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Abstract—This paper presents a new adaptive approach to improve the performance of the power transformer differential relay.
The proposed approach distinguishes internal faults and disturbances based on the differential current trajectory and adopted
weighting factors depending on the differential current locus in the
relay characteristic. The traditional dual-slope differential characteristic is divided into three operating regions with the corresponding weighting factors. Two other control regions, that is, inrush and current-transformer (CT) saturation detection regions
are utilized to avoid maloperation of the proposed relay in the case
of inrush and CT saturation conditions. Meanwhile, a combination
of phase differential units is introduced as a new technique to decrease relay operation time. The proposed relay rapidly detects all
studied internal faults, while it is stable during transformer energization and CT saturation due to external faults. A real 230/63-kV
power transformer is simulated using PSCAD/EMTDC for evaluating the performance of the proposed relay. Extensive simulation
studies show that the proposed approach results in a faster and
smarter differential protection scheme.
Index Terms—Current transformer (CT) saturation, inrush current, multiregion differential relay, power transformer protection.

I. INTRODUCTION

A

POWER transformer is one of the most important pieces
of equipment in electrical systems. Thus, it should be protected by fast and accurate relays to prevent subsequent damage
to the transformer due to internal faults. The low-impedance differential protection is one of the most widely used approaches
for transformer protection. However, this relay may maloperate
due to system disturbances, especially transformer inrush current and current-transformer (CT) saturation caused by an external fault. Therefore, it should be equipped with supplementary techniques to make it stable against such conditions [1], [2].
To avoid maloperation due to the inrush current, it is common
practice to utilize the ratio of the second harmonic component
of the differential current to its fundamental harmonic component. In this approach, the differential relay should be blocked
when the current ratio exceeds a predefined set value [2]. Although this approach is widely utilized in commercial relays, it
may impose an extra time delay on the operation of a differential
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relay due to the following points: 1) for the cases where the fault
current includes a decaying dc component, the defined current
ratio may temporarily become more than the set value, which
blocks the differential relay for one or two cycles; 2) when a
transformer with an internal fault is energized, the differential
relay may be blocked for even ten cycles [3]; 3) reliable estimation of the first and second harmonic components can lead
to about one cycle of extra delay. The associated delay may result in more damage to healthy parts of the transformer which
increases the required repair time and expense. In addition, the
current harmonic approach cannot detect large inrush currents
which occur after energizing a transformer with a considerable
remanent flux, especially for newly designed transformers [4],
[5]. It is desirable to propose a new method which is not affected
by these shortcomings.
Another challenge associated with the application of a differential relay is to guarantee its security against severe CT saturation during external faults. In such a condition, an artificial
differential current is generated which may lead to relay maloperation. Since CT is usually not saturated during the first 3 ms
after the fault inception, some techniques have been proposed
to distinguish between internal and external faults in this time
interval [6].
Recently, a variety of methods aimed at improved selectivity,
sensitivity, and operation time of differential relays has been
presented to overcome the related problems. These techniques
include artificial neutral network (ANN) [7]–[9]; fuzzy logic
[10]–[12]; and wavelet analysis [5], [13]–[15]. However, some
of these methods: 1) need a large data set for training; 2) impose
a high computational burden on the differential relay; and 3) depend on the transformer parameters or initial conditions [16],
[17]. In addition, adaptive schemes have been utilized to enhance the digital relay performance (e.g., to achieve the optimal
compromise between accuracy and speed of the relay [18]).
This paper highlights the fact that for the disturbances adversely affecting the differential relay, the calculated differential current has a certain trajectory and is located in a certain region of the relay characteristic. Thus, based on dividing the relay
characteristic into several regions, a new adaptive strategy for
the low-impedance differential relay is proposed in this paper.
When the current trajectory enters the relay operational zone, a
weighting factor (WF) is adopted to it depending on its region.
When the summation of the weighted-points exceeds a certain
prespecified value, the trip command is issued. Comprehensive
time-domain simulation studies show that the proposed technique guarantees fast relay operation for internal fault cases and
increases the relay security for inrush current and CT saturation
cases.
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II. MULTIREGION DIFFERENTIAL RELAY
Comprehensive time-domain simulation studies show that
the calculated differential current for internal faults, inrush currents and CT saturations caused by external faults are located in
different certain regions of the differential relay characteristic.
This feature is used and a multiregion differential relay is
suggested. The studied system and transformer are introduced
in the following subsection. Afterwards, proposed different
regions of the differential relay characteristic are introduced
and discussed.

