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Introduction

One of the mean criterions of power system reliability
is capability of system to keep the satisfactory level of
voltage in the time of the short circuit. Ad hoc the special
inductive elements without ferromagnetic core — electric
reactors - are used. Simultaneously they limit the short
circuit current.

Electric reactor is the source of the strong magnetic
field. The magnetic field of the reactor arises especially in
the time of short circuit action. When the rated current of
electric reactor is equal to 1,6 kA, in the moment of the
short circuit it can reach 50 kA. The modeling results of
the magnetic field, which creates electric reactor, are
presented in [1, 2]. We can see that in the places where the
cases with protection relays are mounted the magnetic field
grows to the value 70 kKA/m.

The short circuit is emergency action dangerous for
all power system and it must be quickly localized. The
relay protection system is used for this. All equipment is
arranged compactly in the power plants. The some part of
the relays of the protection system is situated in the close
vicinity of the electric reactor. The magnetic field is used
for the electromagnetic relay control. Therefore the strong
outer magnetic field can disturb the action of the
electromagnetic relays.

The electric reactor is the three-phase device. The
rotating magnetic field with variable direction of field
arises near the reactor, usually. But the magnetic field can
be directed along the concrete direction in the short circuit
action especially when the short circuit is in one phase.
This direction is not known in advance. The relays can be
acted by the magnetic field of other power equipment, too.
Therefore when the relays are mounted the every its
position can be dangerous in the short circuit case.

To warrant the reliability of relay protection system
we must to explain what influence can do the outer
magnetic field for the electromagnetic relays of different
sorts which are used in the relay protection system [3, 4].
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The action of outer magnetic field to the relay of the
direct current

The typical design of the electromagnetic relay of the
direct or alternating current is showed in the Fig 1. The
main parts of relay are: magnetic circuit M, the moving
part of magnetic circuit — armature A and the excitation
coil of the magnetic field EC. Because the current is not
passing in the excitation coil EC between the magnetic
circuit M and armature A is air gap AG. When the current
ip is passing in the EC the armature A is attracting to
magnetic circuit M the contacts related with A are
connected or disconnected and the required electric circuit
is connecting.
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Fig. 1. The design of the electromagnetic relay and its magnetic
fluxes

The current ig=lg=const is invariable in the
electromagnetic direct-current relay. This current creates
the magnetic flux ¥y=const, which attracts the armature A.

We suppose that in the air gap AG and excitation coil
the outer alternating magnetic flux ¥, acts and it is
parallel to the flux ¥,. Therefore, in the half period of flux
¥, alternation the directions of the fluxes ¥, and ¥, are
the same and in the other half period these fluxes are
directed on the contrary. We choose the initial phase of the
flux ¥, equal to «t

(1)

Py =¥ exm Sin(at + m).



Some part of the outer flux acts in the air gap AG but
it is not passed inside the excitation coil EC. We name this
flux as leakage flux and note as ¥,

Y9 =¥m sin(a)t + TC). (2)

Magnetic flux ¥, creates the internal voltage ug in

the excitation coil EC

dy
uo = — =

m 3)

W SIN(cot + g).

The internal voltage ug creates the current i, in the
excitation coil

i _ a)lpexm

V()% + R?

where the R and L are the resistance and the inductance of
the excitation current, accordingly

sin(at + @),

(4)

= arctan R
¢ ol

()

The current i, creates the magnetic flux ¥,, which
can be expressed as follows

lIl¢sin(w’[ + @)=

¥, = Liy = =
1+(—)2
(wL)
__ Pem (cosgsin wt + sin pcos wt). (6)
1+ (i)z
ol
Evaluating that:
. . R R/al
sing =sin(arctan—) = ————, ()
oL 1+ (R/wl)?
R 1
cos ¢ = cos(arctan—) = —————, (8)
O 1+ (R/wl)?
we obtain
Pexm sin wt + Mcos ot. 9)

P, =——&m__
1+ (R/wL)? 1+ (R/wlL)?
In the ideal case when R/oL—0 and ¥4—0 the flux
¥, will be equal to flux ¥, and will be directed contrary.
Therefore it could be compensate the flux Pe,.
In the real relay we must evaluate the R and ¥y. Flux
Y., expressed by (1) we can present by two components

¥ oxm (R/wL)Z
1+(R/al)?

Wexm

1+ (R/wL)?

ox = sinwt — sin wt. (10)

Evaluating, that Wy =-Wyn,sinat,total magnetic
flux of air gap ¥ can be expressed of (9) and (10)
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Vs =¥0+¥ex +¥r+¥y =
2
—y _(l]/exm(R/WL)
1+ (R/wL)?

Vo (R/oL) c (11)

> S at.
1+ (R/wL)

+¥4)sinot +

This magnetic flux is pulsated. When the amplitude
of ¥, is big, the action of relay can be delayed to 10 ms.
The contacts of relay can be periodically connected and
disconnected independently on the relay control current .

