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Annotation

A device has been developed for protection the line from a single-phase earth fault in a
network with isolated neutral that provides selectivity and operating speed at a single-phase earth
faults through a transient resistance in case, additionally, if the capacitive current of the protected
line is commensurate with the total current of the remaining lines.

The developed device comprising the capacitors by number of phases connected in the
junction of the primary windings of the main and additional zero sequence current transformers
connected in series and having matching elements at the output, supplied with thyristor
optocouplers, NAND logic elements connected in an RS-flip-flop circuit, transistor, performing
the functions of the electronic key, optotiristor, which power electrodes commute the coil of a
disconnection electromagnet of the line load breaker.

A device has been developed for protection the line from a single-phase earth fault in a
network with isolated neutral that provides selectivity and operating speed at a single-phase earth
faults through a transient resistance in case, additionally, if the capacitive current of the protected

line is commensurate with the total current of the remaining lines.
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Introduction

In order to increase the selectivity at
single-phase earth faults (s.p.e.f.) through
the transient resistance in electrical networks
with isolated neutral, line protection device
from single-phase earth faults in three-phase
electric networks with an isolated neutral
has been developed.

At present, the widely used device
from single-phase earth faults is which
consists of capacitors by number of phases
connected between the respective phases of

Methods

The developed device comprising the
capacitors by number of phases connected in
the junction of the primary windings of the
main and additional zero sequence current
transformers connected in series and having
matching elements at the output, supplied

the network and ground, the zero sequence
current transformer and the executive relay,
and also is equipped with two rectifying
bridges and an additional zero sequence
current transformer [1]. The disadvantage of
this device is that the protection has a low
selectivity at single-phase earth faults
through a transient resistance in places
where the capacitive current in the network
is commensurate with the total capacitive
current of the protected line.

with thyristor optocouplers, NAND logic
elements connected in an RS-flip-flop
circuit, transistor, performing the functions
of the electronic key, optotiristor, which
power electrodes commute the coil of a



disconnection electromagnet of the line load

Figure

1 shows the scheme of the

developed device, in Figure 2 - the time
diagrams of the device.
The line protection device at single-

phase earth

faults in a network with an

isolated neutral contains:

source of power; an electric
line with a single-phase earth
fault in phase A,

zero sequence current
transformer TA1;
additional  zero  sequence

current transformer TA2;

breaker.

capacitors C, connected by the
number of phases;

matching elements EM1 and
EM2;
thyristor
VU2;
resistors R1-R4;

logical elements NAND E1-ES5;
transistor VT,

optotiristor VU3;

load break switch QF.

optocouplers VU1-

The time diagrams in Fig. 2 shows the
currents at the output of the matching
elements

ISW— the switching current of the thyristor optocoupler;

I 0~ capacitive network current;

|K — the current generated by the capacitor C;

EM1 and EM2, where

J —angle of phase shift between the | _ current and | .current vectors.

The total current is determined by the formula
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Figure 2

The device works as follows. The
magnitude of the current |K provides a

difference in the amplitudes of the currents
|Cand |O, and the angle of phase shift
between the current vectors | and | . The
difference in the current amplitudes |Cand

I Oand the phase angle of these currents is

characterized by the capacitance C, the
larger the capacitance C, the greater the

phase shift angle between the currents | c

and | o and the difference in the amplitudes

of these currents, which increases the time
difference between the switching signals of
thyristor optocouplers and positively affects
on the reliability of the developed line

protection device from single-phase earth
faults in networks with insulated neutral.

In the absence of a short circuit on the
line and on the power supply side, the
thyristor optocouplers VU1 and VU2 are
closed and a high voltage is present at the
inputs of the NAND elements E1 and E2. At
the output of these elements and at the
inputs of the NAND elements E3, E4 there
is a low voltage. Accordingly, at the output
of the NAND elements E3 and E4 - the high
level voltage, at the inputs of the NAND
element E5 the high level voltage, at the
output - voltage is low, so the transistor VT
is closed, the opto-chiristor VU3 is closed
and the load switch QF of the line is in the
on state.

In the event of a single-phase earth
fault in lines through the current transformer

TAL flows |, - the capacitive current of all



lines of the network, and |, - the total
current that consists of the currents |, and

|, and flows through the current
transformer TAZ2.

As can be seen from Fig. 2, a larger
control signal is applied to the control
electrode of the thyristor optocoupler VT2,
which is characterized by current |, which
leads to its rapid opening in a time t;, with
the low-level voltage appearing at the inputs
of the NAND element E2, at the output of
this element and on one a high-level voltage
appears from the inputs of the NAND
element E4. At the second input of this
element there is already a high voltage,
therefore at the output of the NAND element
E4 and on one of the inputs of the NAND
element E3 and at the inputs of the NAND
element E5 is the low level voltage. At the
output of the NAND element E5 and on the
base of the transistor VT, a high level
voltage appears, so the transistor opens, the
VU3 opens up, the shut-off electromagnet
turns off and the load switch QF turns off.

If a single-phase earth fault occurs on
the supply side, only the capacitive current

|, of the line flows through the current
transformer TA2, and the value of the total
current that consists of current | o and

current |K flows through the current

transformer TAL.

According to Fig. 2, a large control
signal is applied to the control cathode of the
thyristor  optocoupler VU1, which is

characterized by current | c which leads to
Conclusion

its rapid opening in time tl. At the inputs of

the NAND element E1, a low level voltage
appears, at the output of this element and at
the input of the NAND element E3 appears a
high level voltage. Since another input of
this element already has a high level voltage,
then at the output of this element and at the
input of the NAND element E4 there is a
low voltage. At the other input of the NAND
element E4, there is a low level voltage, so
at the output of the NAND element E4 and
at the input of the NAND element E5 is a
high level voltage, at the output of the
NAND element E5 — low level voltage. The
transistor VT is closed, the optotiristor VU3
is closed, and the load switch remains in the
ON state.

