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MODULE VI

PROTECTION OF ALTERNATOR,
TRANSFORMERS, TRANSMISSION
LINES, OVERVOLTAGES



Protection of Alternators

Some of the important faults which may occur on an alternator are :

(?) failure of prime-mover (i) failure of field (iii) overcurrent (iv) overspeed (v) overvoltage (vi)
unbalanced loading (vii) stator winding faults

(?) Failure of prime-mover. When input to the prime-mover fails, the alternator runs as a
synchronous motor and draws some current from the supply system. This motoring conditions is
known as “inverted running”.

(@i) Failure of field. The chances of field failure of alternators are undoubtedly very rare.
Even if it does occur, no immediate damage will be caused by permitting the alternator to run
without a field for a short-period. It is sufficient to rely on the control room attendant to
disconnect the faulty alternator manually from the system bus-bars. Therefore, it is a universal
practice not to provide fautomatic protection against this contingency.

(iii) Overcurrent. It occurs mainly due to partial breakdown of winding insulation or due to
overload on the supply system. Overcurrent protection for alternators is considered unnecessary
because of the following reasons :

(a) The modern tendency is to design alternators with very high values of internal impedance so
that they will stand a complete short-circuit at their terminals for sufficient time without serious
overheating. On the occurrence of an overload, the alternators can be disconnected manually.

(b) The disadvantage of using overload protection for alternators is that such a protection might
disconnect the alternators from the power plant bus on account of some momentary troubles
outside the plant and, therefore, interfere with the continuity of electric service.



(iv) Overspeed. The chief cause of overspeed is the sudden loss of all or the major part

of load on the alternator. Modern alternators are usually provided with mechanical
centrifugal devices mounted on their driving shafts to trip the main valve of the prime-
mover when a dangerous overspeed occurs.

(v) Over-voltage. Overvoltage in an alternator occurs when speed of the prime-mover
increases due to sudden loss of the alternator load.

(vi) Unbalanced loading. Unbalanced loading means that there are different
phase currents in the alternator. Unbalanced loading arises from faults to earth or faults
between phases on the circuit external to the alternator. The unbalanced currents, if
allowed to persist, may either severely burn the mechanical fixings of the rotor core or
damage the field winding.

(vii) Stator winding faults. These faults occur mainly due to the insulation
failure of the stator windings. The main types of stator winding faults, in order of
importance are

(a)fault between phase and ground
(b) fault between phases

(¢) inter-turn fault involving turns of the same phase winding



Differential Protection of Alternators

In this scheme of protection, currents at the two ends of the protected section are compared. Under normal
operating conditions, these currents are equal but may become unequal on the occurrence of a fault in the
protected section. The difference of the currents under fault conditions is arranged to pass through the
operating coil of the relay. The relay then closes its contacts to isolate protected section from the system.
This form of protection is also known as Merz-Price circulating current scheme.

Schematic arrangement. The protection system requires two identical transformers which are mounted on
both sides of the protection zone. The secondary terminals of the current transformers are connected in
stars, and their end terminals are connected through the pilot wire. The relay coils are connected in delta.
The neutral of the current transformer and the relay are connected to the common terminal.
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Operation. Under normal operating conditions, the current at both ends of each winding will
be equal and hence the currents in the secondaries of two CTs connected in any phase will
also be equal. Therefore, there is balanced circulating current in the pilot wires and no current
flows through the operating coils (R1, R2 and R3) of the relays. When an earth-fault or phase-
to-phase fault occurs, this condition no longer holds good and the differential current flowing
through the relay circuit operates the relay to trip the circuit breaker.

Problem Associated with Differential Protection System

A neutral resistance wire is used in the differential protection system for avoiding the adverse
effect of earth fault currents. When an earth fault occurs near the neutral, it will cause a small,
short circuit current to flow through the neutral point because of small emf. This current is
further reduced by the resistance of the neutral grounding. Thus, the small current will flow
through the relay. This small current will not operate the relay coil, and hence the generator
gets damage.

(1) Consider the earth fault occurs on the R phase of the network. Because of the fault, the current

in the secondary of the transformer becomes unequal. The differential currents flow through
the relay coil. Thus, the relay becomes operative and gives the command to the circuit breaker
for operation.