The disruptive alternating magnetic flux can evoke
other negative effect. The excitation coil EC will be
heating by the current i, complementary to the heating by
control current l,. The complementary heat power P can be
calculated as follows

T 2us2
P:ljingt— R‘Z" ;”exmz (12)
TS 2(0*L2 + R?)

When the outer magnetic flux is large the relay can
quickly overheat.

The action of outer magnetic field to the relay of the
alternating current

The design of the alternating-current relay is the
same as the direct-current relay (see Fig. 1). The control
current in the alternating-current relay is sinusoidal

iO = |m0 sin at. (13)

This current creates the sinusoidal magnetic field in
the air gap AG. The flux ¥, of this field is sufficient for the
armature attraction

TO = Ylom sin wt. (14)

Suppose that in the air gap AG and excitation coil EC
of this relay acts the outer magnetic flux ¥,,, analogically
with direct-current relay. The flux ¥, is expressed by (1).
It is directed contrary to magnetic flux ¥,. In the air gap
AG acts the leakage flux ¥y, too. It is expressed by (2).
The flux ¥, evokes the current i, and magnetic flux ¥,

expressed by (9). We obtain the total magnetic flux ¥s of
the air gap AG summing ¥, Pex, ¥4 and ¥,

2
¥ exm (R/WL) ~ Y4m 1 o sinat +
Yom 1+(R/aL)®> ¥om
n Yexm  (R/al)
Yom 1+(R/aL)?

qu =
(15)
'Syom cosawt = &U| +SI/”,

It consists of sinusoidal ¥, and cosinusoidal ¥
components. These components create the electromagnetic
forces F, and F,,, accordingly

_ Wi (1-cos2at) o Yo (RleL) a2

F
4ppSs

Yom 1_,_(1)2 om
wlL

N7 2
dm | Fom (1-cos2at). (16)

¥y, 4H0Ss

-2 Yem o
oL

Om m



F = ‘Pgm (Wexm 2 (R/‘UL)Z

_ o [1+cos2wt] =
AoSs Fom 14 (D22
ol
2
~ Yom (M)Z(R/QL)Z[lJrcosZa)t]. (17)
4ppSs  ¥Pom

We can express the sum F, of unvarying components
of the forces F,, and Fy,, as follow

Vo
Fo=Fin+Fin=KyF, Fo= '
4upSs
v (18)
R '4 14
K, =1-[2 dm +(_L)2(2_ exm )] exm
exm @ Om Om

The force F, acts in the alternating-current relay
when the outer magnetic flux is absent (Fe= F,, when
Yom—0 and ¥;,—0). The coefficient K, shows the
relative variation of force F, because the outer magnetic
fluxes ¥, and ¥, The dependence of K, on the ratios
Vs Yoy Pamd Pexm and  R/wL is complicated. The
dependences of K, on the ratio ¥y./Pm are presented in
Fig. 2 for ratio R/wL=0,1 and in Fig.3 for ratio R/wL=0,05.
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Fig. 2. Dependence of K, on the ¥4/ Pexm, When R/wL=0,1, for
different values Yo/ Pom

We can see of Fig. 2 and 3 that the coefficient K,
considerably decreases, when amplitude of the outer
magnetic flux Py, is some times more than amplitude %o,
of flux created by excitation coil. The increase of leakage
flux ¥y decreases K, especially when Yo/ Pom™>5.
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The action of the outer magnetic field to the induction
relay

In the induction relay the influence of the outer
magnetic field is important when the excitation coil is
arranged in the branch of the magnetic circuit which the
induction disc is not intersect. In the Fig. 2 it is showed the
induction relay with two poles: screened P1 and non-
screened P2. The induction disc ID is under these poles.
When the sinusoidal excitation coil i is passed to the
excitation coil EC, the magnetic fluxes ¥y and ¥, are
created in the magnetic circuit branches with P1 and P2,
correspondingly. They intersect the induction disc.

We suppose that the outer alternating magnetic flux
¥,, acts perpendicular to the induction disc ID and parallel
to the excitation coil EC axis. We divide this flux into
three parallel fluxes: Yo in the branch with coil EC, ¥,
in the branch with pole P1 and %, in the branch with pole
P2. Let the initial phases of fluxes Yo, Yo and ¥,
coincide in the magnetic circuit branch with excitation coil
EC. In the branches with poles P1 and P2 the flux
Yox1(Pex2) Will be directed contrary than flux ¥y;(¥y,) (see
Fig. 4).
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Fig. 4. The magnetic fluxes of the induction relay

The flux ¥, inducts the electromotive force e, and
current i, in EC. The current i, creates the flux ¥, in the
branch with pole P1 and ¥,, in the branch with pole P2.
Analogically as in the direct-current relay we find that
difference between the initial phases of fluxes ¥,;(¥,,) and
Po1(Po2) is equal to ¢-mt. The angle ¢ is expressed by (5),
where R and L are the resistance and inductance of EC.

