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LECTURE 10 : VOLTAGE CONTROL
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Voltage Regulation
 When the load on the generator changes from no-load to full

load, assuming that the generator running constant speed and
constant excitation , the terminal voltage across the load will

change due to voltage drops in internal resistance and

reactance of the stator winding.

 The magnitude and the nature of these voltage drops depends

upon the power factor of the load

 Voltage regulation of a synchronous generator is defined as the

percentage rise in terminal voltage as load is reduced from the

rated full load current to zero, the speed and the excitation

being constant.

Voltage regulation =
𝑵𝑶 𝑳𝒐𝒂𝒅 𝒗𝒐𝒍𝒕𝒂𝒈𝒆 −𝑭𝒖𝒍𝒍 𝒍𝒐𝒂𝒅 𝒗𝒐𝒍𝒕𝒂𝒈𝒆

𝑭𝒖𝒍𝒍 𝑳𝒐𝒂𝒅 𝑽𝑶𝒍𝒕𝒂𝒈𝒆
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Automatic Voltage Regulator for 

Synchronous Generator

 As the name implies, an automatic voltage regulator is a device which is used 

to control or regulate the voltage

 In power system voltage fluctuations usually occur due to varying loads

 In a synchronous generator an AVR is a part of the whole excitation system to 

ensure that a constant terminal voltage is maintained 

 An AVR works on the principle of detection of errors

 The generators terminal voltage is first measured through PT and then rectified 

 This is compared with the reference  voltage after filtering and an error signal is 

obtained

 This error signal is then amplified and fed to the main or the pilot exciter

 Thus the output of the exciter is controlled which controls the alternators 

terminal voltage
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Automatic Voltage Regulator for 

Synchronous Generator

 The automatic voltage regulator is used to regulate the voltage

 The fluctuation in voltage mainly occurs due to variation in load in the 

supply system

 Figure below shows schematic diagram of an automatic voltage 

regulator
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Automatic Voltage Regulator for 

Synchronous Generator
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Automatic Voltage Regulator for 

Synchronous Generator
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Automatic Voltage Regulator for 

Synchronous Generator
 It basically consists of a main exciter which excites the alternator field to control the output

voltage

 The exciter field is automatically controlled through error e= Vref – VT suitably amplified

through voltage and power amplifier

 Function of important components are:

1. Potential Transformer : it gives a sample of terminal voltage VT

2. Error amplifier: It demodulates and amplifies the error signal

3. SCR power amplifier and exciter field:

1. It provides the necessary power amplification to the signal for controlling the exciter field

4. Alternator: Its filed is excited by the main exciter voltage VE. Under no load it produces
a voltage proportional to filed current

5. Stabilizing transformer: it is included in AVR system to improve the dynamic response of

a control system. It is excited by the exciter output voltage VE . The output of the

stabilizing transformer is fed negatively at the input terminals of the SCR power amplifier
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VAR Compensator
 Static VAR compensators (SVC) are system or a set of devices that

creates voltage stability in high voltage electrical system

 It is connected parallel with load to be compensated

 The system provide reactive power in proportion to the system supply

voltage
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Thyristor switched capacitor

 The Thyristor switched capacitor is used in extra high voltage lines 
for providing leading VAR’s during heavy loads

 The current through the capacitor can be varied by controlling 
the firing angle of the back to back Thyristor connected in series 
with capacitor

 When the voltage at a bus reduces below the reference value, 
the static VAR compensation used Thyristor switch capacitor for 
injecting capacitive volt amperes 

 when the voltage at the Bus rises above the reference value 
inductive VAR are injected to lower the bus voltage by using 
Thyristor switched Reactor

 Generally, static VAR compensation is not done at line voltage; a 
bank of transformers steps the transmission voltage (for example, 
230 kV) down to a much lower level (for example, 9.0 kV)

 This reduces the size and number of components needed in the 
SVC, although the conductors must be very large to handle the 
high currents associated with the lower voltage

 In some static VAR compensators for industrial applications such 
as electric arc furnaces, where there may be an existing 
medium-voltage busbar present (for example at 33 kV or 34.5 
kV), the static VAR compensator may be directly connected in 
order to save the cost of the transformer.
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Fixed capacitor Thyristor control 

reactor (FC-TCR)

 Thyristor control reactors are shunt compensators that they can absorbs the
reactive power

 In FC-TCR fixed capacitor injects reactive power into the system whereas
Thyristor controlled reactor absorbs the reactive power from the system so
depending upon the system requirements by adjusting

 The reactive power injection and absorption, we can vary the system
voltage

 The reactor is in series with two antiparallel Thyristor defined as Thyristor
controlled reactor i.e. TCR branch

 This branch is a parallel with a big shunt capacitor

 Then the two oppositely placed Thyristor are gated symmetrically

 They control the timing for which the reactor conducts and thus control the
fundamental component o f reactor current

12



Fixed capacitor Thyristor control 

reactor (FC-TCR)
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Fixed capacitor Thyristor control 

reactor (FC-TCR)

 in FC-TCR fixed capacitor injects reactive power into the system whereas the

TCR absorbs the reactive power

 The value of capacitor is fixed so reactive power injection into the system is
constant whereas the effect of reactor can be controlled by controlling

Thyristor firing angle and hence reactive power absorption can be controlled

 The control of firing angles of the Thyristor connected antiparallel and

switching logic is done by designing control circuit for it

 Depending upon conduction period of each Thyristor the current through the

reactor depends

 It the conduction period of Thyristor is maximum then it allows maximum

current to pass through it whereas if it is minimum then it allows less current
that is less reactive power injective through FC-TCR
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