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Abstract: This paper present performance analysis of different type of conventional controllers for Automatic Voltage 
Regulator. The main purpose of the AVR is to control the terminal voltage of synchronous generator. Synchronous 
generator is the main component of AVR. Synchronous generator is a significant share in providing energy for electrical 
networks. The modeled system composed of the amplifier, exciter, generator and sensor. In this paper, Simulation of the 
Automatic Voltage Regulator is carried out by using PID controller, Cascade controller and Internal Model 
controller(IMC) and the results are presented. Due to inherent disadvantages of PID controller, Internal model based 
controller has been employed to regulate the terminal voltage of synchronous generator. Also, comparative analyses of 
different conventional controllers are proposed. The designed controller effectively regulates the terminal voltage of 
synchronous generator to a desired set point.
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I. INTRODUCTION

Electrical energy is required to be supplied to the consumers within permissible limits of voltage around the rated 
values. During transmission and distribution, the reactive power balance must be maintained between the generation 
and utilization of electric power. As the demand changes, the system voltage deviate from initial values causing an 
unpredictable, small amount of change in the state of the system. The AVR system composed of the amplifier, 
exciter, generator and sensor model [2]. The AVR systems are employed widely in exciter control system. The 
primary way to control the terminal voltage of synchronous generator is the excitation control of generator by AVR
[6]. The role of an AVR is keeping the generator terminal voltage level constant under normal operating terms at 
different load levels [1, 2]. 

In any of the control application, controller design is the most important part. There are different types of controllers 
available in control literature [9-11]. In this paper, conventional controllers have been proposed. Conventional 
controller such as PID controller, Cascade controller and IMC have been proposed [5, 3]. PID controller using 
Ziegler-Nichols tuning exhibits high overshoot which is undesirable [11]. To minimize the overshoot internal model 
based controller has been implemented. The internal model controller reduces the overshoot and settling time.  

II. AUTOMATIC VOLTAGE REGULATOR SYSTEM

An AVR system is used in synchronous generator to hold the magnitude of terminal voltage at a specified level. 
AVR composes of four main components which are amplifier, exciter, generator and sensor. The simple schematic 
diagram of  an AVR as shown in figure 1.
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Fig. 1: a simple schematic diagram of an AVR

An increase in the reactive power load of the generator is accompanied by a drop in the terminal voltage magnitude. 
The voltage magnitude is sensed through a potential transformer. This voltage is rectified and compared to a dc set 
point signal. The amplified error signal controls the exciter field and increases the exciter terminal voltage. Thus, the 
generator field current is increased, which results in an increase in the generated emf. The reactive power generation 
is increased to a new equilibrium, raising the terminal voltage to the desired value.
Mathematical Modeling:
An AVR system is used in synchronous generator to hold the magnitude of the terminal voltage at a specified level. 
It composes of four main components which are named as amplifier, exciter, generator and sensor. Mathematical 
modeling of these components needs to consider their transfer functions linearized [1-2, 4, 6-8]. However, nonlinear 
conditions are not considered in this study. 
Amplifier Model: 

The excitation system amplifier may be a magnetic amplifier, rotating amplifier or modern electronic amplifier. The 
amplifier transfer function is given by

Exciter Model:

The exciter of the synchronous generator is the main component in the AVR loop. The main function of exciter is to 
provide dc current to the field of synchronous generator. The exciter transfer function is given by

Generator Model:

The synchronous machine generated emf is a function of the machine magnetization curve and its terminal voltage is 
dependent on the generator load. The generator transfer function is given by 

Sensor Model:

The voltage is sensed through a potential transformer and, in one form, it is rectified through a bridge rectifier. The 
sensor is modeled by a simple first order transfer function, given by

The block diagram of an AVR is shown in figure 2.

International Journal of Latest Trends in Engineering and Technology (IJLTET) ISSN: 2278-621X

339 Vol 7 issue 2 July  2016http://dx.doi.org/10.21172/1.72.554



Fig. 2: Block diagram of simple AVR

In the linearized model, the range of the time constants and gains of all components are given in table 1 [2, 4, 6].
Table 1. transfer function of AVR component

Model Transfer Function Parameter Limits Nominal Values

Amplifier 

           

Exciter

0.5

Generator 0. 0.8

1.5

Sensor

III. DIFFERENT CONVENTIONAL CONTROLLERS

PID Controller: The mnemonic PID refers to the first letters of the names of the individual terms that make up the 
standard three-term controller. These are P for the proportional term, I for the integral term and D for the derivative 
term in the controller. PID controllers are probably the most widely used industrial controller. Even complex 
industrial control systems may comprise a control network whose main control building block is a PID control 
module. In PID controller Proportional (P) control is not able to remove steady state error or offset error in step 
response. This offset can be eliminated by Integral (I) control action. Output of I controller at any instant is the area 
under actuating error signal curve up to that instant. I control removes offset, but may lead to oscillatory response of 
slowly decreasing amplitude or even increasing amplitude, both of which are undesirable. Derivative (D) control 
action has high sensitivity. It anticipates actuating error initiates an early correction action and tends to increase 
stability of system. 
Ideal PID Controller in continuous time is given as

