
UNIT- III

LIGHTNING TRANSIENTS

1. What are the causes of over voltages in power systems?(Nov/Dec 2010)
Over voltage on power systems are do various causes. The voltage stresses due to over
voltages can be so high that they may become dangerous to both the lines as well as the
connected equipment and may cause damage, unless some protective measures against these
voltages are taken.

2. Define over voltage protection factor (or) Amplitude factor.
Transient over voltages arising on the power system are assessed by an overvoltage factor. It
is defined as the ratio of the peak overvoltage to the rated peak system, frequency phase
voltage. = ℎ

3. Differentiate lightning over voltage and the switching over voltages
S.No. Lightning over voltages Switching over voltages

1.

It is natural phenomenon. They originate in the system itself by the
connection and disconnection of circuit
breakers contacts or due to initiation or
interruption of faults.

2.
The magnitude of lightning voltages
appearing on transmission lines does
not depend on line design.

Switching over voltage are proportional to
operating voltage.

3.

If the system operating voltage is
less than 500Kv, lightning over
voltages have to be considered.

If the system operating voltage is in the
range of 300kV to 765kV both switching
over voltages and lightning over voltages
have to be considered.

4. Define lightning.(May/June 2012)
Lightning phenomenon is a peak discharge in which charge accumulated in the clouds
discharges into a neighbouring cloud or to the ground. The electrode separation, i.e, cloud-
to- cloud or cloud-to-ground is very large, perhaps 10Km or more. The mechanism of
charge formation in the clouds and their discharge is quite a complicated and uncertain
process.

5. What are the different types of strokes?
Classification of lightning strokes on transmission lines
(a) Direct strokes
(b) Induced strokes.

it is called a direct stroke.
(b) This is the most severe form of the stroke.
(c) However for bulk of the transmission systems the direct strokes are rare.
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6. Explain direct lightning stroke.
Direct lightning strokes
(a) When the thunder cloud directly discharges on to a transmission line tower or line wires



7. Explain induced lightning stroke.
(a) When the thunder generates, negative charge at its ground end, the earth objects

(transmission line, towers) develop induced positive charge. Normally, the lines are
unaffected because they are insulated by string insulator. However because of high field
gradients involved, the positive charges leave from the tower along the insulator surfaces
of the line conductors. This process may take a quite long time.

(b) The transmission line and the ground will act as a huge capacitor charged with a positive
charge and hence over voltages occur due to induced charges. This would result in a
stroke and hence the name “induced lightning stroke”.

8. What are the protective devices used to protect power system equipment against
lightning?(Nov/Dec 2013)
(a) Lightning arresters
(b) Surge absorbers
(c) Circuit breakers

9. What are the factors contributing to good line transmission line design?(Nov/Dec 2011)
In order to reduce the hazard that lightning poses to power system, certain factor that
determine the line performance must be understood.
(a) First we try to keep the incidence of strokes to the system to a minimum
(b) The objective of good line design is to reduce the number of outages caused by

lightning.
(c) Then we try to minimize the effects of those strokes that do terminate on the system.
(d) Lightning problems can be eliminated if all transmission was through tunnels at least

20ft under the ground.
(e) Tall towers are more vulnerable than low goal post-like structures. In order to prevent

the lightning, some adequate clearances must be provided.
(f) High ground impedance or tower footing resistance is to be avoided.
(g) High surge impedance in ground wires, towers structures are to be avoided.

10. Explain the significance of tower footing resistance.(Nov/Dec 2010, 2011)
Tower footing resistance is the resistance offered by tower footing to the dissipation of
current. The effective of a ground wire depends to a large extend on the tower footing
resistance. The tower top potential depends on this resistance.
Significance of tower footing resistance
(a) A low value of tower footing resistance results in less voltage stresses across line

insulation.
(b) A tower footing resistance of 20Ω for EHV lines and 10Ω for HV lines provides

sufficient lightning protection.