(11) If the fault occurs between any two phases, say Y and B then short-circuit current flows

through these phases. The fault unbalanced the current flows through CTs. The differential
current flows through the relay operating coil and thus relay trips their contacts.



Modified Differential Protection for
Alternators

To overcome the above problem, the modified scheme has been developed. In this scheme
two elements are arranged, one for the protection of the phase fault and other for the earth
fault protection.

The phase elements are connected in stars along with the resistor. The earth fault relay is kept
between the star and neutral. The two phase elements (PC and PA) and balancing resistance
(BR) are connected in star and the earth relay (ER) is connected between this star point and
the neutral.

The star-connected circuit is symmetrical, and any balanced overflow current from the current
circulating point will not flow through the earth fault relay. So in this system, the sensitive
earth fault relay will operate at a high degree of stability.
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Balanced Earth-fault Protection

In a small generator, the neutral end of the three phase windings is connected internally
to a single terminal. So the neutral end is not available, and protection against earth
fault 1is provided by using the balanced earth protection scheme. In this scheme, the
current transformers are mounted on each phase. Their secondary is connected in
parallel with that of CT mounted on a conductor joining the star point of the generator
to earth. A relay is connected across the secondaries of the CTs.

Operation. When the generator is in a normal operating condition the sum of the
currents flow in the secondary of the current transformers is zero and the current flow
into secondary to neutral is also zero. Thus the relay remains de-energized. When the
fault occurs in the protected zone (left of the line) the fault current flow through the
primary of current transformers and the corresponding secondary current flow through
the relay which trips the circuit breaker.

 When the fault develops external of the protective zone F2 (right of the current
transformer) the sum of the currents at the terminal of the generator 1s exactly equal
to the current in the neutral connection. Hence, no current flows through the relay
operating coil.

* When an earth fault occurs at F1 these currents are no longer equal and the
differential current flows through operating coil of relay. The relay then closes its
contacts to disconnect alternator from system.



Balanced Earth-fault Protection
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Stator Inter-turn Protection

Merz-price circulating-current system protects against phase-to-ground and phase-to-phase
faults. It does not protect against turn-to-turn fault on the same phase winding of the stator. It
is because the current that this type of fault produces flows in a local circuit between the turns
involved and does not create a difference between the currents entering and leaving the
winding at its two ends where current transformers are applied.

Inter-turn protection is provided for multi-turn generators such as hydro-electric generators.
These generators have double-winding armatures (i.e. each phase winding 1s divided into two
halves) owing to the very heavy currents which they have to carry.

Figure 1 shows the schematic arrangement of circulating-current and inter-turn protection of a
3-phase double wound generator. The relays RC provide protection against phase-to-ground
and phase-to-phase faults whereas relays R1 provide protection against inter-turn faults.

Figure 2 shows the duplicate stator windings S1 and S2 of one phase only with a provision
against inter-turn faults. Two current transformers are connected on the circulating-current
principle. Under normal conditions, the currents in the stator windings S1 and S2 are equal
and so will be the currents in the secondaries of the two CTs and no current flows through the
relay R1. If a short-circuit develops between adjacent turns, say on S1, the currents in the
stator windings S1 and S2 will no longer be equal. Therefore, unequal currents will be induced
in the secondaries of CTs and the difference of these two currents flows through the relay R1.
The relay then closes its contacts to clear the generator from the system.
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Protection of Transformers

Common transformer faults.

As compared with generators, in which many abnormal conditions may arise, power
transformers may suffer only from :

(1) open circuits (i1) overheating (iii) winding short-circuits e.g. earth-faults, phase-to-phase
faults and inter-turn faults.

An open circuit in one phase of a 3-phase transformer may cause undesirable heating. On the
occurrence of such a fault, the transformer can be disconnected manually from the system.

Overheating of the transformer is usually caused by sustained overloads or short-circuits and
very occasionally by the failure of the cooling system.

Winding short-circuits (also called internal faults) on the transformer arise from deterioration
of winding insulation due to overheating or mechanical injury. When an internal fault occurs,
the transformer must be disconnected quickly from the system because a prolonged arc in the
transformer may cause oil fire. Therefore, relay protection is absolutely necessary for internal
faults.

The principal relays and systems used for transformer protection are :

(1) Buchholz devices providing protection against all kinds of incipient faults i.e. slow-
developing faults such as insulation failure of windings, core heating, fall of oil level due to
leaky joints etc.