Fig. 1. Schematic diagram of a YNd11 power transformer.

A. Studied System and Transformer
The studied system is composed of a 230/63 kV, YNd power
transformer connected to a voltage source through a Thevenine
impedance and the corresponding CTs. The parameters of the
studied system are given in Appendix. The power transformer
model is developed in the PSCAD/EMTDC environment [19]
to evaluate the impact of faults on the differential relay [20].
Various internal faults, inrush currents, CT saturation cases and
their combination can be studied using the modeled transformer.
To represent the hysteresis characteristic of the transformer
magnetic core, a scalar model is adopted [21]. The model is capable of generating symmetric and asymmetric hysteresis minor
loops, and also the remanent flux which is essential for inrush
current calculations. In addition, to represent the actual system
conditions, the knee point voltage of the corresponding CTs are
calculated based on the CT requirement of a commercial relay
[22]. The same scalar model is also utilized to model the CT core
hysteresis characteristic to be able to consider the CT remanent
flux. To provide more realistic results, the real hysteresis loop is
measured using an appropriate experimental setup. Since a similar core material is usually used by both of the transformer and
the CT manufacturers, only the CT hysteresis loop is measured.
The measurement is carried out at the frequency of 1 Hz to decrease the resultant error caused by winding stray capacitances.
The schematic diagram of a YNd transformer is illustrated in
Fig. 1 for which the currents at the low voltage (LV) terminals
lags those of the high voltage (HV) terminals by 30 . In such
a transformer, two adjustments are required prior to calculation
of the differential current including (i) compensation of phaseshift due to the YNd vector group and (ii) elimination of the
zero-sequence current of the transformer [22]. For instance, the
differential current of phase-A should be calculated by [23]
(1)
where
is the calculated phasor of phase-A at the HV-side.
is the calculated zero-sequence current of HV-side by adding up
the phase currents. and are the LV-side phasor currents of
and are the rated curphase-a and phase-c, respectively.
rents of HV-side and LV-side, respectively.
is a correction
factor equal to the HV-side CT ratio over the LV-side one. It
should be noted that the phasors are calculated based on the full
cycle discrete Fourier transform (DFT) method with the sampling frequency of 1 kHz.

Fig. 2. Different regions of the proposed differential relay.

B. Regional Differential Relay Concept
Fig. 2 shows the multiregion differential characteristic used
for the proposed relay. The settable parameters of the relay characteristic include: 1) two slopes which are set to
and
; 2) two breaking points which are
and
; 3) minimum differential current as the pickup
current, Set
; and 4) unrestraint differential current
It should be noted that selection of BP2 has an important role
in the relay stability against CT saturation. According to the CT
requirements, CT is not saturated for an external fault current
of less than 2 p.u. [22]. Therefore, the corresponding restraint
current BP2, that is, the sum of current absolute values, for CT
saturation-free case is 4 p.u.
To guarantee secure operation of the differential relay, the
current trajectory should remain in the operational zone for a
certain amount of time. A fix time delay is usually used for
the differential relay operation [22]–[26]. Whereas, the adverse
effect of an internal fault on subsequent damages to the transformer and especially to the power system mainly depends on
the severity of the fault current. In other words, low current
faults usually lead to less subsequent damages and the relay
can operate with longer delay, if necessary. On the other hand,
higher fault currents should be cleared faster. In addition, the
relay must be secure for different transient phenomena, e.g.,
heavy external faults and inrush currents. The more the relay
operating time, the more security of the relay.
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Fig. 3. Typical internal faults entering Region-1.