Laplace domain representation of ideal PID controller 

Tuning of PID Controller: Ziegler and Nichols proposed rules for determining values of based on the 
transient response characteristics of a given plant. Closed loop oscillation based PID tuning method is a popular 
method of tuning PID controller. In this kind of tuning method, a critical gain has been  introduced in the forward 
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path of the control system. The high value of the gain takes the system to the verge of instability. It creates 
oscillation and from the oscillations, the value of frequency and time has been calculated. Table 2 gives 
experimental tuning rules based on closed loop oscillation method [11]. 

Table 2. Closed loop oscillation based tuning methods

The characteristics equation , in this case is obtained as below

(7) 

Applying Routh stability criterion in above eq gives 

Auxiliary equation is (8) 

Substituting s=jw gives w=4.809 and T=1.306

For the PID controller the values of parameters obtained using ziegler-Nichols closed loop oscillation based tuning 

methods are

Usually, initial design values of PID controller obtained by all means needs to be adjusted repeatedly through 
computer simulations until the closed loop system performs or compromises as desired. These adjustments has been 
done in MATLAB simulation. 
Cascade Controller: In cascade control configuration, we have one manipulated variable and more than one 
measurement. It is an alternative to consider if direct feedback control using the primary variable is not satifactory 
and a secondary variable measurement is available. Cascade control uses the output of primary controller to 
manipulate the set point of secondary controller.
Internal Model Controller (IMC): IMC philosophy relies on Internal Model Principle which states that control can 
be achieved only if control system encapsulates, either implicitly or explicitly, some representation of process to be 
controlled. If control scheme has been developed based on exact model of process, then perfect control is 
theoretically possible. The main feature of internal model controller is that the process model is in parallel with the 
actual process. These values are adjusted in MATLAB simulation. Figure 3 shows the scheme of IMC.

Fig. 3: Internal Model Controller Scheme

Transfer function can be divided into two parts such that 

So,  and 

And transfer function of low pass filter is 

Type of Controller
P
PI
PID
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So, transfer function of IMC is 

So, transfer function of IMC is 

So, transfer function of IMC is 

Simulation: The simulations for different conventional control mechanism discussed above have been carried out in 
Simulink in MATLAB environment and simulation results have been obtained. Figure 4,5,6 and 7 shows the 
simulink model of PID controller(ZN), PID controller(Trial-error), Cascade controller and IMC controller.

Fig. 4: simulink of AVR with PID controller (ZN).

                             
Fig. 5: simulink of AVR with PID controller (Trial-Error)

Fig. 6: simulink of AVR with Cascade controller

International Journal of Latest Trends in Engineering and Technology (IJLTET) ISSN: 2278-621X

342 Vol 7 issue 2 July  2016http://dx.doi.org/10.21172/1.72.554



                             
Fig. 7: simulink of AVR with IMC controller

Figure 8,9,10 and 11 shows the unit step response of AVR for PID(ZN), PID(Trial-Error), Cascade and IMC 
controller. 

                                  

Fig. 8: Output response of AVR for PID controller (ZN method)  

                             

Fig. 9: Output response of AVR for PID controller (Trial-Error 

method)

                                   

Fig. 10: Output response of AVR for Cascade controller

                                               

Fig. 11: Output response of AVR for IMC Controller

IV. RESULT AND DISCUSSION

Performance analyses of different conventional controllers as shown in table 3.

International Journal of Latest Trends in Engineering and Technology (IJLTET) ISSN: 2278-621X

343 Vol 7 issue 2 July  2016http://dx.doi.org/10.21172/1.72.554



Table 3. Performance analyses of different Conventional Controllers

controller                parameter Rise Time (in sec.) Settling time (in sec.)       % overshoot

PID (ZN method)              0.236                3.31                 44

PID(Trial-Error method)              0.606                1.00                 0.446

Cascade              0.368                0.606                 0.41

IMC              0.86                1.49                  00

From table 3, It has been observed that the %overshoot of PID controller using Z-N tuning method is 44.00%. It can 
be reduced by using PID (Trial-Error Method). But PID (Trial-Error Method) is time consuming method. So, by 
using IMC(internal model controller) overshoot can be reduced to 0%.
It is clear from the step response analysis that the IMC based controller gives a better result than the conventional 
PID controllers.

V. CONCLUSIONS

In this paper, comparative study of performance analyses of different type of conventional controllers has been 
studied. The aim of the proposed controller is to regulate the terminal voltage of synchronous generator to a desired 
voltage in the shortest possible time and minimum or no overshoot. After comparing results for different
conventional controllers, it has been observed that IMC based model is the one which gives quick response without 
any oscillations, i.e. IMC based model gives a better response as compared to conventional PID controller.
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