Tower footing resistance depends on

(a) Type of electrode configuration employed
(b) Soil resistivity

11. Draw the equivalent circuit for coupling between the line and stroke channel.

L= length of
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line
R0, R1 = terminating resistance
L’, C’ = inductance and capacitance of line per unit length (dynamic)
U(x, t) = voltage developed at any distance X
i’(x. t) = current through the line at any distance X
E’(x, h, t) = electric field in x direction at a height h (transmission line height)
Zg = equivalent ground impedance.

12. What is the necessity of insulation co-ordination?
Power system have components with different withstand voltages and volt time
characteristics. Insulation co-ordination arms to correlating the insulation of these various
components with the characteristics of protective devices so that the equipment is protected
from over voltages.

13. What are the basic steps involved in insulation co-ordination?
(a) Selection of standard insulation level
(b) Making sure that every equipment has a breakdown strength equal to higher than

insulation level
(c) Application of protective devices which will provide as good protection as can be

justified economically.
14. What are the two types of over voltages?

(a) Lightning over voltages
(b) Switching over voltages

15. Explain the various regions of the cloud
The upper regions of the cloud are positively charged, whereas the lower region and the base
are predominantly negative except the local region near the base and the head which is
possible.

16. Mention the different theories of charge formation
(a) Simpson’s theory
(b) Reynolds theory
(c) Mason’s theory

17. What does a thunder cloud consist?
A thunder cloud consists of super cooled water droplets moving upwards and large
hailstones moving downwards.

18. Mention the requirements for the thunder clouds and charge formation of air currents.
Moisture and specific temperature range.

19. What is back flashover?
When a direct lightning strike occurs on a tower, the tower has to carry huge impulse
currents. If the tower footing resistance is considerable, the potential of the tower rises to a
large value, steeply with respect to the line and consequently a flashover may take place
along the insulator strings. This is known as back flashover.

20. State the parameters and characteristics of the lightning strokes.(May/June 2012)
(Nov/Dec 2011)
Amplitude of the current, the rate of rise, the probability distribution of them and the wave
shapes of the lightning voltages and currents.

21. Define isokeraunic level or thunderstorm days.
It is defined as the number days in a year when the thunder id heard recorded in a particular
location. Often it does not distinguish between the ground strokes and the cloud-to-cloud
strokes.
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22. What is the use of ground wire?
Ground wire is a conductor run parallel to the main conductor of the transmission line
supported on the same tower and earthed at every equally and regularly spaced towers. It is
run above the main conductor of the line.
It shields the transmission line conductor form induced charges from clouds as well as from
a lightning discharge.

23. Mention the various insulation levels in a substation.
The busbar insulation is the highest to ensure the conductivity of supply in a substation. The
circuit breakers, isolators, instrument and relay transformers are given the next lower
limiting level. The power transformers are the costliest and sensitive device and the
insulation level for it is the lowest.

24. What does the selection of BIL level for lines depend?
(a) Atmospheric conditions
(b) Lightning activity
(c) Insulation pollution
(d) Acceptable outage of the line.

25. What are the harmful effects of lightning strokes?
(a) The travelling waves produced due to lightning surges will shatter the insulator and may

even wreck poles.
(b) If the travelling waves produced due to lightning hit the windings of a transformer or

generator cause considerable damage.
(c) If the arc is initiated in any part of the power system by the lightning stroke, this will

setup very disturbing oscillations in the line. This may damage other equipment
connected to the line.

26. What are the factors affecting the mechanical design of overhead transmission lines?
(a) Character of the route
(b) Right-of-way
(c) Mechanical loading
(d) Required clearances
(e) Type of supporting structures
(f) Grade of construction
(g) Conductors
(h) Type of insulators
(i) Joint use by other utilities

27. What is meant by insulation co-ordination? (Nov/Dec 2011)
Insulation coordination means the correlation of the insulation of the various equipments in
a power system to the insulation of the protective devices used for the protection of those
equipments against over voltages.
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28. Write the formula for tower footing resistance.(April/May 2011)
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