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ABSTRACT
This thesis is about calculating the short-circuit current on an overhead high voltage
transmission line. The intention is to provide engineers and technicians with a better
understanding of the risks and solutions associated with power transmission systems and
its electrical installations. Two methods (“Impedance method” and “Composition
method”) have been described to facilitate with the computation of the short-circuit
current. Results yielded from these calculations help network administrators to select the
appropriate protective devices to design a secured system. Description and
implementation of these protective devices are explained and the procedure on how to
ensure reliability and stability of the power system is shown.
The “Composition method” deals with the concept of “short-circuit power”. Short-circuit
power is the largest possible value of power that the network can provide during a fault, it
is totally depended on the impedance of the components and also how the components
are setup in the network. In reality this method is more useful because the value of the
short-circuit power at the point pole is provided by the suppliers and this value is
considered to be the total short-circuit power at that point, which also takes into account
the impedance of the entire power net. When short-circuit occurs in a point along the
transmission line, first the short-circuit power at that point is calculated and then the
short-circuit current is calculated by using a simple formula. The short-circuit power at
the point of the fault is calculated by calculating the total impedance at that point from
the point pole (including the impedance of the point pole). From the impedance the shortcircuit power is easily calculated.
To protect the system from short-circuit current an experiment was conducted to detect
the short circuit current and then prevent it from flowing through the transmission line.
This was achieved by using the SPAA 120 C Feeder protection relay. The feeder
protection relay triggers a magnetic switch to open the circuit if it senses a current higher
than the set value.
The mathematical part of this thesis work teaches how to calculate the short-circuit
current in a transmission line in two different ways using two different methods. The
result from the experiment teaches how to install the protective device (SPAA 120 C) to
create a secured system.
The main objective is to be able to determine the maximum short-circuit current of any
transmission line and to be able to transfer power in a safe manner by using the SPAA
120 C feeder protection relay.
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Chapter 1: INTRODUCTION
1.1 Electrical power transmission system
The distribution of electricity from one place to another is not a new concept, it dates
back to the late 19th century. Moving electricity in bulk is formally referred to as
transmission.
Electrical transmission system is the means of transmitting power from generating station
to different load centers. Transmission networks are transmission lines interconnected
with each other. Electricity traverses through these networks at high voltages (between
138 kV to 765 kV) to minimize energy loss during transmission.
There are different ways of transmitting power but the widely used transmission system
is through overhead power lines because it’s cheaper and has greater operational
flexibility. shows a simplified diagram of an overhead transmission system. [1][2]

Figure 1-1 Electrical power transmission system.

1.2 Challenges faced during power transmission
1.2.1 Dangers of short-circuits
High voltage transmission lines are in danger of “short-circuit currents” or “fault
currents” flowing through the network when short-circuits suddenly occur.
The magnitude of this short-circuit current is so high that it could rampage through a
network, destroying everything in its wake. Short-circuit current subjects all components
to thermal, magnetic and mechanical stress.
This stress varies as a function of the current squared and the duration of its propagation.
It also increases the potential to damage equipment, cause personnel injury or fatality and
start an unsuspecting fire.
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Figure 1-2 Damaged caused by short-circuit current.

1.2.2 Causes of short-circuits
Undesired short-circuits can occur for many different reasons. Some causes of faults are
natural like: lightning strikes, storms, tree branches touching power lines, animals
gnawing at electrical insulation and animals coming in contact with two conductors
simultaneously. And sometimes short-circuits can even be caused by humans. [3]

Figure 1-3 Short-circuits can appear for various reasons.

1.2.3 Prevention of short-circuits
The growing demand of more power results in the construction of new power stations and
transmission lines, making it even more susceptible to short-circuit occurrence. Currents
from separate power stations concentrate near the fault, resulting in a total short-circuit
current that can be many times higher than usual. [3]
In an attempt to have any control over short-circuits, power systems and equipment are
designed carefully, as well as proper installation and maintenance are done to deliver
power to the end users in a safe manner. Unfortunately, even after all these precautions
short-circuit do occur.
Short-circuits must be detected and removed from the system as quickly as possible. This
is achieved through protective circuit devices – circuit breakers and feeder protection
relays. [1]
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Figure 1-4 Block diagram of a secured transmission line.
These devices must be able to interrupt high currents instantly and repeatedly because
several faults can occur in quick succession. Once the value of the current has dropped
down to a safe level the devices should turn the system back up. They should also be able
to stop and withstand the maximum short-circuit current that can flow through the circuit,
otherwise, the protective devices would be damaged and needed to be changed regularly,
making it costly and impractical. So, it is very important to be able to calculated the
maximum short-circuit current at any point in the system in order to select and install the
correct devices. [4]

1.3 Useful places for Short-circuit current calculation
Calculation of short-circuit current requires to consider each and every components in the
circuit till the point of the fault. Even the source/sources are taken under consideration.
Short-circuit calculations are done at all the critical points in the system, which includes:
¾
¾
¾
¾
¾
¾
¾

Service Entrance
Panel Boards
Motor Control Centers
Transfer Switches
Load Centers
Disconnects
Motor Starters

1.4 Overview
In this study, the calculation and prevention of short-circuit current in the overhead
transmission lines were the focus of the research. The different types of short-circuit, the
nature of the short circuit current and how to calculate them along with some detection
methods will be discussed in Chapter 2: and Chapter 3: will illustrate the mathematical
model, and Chapter 4: will demonstrate the application of this model for some
hypothetical situations.
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Chapter 2: LITERATURE SURVEY
2.1 Transmission lines
2.1.1 Introduction
To transmit electrical power over long distances high voltage transmission lines are used.
High voltage transmission lines are normally used to transmit power from power
generation stations to electrical substations located near end users. High voltage
transmission lines are also used for load sharing between main distributions centers by
transferring electrical power between them. High voltage transmission lines mean that
can carry voltages between 138KV to 765KV.
High voltage transmission is different from local distributions between substations and
consumers, which is generally referred to as “electric power distribution”. With highvoltage transmission lines, voltages can be stepped up at the power plants, transmitted
through the transmission grid to load centers and then stepped down to lower voltages
required by the distribution lines. [5][6]

2.1.2 Requirement of transmission lines
Transmission lines should be able to transmit power over the given distance efficiently
and economically, and satisfy the mechanical and electrical requirements given in the
regulations. The lines should be able to withstand the local weather conditions like wind
pressures and temperature fluctuations. The regulation also requires giving the voltage
drop between the sending and the receiving end, the possibility of corona formations and
their corresponding losses.
As far as the general requirements of transmission lines are concerned, the lines should
have enough capacity to transmit the required power, should be able to maintain a
continuous supply of power without failure and should be mechanically strong to avoid
failures due to mechanical breakdowns. [7]

2.2 Short-circuit
2.2.1 Introduction to the short-circuit phenomenon
A short-circuit is an accidental or intentional low resistance or impedance connection
established between two points in an electric circuit that bypasses part of the circuit. The
current in an electric circuit flows through the path of least resistance and if an alternate
path is created where two points in a circuit are connected with low resistance or
impedance then current will flow between the two points through the alternate path. In
short circuit conditions the normal level of current flow is suddenly increased by a factor
of hundreds or even thousands, which is a deadly magnitude. This flow of high current
through the alternate path is known as short circuit current.
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The consequences of a short circuit can be disastrous. The consequences are dependent
on the capacity of the system to drive short circuit current and the duration it is allowed
to flow in a short circuit situation. Locally at the short circuit point there may occur
electrical arcs causing damage to insulation, welding of conductors and fire. On the faulty
circuit, electro dynamic forces may result in deformation of bus bars and cables and the
excessive temperature rise may damage insulation. Other circuits in the network or in
nearby networks are also affected by the short-circuit situation. Voltage drops occur in
other networks during the time of short circuit and shutdown of a part of a network may
include also “healthy” parts of the network depending on the design of the whole network
Electrical installations require protection against short circuit current. The calculation of
short-circuit current must be done at each level in the installation in order to determine
the important specifications and standards of the equipment and conductors required to
withstand or break the short circuit current. [8]
A short-circuit current analysis is probably one of the most crucial calculations of the
electrical design process. This analysis allows designers to find the maximum available
short circuit current at different points in the electrical system. The short circuit current
found is then used to design and specify fault ratings for electrical components that can
withstand the tremendous forces of short circuit without harming occupants and without
damaging equipment. This calculation can also help identify potential problems and
weaknesses in the system and assist in system planning. To calculate the results correctly
it is important to know all the parameters of a circuit. Especially in short circuit situations
the behavior of the circuits are “strange” and there is no linearity between the voltage of
the system and the current flowing.

