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Abstract

This paper presents a new approach for a current differential
protection of the transmission lines. This approach is based on
the Park transformation or ABC-dgo transformation. Using
the ABC-dqgo transformation the three phase quantities are
transformed into a synchronous rotating reference frame. In
this way, the line currents of the three phase system are
measured and transformed into three dc components. So,
immunity to problems such as sampling misalignment and
time delay of the communication channel will be improved.
Several test results are presented in order to show the
effectiveness of the proposed approach.

1 Introduction

With the introduction of digital relays, it was possible to
implement more effective protection schemes. Some
techniques that can be used for digital protection of
transmission lines are symmetrical components [1],
differential equation algorithm and travelling wave algorithm
[2,3]. Furthermore, this technology also allows implementing
current differential protection schemes to transmission lines,
specially using digital techniques coupled to modern
communication links for data transmission.

Current differential relays are widely used for the protection
of electrical equipment such as transformers and generators
against internal faults. The main reason for using this relay
type is due to their simplicity and high sensitivity. So, with
the development of digital relays and communication
technology, current differential relays have also been used for
the protection of transmission lines [4,5,6]. However, when
this relay type is applied to transmission lines there are some
problems such as sampling misalignment, time delay of the
communication channel, line capacitive charging current and
errors in current transformers make current comparison
difficult to achieve. So, several alternative approaches to
conventionally applied current differential relays have been
proposed. So, approaches based on composition of the modal
voltage and current measurements at both ends [7] and based
on the comparison of the integration of current signals under
half cycles at both ends [8] have been proposed. The first one
presents the advantage of improvement to the relay sensitivity
but the misalignment between samples can originate some

problems. The other one presents the solution for the
misalignment between samples but depends totally on the
zero crossing. Other approaches have been used as a solution
for the misalignment between samples problem [9,10,11].
However, in some specific conditions these approaches can
cause a fault detection failure [12].

This paper presents a new approach for a current differential
protection of the transmission lines. This approach is based on
the Park transformation or ABC-dgo transformation in order
to transform the three phase quantities into a synchronous
rotating reference frame. So, the current measurements at
both ends are transformed into a synchronous rotating frame
using.

This paper is organized as follows. Section 2 describes the
new proposed approach for the current differential protection.
In order to show the effectiveness of the proposed
methodology several simulation results are presented in
section 3. Section 4 presents the conclusions of the work.

2 Proposed current differential line protection

The principle of the current differential line protection rests in
the comparison of the sum of the incoming and outgoing
currents at the terminations, with a restraint current function
depending on the same currents. Local determination of the
differential and restraint currents calls for the transmission of
currents from the other terminations. Therefore it is required a
constant use of transmission channels (Figure 1).
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Figure 1: Current differential protection scheme.

However, normally the current differential relays present
problems such as sampling misalignment and time delay of
the communication channel. So, to improve the immunity to
such problems it is proposed an approach based on the Park
transformation. The incoming and outgoing currents at the
terminations are all transformed into new quantities by the



ABC-dgo transformation. Fig. 2 shows the proposed approach
for the current differential relay.
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Figure 2: Proposed approach for the differential relay.

Using the ABC-dgo transformation the three phase quantities
are transformed into a synchronous rotating reference frame.
To achieve this, the line currents of the three phase system are
measured and transformed into a synchronous rotating frame
using the Clarke transformation followed by the rotating
matrix. Equations (1) and (2) show the result of those
transformations.
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The time varying angle & represents the angular position of
the reference frame which is rotating at constant speed in
synchronism with the three-phase ac voltages. The

components i, and i, represents the resulting current space

vector in the fundamental frequency rotating coordinate

system. The dc components of i, and i, represent the

positive sequence fundamental.

The used angle @ in the Park transformation to transform
is related with the bus S three-phase
Park

is

currents 1, 5 into I .,

ac voltages. The angle & that is used in the

transformation to transform currents lrl,2,3 nto l, dgo

related with the bus R three-phase ac voltages.

Transformed currents 1 dgo and 1, dgo AT€ then used in the

transmission channel between the two relays. Since dc

components of i, and i, represent the positive sequence

q
fundamental, immunity to problems such as sampling
misalignment and time delay of the communication channel
will be improved.

Each of the components of the resulting current space vector
in the fundamental frequency rotating coordinate system will
be used to discriminate a line fault. So, three differential
currents will be obtained, according the dgo components, as
can be seen by the following expressions:
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Analysing each of the dqgo differential currents, it is possible
to discriminate the fault type. Here, it will be used the d
component to identify any line fault. So, the differential relay
operation is implemented comparing iy g Wwith a restraint

current.

The restraining current [, is defined as:
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The operation condition of the differential relay operation is:

Iy,

o = kI,
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where K is a constant coefficient representing the slope of the
relay characteristic. To provide a minimum pick-up current to
the relay, the following condition was also considered:

Iy,

p 2k
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Therefore, the final definition of the differential relay
operation is:

1 >
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After the relay operation it will be analyzed the o component
in order to discriminate between phase to phase fault and
phase to earth fault. So, the following condition allows
identifying the fault type:

lo dif| > ko . earth fault
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transformation will be used. So, currents I

identify the faulted and un-faulted a new

sdgo @nd 1 will

be transformed into new quantities by the dgo-ABC
transformation or the inverse Park transformation. Equations
(9) and (10) show those transformations.
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The used angle @ in the inverse Park transformation located
in relay S is related with the bus S three-phase ac voltages, as
can be seen by Fig. 3. The angle @ that is used in the Park
transformation located in relay R is related with the bus R
three-phase ac voltages.
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Figure 3: Proposed approach for the differential relay.

