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ABSTRACT. In high voltage electrical networks which operate with ground-isolated neutral point the state of the insulation resistance to earth has to be permanently
tested because of the following reasons: i) Single-pole earthings do not lead to short-circuits so that they will not be disconnected from the protections using over
relays from the rigging of high voltage cells; i) Single-pole earthings as well as phases insulation faults to earth lead to the occurrence of leakage currents (sneak
currents) which may lead to spontaneous detonation of electrical detonators which can cause electrocutions, fires and explosions that often have catastrophic effects.
The paperwork presents the methods for insulation resistance testing and the means of protection to earthings in high power electrical networks.
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WM3CNEABAHE HA 3ALLUTA OT 3A3EMABAHE MPU CbOPBXEHUA C BUCOKO HANPEXEHWUE YPE3 3A3EMEHA
HEYTPAJTHA TOYKA

Bnad Muxaii lMackynecky, Hukonae Woan Bnacun, Mapuyc Kopren Cyeap, [JaHuen ®nopea

HayuoraneHn uHcmumym 3a uscnedsaHe u paspabomeare 8 obracmma Ha MuHHama 6e30nacHocm U 3awumama om eKcnao3uu —
MHCEMEKC, 332047 NMempowaHu, PymbHUS

vlad.pasculescu@insemex.ro; nicolae.viasin@insemex.ro; marius.suvar@insemex.ro; daniel.florea@insemex.ro

PE3IOME: [Tpn enexTpUYecKn Mpexm C BUCOKO HaNpeXeHue, KoUTo paGOTHT Ypes 3a3eMeHn HeyTpanHu TOYKK, CbCTOAHWUETO Ha N30MTaUUOHHOTO CbNPOTUBIIEHNE
TpﬂﬁBa fa ce nposepAsa NePUOAMYHO Nopaau CneaHUTe NPUYNHK: 1) 3a3eMABaHETO B €iHa TOYKa He BOAM [0 KbCU CbeMHEHUS , Taka 4e TO HAMa [a foseae [0
M3KNK4YBAHETO MY OT 3aLLMTUTE, KOrato Ce U3Non3BaT MakcUmMarnHu peneta npy MOHTUPAHETO Ha KNETKW C BUCOKO HanpexeHue, 2) 3a3emMaABaHeTo B eHa TOYKa,
KaKTo 1 (ha30BOTO CbeANHEHNE KbM 3eMSTa, BOASAT A0 NOsiBaTa Ha TOKOBY SHI')/GM OT YTEYKW, KOMTO OT CBOA CTpaHa MoraT Aa [oBeAaT A0 CNOHTaHHM AeTOHauuM Ha
€NEeKTPU4EeCKUTe AeTOHATOpU , KOETO MOXe Aa Nopoau TOKOB yaap, Noxap Uiun ekcnnosua ¢ 4ecTo kaTacTpochanHu nocneacTsus. [loknaabT pasrnexaa MeToauTe 3a
TeCcTBaHe Ha M30/1aLMOHHOTO CbNPOTUBNEHNE U HAYUHWUTE 3a 3aLlMTa Ha 3a3eMABAHETO B €NIEKTPUYECKN MPEXWN C BUCOKO HanpexeHune.

KnioyoBu AYMU. U30M1aLKMOHHO CbNPOTUBIIEHNE, BUCOKO HNapexXeHue, 3alluTa Ha 3aseMABaHEeTO, KOMMNOHEHT C HyneBa nocnefoBaTenHocT

Introduction The voltage over relays U > are supplied from the secondary
of the measurement transformer. The three relays control the

In high voltage electrical networks there has to exist a phase voltage of the three-phase system.
permanent control of the insulation resistance state, as well as The normally open contacts of the voltage over-relays are
a protection to earthing. In high voltage electrical networks this parallel connected. In the absence of insulation faults or of
thing is achieved based on two principles: earthings, the three-phase voltage system is symmetric and
- The asymmetry of phase voltages balanced and the protection does not operate. In case of a
- The occurrence of voltage and current zero-sequence fault or of an earthing, the three-phase voltage system
components. unbalances and the voltage over relay (or relays) will action,

and the disconnecting command of the general switch G.S. will
be transmitted, command which removes the network from the

Asymmetry of phase voltages voltage supply.

The asymmetries of phase voltages represent an indicator of -
insulation faults as well as of earthings.

By using three voltage over-relays (U>) which permanently
control the phase voltage, the following protection scheme
presented in Figure 1 is achieved.

Fig.1. Protection to earthings based on the control of phase voltages
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If one of the phases is earthed, the voltage on that phase will
be zero, on the other two damaged phases the voltage will
increase /3 times, the voltage over relays disconnect the G.S.
which removes the network from the voltage supply.

The voltage transformer T is not an ordinary transformer
because in case of a single pole earthing, like the one
presented in Figure 1, the magnetic flow from the undamaged
phases will induce an electromotive voltage in the short
connected circuit, this one will generate very high currents
which through thermal and electro dynamical effects may
destroy the transformer T.
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Occurrence of voltage and current zero-
sequence components

At the occurrence of insulation faults or of earthings, the
three-phase voltages and currents network becomes
asymmetric. It is known that every voltage or current
asymmetric regime can be decomposed in three components:

- The positive sequence component;
- The negative sequence component;
- The zero-sequence component.

