Azarbaycan Miihandislik Akademiyasinin Xabarlori Herald of the Azerbaijan Engineering Academy
2023, cild 15, M2 2, s. 89-96 2023, vol. 15, no. 2, pp. 89-96
Abbasov R.M., Manafov E.K., Hiiseynov F.H. Abbasov R.M., Manafov E.K., Huseynov F.H.

Investigation of the Voltage Balance Scheme to Protect the

Generator from Ground Fault
R.M. Abbasov, E.K. Manafov, F.H. Huseynov

Azerbaijan National Aviation Academy (Mardakan ave. 30, Baku, AZ1045, Azerbaijan)

For correspondence:
Huseynov Farid / e-mail: huseynovferid17525257@gmail.com

Abstract

The article discusses the features of protecting the stator winding of the generator from ground
faults using the voltage balance method. It has been established that this scheme can be used regardless of
the generator load regime. The regimes of closing the generator winding to the ground for the voltage
balance circuit at various Ry are considered. The simulation results carried out using the MATLAB
SIMULINK software showed that the circuit is highly sensitive with ground fault resistances up to Rs = 3
kQ. It was found that the voltage balance circuit provides protection for 70% of the generator stator
winding.
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Generatoru yerls gapanmalardan miihafizo edan garginliklor

balansi sxeminin todqiqi
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Xiilasa

Moagalada generatorun stator dolaginin gorginliklor balansi sxemi asasinda iglayan miihafizasinin
xiisusiyyatlorino baxilir. Miioyyan edilmisdir ki, bu sxemin somoraliliyi generatorun yiik rejimindon asilt
deyil. Miixtalif R¢— miigavimatlori {i¢lin generator dolaginin yerlo qapanmalar zamani gorginliklor balansi
rejimlarina baxilmisdir. MATLAB SIMULINK program tominati ilo aparilmig simulyasiya gostordi Ki, R¢
= 3 kQ-a godor yerlo gapanma miiqavimotlor ti¢iin bu sxem yiiksok hassasliga malikdir. Garginliklor
balansi sxemi generatorun stator dolaginin 70%-nin miihafizasini tomin edir.

Acar sozlar:  sinxron generator, yerlo gapanma, gorginliyin ti¢iinci harmonikast, rele miihafizasi,
generatorun ig rejimi, gorginliklor balansi sxemi.
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AHHOTaNUA

B craTtbe paccMaTpuBaroTcs 0COOEHHOCTH 3aIUTHI CTATOPHON OOMOTKH reHepaTropa OT 3aMbIKaHUH
Ha 3€MJII0 C TOMOIIBI0 MeToja OajaHca HaNpsDKEHHHA. YCTaHOBJIEHO, YTO 3Ta CXeMa MOXET ObITh
WCTIOJIb30BaHa BHE 3aBUCHMOCTH OT PEKMUMa Harpy3KH TeHepaTopa. PaccCMOTpEHBI peXMMBbI 3aMbIKaHHS
OOMOTKHM TeHepaTropa Ha 3€MIII0 IJIsl CXEMBbI OalaHca HamNpsHKeHWHA MpH paznudHbiX Ry Pesymbrarsl
MOJICJINPOBAaHMS, MPOBEICHHOr0 ¢ Mmomolpblo mnporpammuoro obecneuenns MATLAB SIMULINK,
MoKa3alid, 4To cxeMa o0najgaeT BBICOKOW UYyBCTBUTEIBHOCTBIO NPH COMPOTHBICHUSAX 3aMBIKaHUS Ha
3eMIII0 BIDIOTH 10 Rf = 3 kQ. BrisiBieHo, 4TO cxeMa OanaHca HanpspbkeHUi obecrieunBaeT 3amuty 70 %
CTaTOPHOM 0OMOTKH TeHepaTopa.