(i1) Earth-fault relays providing protection against earth-faults only.

(i11) Overcurrent relays providing protection mainly against phase-to-phase faults and
overloading.

(iv) Differential system (or circulating-current system) providing protection against both
earth and phase faults.



Buchholz Relay

Buchholz is used to give an alarm in case of incipient (i.e. slow-developing) faults in the
transformer and to disconnect the transformer from the supply in the event of severe internal
faults. It is usually installed in the pipe connecting the conservator to the main tank. It is a
universal practice to use Buchholz relays on all such oil immersed transformers having ratings
in excess of 750 kVA.

Construction. [t takes the form of a domed vessel placed in the connecting pipe between
the main tank and the conservator. The device has two elements. The lower element contains
a mercury switch mounted in the direct path of the flow of oil from the transformer to the
conservator. The upper element also contains a mercury switch which closes an alarm circuit
during incipient faults whereas the lower element is arranged to trip the circuit breaker in case
of severe internal faults.

Operation.

(1) In case of incipient faults within the transformer, the heat due to fault causes the
decomposition of some transformer oil in the main tank. The products of decomposition
contain more than 70% of hydrogen gas. The hydrogen gas being light tries to go into the
conservator and in the process gets entrapped in the upper part of relay chamber. When a
predetermined amount of gas gets accumulated, it exerts sufficient pressure on the float to
cause it to tilt and close the contacts of mercury switch attached to it. This completes the
alarm circuit to sound an alarm



(11) If a serious fault occurs in the transformer, an enormous amount of gas is generated in the main tank.
The oil in the main tank rushes towards the conservator via the Buchholz relay and in doing so tilts the flap
to close the contacts of mercury switch. This completes the trip circuit to open the circuit breaker
controlling the transformer.

Advantages
(1) It is the simplest form of transformer protection.
(1) It detects the incipient faults at a stage much earlier than is possible with other forms of protection.
Disadvantages
(1) It can only be used with oil immersed transformers equipped with conservator tanks.

(11) The device can detect only faults below oil level in the transformer. Therefore, separate protection is needed
for connecting cables
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Applying Circulating- current System to
Transformers(Differential protection)

* Merz-Price circulating -current principle is commonly used for the protection of power
transformers against earth and phase faults. Same as that for generators but with certain
complications

The complicating features and their remedial measures are briefed below :

* (1) In a power transformer, currents in the primary and secondary are to be compared. As these
two currents are usually different, therefore, the use of identical transformers (of same turn
ratio) will give differential current and operate the relay even under no load conditions. The
difference in the magnitude of currents in the primary and secondary of power transformer is
compensated by different turn ratios of CTs. If T is the turn-ratio of power transformer, then
turn ratio of CTs on the L.v. side is made T times that of the CTs on the h.v. side. Fulfilled this
condition, the secondaries of the two CTs will carry identical currents under normal load
conditions. Consequently, no differential current will flow through the relay and it remains
inoperative.

* (11) There is usually a phase difference between the primary and secondary currents of a 3-
phase power transformer. Even if CTs of the proper turn-ratio are used, a differential current
may flow through the relay under normal conditions and cause relay operation. The correction
for phase difference is effected by appropriate connections of CTs



(111) Most transformers have means for tap changing which makes this problem
even more difficult. Tap changing will cause differential current to flow through the
relay even under normal operating conditions. The above difficulty is overcome by
adjusting the turn-ratio of CTs on the side of the power transformer provided with
taps.

(iv) Another complicating factor in transformer protection is the magnetising in-
rush current. Under normal load conditions, the magnetising current is very small.
However, when a transformer is energised after it has been taken out of service, the
magnetising or in-rush current can be extremely high for a short period. It appears
as a fault current to differential relay and may cause relay operation.

Circulating Current Scheme for Transformer Protection

CTs on the two sides of the transformer are connected in star. This compensates for
the phase difference between the power transformer primary and secondary. The
CTs on the two sides are connected by pilot wires and one relay i1s used for each
pair of CTs.