2.2.2 Types of short-circuit
Three-phase electric power is a kind of poly-phase system and it is a method of AC
electric power generation, transmission, and distribution. It is the most popular and the
most commonly used method by electric power grids worldwide to transfer power. It is
also used to power heavy loads and large motors. A three-phase system is normally more
economical than an equivalent single-phase system or two-phase system at the same
voltage level, since it uses less conductor material to transmit electrical power. The threephase system was independently invented by Galileo Ferraris, Mikhail DolivoDobrovolsky and Nikola Tesla in the late 1880s. [9]
In a three-phase system various types of short circuit can occur, which may be
categorized as shunt faults and series faults. The most occurring types of shunt faults are:
a) Phase-to-earth (80% of faults): Phase-to-earth is the most occurring fault. This type
of fault occurs when one conductor falls to ground or contacts the neutral wire. It
could also be the result of trees falling on top of the lines.(See Figure 2-1 (a)) [7]
b) Phase-to-phase (15% of faults): Phase-to-phase fault is the result of two conductors
being short-circuited. For example: a bird could sit on one line somehow coming in
contact with other, or a tree branch could fall on top of two of the power lines. (See
Figure 2-1 (b))[8][7]
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L3

L3

L2

L2

L1

L1

IK1

(a) Phase-to-earth short-circuit.

IK2

(b) Phase-to-phase short-circuit clear of earth.

Figure 2-1 Phase-to-earth and Phase-to-phase Short-circuit
c) Phase-to-phase-to-earth: This can be a result of a tree falling on two of the power
lines, or other causes. (See Figure 2-2 (a
d) d)Three-phase (only 5% of initial faults): It is the least occurring fault, this type of
fault can only occur by a contact between the three power lines in various forms
(See Figure 2-2 (b))
L3

L3

L2

L2

L1
IK2EL3

L1
IK2EL23

IK3

(a) Phase-to-phase-to-earth short-circuit.

(b) Three phase short-circuit.

Figure 2-2 Phase-to-phase-to-earth and Three-phase Short-circuit.
e) Phase-to-phase-to-phase-to-earth fault: It is also known as the three phase to ground
fault. (See Figure 2-3 (a))
Series faults can occur along the power lines as the “result of an unbalanced series
impedance condition of the lines in the case of one or two broken lines for example. In
practice, a series fault is encountered, for example, when lines (or circuits) are controlled
by circuit breakers (or fuses) or any device that does not open all three phases; one or two
phases of the line (or the circuit) may be open while the other phases or phase is closed.”
[7]
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Short-circuit current

L3

Partial short-circuit
currents in conductors and
earth.

L2

Phase 1:- L1 (Brown),
Phase 2:- L2 (Black),
Phase 3:- L3 (Grey),
L1
Neutral :- N (Blue),
Ground / protective earth:-(Green / yellow
striped)
IK2EL23
IK2EL3
International Standard IEC60446 Electrical
Cable Color code for European Union and all
countries who use European CENELEC
standards April 2004 (IEC60446), Hong Kong
(a) Phase-to-phase-to-phase-to-earth short-circuit. from July 2007, Singapore from March 2009.

Figure 2-3 Phase-to-phase-to-phase-to-earth Short-circuit.
The primary characteristics of short-circuit currents are:
a) Duration: The current can be self-extinguishing, transient or steady-state.
b) Origin: It may occur due to mechanical reasons (break in a conductor, two
conductors coming in contact electrically via a foreign conducting object),
internal or atmospheric overvoltage and insulation breakdown due to humidity,
heat or a corrosive environment.
c) Location: Inside or outside a machine or an electrical switchboard. [8]

2.2.3 Short-circuit current
Voltages generated in the power stations are of sine-wave form, hence, the current
flowing through the lines are also of sine-wave form, commonly known as “AC current”.
AC currents could be “Symmetrical” or “Asymmetrical” in nature.

ZERO
AXIS

Figure 2-4 Symmetrical AC current.
The above figure shows the wave of an AC current which has the same magnitude above
and below the zero-axis.
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When the wave form of the current is symmetrical about the zero-axis it is called
“Symmetrical current” and when the wave of the current is not symmetrical about the
zero-axis then it is called “Asymmetrical current”. [9]

ZERO
AXIS

Figure 2-5 Asymmetrical AC current.
The wave of the current has different magnitude above and below the zero-axis.

ZERO AXIS

Figure 2-6 Short-circuit current.
Short-circuit currents are a mixture of symmetrical and asymmetrical currents, they are
asymmetrical during the first few cycles after short-circuit occurs and gradually becomes
symmetrical after a few cycles. Oscillation of a typical short-circuit current where the
maximum peak occurs during the first cycle of the short-circuit current when the current
is asymmetrical, the maximum value of the peak gradually reduces to a constant value as
the current becomes symmetrical.
Theoretically, asymmetrical currents are considered to have a DC component and an AC
component. The decaying nature of the short-circuit currents are due to the DC
component which is usually short lived and disappears in a few cycles. The DC
component is produced within the AC system and depends upon the resistances and the
reactances of the circuit. The rate of decay is known as “Decrement”. [10]
Since the short-circuit currents are neither symmetrical nor asymmetrical the available
short-circuit current in RMS symmetrical is considered after the DC component becomes
zero. [9]
8

2.2.4 Parameters of short-circuit current
All electrical circuits contain resistance and reactance which are electrically in series and
have a combined effect on the entire circuit known as “impedance”.
A simplified model of an AC network can be represented by a source of AC power,
switching devices, total impedance Zk which represents all the impedances upstream of
the switching point and a load, represented by its impedance (see Figure 2-7). In a real
network the total impedance Zk is made up of the impedances of all components upstream
of the short circuit. The general components are generators, transformers, transmission
lines, circuit-breakers and metering systems. [8]
If a connection with negligible impedance occurs between point A and point B of a
circuit, it results in a short circuit current Ik limited only by the impedance Zk. The Shortcircuit current Ik develops under transient conditions depending on the relation between
the reactance X and the total resistance R that make up the impedance Z.
If the circuit is mostly resistive the waveform of the current is following the waveform of
the voltage but if there are inductances in the circuit the waveform of the current will
differ from the waveform of the voltage during a transient time of the process.
In an inductive circuit the current cannot begin with any value but zero. The influence of
inductances is described by reactance X in AC circuits with a fixed frequency of the
voltage. In low voltage systems where cables and conductors represent most of the
impedance it can be regarded as mostly resistive. In power distribution networks the
reactance is normally much greater than the resistances. The total magnitude of
impedance Zk is calculated using Equation 2-1.
Equation 2-1

ܼ ൌ ටܴଶ  ܺଶ
Rk is the total resistance in ohms and Xk is the total reactance in ohms.
A

