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Abstract:

Transmission lines are an important part of the power system.
Transmission lines are used to transmit power and are prone to many
breakdowns. Therefore, protection relays are used to protect
transmission lines. The purpose of the protection system is to isolate
the faulty part from the healthy part, because large currents
generated by faults may cause damage to electrical equipment. One
of the protection relays is the distance relay and is mainly used in
the transmission line. Sometimes these relays are used for backup
protection. Distance relays to determine impedance need voltage
and current. Transmission lines are usually protected by a distance
protection relay. Distance relays are of the high-speed class and can
provide transmission lines.

Protection distance relays that use impedance measurements to
determine the presence and location of faults, are "fooled” by a
series capacitor mounted on the line, when the presence or absence
of a capacitor in the fault circuit is not known in advance. This is
because the capacitor cancels or compensates for some of the line
inductance, so the relay may sense a fault in its first region when the
fault is actually in the second or third region of the protection.
Similarly, Zone one fault can be considered reverse faults. In fact,
this can cause some costly operating errors.

Series compensated lines are protected from overvoltage by metal-
oxide-varistors (MOVSs) connected in parallel with the capacitor
bank. The nonlinear characteristics of MOV devices add complexity
to fault analysis and distance protection operation. During faults, the
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impedance of the line is modified by an equivalent impedance of the
parallel MOV/capacitor circuit.

Worth noting is a method that determines the L and C string values
of the font and the MOV effect at the time of the error. This is done
by analyzing the synchronous and sub-synchronous content of the
voltage and current signals separately which provides enough
information to calculate the L and C series of the line.

In this paper, the transmission line impedance Z, Z(f) as a function
of frequency has been calculated and plotted by the sequence
characteristics and the studied MOV effect on line protection and
fault location. Proper operation of the distance protection relay is
also shown, and its effect on relay regions.

Keywords: Distance protection relay, transmission line, zones of
relay, MOV.
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1. Introduction:

There are many different methods used to improve the stability of
power systems. Some of these methods include reducing generator
and transformer reactance, increasing the number of parallel lines
used, using shunt compensation, or using series compensation.
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"Series compensation is the use of capacitance in series on a
transmission line. The addition of capacitance serves multiple
purposes, the most important being the improvement in stability
along the entire line. Another compensation method is shunt
compensation, which is used to support voltage at a certain point on
the line as opposed to the entire line [1].

"Sequential and shunt compensation were used at the beginning of

the 20th century. The first implementation of shunt compensation
was in 1914, and it has been used since it became the most common
method of capacitive compensation. Sequential compensation was
first used in the US for NY Power & Light in 1928, but it did not
become popular until the 1950s when the voltage levels it could
handle started to increase. By 1968 the 550 kV application was
implemented and today there are applications approaching 800 kV"
[2]. The conventional series compensation schemes have proven to
be an important component in economical long distance power
transmission. This is mainly because of the low cost of the series
compensation compared to the cost of building a new transmission
line. Series capacitors provide a direct mean of reducing the
transmission inductive reactance and in turn increasing transfer
capability, reducing the losses associated with transmission lines,
controlling the load flow between parallel circuits and improving
transient and steady state stability margins.
"For the reasons mentioned, series-compensated transmission lines
have become rather common in locations where the distances
between load centers is great and large transmission investments are
required. Even though, the series compensation has been known to
create problems in system protection and sub-synchronous
resonance.

The addition of series capacitors in the transmission circuit
increases the complexity of the protection design. The level of
complexity depends on the size of the series capacitor, its location
along the transmission line, and the method of bypassing the series
capacitor." [3].

In this scenario, the transmission line network must be protected
from breakdowns, because it is the most vulnerable to injuries, as it
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is exposed to a difficult operating environment such as lightning,
snow, and rain, as well as malfunctions and improper operation.
Where, short circuits and other distortions occur in the networks of
power systems and because of these distortions, high currents flow
in the equipment, which leads to its ruin and malfunction [4].

It is well known that one of the main considerations in the
designing capacitor is over voltage protection of the capacitor itself.
In recent years, the new metal oxide varistor (MOV), which has
been widely used as the over voltage protection device for the series
capacitor, has also been shown to improve stability in power
systems. Because the MOV has a non-linear resistance
characteristic and does not conduct symmetrically under unbalanced
faults, this is in turn poses problem for conventional protection.
Over the last decade, various techniques have been developed and
published in the literature to solve the problem of protecting the
series compensated lines.

“Usually, high-level faults are tested in sequential compensating
transmission lines, and faults must be quickly eliminated, as they
cause system instability as well as damage and hazards to equipment
and people. Therefore, proper classification of transmission line
faults is essential for the proper operation of power systems, and
Identification of the type of fault is an essential protective relay
feature because it has a significant impact on enhancing the
operation of the relay scheme. Correct operation of the main
protection relays sometimes depends on the identification of the
fault. " [6].

