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Statement of problem:

An important step in the design of any power system is the time-current
coordination of all over current protection relays. When a short circuit or an abnormal
power flow occurs for a sustained period of time, the protective devices should react to
isolate the fault with minimum disruption to the balance of the system. Thus the
coordination of over current relay depends on the input current value, current setting
value, and the time multiplier setting controls the relay tripping time. The accurate
determination of over current coordination is essential to get maximum reliability and

selectivity in power systems.

Introduction:

Power system protection is about detecting faults and taking action like tripping of
faulty apparatus to minimize damage as well as provide less cost of repair. This function is
implemented by a decision making element called a relay. A relay can be thought of as a
microprocessor to analysis power system voltages and currents for the purpose of
detection of faults in an electric power system [1]. Microprocessors contribute to increase

reliability, selectivity and reduced cost of network maintenance [2].



This research work studies one of the fundamental principles of protection which is
over current protection. It is the most widely used relay in power systems [2]. It is used for
both primary and back-up protection which appears in every protective area in the power
system [5]. The basic principle is that when the current is flowing into the over current relay
exceeding the setting value, the relay operates with setting time delay and trips the related

circuit breakers [6].

The Saudi Electricity Company dedicates millions of Saudi Riyals (S.R) to build the
stations annually due to the expense of the devices. Therefore, relay settings must be
carefully chosen in every device to avoid unintended operations which might lead to
stations being overloaded which can cost the company millions (S.R). Most importantly, this
leads to the loss of electricity to customers. Early studies have been done on this matter.
Peter E. Sutherland used the conventional per unit time-current curve in an industrial
power system [3]. Hairi, Alias, Aras, Basar, and Fah used Computer Aided Protection
Engineering (CAPE) for distribution networks [4]. Cheng-Hung and Chao-Rong used Genetic
Algorithm for Overcurrent Relay Coordination in an Industrial Power System [12].
Nikolovski, Havranek, and Marié, used DIgSILENT Power Factory software modeling features

in distribution networks [13].

ASPEN One Liner is the leading short circuit and relay coordination program [14]. The
coordination of over current relays is to determine settings for relays that will send trip
signals in the right time to operate circuit breakers in case of a fault [3]. Therefore,

elements of Alstom’s book will be used for test the short circuit and relay coordination



program to be enabled to follow and evaluate the over current relay coordination in

different system of voltages for the Western Region of the Electricity Power Network.

Background on over current relays:

The over current relays are normally used for protection against over currents.
This relay takes input current from a current transformer (CT) and operates if the input
current is higher than the pickup value [1]. Figure 1 shows the logic of an over current relay
where if the input current value exceeds the setting value, the relay detects an over current
and make a trip signal to the breaker to operate and isolate the fault. The relay sends a trip
signal instantaneously after picking up the fault (in the case of instantaneous over-current
relays) or it can wait for a set time before making a trip signal (in the case of time over

current relays). This time delay is also known as the operation time of the relay [7].

Input Current

Trip Signal

Comparator

Pickup Value

Fig. 1. Logic representation of Over-Current Relay



Generations protection of equipment manufacturing:

Protection equipment manufacturing in the past involved several methods of
generation. In the beginning they were composed of electromagnetic devices, and then

came to include protection static relays devices, ending with digital relays.

The first generation (electromagnetic):

In the first generation of manufacturing methods, the idea of the device was based on
the current that passes through coils making the core become temporarily magnetized,
accompanied by a magnetic force that can attract the iron armature to operate the contact.

However, when the coil is de-energized the contact is released, as shown in figure 2.



Fig. 2. Electromechanical relay for a feeder.

The advantage is that it always remains stable. The disadvantages involve the need
regular maintenance of its moving parts and the need to reset the settings from time to

time to ensure the accuracy of the measurement [15].

Second generation (Static Relays):

The second generation of operational amplifiers adopted comparison of the current
flowing through the circuit and the setting values. If the setting values are exceeded the

relay sends a signal to the circuit breaker to operate, as shown in figure 3.



-
-

Fig. 3. Static Relays.

The advantage was that it works without moving parts, which was used in the
previous generation. The disadvantage is that it is affected by the temperature and can

become unstable.

Third generation (Digital Relays):

The basic idea of this new technology is transformation of the voltage and current
signals to the numbers stored in the memory with update continuously (figure 4). It is
stored in one cycle or two the voltage and current. Then the protection program tracks the

change in the values of these signals through equations and identifies the malfunction.



Fig. 4. Digital Relays.

The advantage is the ability to change the setting values of the device

automatically and detect malfunctions and classify them accurately.

Classification of Over Current Relays:

Instantaneous Over Current Relays:

The first type is known as Instantaneous over Current (OC). The protection device
will operate if the current exceeds the setting value. This type is suitable for operating on

high current faults that must be removed immediately [1].



Definite Time Over current Relay:

This type of relays operates if the current exceeds the setting value and sends a trip
signal the breaker to isolate the fault after a specified time and for avoiding isolating

circuits during transient period [1].

Inverse Definite Minimum Time (IDMT):

This combines the advantages of previous types and operates according to the
inverse relationship between the current and time operation [8]. Features are not affected
by the transient fault and at the same time operate in the case of high current faults [9].
This type of device is usually provided with multiple curves tendencies to suit all uses and
gives a variety of speeds for the same current value [10]. It is inversed in the initial part with

low currents then followed by a second part, Instantaneous OC with high currents.



In accordance with IEC 60255, the characteristics of IDMT relays are

represented with the following equation:

T = — 1><'['MS

Where:

T: Relay operation time.
C: Constant for relay characteristic.

Is: Current Set point.
I: Current Input to the relay.

a: Constant Representing Inverse Time Type (a: > 0).

TMS: Time Multiplier setting controls the relay tripping time.

Table | below shows values for a and C corresponding to each curve [11]:



TABLE 1

DIFFERENT TYPES OF INVERSE CHARACTERISTICS CURVES

Relay Characteristic Type o C

Standard Inverse 002 | 0.14

Very Inverse 1 13.5

Extremely Inverse 2 80

Long Inverse 1 120

Single line diagram of (380/110/13.8 KV BSP):
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Fig. 5. 380kV/110kV system network.
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Fig. 7. 13.8kV switchgear.
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