Zk
Uf

R

X

Load

B

Figure 2-7 Simplified network diagram
In the simplified circuit above the voltage is constant and so is the total impedance.
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In power distribution networks, reactance X is usually greater than resistance R and the
ratio of R / X is between 0.1 and 0.3. This ratiois virtually equal to cos φ for low values.
The characteristics of all the various elements in the fault loop must be known. [8]
ɔ ൌ 


ξଶ   ଶ

Equation 2-2

The above equation seems simple, but in practice it is very difficult to accurately
calculate the impedance Zk. A variety of voltage sources (power stations, synchronous
motors, etc) are connected to a large shared network through a variety of lines and
transformers. [11] [12]

2.3 Calculation Method
2.3.1 Introduction
Calculation of the short-circuit current involves the representation of the entire power
system impedances from the point of the short-circuit back to and including the source(s)
of the short-circuit current. The value of the impedance depends on the short-circuit
ratings for the devices or equipment under consideration.
After all the components in the fault loop is represented with their corresponding
impedance, the actual short-circuit computation is very simple. The standards propose a
number of methods. Application guide C 15-105, which supplements NF C 15-100
(Normes Françaises) (low-voltage AC installations), details three methods.[8]
1) The Impedance Method
2) The Composition Method
3) The Conventional Method
For the purpose of this study only the first two Methods are considered.[11]

2.3.2 Theory for calculating short-circuit current using the impedance
method
The “impedance method”, reserved primarily for low-voltage networks, it was selected
for its ability to calculate the short-circuit current at any point in an installation with a
high degree of accuracy, given that virtually all characteristics of the circuit are taken into
account. [8]
The main objective is to calculate the short-circuit current and to provide the correct
protective equipment designed to isolate the faulted zone in the appropriate time. The
basic process of a fault current analysis is summing each component (transformers and
conductors) together, from (and including) the source to the fault point to get the total
impedance at a particular point along the path. In order to sum these impedances, the
individual resistances and reactances of all the various components must first be summed.
[7]
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In order to perform a fault current analysis, some information must be obtained from the
utility, manufacturers and the designers. The three phase short-circuit current Ik can be
calculated by applying Ohm’s law.
ܫ ൌ 

ܷ
ܼ

Equation 2-3

where Zk = resulting impedance per phase from the voltage source to the fault point and
Uf = phase voltage of the voltage source.
Uf and Zk can be regarded to be the Thevenin voltage and Thevenin impedance per phase
in the three phase net seen from the fault point. Ik can be regarded as the short current
source in the equivalent per phase Norton circuit.
In order to perform a fault current analysis, all the characteristics of the different
elements in the fault loop must be known. These information's are provided by the utility,
manufacturers and the designers. [8]
The information's needed to perform this process are as follows:
1) Utility ratings.
2) Transformer ratings.
3) Transmission cable information (e.g. Length, Type, Area).
Equation 2-3 implies that all impedances are calculated with respect to the voltage at the
fault location, this leads to complications that can produce errors in calculations for
systems with two or more voltage levels.
It means that all the resistances and the reactances of all the components on the high
voltage side of the line must be multiplied by the square of the reciprocal of the
transformation ratio while calculating a fault on the low voltage side of the transformer.
2.3.2.1 Generators
Generators continue to produce voltage even after a short-circuit has occurred, this
generates a short-circuit current that flows from the generator(s) to the short-circuit.
Generators have their own internal impedances which limits short-circuit current flowing
from the generators to the fault point. The resistance of a generator is considered to be
zero, so, the impedance of the generator is completely depended on its reactance. The
derivation of the equation to calculate the reactance of a generator is shown below
ܫ ൌ ݇ ή ܫ

ܫ  ൌ 

ܵ
ξ͵ܷ

ǡ ܫ ൌ 

ܧ
ܷ
Ƭܧ ൌ
ܺீ
ξ͵
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Equation 2-4

This Gives,
ܷ
͵
ܫ ൌ ξ
ܺீ
Substituting ܫ and ܫ in Equation 2-4
ܷ
ξ͵  ൌ ݇ ή  ܵ
ܺீ
ξ͵ܷ
The reactance of generator is
ܺீ ൌ 

ܷ ଶ
ܫ
൬ ൌ  ൰
݇Ǥܵ
ܫ

Equation 2-5

2.3.2.2 Transformers
The resistance R and the reactance X should be calculated from the transformer ratings.
The resistance and the reactance will most commonly be expressed as a percentage value
on the transformer rated kVA.
The percentage resistance voltage drop is
ݑ ൌ ൛ሺܫଵ ή  ܴଵ ሻΤ൫ܷଵ ή ͳͲͲ൯ൟ ൌ  ൛ሺܫଶ ή  ܴଶ ሻΤ൫ܷଶ ή ͳͲͲ൯ൟ
The percentage reactance voltage drop is
ݑ௫ ൌ ൛ሺܫଵ ή  ܺଵ ሻΤ൫ܷଵ ή ͳͲͲ൯ൟ
where, In1 = Primary rated current , Rk1 = Primary equivalent resistance , Un1f = Primary rated
voltage per phase and Xk1 = Primary equivalent leakage reactance.
The percentage of short-circuit voltage is
ܷ ൌ ඥሺܷ ሻଶ  ሺܷ௫ ሻଶ
Resistance:
ሺܷ ሻଶ
ܷ
݄݉Ԣݏ
൰ή
ͳͲͲ
ܵ

Equation 2-6

ሺܷ ሻଶ
ܷ௫
்ܺ ൌ ൬
݄݉Ԣݏ
൰ή
ͳͲͲ
ܵ

Equation 2-7

்ܴ ൌ ൬
Reactance:
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2.3.2.3 Transmission Lines
The resistance and the reactance of the cables are generally expressed in terms of ohmsper-phase per unit length. For high-voltage (above 600 volts) cables the resistance
becomes so small that it is normally omitted and only the reactance of the cables are
estimated to be equal to the impedance of the cables. If the lengths of the cables are less
than 1000 feet then the entire impedance can be omitted with negligible error.
The Resistance of transmission line is
ܴ ൌ ߩ ή

݈ሺ݇݉ሻ
݄݉Ԣݏ
ܣሺ݉݉ଶ ሻ

Equation 2-8

For copper wire ߩ ൌ ͳǤ ή ͳͲି଼ ȳ and for aluminum wire ߩ ൌ ʹǤ ή ͳͲି଼ ȳ .
The reactance of transmission line is
ܺ ൌ ݈ ή ݇

Equation 2-9

k = 0.4 (For copper wire).
2.3.2.4 Other circuit impedances
There are many other components in a power transmission system like circuit breakers,
bus structures and connections whose impedances are generally not considered in the
calculation of the total impedance of the circuit because their effects of the impedances
are insignificant. Neglecting this components in the calculation computes a short-circuit
current which is in fact bigger than the actual short-circuit current. These components are
only included in the calculation if the system designer wants the use of low rated circuit
components.

