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ABSTRACT 

This paper deals with automatic voltage regulation for single area concept. Any mismatch between 

generation and demand causes the system frequency to deviate from a base value. The high frequency deviation 

from fixed value may lead to huge damage of the system. The role of Automatic Voltage Regulator is to maintain 

terminal voltage and magnitude of synchronous generator at a specified level. The performance of automatic 

voltage regulator when a deviation of frequency occurs is analyzed in this paper. The system performance has been 

supervised at various loading disturbances. 
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1. INTRODUCTION 
When the load on the power system change, the terminal voltage of the generator changes. Therefore to 

maintain the terminal voltage within the permissible standards, the excitation of the generator must be decreased or 

increased depending upon the situation prevailing to protect the devices or apparatus which is operating in power 

system. This can be achieved by employing Automatic Voltage Regulator (AVR). The basic function of an 

excitation system is to provide DC current to the synchronous machine. In addition, the excitations system 

performs control and protective functions essentially to the field voltage, thereby field current. The control function 

includes, the control of voltage and responsive force stream and the upgrade of framework steadiness. The 

defensive capacity guarantees that the ability furthest reaches of the synchronous machine and excitation 

framework and other hardware are not surpassed. In addition to voltage regulators at Generator bus static shunt 

capacitors, synchronous compensators, static VAR systems, tap changing transformer are also used in the power 

system for voltage control.  

Requirements of Voltage and Reactive Power Control: For efficient and reliable operation of power system 

should have following characteristics 

a) All the machines and equipment’s are designed to operate at a certain voltage. Operation above or below the 

allowable range could damage them.  

b) System stability is increased to maximize utilization of the transmission system. Voltage and reactive power 

control have a significant impact on system stability. 

c) The reactive electricity float is minimized to reduce copper losses   and to operate the transmission system 

efficiently, mainly for power transfer. 

Importance of Voltage Control: The variation of voltage at load will affect the consumer terminals. So we should 

maintain the voltage within the prescribed limits for the following reasons; 

a) In lightning load, the light qualities are extremely delicate to changes of voltage. If the supply voltage decreases, 

then the illuminating power may decrease. If the supply voltage increases, the life of lamp will reduces.    

b) In affectation engines, the voltage varieties may bring about sporadic operation. If the supply voltage increases, 

the motor can also operate with a saturated magnetic circuit and produce heating, thereby low power factor. If the 

voltage decreases, the starting torque of the motor may reduce. 

c) In distribution transformers, the voltage variations may cause excessive heating and thereby ratings of 

transformer. 

Effects of Generator Loading: The analysis of AVR loop was based upon the assumption that, E≈|V| 

Which holds true only for lightly loaded generator. If the load is increasing on the generator, it does not 

change the basic features of the AVR loop, but it will affect the values of both the gain factor Kf and the field time 

constant. 

High loading will make the generator to work higher magnetic saturation levels i.e., the little change in |E| 

for incremental increment in if, translating into a dimishment of kf. The field time constants additionally reduces 

with expanding the load i.e., shunting armature current paths. 

This circumstance permits the formation of “transient” stator currents which results a lower “effective” 

field inductance. 

The rotor field time constant under load is: 

Td, load = ([X’
d+Xext] / [Xd +Xext])* T’ do sec 

Where Xext = The exterior reactance viewed from generator terminals; Xd
’=direct axis reactance. 

T’
do=Lf / Rf 

Where Lf= self –inductance of rotor; Rf =rotor resistance 
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2. METHODS & MATERIALS 

Methods of Increasing Response: To make excitation system faster, the following may be considered. 

a) Provision of separate excitation for the self-excited exciter. 

b) Increase of ceiling voltage by reducing the permanent external field circuit resistance, or by increasing 

excitation voltage E. 

c) Reduction of number of field turns to reduce the time constant. 

d) Increase of both excitation voltage and field resistance in the same ratio, so that roof voltage is unaltered 

however time constant reduces. 

e) Provision of new armature winding for higher voltage operation.  

Description of AVR:  

Potential Transformer and Rectifier: Using potential transformer, the terminal voltage of the generator is 

stepped down to the value required for control signal and then rectified to get D.C. voltage proportional to the 

R.M.S value of terminal voltage. 

Comparator: The comparator compares the measured signal v│against the reference D.C signal Vref. The 

difference between two these two signals produce an error voltage ve called error signal. 

The error signal       Δe= ΔVref   - ΔV 

 By taking Laplace transform of equation 

         Δe(s) = ΔVref(s)  - ΔV(s) 

Amplifier: The amplifier amplifies the input error signal depending on the amplification factor. There are various 

types of amplifiers are used in this excitation system. 

Amplifier transfer function  

GA = ΔVR(s)/ Δe(s) = kA (instantaneous amplifier gain). 

In real the amplifier has time delay that can be represented by a time constant TA.  

The amplifier transfer function 

GA = ΔVR(s)/ Δe(s) = KA/ (1+sTA) 

Typical value of KA are in range of 10 to 400 and TA are in range of 0.02 to 0.1sec. 

Exciter: The purpose of exciter is to supply field current to the rotor field of the synchronous generator. Transfer 

function of the exciter, 

Ge = Δ ref (s)/ ΔVR (s) = k1/ (Re + Le s) = ke / (1+ sTe) 

Where ke = k1/Re; Te = Le/ Re; ke = Gain of the exciter 

Values of time constant Te ranges from 0.5-1.0 

Generator model: The terminal voltage (v) of the generator equals to difference between induced e.m.f. (E) and 

drop across the armature (Vdrop) 

                                 ΔV= ΔE-Vdrop 

Transfer function of the generator, 

                                                                 
𝛥𝑣(𝑠)

𝛥𝑣𝑓(𝑠)
=

𝛥𝐸(𝑠)

𝛥𝑣𝑓(𝑠)
=

𝛥𝐸(𝑠)
𝑠𝑞𝑢𝑟𝑡(2)

𝜔𝐿𝑓𝑎
[𝑅𝑓+𝑠𝐿𝑓]𝛥𝐸(𝑠)

      = kf / (1+sTdo) 

  Typical values of   kf are in the range 0.7 to 1; Tdo are in range of 1.0 to 2.0 sec. 

 
Figure.1. Closed Loop model of AVR 

 

 
Figure.2. Simulation of AVR Closed loop 
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Figure.3. Output for 1st Error Voltage Figure.4. Output for 2nd Error Voltage 

 

3. RESULTS 

The results shows that the static change in the tie power following a step in any area should be zero, 

provided each area can accommodate its own load change. Any area in need of power during an emergency should 

be assisted from other areas. From the simulation we have seen that integration gain constants are adjusted for a 

satisfactory response and frequency deviation returns to zeo with settling time approximately 20 sec. 

4. CONCLUSION 
The power system generates power at the desired level, but the demand side the load will never be 

constant. The power generation should meet the load demand as per inconsistent changing of load with respect to 

time. It’s not so easy to control generation as well as voltage control when any deviation in the system manually. 

So by providing a control loop for the power generation system with the Simulink design is possible. The possible 

of voltage regulation and generation control is achieved by employing automatic generation control along with 

automatic voltage regulator. By assigning transfer function values we can achieve the voltage regulation in an 

efficient manner. The automatic generation control and automatic voltage regulator will help to make power 

system more reliable for changing in load at demand side with respect to time. 
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