"Faulted phase selection is as important as fault detection. It would
lead to increase the system stability and system availability by
allowing single pole tripping. Single pole tripping has many benefits
like improving the transient stability and reliability of the power
system, reducing the switching over voltages and shaft tensional
oscillations of large thermal units" [7].

Ghassemi and Johns [8] Checking the effect of the residual
compensation factor affects the accuracy of measuring distance
protection when an earth fault occurs on a series compensation line.
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A method is described in [9] that enhance the accuracy of digital
distance relays applied on series compensated lines where the series
capacitors are protected against over voltages by MOV. The
technique is applicable to systems where the relaying voltage is
taken from the bus bar side of the series capacitor. The basis of the
technique is a method known as voltage compensation. The voltage
across the series capacitor and over voltage protective device is
calculated in the relay. Thus, the over-reach or under-reach of
distance relays as a result of MOV operation is eliminated.

Aggarwal and Johns [10]"The use of one of the high-speed
numerical methods, based on the principle of directional
comparison of chain-compensated transmission systems. What
distinguishes their proposed method is the use of communication
channels to extract information about voltage and current
waveforms from both ends of the protected area. algorithm"

This information is analyzed and the fault is located, as string
compensation is the most commonly used, to be used to improve
system stability. As it greatly improves additional stability with how
the network handles the error. When stability is uncertain in certain
regions, sequential compensation is a viable method used today to
improve its stability.

The previously mentioned applications are just a few of the uses
offered by series compensation devices. These and other
applications are widely used to improve the system as a whole. One
common location where series compensation devices are used
heavily is long transmission lines fed from hydroelectric power
plants. Many lines use series compensation devices to improve
voltage regulation because the main load area is usually more than
100 km away from the generating station, which allows significant
voltage erosion.[10]

2. Materials and Methods:

In this paper a simulated network use MATLAB Simulink system
as shown in figure (1), study this simulated network without series
capacitor compensation (SCC), then add SCC, Distance relay and
MOV then record the results.
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Figure 1. Simulated network transmission line (single phase)

3. Theory and Calculation

3.1 .Simulated network Description:

Generator 735 kV, 300 km transmission line is used to transmit
power from bus B1 (735 kV (equivalent system) to bus B2 (315 kV
equivalent). In order to simplify, only one phase of the system has
been represented.

In order to increase the transmission capacity, the line is series
compensated at its centre by a capacitor representing 40% of the line
reactance. The line is also shunt compensated at both ends by
330Mvarshunt reactance (110 Mvar /phase). Open the Series
Compensation subsystem. Notice that the series capacitor is
protected by a metal oxide varistor (MOV), simulated By the Surge
Arrester block. The 250 MVA, 735 kV / 315 kV transformers are a
Saturable Transformer block simulating one phase of the three-
phase 750 MVA transformer. A Multi-meter block is used to
monitor the fault current as well as the flux and magnetizing current
of the transformer [11].
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3.2 .Demonstration :
Studied the transient performance of this circuit when a 6- cycle
fault is applied at node B2, fault is simulated by the Breaker block.
Switching times are defined in the Breaker block menu (closing at t
= 3 cycles and opening at t = 6 cycles) and distance protection relay.
3.3.  Frequency Analysis:
In order to understand the transient behaviour of this series-
compensated network, a frequency analysis is first performed by
measuring the Impedance at node B2. This measurement is
performed by the Impedance Measurement block connected at node
B2. Open the block in the Tools as shown in figure (2), menu select
‘Impedance vs. Frequency Measurement'. Display to compute and
display the impedance for the 0 - 50 Hz range.[11], then MALLAB
program draw Z(f) measurement and relay characteristic (zones) .
3.4. Time Domain Simulation - Fault at Bus B2

Start the simulation and observe waveforms on the two
scopes at t = 3 cycles, a line-to-ground fault is applied and the
fault current reaches 10 kA. During the fault, the MOV conducts at
every half cycle and the voltage across the capacitor is limited to
263 kV.
t = 6 cycles, the fault is cleared. During fault the flux in the
transformer is trapped to around 1 pu. At fault clearing the flux
offset producing magnetizing current pulses.