2.3.3 Theory of calculating short-circuit current using the “composition
method”
The “composition method” is used when the characteristics of the power supply are not
known. The upstream impedance of the given circuit is calculated on the basis of an
estimate of the short-circuit current at its origin. Power factor cos φ = R / X is assumed to
be identical at the origin of the circuit and the fault location. In other words, it is assumed
that the elementary impedances of two successive sections in the installation are
sufficiently similar in their characteristics to justify the replacement of vector addition of
the impedances by algebraic addition. This approximation may be used to calculate the
value of the short-circuit current modulus with sufficient accuracy for the addition of a
circuit. [8]
The short-circuit power is the maximum power that the network can provide to an
installation during a fault. It depends directly on the network configuration and the
13

impedance of its components through which the short-circuit current passes. With shortcircuit power Sk, in a fault point (or an assumed fault point) we mean:
Equation 2-10

ܵ ൌ  ξ͵ ή ܷ ή ܫ

where U = normal line voltage before the short-circuit occurs and Ik = the short-circuit
current when the fault has occurred. This means of expressing the short-circuit power
implies that Sk is invariable at a given point in the system regardless of the voltage. The
advantage with this concept is that it is a mathematical quantity that makes the
calculation of short-circuit currents easier.
The part short-circuit power is defined as the short-circuit power that is developed in a
device according to Equation 2-10 if the device is fed by an infinite powerful net (that is
a generator with internal impedance = 0) with line voltage U, if we get a short-circuit at
the terminals of the device.
Devices mean both active devices that can deliver power, and passive devices. A
transformer and a transmission line are examples of passive devices. They can deliver
power only if they are connected to a feeding net where there are generators.
Combining Equation 2-3 and Equation 2-10 gives:
ܵ ൌ ܷ ଶ Τܼ

Equation 2-11

Equation 2-11 can calculate the part short-circuit power for a device if the impedance Zk
is known or its impedance can be calculated if the part short-circuit power is known.
The process of using the "composition method" method is very similar to the “impedance
method”, here the vector quantity of the short-circuit power for each component in the
system are calculated separately and added together (including the total apparent power
of the net Skn ) to calculate the total short-circuit power Sk.
Consider the system below:
T1
A

P
U

B

L1

L2

C

T2
T3
Skn =1000MVA
Cosφ = 0.15

Figure 2-8 Schematic diagram of a simple transmission system.
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The vector representation of the total short-circuit power at point P is:
ܵԦே ൌ ܲ  ݆ܳ
Where ܲ ൌ  ܵே  ή  ܳ݀݊ܽ߮ݏܥൌ  ܵே  ή ܵ݅݊߮
The total short-circuit power at point A is:
ͳ
ͳ
ͳ
ൌ

ܵԦ
ܵԦே ܵԦଵ
The total short-circuit power of the two parallel transformers T1 and T2 is:
ܵԦ் ൌ  ܵԦ்ଵ   ܵԦ்ଶ
The total short-circuit power at point B is:
ͳ
ͳ
ͳ
ൌ

ܵԦ
ܵԦ ܵԦ்
Similarly, the total short-circuit power at the point of the short-circuit is calculated if
there are more components in the circuit.
Another technique is the vector addition of the impedances of all the components, instead
of the vector summation of the short-circuit power of each component. Then Equation
2-11 is used to calculate the total short-circuit power which is then substituted in
Equation 2-10 to calculate the total short-circuit current of the circuit.
The complex form of the impedance is expressed as Z = R + jX. Where, R is the
resistance of the component and X is the reactance of the component.
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Chapter 3: MATHEMATICAL DESIGN
3.1 Short-circuit calculation using the impedance method
Figure 3-1 shows a schematic diagram of a typical three-phase transmission system
commonly found in Sweden, where all equipment and cables are three-phase. The ratings
of the components shown in the figure are the typical ratings of those components at
these voltage levels.
T1
B

A

G
6 KV
Ik = 6.05∙ In
Sn = 5 MVA

6/40 KV
ur = 3%
uk = 5%
Sn = 5 MVA

T2
C

R = 24 Ω
X = 16 Ω

D

Three-phase
short circuit

40/10 KV
ur = 3%
uk = 5%
Sn = 2 MVA
Figure 3-1 Schematic diagram of a three phase power transmission system

A fault has occurred at point D. To calculate the short-circuit current the resistance and
the reactance of each components are calculated separately before calculating the total
impedance. The diagram is showing four components, hence, the whole system is divided
into four sections to facilitate the calculation process.
Figure 3-2 shows the first section of the whole system. The resistance and the reactance
of the cable connecting the generator to the transformer T1 are negligible in this
particular example.
Only the reactance of the generator is needed to be calculated.

T1
A

G

XG
E1

6 KV
Ik = 6.05∙ In
Sn = 5 MVA
(a) Schematic diagram From generator to
point A.

(b) Equivalent circuit diagram for generator per
phase.

Figure 3-2 Section one of Figure 3-1 (Generator to point A) .
From the generator ratings ܫ  ൌ ǤͲͷ ൈ ܫ
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ܫ  ൌ 
ܫ ൌ 

ܧ
ൌ ǤͲͷ ൈ ܫ
ܺீ
ܵ

ܷ ξ͵

ܽ݊݀ܧ ൌ

ܷ
ξ͵

Substituting In & Ef in the above equation
ܷ
ξ͵

ൌ  ܺீ ൈ ǤͲͷ ൈ

ܵ
ܷ ξ͵

This gives,
ܺீ ൌ 

ܷଶ

ǤͲͷ ൈ ܵ

ܺீ  ൌ 

ܷଶ
ሺ ݇݁ݎ݄݁ݓൌ  ܫ Τܫ ሻ
݇ ൈ ܵ

The value of XG are at Un = 6 kV and therefore should be recalculated to Ue = 10 kV
ࢄࡳ  ൌ 

ܷଶ
ܷଶ
ܷଶ
ͳͲଶ
 ଶ  ൌ 
ൌ
ൌ Ǥ  ષΤ܍ܛ܉ܐܘ
݇ ൈ ܵ ܷ
݇ܵ
ǤͲͷ ൈ ͷ

Figure 3-3 shows the transformer T1 with all its rating. Equation 2-6 and Equation 2-7
are used to calculate the resistance and the reactance of T1.
RT1

T1
A

XT1

B
A

6/40 KV
ur = 3%
uk = 5%
Sn = 5 MVA
(a) Schematic diagram of Transformer T1

B

(b) Equivalent circuit diagram OF Transformer T1

Figure 3-3 Section two of Figure 3-1 (Point A to B).
ܷ ܷଶ
ܷ௫ ܷଶ
்ܴ ൌ 
ή
்ܽ݊݀ܺ ൌ
ή
ͳͲͲ ܵ
ͳͲͲ ܵ
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ݑ ൌ  ඥݑଶ  ݑ௫ଶ
Ue = 10 kV is used instead of Un
ࡾࢀ ൌ

͵ ͳͲଶ
Ǥ
 ൌ Ǥ  ષΤ܍ܛ܉ܐܘ
ͳͲͲ ͷ

ܷ௫ ൌ ටܷଶ െ ܷଶ   ൌ  ඥͷଶ െ ͵ଶ  ൌ Ͷ
ࢄࢀ ൌ

Ͷ ͳͲଶ
Ǥ
 ൌ Ǥ ૡ ષΤ܍ܛ܉ܐܘ
ͳͲͲ ͷ

The transmission line shown in Figure 3-4 connecting the two transformers T1 and T2 has
its own resistance and reactance which cannot be ignored and must be considered while
calculating the total impedance of the system.
T1

RL
B

XL

T2
C

C

B

R = 24 Ω
X = 16 Ω
(b) Equivalent circuit diagram of the
transmission line

(a) schemetic diagram of the transmission line

Figure 3-4 Section three of Figure 3-1 (Point B to C).
For 40 kV line, R = 24Ω & X = 16 Ω. these values apply at 40 kV, So they will be
converted for Ue = 10 kV.
ࡾࡸ ൌ ʹͶǤ

ͳͲଶ
 ൌ Ǥ  ષΤ܍ܛ܉ܐܘ
ͶͲଶ

ࢄࡸ ൌ ͳǤ

ͳͲଶ
 ൌ  ષΤ܍ܛ܉ܐܘ
ͶͲଶ

Figure 3-5 shows another transformer T2, the same techniques and equations that were
used for T1 previously are used again to calculate the resistance and the reactance of T2.
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T2
C