The operation time of the proposed relay adaptively changes
by using different weights for the samples entering the operational zone. Weighting the differential current samples is performed by introducing a number of regions. To cover all possible internal faults, the operational zone of the basic differential
relay characteristic has been divided into three regions, namely
Region-1, Region-2 and Region-3. Moreover, two control regions—Inrush-Region and CT saturation detection for external
fault (CTSDEF)-Region—are applied to control stability of the
proposed algorithm. These five regions, shown in Fig. 2, are
chosen based on the level of the fault current and differential
current trajectory for a variety of fault types.
III. PROPOSED REGIONS OF DIFFERENTIAL RELAY
In this paper, different internal faults are categorized using
the level of differential current and differential current trajectory in the relay characteristic. Based on the level of differential
current, three groups of faults are considered: 1) mild internal
faults; 2) heavy internal faults; and 3) severe internal faults.
Hence, in the proposed relay, the differential characteristic operational zone has been divided into three operating regions as
described in the following subsections.
A. Region of Mild Internal Faults
Various studies and simulations revealed that the low differential current owing to internal faults such as short circuited HV
coil up to 20% of the winding, high impedance terminal faults
and some LV turn-to-turn internal faults are located in the lowest
part of differential characteristic, called Region-1. In addition,
the differential current trajectory may enter this region due to the
CT saturation for a low current external fault with high decaying
dc time constant. Some typical fault trajectories are shown in
Fig. 3. In this figure, AG means a phase A-to-ground internal
fault and ac is a turn-to-turn internal fault on the delta winding
between phases a and c. Also, sign,
and
denote the
percentage of short circuited winding, fault resistance and differential current of phase-A, respectively.

3

Fig. 4. Typical events entering Region-2.

B. Region of Heavy Internal Faults
Based on different simulation cases, it is concluded that a
significant number of faults, such as faults on 20–45% of HV
winding and 10–25% of LV winding, are located in the middle
part of differential characteristic, called Region-2. Moreover,
fictitious differential currents due to CT saturation for heavy
through faults could also enter this region. A few of these events
are plotted in Fig. 4.
C. Region of Severe Internal Faults
Similar to some relays, an unrestraint region on the top of the
differential characteristic is considered to deal with severe internal faults. This region is not affected by fictitious differential
currents due to inrush condition and CT saturation during external faults. Differential current of severe internal faults such
as faults on 45%–100% of the HV winding, LV turn-to-turn
faults including more than 25% of the winding and terminal
low impedance faults are located in this region, Region-3. Some
heavy internal fault trajectories are shown in Fig. 5. Region-3
should be immune against CT saturation caused by external
faults. Simulation studies are performed to calculate the artificial differential current due to external faults for the transformer
under study including the corresponding saturable CTs. As the
worst possible case, the remanent flux of 80% is considered for
a set of CTs at one side of the transformer; whereas, CTs of
the other side are free from remanent flux. Under such a condition, severe CT saturation is occurred in only one set of CTs
and causes the differential current of about 3.5 p.u. Thus the
threshold of this region
is set to 3.5 p.u.
D. Region of Saturated CT due to External Faults
Saturation of CTs due to high fault currents, large system time
constants and high amounts of remanence are critical for external faults. Immediately after the external fault inception, the
fault current increases severely thus producing a high restraint
current (twice the through fault current). In the case of CT saturation, a fictitious differential current is produced and also the
restraint current is reduced. If the
ratio results in a
point inside the operational zone, a trip signal would be issued
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Fig. 7. Current trajectories of switching on a power transformer.
Fig. 5. Typical heavy internal faults entering Region-3.

side of this region. This is a precondition of detecting inrush
phenomenon. Failure to comply with this precondition, that is,
entering the current trajectory into Region-1 or Region-2 and
then moving into Inrush-Region from the diagonal side, is the
evidence of occurrence of an internal fault. Under this circumstance, Region-1 and Region-2 are modified and expanded by
merging Inrush-Region into them.
Calculation of the fundamental component of maximum possible inrush current is required for adjustment of the upper limit
of Inrush-Region. The peak of inrush current, neglecting the
system impedance, is calculated by (3)[27].
(3)

Fig. 6. External fault trajectories with/without CT saturation.

if no special control is applied. External fault trajectory during
CT saturation is located in the CTSDEF-Region in Fig. 6. This
region is utilized to stabilize the proposed relay in the case of
CT saturation for external faults .The CTSDEF-Region is activated when (2) is satisfied.
(2)
E. Region of Inrush Currents
When switching unloaded transformers, high magnetizing inrush currents may occur which can result in high differential
currents. In this condition, the current trajectory moves along
a line bisecting the first quadrant. The worst inrush current occurs when power transformer core has high amount of remanence. By performing various studies, it is found that a parallelogram region shown in Fig. 2, that is, Inrush-Region, can
well detect the inrush energization cases. This region is not adversely affected by CT saturation during inrush current condition. Current trajectories for several transformer switching cases
with/without remanence are depicted in Fig. 7. As shown, inrush current trajectories enter into Inrush-Region from the lower

