQ,

where R, — the inner radius of coil.
We can find R of triangle OCP:

R=+RZ +22, (14)

z — the distance from reactor axis centre to measurement
point P. Evaluating (14) we obtain:

INR?
2(R2 + 22 )%

H= (15)
Computation of reactor magnetic field

The axial components of magnetic field strength
created by any phase coil can be calculated using (15):

2
g, =laN R (16)
4 2 ( 2 2)5’
R +z,
Iy R?
Hy =12 N , (7)
2 (R2+ 2).5
ZB
I R?
He =1 N . (18)

where z4, zg and z¢ are the reactor coils geometrical centres
heights of phases A, B and C, correspondingly.

The effective value of total axial magnetic field
strength is:

Hy=Hi+Hp+HZ. (19)

In horizontal plane magnetic field is calculated by
(11). The measurement point P (Fig. 6) is in /,,=1,8 m
height (the human head level). The measurement path is
perpendicular to x axis ( @3 =90, sing; = 1). Therefore

:I~NQ_I-N-S (20)

H, - - s
; h 4r h-4rz-r?

The computation results of magnetic field
instantaneous values on the axis are presented in Fig. 7.
These results are obtained for initial phases of phase coil
currents, correspondingly, pa=30°, pp=150° and ¢=270°.
In Fig.8 the results of effective values magnetic field
strength and magnetic flux density are presented. They are
computed in horizontal plane /,,,=1,8 m.

Fig. 6. Formation of magnetic field near the reactor: S,- area of
reactor lateral surface; £,,,,- height of measurement point P; 4, B,
C — points of reactor coils geometrical centres
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Fig. 7. Distribution of magnetic field strength H and magnetic
flux density instantaneous values on reactor axis, when iy=1I,,

In the surroundings of reactor the magnetic field
decreases about in inverse ratio to distance at reactor axis.
The relations H(x) and B(x) obtained in the horizontal plane



- — Big = Byg(0)-x "7 T, (22)

zzzz ;Expon_ ) The field in the plane /,,,~=1,8 m is calculated in two
1750 N —Expon. ©) stages. At first, the magnetic field is calculated on axis.
> 1500 | Then the distribution of magnetic field is calculated by
§ 1250 (21) and (22) in surroundings of reactor.
= 1000 ] The distribution of magnetic field in the meridional

750 plane obtained by modelling is presented in the Fig. 9. The

500 | s program ANSYS was used. The modelling results

250 —~——— correspond with the computation results.
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Fig. 8. Diagram of magnetic field strength A and magnetic flux

density B in horizontal plane (/,,,=1,8 m) of reactor surroundings 1. The air core reactor is used to limit the short circuit

current. Magnetic field of reactor can sometimes to reach
the values dangerous for human. It is important to know
the distribution magnetic field and its extreme values.

IIIII 2. The magnetic field in surroundings of reactor can be
i calculated when the distribution of magnetic field on
(e reactor axis is known. The magnetic field on reactor axis
can be calculated by Biot-Savart-Laplace law.
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