RT2

XT2

D
C

40/10 KV
ur = 3%
uk = 5%
Sn = 2 MVA

D

(b) Equivalent circuit diagram OF Transformer T2

(a) Schematic diagram of Transformer T2

Figure 3-5 Section four of Figure 3-1 (Point C to D).
ࡾࢀ

͵ ͳͲଶ
ൌ
Ǥ
 ൌ Ǥ  ષΤ܍ܛ܉ܐܘ
ͳͲͲ ʹ

ࢄࢀ ൌ

Ͷ ͳͲଶ
Ǥ
 ൌ Ǥ  ષΤ܍ܛ܉ܐܘ
ͳͲͲ ʹ

After calculating the resistances and the reactances of each component, the entire
complex system can be simplified and represented as a simple series circuit consisting of
a voltage source Uf and the respective values of R and X of all the various components as
shown in Figure 3-6.
XG = 3.3 Ω
+
UAf
‒

XL = 1.0 Ω

XT1 = 0.8 Ω
RT1 = 0.6 Ω

+

+

RL = 1.5 Ω

‒

RT2 = 1.5 Ω
ZT2

UCf

UBf

XT2 = 2.0 Ω

‒

Figure 3-6 Equivalent circuit diagram of the entire system.
The total resistance of the entire modeled system is:
ࡾ ൌ ்ܴଵ   ܴ   ்ܴଶ  ൌ ͲǤ  ͳǤͷ  ͳǤͷ ൌ Ǥ  ષΤ܍ܛ܉ܐܘ
The total reactance of the entire modeled system is:
ࢄ ൌ ܺீ   ்ܺଵ   ܺ   ்ܺଶ ൌ ͵Ǥ͵  ͲǤͺ  ͳ  ʹ ൌ ૠǤ  ષΤ܍ܛ܉ܐܘ
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U=0

The total impedance is:
ࢆ ൌ ටܴଶ  ܺଶ  ൌ  ඥ͵Ǥଶ  Ǥͳଵ  ൌ ૡ ષΤ܍ܛ܉ܐܘ
The individual resistances and the reactances are added together to calculated the total
impedance of the system.
The final stage of this method is presented in Figure 3-7, it is the same system only
represented as a Thevenin equivalent circuit. Now the short-circuit current can be easily
calculated by using Equation 2-3.

ࡵ ൌ


಼

ൌ

ଵ
ξଷൈ଼

 ൌ ૠ

D
3.6 Ω

U

f

10000
3

7.1 Ω

Zk = 8 Ω

Load

Figure 3-7 Equivalent net per phase seen from point D.
This is one method to calculate the short-circuit current and probably the easiest method.
But in the real world it is virtually impossible for the consumers to see the generators,
since they only get to work with a relatively small portion of the network due to the
immense size of the entire power net.

3.2 Short-circuit calculation using the composition method
Branches from the net spread out to feed cities and villages with power. The point from
which the suppliers are distributing power to these consumers is known as the point pole.
Behind that point is the whole network and the suppliers are not responsible after that
point. The suppliers are obligated to provide the consumers with the following three
parameters:
1) Apparent short-circuit power SkN
2) Power factor cos φk
3) Voltage U
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3.2.1 Case 1
Figure 3-8 shows a schematic diagram of a small section of a typical transmission line in
Sweden. The values of the parameters that are being considered are typical values that
motivate the exact values.
P

8 km

A

130/50 KV

B
50/10 KV

30 MVA
SkN = 1000 MVA
cos φk = 0.15
Figure 3-8 A small power transmission system where P refers to the point pole of the system.

Let’s consider Figure 3-8 and assume that a fault has occurred at point B to demonstrate
the calculation of short-circuit current using the composition method.
To facilitate the calculation process the system is divided into smaller sections where
each section contains only one component of the system. Instead of calculating the shortcircuit power at each and every point, the total impedance at the fault point in complex
form is calculated and then the total short-circuit power is determined using Equation
2-11. The idea is to calculate the resistances and reactances of each of the various
components and add them together to calculate its impedance in complex form.
3.2.1.1 The first section of the transmission line is the point P.
Figure 3-8 shows that at point P the value of the apparent power SkN = 1000 MVA and

cos φk = 0.15 and the voltage is 50 kV. These parameters are used to calculate the
impedance Z at point P.
ܼൌ

ܷଶ
ͷͲଶ
ൌ
ൌ ʹǤͷ݄݉ԢݏȀ݁ݏ݄ܽ
ܵ ͳͲͲͲ

The impedance Z at P can be regarded as the internal impedance of the entire power
supply system behind that point.
The internal resistance is:
ܴே ൌ ܼ ή ܿݏφ ൌ ʹǤͷ ή ͲǤͳͷ ൌ ͲǤ͵ͷ݄݉ԢݏȀ݁ݏ݄ܽ
And the internal reactance is:
ܺே ൌ ܼ ή ܿݏφ ൌ ʹǤͷ ή ͲǤͻͺͻ ൌ ʹǤͶ݄݉ԢݏȀ݁ݏ݄ܽ
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3.2.1.2 The second section is the transmission line from P to A.
The transmission line from P to A is 8 km long, it is made of copper and has an area of
ʹͶͲ݉݉ଶ . The resistance and the reactance of the line are calculated by using Equation
2-8 and Equation 2-9 respectively.
The resistance of the line is:
ܴଵ ൌ ߩ ή

݈ሺ݇݉ሻ
ͳǤͷ
ͺ
ή
 ൌ ͲǤͷͺ͵݄݉ԢݏȀ݁ݏ݄ܽ
ܣሺ݉݉ଶ ሻ
ʹͶͲ

The reactance of the line is:
ܺଵ ൌ ݈ ή ݇ ൌ ͺ ή ͲǤͶ ൌ ͵Ǥʹ݄݉ԢݏȀ݁ݏ݄ܽ
The total impedance in complex form is:
ܼ ൌ ܴே   ܴଵ  ݆ሺܺே  ܺଵ ሻ ൌ ͲǤ͵ͷ  ͲǤͷͺ͵  ݆ሺʹǤͶ  ͵Ǥʹሻ݄݉ԢݏȀ݁ݏ݄ܽ
ܼ ൌ ͲǤͻͷͺ  ݆ ή ͷǤ݄݉ԢݏȀ݁ݏ݄ܽ
ZA represents the total impedance at point A in complex form.
The short-circuit power at point A can be calculated by using Equation 2-11. The value of
the total impedance at point A is the modulus of ZA.
ܼ ൌ  ȁܼ ȁ ൌ ͷǤ͵݄݉ԢݏሺͷͲܸ݇ሻ
The total short-circuit power at point A is:
ܵ

ܷ ଶ ͷͲଶ
ൌ
ൌ
ൌ Ͷ͵ͷܣܸܯ
ܼ ͷǤ͵

3.2.1.3 The third section contains the transformer between A and B.
A

50/10 KV

Sn
ur
ux
uk

B

= 30 MVA
= 0.507%
= 13.5%
= 13.5%

Figure 3-9 The transformer between point A and point B of Figure 3-8
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Figure 3-9 shows a transformer with a power rating of 30MVA, ݑ ൌ ͳ͵ǤͷΨ,
ݑ ൌ ͲǤͷͲΨ and ݑ௫ ൌ ͳ͵ǤͷΨ. The values of the transformer ratings are typical values
found in the transformers in Sweden at 50/10 kV level.
To calculate the impedance at point B the resistance and the reactance of the transformer
are vectorially summed with ܼ . The resistance and the reactance of the transformer are
calculated by using the given values in Equation 2-6 and Equation 2-7 respectively.
்ܴ ൌ