Since a low-level voltage appears at
the input of the NAND element E4, this
excludes the switching off of the QF switch
when it is triggered through the time t,, of

the thyristor optocoupler VU2, because
when a high level voltage appears on the
second input of the NAND element E4 as a
result of the operation of the thyristor
optocoupler VU2, at the output of the
NAND element E4 and at the input of the
NAND element E5 there remains a high
level voltage, at the output of the NAND
element E5 the low level voltage , the
transistor VT is closed, the opto-chiristor
VU3 is closed, the QF switch is in the on
state.

The matching elements are provided
for the purpose of adjusting the device in
such a way that all thyristor optocouplers are
switched on at a certain current value of the
zero sequence.

A device has been developed for protection the line from a single-phase earth fault in a
network with isolated neutral that provides selectivity and operating speed at a single-phase earth
faults through a transient resistance in case, additionally, if the capacitive current of the protected
line is commensurate with the total current of the remaining lines.
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Kep apxpuisl etrmeni keneprici OonraH karmaigarel Oip (aszanmbsl TyHBIKTaIyAaH,
OKIIAayJIaHFAaH HEUTpasbJl TOpANTAaFbl KaMTaMachl3 €TETIH CEJICKTUBTUIIN MEH >KbUIAAM OPEKET
€Ty Ke31HJIeT1 JKeJIepIeH KOPFaUThIH KYPBUIFbI 931pJICH .

O3ipJIeHreH KYpbUIFbl, KOHJEHcaTopiap (a3anapblHbIH CaHbl OOMBIHILA €HT13UINeH JKepae
KOCBUIbICTAp OacTamKbpl OpaMJapblH HEri3ri >KoHE KOCBIMIIA TpaHC(HOpPMATOpIap TOFBIHBIH
HOJIJIK PETTLIIN KOCBUIFAH JOMEKT] jKoHE IIbIFYbl Oap KeNICeTiH 3JIEMEHTTEPl, COHBIMEH KaTap
TUPUCTOPJIBI ~ ONTpoHJapMeH Kamramachl3 erinyl, JKOHE-EMEC cekinal JOTHKaIbIK
aneMeHTTepMeH, RS - Tpurrepnep cei3dackl OoiibIHIIA OipiKTipy, QYHKIUSIIAPIBI OPBIHIANTHIH
NEKTPOHABIK KIAT, ONTOTPUCTOP, TPAH3UCTOP, OSKETIHIH IKYKTEMECIHIH KOCBUIFBIIIBIH
KbIPATAThIH 3JEKTPOMArHUTTIH KaTYIIKACHIH KAMMYTAalMSUIAUTBIH KYII 3J1€KTPOATAPHI

Pes3rome

Pa3paborano ycTpoicTBO 3alllUThI JIMHUU OT 0JHO(A3HOTO 3aMbIKaHUSI Ha 3€MJII0 B CETH C
U30JIMPOBAaHHOM HEWTpanblo oOecrneynBaroliee CeleKTUBHOCTh U ObICTpojeiicTBUe mpU
oHOA3HBIX 3aMbIKAHUAX Ha 3€MJII0 Yepe3 IMEepeXOJHOE COMNpPOTHUBIEHHE B CIIydae,
JIOTIOJIHUTEILHO, €CIM €MKOCTHOM TOK 3allUINAeMOM JIMHUUA COM3MEPUM C CYMMAapHBIM TOKOM
OCTaJIbHBIX JIMHUH.

PazpabotanHoe yCTpoOWCTBO, coaepikaliee 1Mo 4uciay (a3 KOHACHCATOPbI, BKIIOYECHHBIC B
MECTE COEIMHEHHUS NEPBHUYHBIX OOMOTOK OCHOBHOTO M JOIOJHUTEIBHOIO TpaHc(OpMaTopoB
TOKa HYJIEBOM IIOCJIENOBATEIBbHOCTH, BKIIIOUEHHBIX IIOCIEAOBATEIBHO U HAa BBIXOAEC MMEHOLIUX
COTJIACYIOUIME AJIEMEHThI, CHA0XEHO TUPUCTOPHBIMU ONTPOHAMH, Jorudeckue sieMenTsl 1-HE,
COeJMHEHHbIE MO cxeme RS-Tpurrepa, TpaH3UCTOp, BBHINOJHSIOMNN (YHKUIUU 3JIEKTPOHHOTO
KJIF04a, ONTOTUPUCTOP, CHIIOBBIE 3JIEKTPOABI KOTOPOr0 KOMMYTHPYIOT KaTYyIIKY JIEKTPOMAarHuTa
OTKJIFOYEHUS BBIKJIIOYATEIIS HArPY3KU JIMHUU.

Pa3paborano ycTpoicTBO 3allUThI JIMHUU OT 0JHO(A3HOTO 3aMbIKaHUSI Ha 3€MJII0 B CETH C
U30JIMPOBAaHHOM HEWTpaiblo oOecrneynBaroliee CeleKTUBHOCTh U ObICTpoJeiicTBUE mpU
oHOA3HbIX 3aMbIKAHUAX Ha 3€MJII0 Yepe3 IEepeXOJHOE COMNPOTHUBIEHWE B CIIydae,
JIOTIOJIHUTEILHO, €CIM €MKOCTHOM TOK 3allUINAeMOM JIMHUUA COU3MEPUM C CYMMAapHBIM TOKOM
OCTaJIbHBIX JIMHUH.



