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ABSTRACT

This digital writing will provide
students with the concepts of
transmission lines of electrical power
system such as their functions, types
of transmission lines, equivalent
circuit diagram, single phase phasor
diagram, voltage regulation, the
losses in transmission line, and the
transmission insulators. It is
organized base on syllabus of Power
System (DET30053) course,
Department of Electrical Engineering,
Polytechnic of Malaysia.
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INTRODUCTION TO ’%\%
TRANSMISSION LINES

An Overview
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National Grid System

Source: Tenaga Nasional Berhad
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FUNCTION OF
TRANSMISSION LINES

A TRANSMISSION LINES is used for
transmission of electrical power from
generating substation to the various
distribution units. It transmits the wave of
voltage and current from one end to
another. The transmission line is made up of
conductor having a uniform cross-section
along the line. Air act as an insulating or
dielectric medium between the conductors.
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TYPES OF
TRANSMISSION LINES
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Short
Transmission Line

Medium
Transmission Line

Long
Transmission Line
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Equivalent Circuit
Diagram for Transmission
Lines
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Equivalent Circuit Diagram for
Short Transmission Line
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Equivalent Circuit Diagram for
Medium Transmission Line
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Equivalent Circuit Diagram for
Long Transmission Line
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Single Phase Phasor
Diagram
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Single Phase
Short Transmission Lines
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VOLTAGE
REGULATION
CONCEPT
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Regulation
&
Per Unit Regulation

When a transmission line is carrying current,
there is a voltage drop in the line due to
resistance and inductance of the line.

The result is that receiving end voltage (VR) of
the line is generally less than the sending end
voltage (VS).

This voltage drop (VS - VR) in the line is

expressed as a percentage of receiving end
voltage VR and is called voltage regulation.
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Transmission
Effiency

The power obtained at the receiving end of a
transmission line is generally less than the
sending end power due to losses in the line
resistance.

The ratio of receiving end power to the sending

end power of a transmission line is known as the
transmission efficiency of the line;
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The Effect of High
& Low Voltage on Transmission
Efficiency

The main advantages of transmitting power
over transmission lines on high voltage are :

e Cost of conductor is reduced for given
power.

e \oltage drop in lines is reduced.

e Efficiency of transmission line is increased.
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Calculate The Current
Based on

Apparent Power
& Real Power
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Calculate The Current
Based on

Apparent Power
& Real Power
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Calculate The Current
Based on

Apparent Power
& Real Power
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Example:

A single phase transmission line transfer 1100kW
power to the factory with the voltage, 11kV and

lagging power factor 0.8. This line have 20
resistance and 3Q) reactance. Calculate:

i) Voltage at the end of transmission
ii) Percentage of voltage regulation
iii) Transmission Efficiency
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Exercise 1

A single phase overhead transmission line delivers

1100kW at 33 kV at 0.8 p.f lagging. The total resistance

and inductive reactance of the line are 10 Q and 15 Q
respectively. Determine :

(i)sending end voltage

(ii)sending end power factor
(iii) transmission efficiency

(Ans: 33709.31V, 0.795, 98.44%)
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Exercise 2

A single-phase overhead transmission line delivers
4000kW at 11 kV at 0.8 p.f lagging. If resistance and
reactance per conductor are 0.15Q and 0.02 Q
respectively. Calculate

(i)percentage voltage regulation
(ii)sending end power factor
(iii) line losses

(Ans: 0.545%, 0.8, 30.992kW)
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Exercise 3

A single-phase 11 kV line with a length of 15km is to
transmit 500 kVA. The inductive reactance of the line is
0.5 Q/km and the resistance is 0.3 QQ/km. Calculate the

efficiency and regulation of the line for 0.8 lagging
power factor.

(Ans: 97.729%, 3.355%)
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The Losses
In
Transmission Line

Dielectric

Heating Loss
esting Loss
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*Corona was electrical discharge emerge around
overhead line conductor, due to air flow where
would disturb radio waves and creating lost power.
When a normal ac voltage is applied across two
conductors with enough spacing between them,
there is no change in the atmospheric conditions
surrounding the conductors. But if the voltage
exceeds a particular limiting value, then the air
surrounding the conductors will gets ionized
and luminous glow (weak purple color) will rise

with hissing sound.
This phenomena is called corona.
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Large corona discharge (white)
around conductors energized
by a 1.5 million volt transformer
in a laboratory.
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The corona discharge around
a high voltage coil.




Corona

Effects

e Power loss

* The 3rd harmonic components makes the current
non-sinusoidal and this increase the corona loss.

* The ozone gas formed chemically reacts with the
conductor and can cause corrosion.

* Light (faint violet glow).
¢ Audible noise (hissing or cracking).
* |nsulation damage.