ݑ ܷଶ
ͲǤͷͳ ͷͲଶ
Ǥ
ൌ
ή
ൌ ͲǤͶʹ͵݄݉ԢݏȀ݁ݏ݄ܽ
ͳͲͲ ͵Ͳ
ͳͲͲ ܵ

்ܺ ൌ

ݑ௫ ܷଶ
ݑ௫
ͳ͵Ǥͷ
Ǥ
ൌ  ή  ்ܴ ൌ 
 ൌ ͳͳǤʹͷ݄݉ԢݏȀ݁ݏ݄ܽ
ͲǤͷͳ
ͳͲͲ ܵ
ݑ

By calculating the vector sum of ZA, RT and XT the total impedance at point B is
calculated.
ܼ ൌ ͲǤͻͷͺ  ்ܴ  ݆ ή ͷǤ  ்ܺ ݄݉ԢݏȀ݁ݏ݄ܽ
ܼ ൌ ͲǤͻͷͺ  ͲǤͶʹ͵  ݆ሺͷǤ  ͳͳǤʹͷሻ ൌ ͳǤ͵ͺ   ή ͳǤͻʹ݄݉ԢݏȀ݁ݏ݄ܽ
The voltage at point B is at 10 kV and the voltage at point A is at 50 kV. So, ZB is
multiplied with the square of the reciprocal of the different voltages to convert it to a
voltage level of 10 kV.
ܼ ൌ ൬

ͳͲ ଶ
൰ ή ሺͳǤ͵ͺ  ݆ ή ͳǤͻʹሻ ൌ ͲǤͲͷͷʹ   ή ͲǤ݄݉Ԣݏ
ͷͲ

The modulus of ܼ is:
ܼ ൌ  ȁܼ ȁ ൌ ͲǤ݄݉
The total short-circuit power at point B is:
ܵ ൌ 

ͳͲଶ
ൌ ͳͶͺܣܸܯ
ͲǤ

The short-circuit current ܫ at point B is calculated using Equation 2-10
ܫ ൌ 

ܵ
ξ͵Ǥ ܷ

ൌ

ͳͶͺͲͲͲͲͲͲ
ξ͵ ή ͳͲͲͲͲ

ൌ ͺͷͶͷܣ

This example shows how to calculate the short-circuit current in a transmission system
where there are only two components (transmission line and transformer). In reality a
transmission system consists of numerous different transformers and cables. The
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calculation of short-circuit current for such a system is exactly identical to the above
calculation, no matter how many transformers or cables are on the transmission system
their corresponding impedances are vectorially added together to determine the total
impedance of the system up to the fault point.

3.2.2 Case 2
Sometimes the components are not connected in series as shown in CASE 1, they can
also be connected in parallel. The general concept of the short-circuit calculation is still
the same, only the calculation technique is slightly different as explained below.
130/50 KV

L1 = 8 km
L3 = 8 km
L2 = 4.5 km

50 KV

A

T1

SkN = 1000 MVA
cos φk = 0.15

T2

B

10 KV
Figure 3-10 A small transmission system with two transformers connected in parallel.

The same model of a typical transmission system from Figure 3-8 is considered but
instead of one, two 50 kV lines L1 and L3 is connected and two transformers T1 and T2
are connected in parallel as shown in Figure 3-10. The two lines are identical. Both are
8km long, made of copper and have an area of 240݉݉ଶ . The two transformers are also
identical, each having a power rating of 30MVA,ݑ ൌ ͳ͵ǤͷΨ, ݑ ൌ ͲǤͷͲΨ and
ݑ௫ ൌ ͳ͵ǤͷΨ. The calculation for the total power at point B would differ in the following
way:
The resistance and the reactance values of L1 are already calculated in CASE 1,
ܴଵ ൌ ߩ ή

݈ሺ݇݉ሻ
ͳǤͷ
ൌͺή
 ൌ ͲǤͷͺ͵݄݉Ȁ݁ݏ݄ܽ
ଶ
ʹͶͲ
ܣሺ݉݉ ሻ

and
ܺଵ ൌ ݈ ή ݇ ൌ ͺ ή ͲǤͶ ൌ ͵Ǥʹ݄݉Ȁ݁ݏ݄ܽ
Since, L1 and L3 are identical the total resistance and the reactance of the cables are:
ܴ ൌ ܴଵ ൌ  ܴଷ
24

And
ܺ ൌ  ܺଵ ൌ  ܺଷ
The total impedance of the cables is:
ܼୀ ටܴଶ  ܺଶ ൌ ඥͲǤͷͺ͵ଶ   ͵Ǥʹଶ ൌ ͵Ǥʹ݄݉Ԣݏ
The short-circuit power due to the two cables is:
ܵ

ݑଶ
ͷͲଶ
ൌʹή
ൌ ʹ ή
ൌ ͳͷͲܣܸܯሺͳ͵ ሻ
ܼ
͵Ǥʹ

The apparent power ܵே ൌ ͳͲͲͲ ܣܸܯis given on the figure, this value of the apparent
power is a typical value in Sweden on a 50KV point pole.
The short-circuit power at point A is:
ܵ ൌ

ܵே ή ܵ
ͳͲͲͲ ή ͳͷͲ
ൌ
 ൌ Ͳͺܣܸܯ
ܵே  ܵ ͳͲͲͲ  ͳͷͲ

To calculate the short-circuit power at point B the combined short-circuit power of the
parallel transformers is needed to be calculated,
்ܵଵ ൌ  ்ܵଶ ൌ

ͳͲͲ ή ୬ ͳͲͲ ή ͵Ͳ
ൌ
ൌ ʹʹ͵ܣܸܯሺͳʹ ሻ
ͳ͵Ǥͷ
୩

Two parallel transformers give
்ܵ ൌ ʹ ή ʹʹ͵ ൌ ͶͶܣܸܯ
The short-circuit power at point B is:
ܵ ൌ

ܵ ή ்ܵ
Ͳͺ ή ͶͶ
ൌ
 ൌ ʹͷܣܸܯ
ܵ  ்ܵ Ͳͺ  ͶͶ

Similarly more components can be included if needed.
Then the short-circuit current ܫ is calculated with Equation 2-10
ܫ ൌ 

ܵ

ൌ

ʹͷͲͲͲͲͲͲ

ൌ ͳͶͺ͵ͺܣ
ξ͵Ǥ ܷ
ξ͵Ǥ ͳͲͲͲͲ
It is observed that short-circuit current increases if the transformers are connected in
parallel.
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Chapter 4: SOFTWARE DEVELOPMENT
A software was developed that calculates the short circuit current on a transmission line.
The software does this calculation by using the Impedance Method. Since, the software
uses the Impedance Method all the values of the parameters of all the components must
be inserted.

Figure 4-1 Starting Window
Figure 4-1 shows the starting window of the program. A typical transmission system is
programmed in the software, the system contains a power generator, two transformers
and a transmission line.

Figure 4-2 Example 1
Figure 4-2 shows a picture of a working program. It shows the value of the short circuit
current at the given ratings of the components when a fault has occurred after the second
transformer (Transformer 2).
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The software was programmed to calculate the short-circuit current in 3 different points
on the transmission line. To calculate the short-circuit current, it is not necessary to insert
the values of all the components ratings in the program, only the ratings of the parameters
from the fault point to and including the generator are required to be inserted.