During normal operating conditions, the secondaries of CTs carry identical currents.
Therefore, the currents entering and leaving the pilot wires at both ends are the
same and no current flows through the relays. If a ground or phase-to-phase fault
occurs, the currents in the secondaries of CTs will no longer be the same and the
differential current flowing through the relay circuit will clear the breaker on both
sides of the transformer. The-protected zone is limited to the region between CTs on
the high-voltage side and the CTs on the low-voltage side of the power transformer.



This scheme also provides protection for short-circuits between turns on the same phase
winding. When a short-circuit occurs between the turns, the turn-ratio of the power
transformer is altered and causes unbalance between current transformer pairs. If turn-ratio of
power transformer is altered sufficiently, enough differential current may flow through the
relay to cause its operation. However, such short-circuits are better taken care of by Buchholz
relays.
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Differential pilot wire protection of
Transmission lines

The differential pilot-wire protection is based on the principle that under normal conditions,
the current entering one end of a line is equal to that leaving the other end. As soon as a
fault occurs between the two ends, this condition no longer holds and the difference of
incoming and outgoing currents is arranged to flow through a relay which operates the circuit
breaker to isolate the faulty line.

Merz-Price voltage balance system. Fig.1 shows the single line diagram of Merz-Price voltage
balance system for the protection of a 3-phase line. Identical current transformers are placed
in each phase at both ends of the line. The pair of CTs in each line is connected in series with
a relay in such a way that under normal conditions, their secondary voltages are equal and in
opposition i.e. they balance each other. Under healthy conditions, current entering the line at
one-end is equal to that leaving it at the other end. Therefore, equal and opposite voltages
are induced in the secondaries of the CTs at the two ends of the line. The result is that no
current flows through the relays.

Suppose a fault occurs at point F on the line as shown in Fig. 1. This will cause a greater
current to flow through CT1 than through CT2. Consequently, their secondary voltages
become unequal and circulating current flows through the pilot wires and relays. The circuit
breakers at both ends of the line will trip out and the faulty line will be isolated. Fig. 2 shows
the connections of Merz-Price voltage balance scheme for all the three phases of the line.
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 Advantages

(?) This system can be used for ring mains as well as parallel feeders.

(#) This system provides instantaneous protection for ground faults. This decreases the possibility
of these faults involving other phases.

(@i) This system provides instantaneous relaying which reduces the amount of damage to
overhead conductors resulting from arcing faults.

* Disadvantages

(7)) Accurate matching of current transformers is very essential.

(&) If there is a break in the pilot-wire circuit, the system will not operate.

(#ii) This system is very expensive owing to the greater length of pilot wires required.

(iv) In case of long lines, charging current due to pilot-wire capacitance effects may be sufficient
to cause relay operation even under normal conditions.

(v) This system cannot be used for line voltages beyond 33 kV because of constructional
difficulties in matching the current transformers.



Voltage Surge

A sudden rise in voltage for a very short duration on the power system is known as
a voltage surge or transient voltage.

Transients or surges are of temporary nature and exist for a very short duration (a
few hundred s) but they cause overvoltages on the power system. They originate
from switching and from other causes but by far the most important transients are
those caused by lightning striking a transmission line. When lightning strikes a line,
the surge rushes along the line, just as a flood of water rushes along a narrow valley
when the retaining wall of a reservoir at its head suddenly gives way. In most of the
cases, such surges may cause the line insulators (near the point where lightning has
struck) to flash over and may also damage the nearby transformers, generators or
other equipment connected to the line if the equipment 1s not suitably protected.



Figure shows the wave-form of a typical lightning surge. The voltage build-up is taken along
y-axis and the time along x-axis. It may be seen that lightning introduces a steep-fronted
wave. The steeper the wave front, the more rapid is the build-up of voltage at any point in the
network. In most of the cases, this build-up is comparatively rapid, being of the order of 1-5
us. Voltage surges are generally specified in terms of *rise time #1 and the time 72 to decay to
half of the peak value.
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Causes of Overvoltages

* The overvoltages on a power system may be broadly divided into two main
categories viz.

e 1. Internal causes

(i) Switching surges (if) Insulation failure (iii) Arcing ground (iv)
Resonance

* 2. External causes i.e. lightning

Internal causes do not produce surges of large magnitude. Generally,
surges due to internal causes are taken care of by providing proper insulation
to the equipment in the power system. However, surges due to lightning are
very severe and may increase the system voltage to several times the normal
value. If the equipment in the power system is not protected against lightning
surges, these surges may cause considerable damage. In fact, in a power
system, the protective devices provided against overvoltages mainly take care
of lightning surges.