KiiroueBblie ¢cj10Ba:  CUHXPOHHBIN TE€HEPATOp,3aMBIKAHUE HA 3EMITIO, TPEThS TapPMOHHKA HAMPSKCHUS,
peneitHas 3aimuTa, peskuM paboThI reHepaTopa, cxema dallaHca HaIpsHKeHHH.
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Introduction

As you know, single-phase short circuits
of the stator winding to ground are one of the
most common types of damage to a
synchronous generator. This requires the
installation of reliable protections that provide
disconnection of the damaged phase of the
generator.

The main disadvantage of the circuits
used to protect the stator winding of the
generator from ground faults is the presence of
a "dead" zone. If a fault occurs near the
neutral of the generator, the protection trip
current may be less than the ground fault
current, as a result of which the protection
sensitivity will be insufficient to disconnect
the damaged phase. Therefore, to ensure the
protection of the generator, special circuits are
used that respond to changes in the third
harmonics of the zero sequence voltage.

According to the above method, the
third harmonics of the zero sequence voltage
are measured near the neutral and at the
terminals of the stator winding of the
generator. When a short circuit occurs near the
neutral, as it approaches the zero point, the
third harmonic decreases to zero, and sharply
increases at the terminals. When a short circuit
occurs at the winding terminals, the situation
is reversed - the third harmonic increases near
the neutral and sharply decreases as it
approaches the winding terminals. Thus, the
ratio of the third voltage harmonics at the

. V-
terminals and near the neutral V—“ can be used

3n

to protect the generator windings from ground
faults [1-5, 6-8].

The purpose of the work

The aim of the work is to study the
effectiveness of the voltage balance circuit for
protecting the stator winding of the generator

in case of single-phase ground faults near the
neutral. Table 1 shows the nominal parameters
of the considered generator.

Table 1 — Generator Ratings

850
Power (Sp)
Contact resistance (X'q) 0.43
Supertransient resistance (X"y) 0.25
Zero sequence inductive reactance
0.13
(Xo)
Zero sequence active resistance (R,)  0.0025
Generator winding capacitance to 0.128
ground (C,) mkF
Ground resistance (R;) 1212 Q
Tire capacity (Cy) o
pacty (- mkrF
Capacitance between circuit breaker  0.25
and transformer (Cg) mkrF
. 0.2
Transformer capacitance (Cy) mkrE

The voltage balance diagram of the
generator-transformer unit is shown in Fig.1.

System

B M"

Generator Transformer

Neutral
Grounding

Transformer

Figure 1 — Scheme of voltage balance
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Figure 2 — Generator equivalent circuit in normal regime Consider the circuit for the third harmonics of
the zero sequence voltage (Fig. 3).
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Figure 3 — Zero sequence voltage diagram

A simplified equivalent equivalent 1
P g g Cor ==Cy+ Ce + Cep + Cop =

circuit of a generator in normal regime is 2
shown in Fig.2. Here Cgy is the equivalent =0.642-10"7 4+ 0.55-107° =
capacitance of the tires, circuit breaker and =0.614-107°F
transformer. Capacitances on the neutral and winding
The calculation is made for the values terminals.
.. 1
given in Table 1. Xo, = —j — 165260
1 -6 —7 2.1 f3-Cop
Con = ECg =0.5:0.128-107°=0.642-107'F 1
Xor = = —j172810
ot ] 2.7 f; - Cop ]
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Here f3 = 150 Hz is the frequency of the
third harmonic.

After solving these equations,
impedance near the neutral is calculated.

the

_ —jXen 3R

Zon = " = 3469.18 — j763.480

3Rn _jXOn

Typical values of the third voltage
harmonics in normal regime at various loads of
the generator are given in Table 2 [3-6, 11-13].