where ,
, ,
,
, and
are the applied voltage, air
core impedance, total resistance, nominal flux density, remanent
flux, and saturation flux density of the power transformer. The
worst case, i.e., assuming
is equal to
and neglecting the
resistive impedance, is considered to calculate the maximum
peak of inrush current presented as
(4)
Assume that the air core impedance is about two times of
transformer leakage impedance [19]. The maximum peak of
inrush current could then be expressed as
(5)
Then the relationship describing maximum peak value of inrush current and short-circuit impedance in the per unit system
is
(6)
Since the proposed relay utilizes rms values to calculate the
differential currents, the maximum rms value of inrush current should be determined. The inrush current amplitude is almost zero for some duration of power frequency cycle [22].
Through precise calculation and practical recommendations [6],
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it is found that the maximum rms value of inrush current is less
than 35% of the peak value. Therefore, the fundamental component of maximum possible inrush current for the power transformer under study is calculated by
(7)
Therefore, considering a suitable safety margin to improve
security of the relay and also to be compatible with Region-3,
the upper limit of the Inrush-Region is set to 3.5 p.u.
F. Region Division Strategy
Region division strategy is a compromise between the setting
simplification and adaptive operation time considering the fault
severity and its influence on the power system. The main idea of
region division is valid for different transformers. In addition,
the general shape of the regions does not change considerably
for a new high voltage power transformer. The borders of the
regions and the required settings might have a minor change
based on the studied transformer. Based on the conventional
dual-slope differential relay characteristic, a strategy to define
the regions and their borders is considered, as follows:
1) Region-1: The right hand side and bottom borders of this
region are roughly fixed and selected based on the dual-slope
differential relay characteristic. Meanwhile, the boundary
between Region-1 and Region-2 is concluded from several
simulations of mild internal faults. It is recommended that this
boundary is set based on the junction point, JP in Fig. 2.
2) Inrush-region: Inrush current can be detected, even for
a loaded transformer, by the proper selection of the Inrush-Region width. Although loaded transformer energization is not a
common practice, it may occur when an auxiliary transformer is
directly connected at the power transformer secondary side and
thus they are both energized simultaneously. To consider such
a case, the Inrush-Region width is set to 0.1 p.u.
3) Region-3: To accurately determine the Region-3 setting,
a number of simulation cases including: 1) heavy saturation
of some CTs due to external faults, and 2) severe inrush currents caused by transformer energization should be studied. For
the studied system in the paper, the threshold of 3.5 p.u. is
determined based on such simulation studies. Meanwhile, the
threshold can be roughly considered equal to
. Although
this is higher than the accurately determined setting, it guarantees the relay stability against both inrush current and severe CT
saturation.
4) Region-2: This region is surrounded by the other regions
while the right hand side border of this region is fixed based on
the second slope of the differential relay characteristic.
5) CTSDEF-Region: The bottom border of this region is
fixed, while the left hand side border is determined using the
dual-slope characteristic.
IV. ADAPTIVE DECISION LOGIC
A. Weighting Factors of the Regions
When the current trajectory enters into the relay operational
zone, a WF is adopted to it depending upon its region. For the
case of low and medium differential currents, usually there is no