Internal Causes of Overvoltages

* Internal causes of overvoltages on the power system are primarily due to oscillations set up by
the sudden changes in the circuit conditions. This circuit change may be a normal switching
operation such as opening of a circuit breaker, or it may be the fault condition such as
grounding of a line conductor.

Internal causes of overvoltages.

* 1. Switching Surges. The overvoltages produced on the power system due to switching
operations are known as switching surges. A few cases are :

* (i) Case of an open line. During switching operations of an unloaded line, travelling waves
are set up which produce overvoltages on the line. Consider an unloaded line being connected
to a voltage source as shown in Figure.
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When the unloaded line is connected to the voltage source, a voltage wave is set up
which travels along the line. On reaching the terminal point 4, it is reflected back to
the supply end without change of sign. This causes voltage doubling i.e. voltage on
the line becomes twice the normal value. If Erxm.s. is the supply voltage, then
instantaneous voltage which the line will have to withstand will be 2V2 E . This
overvoltage 1s of temporary nature.

(ii) Case of a loaded line. Overvoltages will also be produced during the switching
operations of a loaded line. Suppose a loaded line is suddenly interrupted. This will
set up a voltage of 2 Zn [ across the break (i.e. switch) where i 1s the instantaneous
value of current at the time of opening of line and Zn 1s the natural impedance of
the line.

(#ii) Current chopping. Current chopping results in the production of high voltage
transients across the contacts of the air blast circuit breaker. When breaking low
currents (e.g. transformer magnetising current) with air-blast breaker, the powerful
de-1onising effect of air-blast causes the current to fall abruptly to zero well before
the natural current zero is reached. This phenomenon is called current chopping and
produces high transient voltage across the breaker contacts. Overvoltages due to
current chopping are prevented by resistance switching.



2. Insulation failure. The most common case of insulation failure in a power system is the
grounding of conductor (i.e. insulation failure between line and earth) which may cause
overvoltages in the system.
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Suppose a line at potential £ is earthed at point X. The earthing of the line causes two equal
voltages of —F to travel along XQ and XP containing currents —E/Zn and +E/Zn respectively. Both
these currents pass through X to earth so that current to earth is 2 E/Zn.

3. Arcing ground. The arcing ground produces severe oscillations of three to four times the
normal voltage. The phenomenon of intermittent arc taking place in line-to-ground fault of a
3¢ system with consequent production of transients is known as arcing ground. The
transients produced due to arcing ground are cumulative and may cause serious damage to the
equipment in the power system by causing breakdown of insulation. Arcing ground can be
prevented by earthing the neutral.

4. Resonance. Resonance in an electrical system occurs when inductive reactance of the
circuit becomes equal to capacitive reactance. Under resonance, the impedance of the circuit
1s equal to resistance of the circuit and the p.f. is unity. Resonance causes high voltages in the
electrical system. In the usual transmission lines, the capacitance is very small so that
resonance rarely occurs at the fundamental supply frequency. However, if generator e.m.f.
wave is distorted, the trouble of resonance may occur due to Sth or higher harmonics and in
case of underground cables too.



External cause of overvoltages: lightning

An electric discharge between cloud and earth, between clouds or between the
charge centres of the same cloud is known as lightning.

Lightning is a huge spark and takes place when clouds are charged to such a high
potential (+ve or -ve) with respect to earth or a neighbouring cloud that the
dielectric strength of neighbouring medium (air) is destroyed.

Types of Lightning Strokes
1. Direct stroke 2. Indirect stroke

1. Direct stroke. In the direct stroke, the lightning discharge (i.e. current path) is
directly from the cloud to the subject equipment e.g. an overhead line. From the
line, the current path may be over the insulators down the pole to the ground. The
overvoltages set up due to the stroke may be large enough to flashover this path
directly to the ground. The direct strokes can be of two types viz.

(/) Stroke A and (ii) stroke B.