Figure 4-3 Example 2
Figure 4-3 shows another example of the program. It is now showing the value of the
short-circuit current when a fault has occurred just before the second transformer (
Transformer 2). Since, the short-circuit current was calculated before Transformer 2 the
ratings of this transformer was not added.
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Chapter 5: Laboratory Work
5.1 Introduction
Electrical power transmission system designers need to ensure the propagation of
electricity through a transmission line in a safe and reliable manner. The designers
achieve this by selecting the appropriate protective devices that can provide the proper
protection against short-circuit current, overcurrent and earth-fault.
There are numerous protective devices like fuses and circuit breakers but for overhead
transmission lines and cables the most popular protective device is the “Feeder protection
relay”. It merges the directional earth fault protection unit and the two phase overcurrent
unit into one relay. It also includes the circuit-breaker failure protection. Unlike a circuit
breaker, a feeder protection relay can be adjusted and modified to react to a specific value
of the current. These feature is extremely useful because it allows the same device to be
used at different points in the circuit having different short-circuit current or overcurrent
ratings.
The purpose of this lab was to design a circuit and install a feeder protection system.
Then a situation is created where a high current is produced in the circuit to test if the
feeder protection system works properly and if they are able to terminate the flow of
current.
Generating a short-circuit current in the lab is dangerous. Since, overcurrent is a kind of
short-circuit current, an overcurrent was created by adding a resistive load in parallel
with one of the phase load.
The feeder protection relay monitors the current flowing through the transmission line,
when it senses the short-circuit current, it then triggers the magnetic switch which opens
the circuit and stops the flow of current. It's a simple concept but it is immensely essential
for the protection of the power transmission system.

5.2 Schematic circuit diagram
Figure 5-1 shows the schematic circuit diagram of the laboratory setup.
The power source used here is a delta to wye three phase power transformer (3 kVA).
A 500V/75A three phase magnetic switch is connected in series between the power
source and the transmission line for opening and closing the electricity supply when
needed.
A current transformer and an ammeter are connected in series per phase to measure and
display the flow of current respectively. A 0-30A analog ammeter is used to display the
current flow from the power source to the load.
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The current transformer continuously measures the current flow and sends the measured
value to the feeder protection relay. The rating of the current transformer used in this
experiment is 5/1 A.
Power
Source

Magnetic
Switch Ammeter

L1

L2

L3

L1

Transmission Line
136 km Long

A

Load

A

Load

A

Load
3

L2
65

S1 S2

Current
Transformer

1

9

25
I3 7 27 ITTot
o
ot

I1

66

S3
50 Ω

Feeder Controller

Figure 5-1 Schematic circuit diagram of laboratory work.
The transmission line used in this experiment is a line model equivalent to 77 kV of 136
km long line.
The load used in this experiment is a resistive load and can be changed if needed.
To test for short-circuits, a 50 ohm resistive load and a push to on switch S3 (connected
in series with ground) is connected in parallel with one of the phase load. This creates a
low resistance path on that phase, which in turn allows a high current to flow. This high
current is seen as an overcurrent propagating through the circuit and is used to trigger the
feeder protection relay.
When the feeder protection relay determines a short-circuit or overcurrent in the
transmission line it sends a signal to the magnetic coil L2 which is installed in the
magnetic switch. The magnetic switch opens the circuit and thus protects it from damage.
The feeder protection relay used in this laboratory work is the "SPAA 120C Feeder
protection relay" which is manufactured by ABB.
After the cause of the short-circuit is dealt with and removed, switch S1 is used to trigger
the main magnetic coil L1 to close the circuit and allow the flow of current through the
transmission line again.
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5.3 Hardware Implementation
5.3.1 Components description
Table 5-1 Components list and ratings.
Component
Power Source
(Three phase full
transformer)

Model No
TPK 18024

02

Magnetic Switch

EF 60 - 1

03

Current
Transformer

04

Line model
corresponds to a
power transmission
line of a
Length 136 km
Voltage 77 kV
Ampere 100 A
Power rating 13
MW

05

Feeder Protection
Relay

06

Variable Load
Resistor

07
08
09
10
11

Ammeter
Voltmeter
Switch: Push to On
Load Switch
Cables

01

Ratings
Primary: 230 V
Secondary: 2 x 115 V
Power rating: 3 kVA
Frequency: 50-60 Hz
Voltage 500 V
Ampere 100 A
Primary: 25/10/5 A
Secondary: 1 A
Burden: 7 VA
Frequency: 50 Hz

MV1420

SPAA 120 C

MV 1100

MV 1400
MV 1500

Voltage 220-240 V,
Three-phase (corresponding to 77 kV)
Ampere 5 A (corresponding to 100 A)
Line resistance 1.5 ohms
Line reactance 3.15 ohms
Line capacitance:
Divided into capacitance to earth (4 μF)
Mutual line capacitance:
Between phases (8 μF).
Earth impedance 0.8 ohm
Operating Voltage 80...265 V
Auxiliary Voltage 18...80 V
Rated Current In 1A / 5A
Frequency: 50/60 Hz
Connection type: Y
Voltage: 3 X 220 V
Ampere: 0.5 - 5.0 A
Resistance: 0 - 100 Ω
Power rating: 3.3 kW
0 - 30 A (AC)
0 - 1000 V (AC)
380 VAC / 10 A
380 VAC / 16 A
380 VAC / 16A
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Table 5-1 shows the list of components used in the laboratory work, this table also shows
the ratings that were selected for all the individual components.
To design a protected transmission line the SPAA 120 C Feeder Protection Relay was
installed after the Magnetic Switch with Current Transformers. The Feeder Protection
Relay was calibrated according to the ratings of the circuit in Figure 4-1. For the purpose
of this particular experiment only four parameters of the SPAA 120 C were required to be
calibrated.
The parameters are as follows:
I> = 1.0 * In
t> = 2.0[s]
I>> = 2 .0* In
t>> = 0.1[s]
I> is the low-set stage and I>> is the high-set stage of the overcurrent. The values of
these two stages were set by using the value of In. The resistance of the experimental
circuit was 57.5 ohms (line resistance = 1.5ohms and the load resistance = 56ohms) and
the voltage was 230V which gives a full load current of 4 amps. This is the normal
operating current of the circuit, this value of the current can only be increased if there is
any extra load or fault. Therefore, the value of In was selected to be 4 amps (In = 4
amps).
To test the Feeder Protection Relay the value of low-set stage was set to 4 amps by
multiplying In with 1.0 ( 0.5...5.0 x In) and the value of the high-set stage was selected to
be twice the nominal current In by multiplying In with 2.0 (0.05...40.0 x In).
The selection of the low-set stage time (t>) and the high-set stage time (t>>) was selected
to be 2.0s and 0.1s respectively. A detailed description of the Feeder Protection Relay
and its parameters are described in Section 4.4. The calibration process of the parameters
are explained in Appendix B.
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5.3.2 Hardware setup
Figure 5-2 shows the complete physical setup of the schematic diagram in Figure 5-1.
220 V AC
Δ to Υ
Power
Source

Magnetic
Switch

Ammeter
S2

S1

Current
Transformer

Line model, 77 kV
line of 136 km

Top View

50 Ω Register
connected with
Ground

Load

Front View

Feeder Controller

S3

Figure 5-2 Hardware setup for laboratory work.

5.4 Feeder Protection Relay
In this experiment the SPAA 120 C Feeder protection relay was particular selected for its
unique features:
1) Two phase low set overcurrent unit with inverse or definite time characteristics.
2) Two phase high set overcurrent unit with instantaneous or delayed operation.
3) Field configurable output relay functions.
4) Integrated circuit breaker failure protection unit.
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5) Numerical readout of measured values, elapsed times, recorded fault current
values, settings values, etc.
6) Continuous self supervision of the relay including both hardware and software.