O—=—+—40

735KV 315KV
110Mvar

110Mvar

Figure 2 single line diagram
3.5. Content of simulated network:
1- Power supply ideal sinusoidal AC voltage source 735 KV, 50 Hz.
2- Implement a parallel RLC element:
-Resistance R 180.1 Ohms.
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-Inductance L 0.026525 H.
-Capacitor C 117.84e-6 F.
3- Two parallel load 110Mvar at Bus (B1), Bus(B2):
-inductive reactive power QL (positive var)
—V,735kv/\3
4- Two implements one phase distributed parameters line model the
R, L and C line parameters are specified by[N * N]matrixconnected
between B1 and B2:
-Resistance per unit length[R1 RO R0Om]0.011

-Inductance per unit length[L1 LO LOm]0.867¢ — 3 (%)

-9

-Capacitor per unit length [C1 C0 COm]13.41e (F/Km)

- Transmission Line length (changeable) Km.
5- Implement a circuit breaker, breaker resistance R on (0,01o0hm)

Switching time[3/50 6/50] (s)

6- Impedance measurement: to calculate and measure the
impedance between two nodes of circuit as function of frequency
Z(f).
7- Saturable transformer: implement a three windings saturable
transformer. 250MV A/phase,735/315KV.
8- Model of Distance Protection Relay [12]. Output of distance
protection relay (zones of relay) as shown in figure (3).
9- MOV equivalent circuit is shown in figure (4).

10-

Zone 3

of ' Zone 2
X
Zone 1
—————p R
Figure.3 Zones of relay
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Figure.4 MOV equivalent circuit
4. Results and Discussion

1- Case 1: T.L. length 300 km, fault at end of T.L, simulation stop
time 0.2 second.

Table 1: Explain T.L with compare with SCC and without SCC

TL
length Without SCC With SCC(C = 67.6e3F
(km)
Zone Zone
Zs of Zs of
relay relay
5 0.0571 + J0.3819 1 ~0.1908 + j2.3416 | OUtof
’ ] ' ' ] ' Zones
10 0.1114 +j0.4347 1 —0.2516 +j2.3024 | Outof
Zones
50 0.5361 + j0.8509 1 07225 +j1.99 | Outof
zZones
100 1.0439 +j1.3556 1 ~1.2755 +j1.6028 | Outof
zones
200 1.9886 +j2.3159 1 22737 +j0.8443 | Outof
zones
300 2.7539 + j1.7788 1 _3.1463 +j0.1123 | Outof
Zones
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2- Case 2:
Effect SCC (value of capacitor) on Z impedance and zones of relay.

Table .2 explain capacitor values on Z impedance and zones of relay

T.L5km
C \(/é;ue Zs Zone of relay
1—e® 13.874 +j21.9026 Out of zones overreach
1—e73 18.4773 +j23.4958 Zone 2 under reach
1—e? 15.8365 —j 19.6645 Zone 3 under reach
1—e?! 1.1492 — j1.3305 Zone 3 under reach
1 1.013 + j0.0922 Zone 3 under reach
67.6e73 1.2674 —j2.1379 Out of zones under reach
T.L 150 km
1-—e® 13.874 + j21.9026i Out of zones overreach
1-¢e3 18.5167 +j23.4464 Out of zones overreach
1—e? 15.3979 -j 15.5559 Out of zones under reach
1-—et 2.5747 — j0.3177 Out of zones under reach
1 2.3757 + j0.9368 Zone lundr reach
67.6e73 2.7223 — j1.0236 Out of zones under reach
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3- Breakdown MOV:
Table.3 explain some results when breakdown MOV and effect it on

i
T.L.
length MOV Breakdown MOV
(km)
Zone
Zs Zone of relay Zg of
relay
50 1.746 — j1.7866 0.0.Z under reach | 1.4468 + j0.5007 1
100 2.2485 — j1.4019 | O.0.Zunderreach | 1.9149 + j0.7864 1
200 3.1693 — j0.6521 | O.0.Zunderreach | 2.7812 + j1.3527 2
300 3.9901 + j0.0693 0.0.Z under reach 3.5631 + j1.9087 2

Z.0.0 = Out of zones

In the case of a single phase to ground fault, the method for
calculating the fault impedance is to use the formula:
Vv

Z — phase
fault I + (m I o )

Where lg is the zero-sequence current equal to one third of the sum
of I, Ip, and I¢ or:

phase

1
Iy =§* g+ 1p + 1)
And m is a factor given by:

This is however the expression describing m in a line that does not
include series capacitance. The value of m in that case is
independent of distance to the fault. However, when considering a
line with series capacitors installed, it can be concluded that the
value of m when the capacitor is switched into the line is given by:
Zo — Zl

Zl - Zc

Thus, the value of m depends on the location of the fault.

m=
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5- Conclusions

In this work, the transmission line impedance Z, Z (f) as a function
of frequency is calculated and plotted by the relay characteristic and
the study effect of the series compensation capacitor for line
protection. Proper operation of the distance protection relay has also
been demonstrated.

In the event of a fault within the zone protection, the measured
impedance of the transmission line function as a function of
frequency is within the specified limits of the characteristic.

The series compensation capacitor causes a change in the value of
Z because the addition of R to the line then changes the relay areas
as the value of the capacitor.

Series compensation is caused overreach or under reach as values of
capacitor.

The presence of MOV in the network affects the fault zone
determination of the distance protection relay, as the results showed.
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