In stroke A, the lightning discharge is from the cloud to the subject equipment i.e.
an overhead line in this case as shown in Fig i In stroke B, the lightning discharge
occurs on the overhead line as a result of stroke A between the clouds as shown in
Fig ii



2. Indirect stroke. Indirect strokes result from the electrostatically induced charges on the
conductors due to the presence of charged clouds. This is illustrated in Fig. iii A positively
charged cloud is above the line and induces a negative charge on the line by electrostatic
induction. This negative charge, however, will be only on that portion of the line right under
the cloud and the portions of the line away from it will be positively charged as shown in
Fig.iii. The induced positive charge leaks slowly to earth viag the insulators. When the cloud
discharges to earth or to another cloud, the negative charge on the wire is isolated as it
cannot flow quickly to earth over the insulators. The result is that negative charge rushes
along the line is both directions in the form of travelling waves.
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SURGE

Surges, or transients, are brief overvoltage spikes or disturbances on a power
waveform that can damage, degrade, or destroy electronic equipment within any
home, commercial building, or manufacturing facility.

SURGE DIVERTER

A lightning arrester or a surge diverter is a protective device which conducts the
high voltage surges on the power system to the ground, thus protecting sensitive
electrical and electronic equipment.

It consists of a spark gap in series with a non-linear resistor. One end of the diverter
1s connected to the terminal of the equipment to be protected and the other end is
effectively grounded. The length of the gap is so set that normal line voltage is not
enough to cause an arc across the gap but a dangerously high voltage will break
down the air insulation and form an arc. The property of the non-linear resistance is
that its resistance decreases as the voltage (or current) increases and vice-versa.

() Under normal operation, the lightning arrester is off the line i.e. 1t conducts no
current to earth or the gap i1s non-conducting.

(i) On the occurrence of overvoltage, the air insulation across the gap breaks down
and an arc 1s formed, providing a low resistance path for the surge to the ground. In
this way, the excess charge on the line due to the surge is harmlessly conducted
through the arrester to the ground instead of being sent back over the line.



TYPES OF SURGE DIVERTER

Rod gap
Horn gap

Protector tube or expulsion type surge
diverter

Valve type surge diverter



ROD GAP TYPE

It is a very simple type of diverter and consists of two 1.5 cm rods, which are bent at right
angles with a gap in between.

One rod is connected to the line circuit and the other rod is connected to earth.

The distance between gap and insulator must not be less than one third of the gap length so
that the arc may not reach the insulator and damage it.

Under normal operating conditions, the gap remains non-conducting.

On the occurrence of a high voltage surge on the line, the gap sparks over and the surge
current is conducted to earth.

In this way excess charge on the line due to the surge is harmlessly conducted to earth.
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LIMITATIONS

After the surge 1s over, the arc in the gap is maintained by the normal
supply voltage, leading to short-circuit on the system.

The rods may melt or get damaged due to excessive heat produced by the
arc.

The climatic conditions (e.g. rain, humidity, temperature etc.) affect the
performance of rod gap arrester.

The polarity of the surge also affects the performance of this arrester.



Horn gap arrester

It consists of two horn shaped metal rods 4 and B separated by a small air gap. The horns are
so constructed that distance between them gradually increases towards the top as shown.

One end of horn is connected to the line through a resistance R and choke coil L while the
other end is effectively grounded. The resistance R helps in limiting the follow current to a
small value.

The choke coil is so designed that it offers small reactance at normal power frequency but a
very high reactance at transient frequency. Thus the choke does not allow the transients to
enter the apparatus to be protected. The gap between the horns is so adjusted that normal
supply voltage is not enough to cause an arc across the gap.

Under normal conditions, the gap is non-conducting i.e. normal supply voltage is insufficient
to initiate the arc between the gap. On the occurrence of an overvoltage, spark-over takes
place across the small gap G. The heated air around the arc and the magnetic effect of the arc
cause the arc to travel up the gap. The arc moves progressively into positions 1, 2 and 3. At
some position of the arc (perhaps position 3), the distance may be too great for the voltage to
maintain the arc. Consequently, the arc i1s extinguished. The excess charge on the line is thus
conducted through the arrester to the ground.
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EXPULSION TYPE SURGE DIVERTER

This type of arrester is also called
‘protector tube’ and is commonly used

on system operating at voltages up to
33k V.

It essentially consists of a rod gap in
series with a second gap enclosed
within the fiber tube.

The gap in the fiber tube is formed by
two electrodes.