Figure 5-3 Feeder protection relay SPAA 120 C.

5.4.1 Description
The two phase low set overcurrent unit and the two phase high set overcurrent unit
continuously measures the two phase currents. If the value of one of the phase current is
higher than the setting value of the low set overcurrent stage, then the feeder protection
unit starts and simultaneously starts its time circuit. The unit trips the magnetic switch
after the set operate time has timed out.
The high set stage of the overcurrent unit operates instantaneously but the low set stage
of the overcurrent unit can be given an inverse definite time characteristic or a definite
time characteristic. At inverse time characteristics the effective setting range of the low
set overcurrent stage is 0.5 to 2.5 X In and the range of the start current setting on the
relay is 0.5 to 5 X In ( start current setting above 2.5 X In of the low set stage is
considered to be equal to 2.5 X In).
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An external control voltage is used to control and provide the feeder protection relay with
a controlled input. The function selector switches of the relay module determines the
effects of the control input on the relay. The control input can be used for preventing
more than one protection stages, for selecting a new set of setting values for the relay or
for resetting a latched output relay when manual resetting is required.

5.4.2 Operation Indicators
The red light of the operation indicator TRIP is lit when one of the protection stages has
tripped. The red light indicator remains lit after the stage resets. The indicator is reset
with the top push-buttons RESET STEP. The protection functions are always alert
regardless whether the operation indicators have been reset or not.
Indicators for
measured quantities

Relay symbol

Display
Reset / Step push-button

Indicator for setting
parameters

Programming push-button
Trip indicator

Figure 5-4 Front panel layout of SPCJ 4D44.
When one of the protection stages trips ( I>, I>>, I0> or I0>>), then the faulty phase is
indicated by the yellow LEDs. For example, if the TRIP indicator is lit and the LEDs L1
and L3 are also lit, it means that tripping is due to overcurrent on phases L1 and L3.
The leftmost digit in the display acts as a visual operation indicator and also as an address
indicator for various type of data. Only the red digit in the display is lit when the display
acts as an operational indicator.
The IRF indicator will be lit only if the self supervision system of the relay detects a
permanent fault. A control signal is transmitted simultaneously to the output relay of the
self supervision system and a fault code appears on the display, indicating the type of the
fault. This fault code cannot be reset until the fault has been removed. The fault code
appears on the display as a red number 1 followed by a green code number.
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Table 5-2 describes the key to the different operation indicator code numbers.
Table 5-2 Operation Indicator

Display

Description

1

I> START

= Overcurrent low-set stage I> started

2

I> TRIP

= Overcurrent low-set stage I> tripped

3

I>> START

= Overcurrent high-set stage I>> started

4

I>> TRIP

= Overcurrent high-set stage I>> tripped

5

U0> START

= Residual overvoltage stage started

6

I01> START = Neutral current low-set stage I01 > started

7

I01> TRIP

= Neutral current low-set stage I01 > tripped

8

I02> TRIP

= Neutral current low-set stage I02 > tripped

9

CBFP

= Circuit breaker failure protection tripped

10

IL1, IL3

= Phase currents

11

I0

= Neutral current

12

U0

= Residual voltage

5.4.3 RELAY SETTINGS
The right most 3 digits of the display shows the setting values. The setting value which is
being displayed is indicated by an indicator being illuminated which is close to the
setting value symbol.
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Table 5-3 Relay Settings
Setting

Parameter

Setting range

I> [In]

The starting current of the low-set stage of the overcurrent
unit as a multiple of the rated current In of the selected
energizing input
- at definite time characteristic
- at inverse time characteristic
Note!
At inverse time characteristic any setting above 2.5 x In
will be regarded as being equal to 2.5 x In.

0.5...5.0 x In
0.5...2.5 x In

t> [s]

The operation time of the I> stage, expressed in seconds,
when the low-set stage of the overcurrent unit is operating
with definite time characteristic (SGF1/1,2,3=0).

0.05...300 s

k

The time multiplier k1, when the low-set stage of the
overcurrent unit is operating with inverse definite
minimum time characteristic.

0.05...1.00

I>> [In]

The starting current of the high-set stage of the
overcurrent unit as a multiple of the rated current of the
selected energizing input.
Additionally, the setting "infinite" (displayed as ----) can
be selected with switch SGF1/7, which takes the high-set
stage I>> out of operation.

0.05...40.0 x In

t>> [s]

The operation time of the high-set stage I>> of the
overcurrent unit, expressed in seconds.

0.04...300 s

U0> [%] The starting voltage of the residual voltage stage U0 as a
percentage of the rated voltage of the selected energizing
input.

2.0...80.0% Un

I01> [%]

The starting current of the low-set stage I01> of the earthfault unit as a percentage of the rated current of the
selected energizing input.

1.0...25.0% In

t01> [s]

The operation time t01> of the low-set stage I01>of the
earth-fault unit, expressed in seconds.

0.1...300 s

The starting current I02> of the high-set stage as a
percentage of the rated current of the selected energizing
input. Additionally, the setting "infinite" (displayed as ---)
can be selected, with switch SGF1/8, which takes the
high-set stage of the earth-fault unit out of operation.

2.0...150% In

I02>[%]

[14][15]
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Chapter 6: Conclusion and Future Work
6.1 Conclusion
Over the years, the unceasing growth of the transmission system is making the
calculation of short-circuit current highly challenging for the system engineers. It is
absolutely imperative for the electric service companies to provide power in the most
reliable manner possible. So, to aid the engineers, the “impedance method” and the
“composition method” have been developed and consistently modified and upgraded to
provide a greater accuracy in the calculation of short-circuit currents. Implementation of
these methods provides an outcome that can be used by the system engineers to design
the transmission system according to the desired standard. In this thesis work the study of
short-circuit current calculation on an overhead transmission line was successfully done.
Two methods were used to calculated the short-circuit current accurately.
The calculation of short-circuit currents also protects the system from damage, fire and
other physical hazards. This is achieved by choosing the proper protective devices based
on the calculated result. In the laboratory part of this thesis the SPAA 120 C Feeder
Protection Relay was successfully implemented to prevent short-circuit current from
flowing through the circuit.
The growth of the transmission system also made the calculation process complicated and
time consuming to be done by hand. So, it has become essential to develop computer
software that simplifies these complicated calculations. A software development was also
a part of this thesis work and a software was developed to calculate the short/circuit
current on a transmission line.

6.2 Future work
This thesis is separated into three distinct sections; the first section focuses on the
mathematical theory behind the calculation of short-circuit current, the next section deals
with the laboratory work and the last part deals with the development of the software.
This work could be improved by developing the calculation for the fault current due to
“Earth-fault”.
Another improvement could be made in the future by developing the calculation of
“Overcurrent”.
Both the laboratory work and the software could be improved in the future by
incorporating the “Earth-fault” and the “Overcurrent” into these sections.
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APPENDIX A:
Specification of the Feeder Protection Relays
Protection functions of the feeder protection relays SPAA 120 C.

The figure below illustrates how the start, trip, control and blocking signals can be
configured to obtain the required functions to suit the requirements of the intended
application.
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The figure below shows the separate switches of the switch groups. The rated current of
the fault protection unit of the feeder protection relay SPAA 120 C is 5A for input 25-26
and I A for input 25-27.

Complete connection diagram for the feeder protection relay SPAA 120 C.
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The figure below shows the terminal numbers and their corresponding functions.
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APPENDIX B:
Configuration of the Feeder Protection Relays
Basic principle of entering the main menus and submenus of a relay module.
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Sequence diagram of the main and submenus for the settings of the overcurrent of the
relay module SPAA 120 C.
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Manual setting procedure of Feeder protection relays SPAA 120 C.
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