risk of power system instability. In this condition, the trajectory
of differential current lies inside Region-1 and due to the lower
amount of fault current, very fast operation of the proposed relay
is not vital. Therefore, the lowest WF, 1.8, is assigned to Region-1.
On the other hand, high differential currents enter Region-2
and therefore, a moderate WF value, that is, 3 is assigned to
this region. Meanwhile, Region-2 is affected by CT saturation,
so the WF of this region is adaptively controlled by CTSDEFRegion. If CT saturation for an external fault is detected and
then the current trajectory moves into Region-2 or Region-1, the
proposed relay must be blocked. Therefore, if the current enters
into CTSDEF-Region and then lies in Region-2 or Region-1,
the WFs of both regions will be scaled down by an appropriate
factor to stabilize the proposed relay. This factor is determined
in Section V-B. When the current trajectory leaves Region-2
or Region-1, the WFs are reset to the default values. Utilizing
CTSDEF-Region guarantees stability of the proposed relay for
external faults. Meanwhile the relay provides fast operation for
simultaneous internal faults.
The maximum WF, 5, is assigned to Region-3 to cope with
severe internal faults. The amplitude of inrush current can be as
high as internal fault current and its trajectory can enter the opis utilized
erational zone. Hence, Inrush-Region with
to block the proposed relay in the case of inrush phenomenon.
B. Proposed Algorithm
The differential and restraint currents for three phases are calculated for each new sample. When each of the current trajectories enters into its operating region, the appropriate weighting
factor is adopted. Afterwards, the cumulative weighting factor
for each phase, which is the sum of WFs is calculated using
(8)
where is the number of successive calculated WFs.
To expedite the relay operation, especially for a multiphase
fault, a combined weighting factor strategy is used. In such
a strategy, when two or three current trajectories enter into
their associated operating regions, the sum of the cumulative
weighting factors is considered as the total weighting factor.
(9)
The block diagram of the proposed relay is depicted in Fig. 8.
After calculating the current phasors, elimination of the zero
sequence component and compensation of the vector group, the
differential and restraint currents are calculated. Based on the
position of the currents in the relay characteristic regions, a WF
is adopted for each phase. Afterwards, the cumulative WF for
each phase and finally the total WFs are calculated. The obtained
value is compared with the set-value of 10 to activate the relay
trip command.
C. Adaptive Division of Inrush Region
It is likely that an internal fault occurs during energization
of a power transformer. In this condition, the current trajectory
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Fig. 8. Block diagram of the proposed algorithm.

V. EVALUATION OF THE PROPOSED APPROACH
To investigate the merits of the proposed algorithm, various
time-domain simulation studies are performed. To provide more
realistic results, 3% white noise is added to the simulation signals of the studied system. Then, the signals are analyzed by the
proposed adaptive regional differential relay.
A. Internal Faults

Fig. 9. Two sections of Inrush-Region.

enters into Inrush-Region. In general, the inrush current has a
decaying characteristic, i.e., the amplitude of the inrush current
declines after its initiation. However, incident of an internal fault
increases the current amplitude. Therefore, based on this concept, an adaptive division of Inrush-Region is applied to distinguish internal faults during switching on a power transformer.
The Inrush-Region is divided by a horizontal adaptive line
into two sections shown in Fig. 9. It should be noted that the
worst conditions are considered to calculate the maximum inrush current by (7), but the inrush current amplitude is often less
than this value, in practice. Based on the initial magnitude of the
inrush current, the threshold is selected adaptively. The amplitude of this adaptive threshold is 1.1 times of the first cycle of
inrush current. The underneath part is the restraint section with
0 and the upper one, is the operating section with
3.

To investigate the relay performance for a mild internal fault,
a phase-to-ground fault at 15% of phase-A winding is studied.
Fig. 10 illustrates the differential relay current trajectories for
the three phases. In this case, Region-1 of phase-A is activated.
The proposed approach operates 17 ms after fault inception;
whereas, the conventional relay issues the trip command after
21 ms.
The current trajectories for a phase-to-phase fault at the LV
terminals of a and c phases are illustrated in Fig. 11. Due to the
fault resistance of
, the fault currents are limited. According
to Fig. 11, current trajectories enter Region-1 of all three phases
and Region-2 of phase-A which results in the relay operation
of 13 ms after fault inception. The conventional relay operates
after 23 ms in this case.
Using the CTSDEF concept does not prevent fast operation
of the proposed relay in the case of simultaneous CT saturation
and internal fault. For instance, a phase-to-phase fault at the LV
terminals of a and b phases is simulated at 500 ms while phase-A
CT core includes 90% remanent flux. Fig. 12 shows the primary
and secondary currents of phase-A, in which the CT of phase-A
is saturated at 509 ms. The current trajectory of phase-A, shown
in Fig. 13, enters Region-1 at 505 ms. The proposed relay detects
this internal fault quite fast while phase-A CT is saturated.
B. External Fault With CT Saturation
In order to study stability of the proposed relay in the case
of CT saturation, various external fault types with different
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Fig. 12. Primary and secondary currents of phase-A for a phase-to-phase fault
at the LV terminals of a and b phases.

Fig. 10. Current trajectories for an AG internal fault at 15% of phase-A
winding.

Fig. 13. Current trajectory of phase-A for the case depicted in Fig. 12.

