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REACTIVE POWER
In an alternating current (AC) power system, Power

comprises of two components, active power and
reactive power.

Useful work is accomplished by active power while
reactive power improves voltage stability and avoids
voltage collapse.

By regulation of reactive power the parameters of a
power system like utilisation of active power, Voltage
stability, Power factor, System efficiency, Energy cost
and Power quality can be controlled.



A physical analogy for reactive power

A reasonably accurate analogy for reactive power is the 
process of filling a water tower tank with water – one 
bucket at a time.

This analogy is based on the facts that, “In the power 
system useful work accomplishes by active power while 
reactive power supports the voltage.”









Reactive power sources

 The reactive power compensation sources are 
classified as,

 Static compensation is ideal for a response within 
seconds and minutes like shunt capacitor, shunt 
reactor, and tap changer.
• Dynamic compensation is ideal for an 
instantaneous response like Synchronous condenser, 
and OLTC(On Load Tap Changer).
It is further classified as,
• Dynamic shunt compensation
• Dynamic series compensation



So it is necessary to provide individual means of
voltage control for each circuit or group of circuits.

In practice, voltage control equipment is used at :

(i) generating stations

(ii) transformer stations

(iii)the feeders if the drop exceeds the permissible
limits



Methods of Voltage Control
There are several methods of voltage control.

The following are the methods of voltage control in an a.c. power 
system: 

 (i) By excitation control 

 (ii) By using tap changing transformers 

 (iii) Auto-transformer tap changing 

 (iv) Booster transformers 

 (v) Induction regulators

 vi) Sources or sinks of reactive power, such as shunt
capacitors, shunt reactors, synchronous condensers and
Static Var Compensators (SVCs).

vii) Line reactance compensators , such as series capacitors.



 Method(i) is used at the generating station only
whereas methods (ii) to (vii) can be used for
transmission as well as distribution systems.



Voltage control & line compensation methods

1.Tap-Changing Transformers :

One important method is to use tap changing
transformer and is commonly employed where main
transformer is necessary.

In this method, a number of tappings are provided on
the secondary of the transformer.

The voltage drop in the line is supplied by changing the
secondary e.m.f. of the transformer through the
adjustment of its number of turns.



(i) Off load tap-changing transformer. Fig. 1 shows
the arrangement where a number of tappings have
been provided on the secondary.

As the position of the tap is varied, the effective
number of secondary turns is varied and hence the
output voltage of the secondary can be changed.

Thus referring to Fig. 1, when the movable arm makes
contact with stud1, the secondary voltage is minimum
and when with stud 5, it is maximum.





 During the period of light load, the voltage across the
primary is not much below the alternator voltage and
the movable arm is placed on stud 1.

 When the load increases, the voltage across the
primary drops, but the secondary voltage can be kept
at the previous value by placing the movable arm on to
a higher stud.

 Whenever a tapping is to be changed in this type of
transformer, the load is kept off and hence the name
off load tap-changing transformer.



 The principal disadvantage of this that it cannot be
used for tap-changing on load.

 Suppose for a moment that tapping is changed from
position 1 to position 2 when the transformer is
supplying load.

 If contact with stud 1 is broken before contact with
stud 2 is made, there is break in the circuit and arcing
results.



 On the other hand, if contact with stud 2 is made
before contact with stud 1 is broken, the coils
connected between these two tappings are short
circuited and carry damaging heavy currents.

 For this reason, the above circuit arrangement cannot
be used for tap-changing on load.



(ii) On-load tap-changing transformer.

 The tapping is provided at the HV winding of the
transformer because the HV winding is wound on the
LV winding.

 Also, the current in the HV winding of the transformer
is smaller due to which small contacts and leads are
required for tapping connections



 Needs For Tapping

 Frequently change in load changes the voltage of the
system. The tap changing in the power transformer is
mainly done for keeping the output voltage within the
prescribed limit.

 Nowadays almost all the large power transformer is
provided with on-load tap changer.



 In supply system, tap-changing has normally to be
performed on load so that there is no interruption to
supply.

 Fig. 2 shows diagrammatically one type of on-load tap-
changing transformer.

 The secondary consists of two equal parallel windings
which have similar tappings 1a ...... 5a and 1b ......... 5b.





 In the normal working conditions, switches a, b and
tappings with the same number remain closed and
each secondary winding carries one-half of the total
current.

 Referring to Fig. 2, the secondary voltage will be
maximum when switches a, b and 5a, 5b are closed.

 However, the secondary voltage will be minimum
when switches a, b and 1a, 1b are closed.