The zero-sequence component of the voltage is given by the

following equation:
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The zero-sequence component of the current is given by the
following equation:

7;]:/1+l2+/3 (3)

In the absence of insulation faults or of earthings, the zero-
sequence voltage or current components are null. At the
occurrence of insulation faults, the zero-sequence components
of the voltage and of the current will be non-zero. Based on the
occurrence of zero-sequence voltage components the
following protection scheme (Figure 2) can be achieved:

The three secondaries of the transformer T are serial
connected. In this way the voltage over-relay (U >) controls a
voltage which is proportional with the value of the zero-
sequence component (Uo) of the voltage. In operating
conditions, so in the absence of insulation faults or earthings,
the zero-sequence component of the voltage is null and the
protection does not operate.

In case of the occurrence of an insulation fault or of an
earthing, the zero-sequence component of the voltage (Uo) will
be non-zero and through its normally open contact which
closes, it transmits the disconnection command of the general
switch G.S. which removes the network from the voltage

supply.
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Fig.2. Protection to earthings based on the zero-sequence voltage
component

If one phase of the three-phase system is earthed, the zero-
sequence component of the voltage becomes equal to the
phase voltage, as observed from the following vector diagram
(Figure 3) and from the related geometrical demonstration:

Fig.3. Vector diagram (Zero-sequence component of the voltage equal to
the phase voltage)

For example, if phase 1 of the system is earthed, the neutral
point of the system moves to point 1. In this way the voltages

on the undamaged phases (Uz, Us) increase /3 times and
become line voltages. Equation 2 turns into;
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Uo = Uf
There exist protection schemes which are based on the

occurrence of the zero-sequence component of the currents.
Such a scheme is presented in Figure 4 a:



a)

Fig.4. Protection to earthing based on the zero-sequence component of
currents

The scheme uses three current transformers, and from their
secondary the coil of the current over-relay | > is being
supplied. The following notations are performed: 1, I, I3
represent the values of the currents that circulate through the
secondaries of the current transformers. According to
Kirchhoff's first law, through the coil of the current over-relay (|
>) circulates a current which is proportional with the value of
the zero-sequence component of the current lo.

In the absence of insulation faults or of earthings, the zero-
sequence component of the current is null and does not
operate. When an insulation fault or an earthing occurs, the
zero-sequence component of the current becomes non-zero o
# 0, the current over-relay | > will power up and through the
normally open contact which closes, it sends the disconnection
command of the G.S. which removes the network in which the
insulation fault occurred from voltage supply.

Basically, based on this principle there are achieved relays
for controlling the insulation resistances and for protection to
earthings, relays that use a toroidal transformers which in the
specialized literature is named Ferranti transformer. The basic
diagram is presented in Figure 4c.
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The Ferranti transformer uses a toroidal magnetic circuit
M.C. of ring form. The three phases whose insulation
resistance is controlled represent the primary of the Ferranti
transformer and they are travelled by the currents: I+, I2, and I3,
whose directions are indicated in the diagram. The currents I,
l2, I3 produce in the magnetic circuit M.C. the flows: ®1, 2, ®3
whose directions are obtained by using the drilling rule. The
three flows ®1, @2 @3 produce in the magnetic circuit a
resulted flow @, which is given by the following relation:
P=0, + P, + D, (5)

All Ferranti transformers comprise a single spiral (w=1) from
which the coil of the over relay of current | > is supplied.
Keeping into account the magnetic circuit law:

d= (6)

x|

F - magneto-motive voltage;
R - magnetic circuit reluctance.

We can write:
(i)=i+;+;=71'W 72'W+I—3'W=
R R R N R R
LA+l A+ 31
R R
B=2h (1.7)
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In operating conditions or in absence of earthings the zero-
sequence component of the current is null, in the secondary of
the current transformer there is not induced any current and
the protection does not operate. In case of an insulation fault or
of an earthing, the zero-sequence component of the current is
non-zero ([, =0), the resultant flow is non-zero (d = 0) and in

accordance with the electromagnetic induction Iaw(e:_ dgj

dt
a current is induced in the secondary of transformer. The
current over-relay (I >) will power and through its normally
open contact which closes it transmits the disconnection
command to the general switch 1.G. which removes the
network from the application of voltage.

Conclusions

Both presented solutions have as purpose to increase the

reluctance of the magnetic circuit (R ), decrease the magnetic
flow (®) and therefore decrease the electromotive voltage
induced in the short connected circuit (e) as well as of the
currents that will occur.

Based on the zero-sequence component of the current, in
practice are achieved the relays for insulation resistance
control and for protection against earthings, named leakage
relays. This one usually equips high voltage cells. For example
the ZSG relays which equip the the Polish made ROK-6 cell or



the ASP ones (different versions) which equip the Romanian
made CAA —7.2kV cell.
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