Fig. 11. Current trajectories for a phase-to-phase fault at the terminals of a and
c phases,
.

amounts of CT core remanence were simulated. A typical case
is presented below in detail.
A three phase fault at the LV terminals is simulated at 500
ms while phase-A CT core includes 90% remanent flux. The
primary and secondary currents of high voltage side and differential characteristic of phase-A are shown in Figs. 14 and 15,
respectively. The CT saturation occurs at 508 ms and CTSDEFRegion is activated during 509 ms to 529 ms. The current trajectory enters into Region-2 of phase-A at 530 ms while the proposed algorithm sets WF of Region-2 to 0.01 from 530 ms to
575 ms, when the current trajectory leaves Region-2. As a result, the proposed relay does not maloperate for this external
fault.

Fig. 14. Primary and secondary currents of high voltage side for a three phase
external fault with 90% core remanence.

C. Internal Fault Following Inrush Current
The performance of the proposed relay is examined for a
combinational case. The transformer is switched on at 300 ms
and later an internal fault at 20% of phase-A winding occurs
at 500 ms. High voltage side line currents and also activation
signal of Inrush-Region are shown in Fig. 16. As shown, inrush
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TABLE I
PROPOSED RELAY OPERATION TIME FOR INTERNAL FAULTS

Fig. 15. Current trajectory of phase-A for the case depicted in Fig. 14.

VI. COMPARING PROPOSED AND CONVENTIONAL APPROACHES

Fig. 16. HV line currents and activation signal of the restrain inrush section,
internal fault occurrence after energizing a power transformer.

condition is detected at 310 ms when the current trajectory enters the restraint section of Inrush-Region. Based on phasor estimation of the first cycle of inrush current, the calculated adaptive thresholds of phase-A, phase-B and phase-C are 0.5, 0.26,
and 0.26 p.u., respectively. After internal fault inception, differential currents increase and become more than the adaptive
thresholds. Under such a condition, the differential current trajectories enter the operating section of Inrush-Regions at 508
ms, thus the trip signal is issued at 509 ms. It shows proper operation of the proposed adaptive relay for this combinational
case.

Many of the commercial relays utilize the second harmonic
component to block the differential relay against inrush current.
Sudden current change and decaying dc component of the fault
current generate a large amount of the second harmonic component which can block these relays for about 15 ms after the
fault inception [28]. Meanwhile, a fix time delay, for example,
4 ms [24], [25] is usually used to ensure occurrence of an internal fault. Accordingly, the trip command is issued about one
cycle after the fault instant. The proposed approach not only
decreases the intentional time delay by utilizing the adaptive
weighting-based technique, but also is not directly blocked by
the inrush detection unit. Consequently, this approach operates
faster than the conventional differential relays.
Performance of the proposed approach as compared with that
of the conventional differential relay for various internal faults
and system disturbances is summarized in Table I. The last four
cases indicate occurrence of an internal fault after the inrush
current. It shows that in most cases, the operation time of the
proposed differential relay is lower for about a quarter-cycle.
Moreover, the approach issues the trip command much faster
than the conventional relay in the case of an internal fault following an inrush current.
VII. CONCLUSION
A new adaptive multiregion differential relay for power
transformers is proposed in this paper. Based on current
trajectory and fault condition, the operational zone of relay
characteristic is divided into three operating regions. Internal
faults are detected by conventional differential relays, while
the current trajectory remains in the operational zone of low
impedance characteristic for a certain time. But in the proposed
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relay this fix time is adaptively changed through a weighting
procedure. A weighting factor is adopted to the current trajectory signals of each phase according to associated region, in
which higher weights are considered for the faults with a higher
degree of certainty. Afterwards, the cumulative WF of three
phases is utilized to send trip command.
In addition, two control regions (Inrush-Region and
CTSDEF-Region) are utilized to stabilize relay in the case
of inrush current and CT saturation to adapt WF of operating
regions. Internal faults incorporated with inrush current are
detected by adaptive division of the Inrush-Region.
The simulation studies show that the proposed adaptive logic
is able to improve the differential relay performance and increase the relay flexibility in adaption to the fault condition. The
obtained results indicate that the proposed approach can accelerate the relay operation in internal faults. Also it can stabilize
the differential relay in the non-faulty conditions.
APPENDIX
The parameters of the 230 kV system used for the simulation
studies are as follows.
a) Equivalent source:
kV,
b) Power transformer parameters: YNd11, core-type threephase,
230 kV,
63 kV
160 MVA,
16.5%
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