The fluxes ¥,; and ¥,, are parts of flux ¥,

Vo=¥ou+¥p, Yu=k;, ¥n=k%, (19

There ky=const., ky=const., k;+k,=1.

The total fluxes ¥y, and Y5, in the branches with
poles P1 and P2 can be expressed as follows:

P51 = Foim — Pexim) Sin ot — ¥y sin(ot + ) =
=(Po1m = Pexim — ¥21m COS @) sin @t — P51y, Sin @ cOS ot =

~ (Po1m —Yexam — ¥21m COS @) sin e, (20)

P52 = (Poom — Pexam — ¥22m COS @) sin et (21)



We can write by (9): 3. The alternating-current relay can not act when the
outer magnetic flux is some times more than the inner
magnetic flux. The especially dangerous is leakage

¥21m COS @ = ﬁ' (22)  magnetic flux which is not intersected the excitation coil.
4. Induction relay can not act, when outer magnetic
Yoo COS = ko? exom _ (23) flux reach some te_ns_percentages of the magnetic flux
1+ (R/(oL)Z created by relay excitation coil.
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The strongest magnetic fields are near the electric reactors in the electric plants. These fields can do the unwished action to
electromagnetic relays. The outer magnetic field can delay the action of direct-current relay and awake the contact vibration. The
alternating-current relays can not act, when the outer magnetic flux exceeds the flux created by the relay excitation coil some times. The
especially dangerous is the leakage magnetic flux which acts in the air gap of relay but it passes by the excitation coil. The induction
relay can not act, when the outer magnetic flux is equal to some tens percentages of magnetic flux which creates the excitation coil of
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JJIeKTPOHHUKA U JIeKTpoTexHuKa. — Kaynac: Texnouorus, 2010. — Ne 8(104). — C. 73-76.

B snexTpocTaHImsax caMble CHIIbHBIE MATHUTHBIE TOJIST 00Pa3yIOTCs BOJIM3H 3IEKTPHUECKUX PEaKTOPOB. DTH MOJIST MOTYT OKa3bIBaTh
HeOJIaronpHsATHOE BIMSHUE HA SJIEKTPOMArHUTHBIC pese. B pene MOCTOSHHOrO TOKa BHEIIHES MAarHUTHOE II0Je MOXET 3a/iepiKaTh
BO3ZICHCTBHE pese U BBI3BATH JPOXKAHUE KOHTAKTOB. Pene mepeMeHHOro Toka MOTYT He cpadoTaTh, €CJIM BHELIHUH MarHUTHBIH MOTOK
HECKOJIbKO Pa3 INpEBBIIIAeT MArHUTHBIN MOTOK, CO3JaBaeMblil KaTyIIKOH Bo30yxaeHHs pene. OCOOCHHO OIaceH MarHUTHBIH MOTOK
paccesiHusl, IepeceKaroIni pabo4nii MPOMEXYTOK peie, HO HEeNonaJalolyii B KaTylIKy Bo30YkIeHHUs. HAYKIMOHHBIE pelle MOTYT He
cpaboTaTh, €CIM BHENIHWH MarHWTHBI IIOTOK COCTABIISIET HECKOJBKO JECATKOB IIPOIEHTOB IIOTOKA, CO3/aBaeéMOr0 KaTyIIKOt
B030yxnenus pene. WUin. 4, 6ubi. 4 (Ha aHTIMiICKOM sI3BIKe; pedepaTsl Ha aHTIIMHCKOM, PYCCKOM U JIATOBCKOM $I3.).

J. Morozionkov, J. A. Virbalis. Elektrinio reaktoriaus magnetinio lauko jtaka elektromagnetinéms reléms // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2010. — Nr. 8(104). — P. 73-76.

Elektros jégainése stipriausi magnetiniai laukai susidaro elektriniy reaktoriy aplinkoje. Sie laukai gali daryti nepageidautina poveiki
elektromagnetinéms reléms. Nuolatinés srovés relése iSorinis magnetinis laukas gali pavélinti relés veikima ir sukelti kontakty
virpéjima. Kintamosios srovés relés gali nesujungti kontakty, jei iSorinis magnetinis srautas relés zadinimo rités sukuriama srauta Virsija
kelis kartus. Ypa¢ pavojingas yra sklaidos magnetinis srautas, veriantis relés darbini tarpelj, bet neveriantis zadinimo rités. Indukcinés
relés gali nesujungti kontakty, jei iSorinis magnetinis srautas sudaro keliasdeSimt procenty relés Zzadinimo rités sukuriamo srauto. Il. 4,
bibl. 4 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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