Table 2 — Values of the third voltage harmonics in
normal regime

Load regime Vo (V)

No load 210
Full load 420
Light load 121

Near the neutral, the third harmonic of

the voltage:
Zon

Ve =V —— ———— =
om0 Zon — jXot

3469.18 — j763.48

=210 546918 —j763.48) = j1728 174.65V
At the generator outputs:
X,
Vo = Vo e e
=210 /1728 = 84.96V
(3469.18 — j763.48) — j1728
The calculation of voltage third

harmonics for full load and light load regime is
performed in a similar way. The calculation
results are shown in Table 3.

Table 3 — Values of the third voltage harmonics in
various load regimes

: Vo
Load regime
(V)
Full load 420 349 169
Light load 121 100 49
No load 210 174 84

The calculation shows that under all load
Yot — 0.48. Therefore, the

on

voltage balance circuit can be applied
regardless of the generator operating regime
[5-7, 9,10].To analyze the short circuit regime,
the third harmonics of the voltage are modeled
as 2 sources of alternating voltage (Fig. 4)

Third voltage harmonics near the neutral
and at the generator terminals.

conditions the ratio

E3n = kE; (1)
Esr = (1 —k)E;

Here k=0 - 1 is the distance from the
neutral to the closing point.

Capacitances C, and C; depend on the
location of the fault:

Cn=k Cq @)
Ci=(1-K) Cq

Consider the short circuit of one phase to
ground (Fig. 5).

Vo + Esp = (I — )Ry (3)
Vi =y —L)Rs + E3

Here Rt - is the ground fault resistance.
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R 5
Vn:k-E3-<1——f>: ®)
4 Zn
L = A (4)
n
Ry
= k . E3 . 1 - 1
__chan Rn_]Z-ﬂ'f3-k-Cg
" Rp—jXen Solving equations (1), (2), (3) and (4)

together, we determine the value of the third
voltage harmonic near the neutral.

AG {E3@15EIHZ}

3 CQT I T Cp
;TE. {E3@150Hz)
W
1 L L., L
= Cg 5 ©B Cp
Ac (E3n@@1 50Hz) AG (E3t@150Hz)
1

T T

Figure 4 — Ground fault equivalent circuit
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Figure 5 — Equivalent circuit for ground fault regime
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Modeling
Let us consider the regime of closing the

generator winding to the ground for the voltage
balance circuit at various Ry.

The results of the simulation carried out
using the MATLAB SIMULINK software are
shown in Fig. 6.

The value of the third voltage harmonic
at the generator terminals

Vo= (-0 -B)- () ©

Es is the third harmonic of the generator
voltage.

As can be seen, the voltage third
harmonics depend on the fault point (k) and the
ground fault resistance (Ry).

18} \ — R=lohm |
—— R =100 chr

W R=1kohm
\ R =3 kohm
\\ — R=8kotm

R=15kehn |7
— R =25 kohr
R=1\Mohm |7

voltage ratio

4 . - 1 - )
¢ 0 20 30 40 £ s /0 @0 9 10
% winding turns

Yot

Figure 6 — Dependence of the ratio on the

on

location of the winding damage

As can be seen, the circuit is highly
sensitive for ground fault resistances up to R¢ =
3 kQ. The setting for the voltage relay
operation is detuned from the ratio of the third

harmonics of the voltage in normal regime.
V-
V—“ > kV,

3n

Here k,=1.2 is the safety factor.
Considering that in normal regime:

(7)

Yt 5 0.58.

Vin

V020.48,

Fig. 7 shows the dependence of the short
circuit resistance on the location of the
winding damage. As you can see, the voltage
balance circuit provides protection for
approximately 70% of the stator winding on
the neutral side.

7000 b

6000 | .

short circuit resistance, Om
3
i
/

% winding turns

Figure 7 — The dependence of the circuit resistance
on the location of the winding damage

Conclusion

The results of the research are shown
below. The voltage balance circuit is universal
and can be used to protect the stator winding
under any generator load conditions. The
circuit is highly sensitive with ground fault
resistances up to Rf = 3 kQ. The voltage
balance circuit provides ground fault
protection for 70% of the stator winding on the
neutral side.
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