3 Simulation results

The purpose of this section is to illustrate the performance of
the proposed current differential relay under different
conditions. The presented results are for a 520 kV, 500 km
transmission line. This system has been implemented by the
Matlab/Simulink software program and the Power System
Blockset.

Different types of internal faults are evaluated to verify the
effectiveness of the proposed approach. Fig. 4 shows the line
differential currents for a three-phase short circuit. As

expected from this result, there is a significant change in the
amplitude of the differential currents after the three-phase
short circuit.
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Figure 4: Differential line currents before and after a three
phase fault.

Fig. 5 shows the test results of the dqo differential currents for
a three-phase short circuit fault. From these results it is
possible to verify that those currents are dc components. The
amplitude of d component is related with the amplitude of the
abc differential currents. Since the d component is related
with the active power, this component is fundamental in order
to conclude about a line fault. This result also shows that
there is a significant change in the d component amplitude
before and after the fault. So, this type of fault is easily
identified by the analysis of the d component. Since there is
not an earth fault, as expected the current differential o
component is nearly zero.
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Figure 5: Differential line currents after ABC-dqo

transformation before and after a three phase fault.

Fig. 6 shows the differential line current for a short circuit
fault between phase a and b. As expected from this result,
there is a change in the amplitude of the current in the fault
phases.
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Figure 6: Differential line currents before and after a phase to
phase fault.

The differential line currents after ABC- dgo transformation
before and after a phase to phase fault are presented in Fig. 7.
From this result it is possible to verify that those currents
present a similar result then the three-phase short circuit. In
fact, after the short circuit fault between phase a and b there is
a suddenly change in d and ¢ components. The amplitude of
the d component increases and the ¢ component decreases
after the fault. This is expected since the d component is
related with the active power the g component is related with
the reactive power. However, in this case, after the short
circuit the dg differential currents present a dc and an ac
component. This indicates that the system it is not
equilibrated. So, since the current differential o component is
nearly zero and there is an ac component a phase to phase
fault it is clearly identified.
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Figure 7: Differential line currents after ABC-dgo

transformation before and after a phase to phase fault.

Internal phase to earth faults were also simulated. Fig. 8
shows the differential line currents before and after for a short
circuit fault between phase a and earth. From this result, it is
possible to verify that there is a change in the amplitude of the
phase a differential.
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Figure 8: Differential line currents before and after a phase to
earth fault.

Fig. 9 shows the test results of the dgo differential currents
before and after for a short circuit fault between phase a and
earth. This result shows that dg components present a
significant change. Again, the amplitude of the d component
increases and the ¢ component decreases after the fault. So,
all fault types can easily be identified by the analysis of the d
component. However, in this fault type (phase to ground
fault) the current differential o component is not anymore
nearly zero, presenting now a significant ac component. So,
by the analysis of the o component it possible to easily
identify earth faults.
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Figure 9: Differential line currents after ABC-dqo

transformation before and after a phase to earth fault.

The effect of fault resistance is investigated for internal faults.
Fig. 10 shows the effect of fault resistor variation on the
differential characteristic. In this figure it is presented the d
component of the differential currents for a no fault situation
and for a phase to earth fault with a fault resistor of 200Q and
1000Q. It is also presented d component of the differential
currents for a phase to phase fault with a fault resistor of
1000Q. It is clear that in all test cases the operating
characteristic is always greater than the d component of the



differential current for a no fault situation. On other hand, the
operating characteristic is always smaller than the d
component of the differential current for a fault situation.
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Figure 10: Effect of fault resistor variation on the percentage
differential characteristic.

In several digital transmission line protection based on current
differential, the sampling at the ends of the transmission line
is unsynchronized. Therefore the samples from the two
transmission line ends may not be aligned. As a consequence,
instability of the protection scheme could be happen [8].
However, in this methodology this is not critical. This can be
illustrated by an example of a phase to phase fault and a time
delay of the transmitted signals. So, in Fig. 11 it is illustrated
the d component of the differential currents for a phase to
phase fault with and without time delay of the transmitted
signals. In this case it was used a time delay of 2 ms and
10 ms. As can be seen by this figure, the time delay of the
transmitted signals does not present any problem for the
stability of the proposed protection scheme.
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Figure 11: Proposed approach for the differential relay.

4 Conclusions

An investigation of a new approach for a current differential
protection of the transmission lines was presented and
analyzed. In this new approach Park transformation or ABC-

dgo transformation has been used. Using this concept the
three phase quantities are transformed into a synchronous
rotating reference frame. This will transform the three phase
line currents into three dc components. Therefore, immunity
to problems such as sampling misalignment and time delay of
the communication channel will be improved. For the
differential characteristic it is only required to analyse the d
component of the differential line currents. The effectiveness
of the proposed approach was analyzed by several simulation
results.
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