The upper electrode 1s connected to rod
gap and the lower electrode to the earth.

On the occurrence of an overvoltage on
the line, the series gap A A’ 1s spanned
and an arc 1s struck between the
electrodes in the tube. The heat of the
arc vaporises some of the fibre of tube
walls, resulting in the production of a
neutral gas.

In an extremely short time, the gas

builds up high pressure and is expelled
through the lower electrode which is
hollow. As the gas leaves the tube
violently, it carries away ionised air
around the arc. This de-ionising effect
1s generally so strong that arc goes out
at a current zero and will not be re-

established.
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ADVANTAGES

They are not very expensive.
They can be easily installed.

They are improved form of rod gap arresters as they block the
flow of power frequency follow currents.

LIMITATIONS

An expulsion type arrester can perform only limited number of
operations as during each operation some of the fiber material
1s used up.

This type of arrester cannot be mounted on enclosed
equipment due to discharge of gases during operation.

Due to the poor volt/amp characteristic of the arrester, it 1s not
suitable for protection of expensive equipment.



VALVE TYPE ARRESTERS

Valve type arresters incorporate non linear resistors and are extensively used on systems,
operating at high voltages.

It consists of two assemblies (1) series spark gaps and (ii) non-linear resistor discs

The non-linear elements are connected in series with the spark gaps. Both the assemblies are
accommodated in tight porcelain container.

The spark gap is a multiple assembly consisting of a number of identical spark gaps in series.

Each gap consists of two electrodes with fixed gap spacing. The spacing of the series gaps is
such that it will withstand the normal circuit voltage.

An over voltage will cause the gap to break down causing the surge current to ground via the
non-linear resistors.

The non-linear resistors have the property of offering a high resistance to current flow when
normal system voltage is applied, but a low resistance to the flow of high surge currents.

When the surge is over the non linear resistor assume high resistance to stop the flow of
current.

Under normal conditions, the normal system voltage is insufficient to cause the breakdown of
air gap assembly.



On the occurrence of an over voltage, the breakdown of the series spark
gap takes place and the surge current 1s conducted to earth via the nonlinear
resistances.

Since the magnitude of surge current is very large, the nonlinear elements
will offer a very low resistance to the passage of surge.

The surge will rapidly go to earth instead of being sent back over the line.
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ADVANTAGES

They provide very effective protection against surges.
They operate very rapidly taking less than a second
The impulse ratio is practically unity.

LIMITATIONS

They may fail to check the surge of very steep wave front reaching the
terminal apparatus. This calls for additional steps to check steep fronted
waves.

Their performance is adversely affected by the entry of moisture into the
enclosure. This necessitates effective sealing of the enclosure at all times.



INSULATION COORDINATION

* Insulation Coordination is the process of determining the proper insulation levels of various components in
a power system as well as their arrangements. It is the selection of an insulation structure that will
withstand voltage stresses to which the system, or equipment will be subjected to, together with the proper
surge arrester. The process is determined from the known characteristics of voltage surges and the
characteristics of surge arresters.

*  Some common terms that must be known when performing an Insulation Coordination Study.
1. Basic Impulse Insulation Level (BIL)

This is the reference insulation level expressed as an impulse crest (or peak) voltage with a standard wave
not longer than a 1.2 x 50 microsecond wave. A 1.2 x 50 microsecond wave means that the impulse takes
1.2 microseconds to reach the peak and then decays to 50% of the peak in 50 microseconds.

2. Withstand Voltage

»  This is the BIL level that can repeatedly be applied to an equipment without flashover, disruptive charge or
other electrical failure under test conditions.

3. Chopped Wave Insulation Level

This is determined by using impulse waves that are of the same shape as that of the BIL waveform, with the
exception that the wave is chopped after 3 microseconds. Generally, it is assumed that the Chopped Wave
Level is 1.15 times the BIL level for oil filled equipment such as transformers.

4. Critical Flashover Voltage

This is the peak voltage for a 50% probability of flashover or disruptive charge.
5. Impulses Ratio

*  This is normally used for Flashover or puncture of insulation. It is the ratio of the impulse peak voltage to
the value of the 60 Hz voltage that causes flashover or puncture. Or, it is the ratio of breakdown voltage at
surge frequency to breakdown voltage at normal system frequency (60 Hz).