* Radio, television and computer interference.
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Conductor

Current flows through a transmission line and a line has a finite
resistance there is an un-avoidable power loss

*This is sometimes called conductor heating

*To reduce conductor loss simply shorten the transmission line or use
a larger diameter wire

*Conductor loss cause a phenomenon called skin effect
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Dielectric
Heating Loss

Potential difference between 2 conductors of
a metallic transmission line causing dielectric heating.

*Heat is form of energy and must be taken from the
energy propagating down the line.

*For air dielectric transmission line, the heating loss is
negligible.

For solid core transmission line, dielectric heating loss
increase with frequency.
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Transmission
Insulators

*The insulators provide necessary insulation between
line conductors and supports and thus prevent any
leakage current from conductors to earth.

*A true insulator is a material that does not respond to
an electric field and completely resists the flow of electric
charge.

*But, a perfect insulator does not exist, because even
insulators contain small numbers of mobile charges
(charge carriers) which can carry current.

Pin Suspension Tension/Strain
Insulator Insulator Insulator
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Transmission
Insulators

Pin Insulator

e Small, simple in construction and cheap.

e Used for transmission and distribution of electrical
power up to 33kV.

e For lower voltage up to 11kV - one piece is used.

e For higher voltage - two or more pieces are used.

e |t becomes more heavy and costly for higher voltages.

e Mounted on the cross-arm of the pole.

e The line conductor is placed in the groove at the top of

insulator and is tied down with binding wire of the same
material as the conductor.
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Transmission
Insulators

Suspension Insulator

*Used for voltages above 33kV.
*Have no. of porcelain disc units which are connected
to one another in series by using metal links to form

a string of porcelain discs.

The top of insulator is connected to the cross-arm of
the tower while the lowest insulator holds the line conductor.

*Each unit is designed for the low voltage about 11kV.

*No. of units depend on the operating voltage i.e. if operating
voltage is 132kV, the no. of units required is 12.
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Transmission
Insulators

Tension@Strain Insulator

*Used for handling the mechanical stresses at angle positions of
the line :

- corner/ sharp curve

- end of lines

- intermediate anchor towers

- long river-crossings

sLow-tension (LT) line - shackle insulators are used

*High-tension (HT) line - assembly of the suspension insulators is
used as ‘strain insulator’ arranged on a horizontal plane.

*On extra long spans (river crossings) two or more strings of strain
insulators are used in parallel.
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Transmission
Insulators

The Advantage & Disadvantages
of Pin Insulator
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Transmission
Insulators

The Advantage & Disadvantages
of Suspension Insulator
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Transmission
Insulators

The Advantage & Disadvantages
of Tension@Strain Insulator

*The strain insulators are exactly identical in shape with
the suspension insulators.

* These strings are placed in the horizontal plane rather
than vertical. As is done in case of suspension insulators.

‘These are used to take the tension of the conductors at
line terminals, at angle towers, at road crossings and at
junctions of overhead lines with cables. These insulators
are therefore known as tension or strain insulators.

TRANSMISSION LINES Page 41



Transmission
Insulators

Voltage Across
Insulator Network

TRANSMISSION LINES Page 42



Transmission
Insulators

Voltage Across
Insulator Network
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Transmission
Insulators

Voltage Across
Insulator Network
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Transmission
Insulators

Example

A network of four insulators is used to hang a single
33kV, three -phase overhead line conductor. The air
or bypass capacity between each lid and tower is 1/10
of the capacity of each unit. Calculate the voltage
across each insulator.

Solution:

Given:

So:
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Transmission
Insulators

So:
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Transmission
Insulators

The Accessories Needed to
Improve Insulator Network Efficiency

*The voltage across the unit nearer to the conductor is more
than the voltage in the unit nearer to the tower.

*100% efficiency means that the voltage across the disc will be
exactly same.
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Transmission
Insulators

The Accessories Needed to
Improve Insulator Network Efficiency

e Increase the length of cross-
arms by increasing the distance
between insulator and tower.

e The ratio of shunt capacitance
to mutual capacitance (k=C1/C)
will reduce to 0.1.

e The network efficiency
increases and the voltage
distribution is more uniform.

e Only suitable for high and large

tower post to support long bar
weight and network insulator.
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Transmission
Insulators

The Accessories Needed to
Improve Insulator Network Efficiency

e Ring way obstruction can be
done with use static shield.

e This static shield assembled on
end lower part insulator unit
connected by using joining of
metal in suspension insulator
and then connects to line
conductor.

Reduce the earth capacitance
and create capacitance between
insulator line and cap.

Higher capacitance in nearby
unit with guard ring and this will
reduce voltage fall in the
insulator.

The same voltage in per unit is
impossible to obtain practically
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