 Suppose that the transformer is working with tapping
position at 4a, 4b and it is desired to alter its position to
5a, 5b.

 For this purpose, one of the switches a and b, say a, is
opened.

 This takes the secondary winding controlled by switch
‘a’ out of the circuit.



 Now, the secondary winding controlled by switch b
carries the total current which is twice its rated
capacity.

 Then the tapping on the disconnected winding is
changed to 5a and switch a is closed.

 After this, switch b is opened to disconnect its
winding, tapping position on this winding is changed
to 5b and then switch b is closed.

 In this way, tapping position is changed without
interrupting the supply.



This method has the following disadvantages :

(i) During switching, the impedance of transformer is 
increased and there will be a voltage surge. 

(ii) There are twice as many tappings as the voltage steps.



2. Auto-Transformer Tap-changing
 Fig. 3 shows diagrammatically auto-transformer tap

changing.

 Here,a mid-tapped auto-transformer or reactor is used.

 One of the lines is connected to its mid-tapping.

 One end, say a of this transformer is connected to a
series of switches across the odd tappings and the other
end b is connected to switches across even tappings.





 A short-circuiting switch S is connected across the
auto-transformer and remains in the closed position
under normal operation.

 In the normal operation, there is no inductive voltage
drop across the auto-transformer.

 Referring to Fig. 3, it is clear that with switch 5 closed,
minimum secondary turns are in the circuit and hence
the output voltage will be the lowest.



 On the other hand, the output voltage will be maximum
when switch 1 is closed.

 Suppose now it is desired to alter the tapping point from
position 5 to position 4 in order to raise the output voltage.

 For this purpose, short-circuiting switch S is opened,
switch 4 is closed, then switch 5 is opened and finally
short-circuiting switch is closed.

 In this way, tapping can be changed without interrupting
the supply



 It is worthwhile to describe the electrical phenomenon
occurring during the tap changing.

 When the short-circuiting switch is opened, the load
current flows through one-half of the reactor coil so that
there is a voltage drop across the reactor.



 When switch 4 is closed, the turns between points 4
and 5 are connected through the whole reactor
winding.

 A circulating current flows through this local circuit
but it is limited to a low value due to high reactance of
the reactor.



3.Booster Transformer
 Sometimes it is desired to control the voltage of a

transmission line at a point far away from the main
transformer.

 This can be conveniently achieved by the use of a
booster transformer as shown in Fig. 4.

 The secondary of the booster transformer is connected
in series with the line whose voltage is to be controlled.





 The primary of this transformer is supplied from a
regulating transformer fitted with on-load tap-
changing gear.

 The booster transformer is connected in such a way
that its secondary injects a voltage in phase with the
line voltage.



 The voltage at AA is maintained constant by tap-
changing gear in the main transformer.

 However, there may be considerable voltage drop
between AA and BB due to fairly long feeder and
tapping of loads.

 The voltage at BB is controlled by the use of regulating
transformer and booster transformer.



 By changing the tapping on the regulating
transformer, the magnitude of the voltage injected into
the line can be varied.

 This permits to keep the voltage at BB to the desired
value.

 This method of voltage control has three
disadvantages.



 Firstly, it is more expensive than the on-load tap-
changing transformer.

 Secondly, it is less efficient owing to losses in the
booster and thirdly more floor space is required.

 Fig. 4 shows a three-phase booster transformer.















Active compensation(Synchronous condenser 
method)



5. SERIES COMPENSATION











6. STATIC VAR COMPENSATOR(SVC)





ADVANTAGES SVC



Power in AC circuit



















Power formulae for transmission line









The real and reactive power at receiving end are





The real and reactive power at sending  end are
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Power circle diagram

➢The performance of transmission lines can be studied
either by analytical methods or by graphical methods.

➢Purely analytical methods sometimes involve tedious
calculations.

➢Power circle diagram provide a convenient graphical
method for studying the performance of transmission line
under the condition of varying load.

➢Circle diagrams are easy to construct and use

➢Their accuracy is fairly high .



Receiving end Power circle diagram

 1.For determining the capacitance of phase modifier for
certain system conditions

 2.Given and line constants sending end voltage
can be calculated.

 3.Maximum receiving end power can be calculated.



Receiving end Power circle diagram





































Unit-II Assignment questions
 1.(a)Draw the phasor diagram for the medium
transmission line for nominal-T and nominal pi
representation and derive necessary equations.

 (b)Derive the ABCD parameters of a long transmission
line using rigorous method

 2.Explain different methods of voltage control.

 3.what is receiving end power circle diagram. How can it
be drawn?


