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The main objective of an automatic voltage regulator (AVR) is the accurate 
control and regulation of the terminal voltage and the reactive power flow 
of a synchronous machine. In order to fulfill these requirements, the field 
voltage must react quickly to changes of the operating conditions, i.e. with a 
response time that does not exceed a few milliseconds. To accomplish this, 
a high-speed controller is required. It continuously compares the actual 
values with the set point values and changes the final control element (firing 
angle for the converter) with an insignificant delay. The main control device  
calculates the controlled variable from the measured values in very short 
time intervals. The result is a quasi-continuous behavior with a negligible 
time delay. In recent years, the scale of power systems has been expanding, 
and with that expansion smooth power operation is becoming increasingly 
important. One of the solutions is to realize a practical high speed, highly 
reliable exciter system that is suitable for stable operation of a power 
system. In this work, a model of a static excitation system of an alternator 
connected to a network via a transformer have been built using MATLAB-
SIMULINK .The parameters of the machine has been obtained from the 
high dam power station taking into account saturation effects. A PID 
controller is used to control the output voltage of the synchronous generator 
for static excitation systems. A method based on step response has been 
proposed and verified for tuning the parameters of the controller. In order to 
validate the simulated results of the system with AVR, the results have been 
compared with practical results of the hugh dam and a good agreement has 
been realized. However, in large generating units, undesirable oscillations 
in the active power and speed result as a side effect of the AVR control or 
due to outside disturbances. 
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1. INTRODUCTION 
       

In the last three decades, static excitation systems are introduced. The 
exciters used in alternators were DC generators driven by either the steam 
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turbine on the same shaft of the generator or by an induction motor. Old 
systems are being replaced by new system for many advantages (such as 
quick response, online maintenance and high field current). The static 
systems consist of some form of controlled rectifiers or choppers supplied by 
the ac bus of the alternator or from an auxiliary bus. A static excitation 
system regulates the terminal voltage and the reactive power flow of the 
synchronous machine by direct control of the field current using thyristor 
converters. The figure below shows an overview of the excitation system and 
its typical environment.  The voltage regulator controls the output of the 
exciter so that the generated voltage and reactive power can be controlled. 
The excitation system must contribute to the effective voltage control and 
therefore enhance the system stability. It must be able to respond quickly to a 
disturbance, thereby enhancing the transient stability as well as the small 
signal stability. In most modern systems the automatic voltage regulator 
(AVR) is a controller that senses the generator output voltage and the current 
or reactive power then it initiates corrective action by changing the exciter 
control to the desired value. The excitation system controls the generated 
EMF of the generator and therefore controls not only the output voltage but 
the reactive power as well. The response of the AVR is of great interest in 
studying stability. It is difficult to make rapid changes in field current, 
because of the high inductance in the generator field winding. This 
introduces a considerable lag in the control function and is one of the major 
obstacles to be overcome in designing a regulating system. The AVR must 
keep track of the generator output reactive power all the time and under any 
working load conditions in order to keep the voltage within pre-established 
limits. Based on this, it can be said that the AVR also controls power factor 
of the machine once these variables are related to the generator excitation 
level. The AVR quality influences the voltage level during steady state 
operation and also reduces the voltage oscillations during transient periods, 
affecting the overall system stability. Most researchers on modeling and 
simulation of generating systems did not use detailed models for the 
generating units with their detailed excitation system. Moreover researchers 
who implemented PI and PID controller for AVR in their models ignored a 
detailed procedure for determining controller parameters. Fig. (1) gives the 
block diagram of synchronous generator and excitation system with AVR 
and PSS while Fig. (2) shows the automatic voltage regulator of  the high 
dam power station with PSS using IEEE 2B PSS type. A model representing 
the AVR and PSS and High-dam Power Station on MATLAB SIMULINK 
was done, and the actual data of the high dam power station units are 
introduced and as shown in Fig. (3), This system is two area making a 
comparison between this system using AVR of the High Dam power station 
and the AVR of the Simulink model, Comparing the output voltage, we shall 
consider the following unity feedback  system Fig. (4).  
 

The transfer function of the PID controller looks like the following:  

 
where Kp is the proportional gain, Ki is the integral gain, and Kd is the 
derivative gain. First, let's take a look at the effect of a PID controller on the 
closed-loop system using the schematic above. To begin, the variable (e) is 
the tracking error or the difference between the desired reference value (r) 
and the actual output (y). The controller takes this error signal and computes 
both its derivative and its integral. The signal which is sent to the actuator 
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(u) is now equal to the proportional gain (Kp) times the magnitude of the 
error plus the integral gain (Ki) times the integral of the error plus the 
derivative gain (Kd) times the derivative of the error. A large Kp will have 
the effect of reducing the rise time and will reduce (but never eliminate) the 
steady-state error. Integral control (Ki) will have the effect of eliminating the 
steady-state error, but it will make the transient response worse. If integral 
control is to be used, a small Ki should always be tried first. Derivative 
control will have the effect of increasing the stability of the system, reducing 
the overshoot, and improving the transient response. The effects on the 
closed-loop response of adding to the controller terms Kp, Ki and Kd are 
listed in Table (1). Note that these correlations are not exactly accurate, 
because Kp, Ki, Kd are related to each other. Changing one of these 
variables can change the effect of the other two. For this reason, the table 
should only be used as a reference as the values for Ki, Kp and Kd are 
determined by trial and error approach.  
 

 
Figure 1. Block diagram of synchronous generator and excitation system  

with AVR and PSS. 
 

 

Figure 2. Transfer function of the High Dam AVR 
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Figure 3. Unity feedback system 

 

Figure 4. AVR Simiulink representation 

 

Table 1. Effects on the closed-loop response 

RISE TIME  OVERSHOOT SETTLING TIME  S-S ERROR 

Kp Decreases Increases No Change Decreases 

Ki Decreases Increases Increases Eliminates 

Kd No Change Decreases Decreases No Change 
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2. ADJUSTING CONTROLS 

2.1 Proportional Control 
 

From the discussion above we see that Kp will help to reduce the steady-state 
error. Let's first add a proportional controller into the system, by changing the m-file 
to look like the following: 
  

num=1; 
den=[1 10 20]; 
Kp=10; 
 [numCL,denCL]=cloop(Kp*num,den, -1); 
t=0:0.01:2; 
step(numCL, denCL,t) 
 

The "cloop" command in Matlab is used to convert the open loop transfer 
function into a closed-loop one. Since the "cloop" command only accepts 
one transfer function, the plant and controller transfer functions have to be 
multiplied together before the loop is closed. It should also be noted that it is 
not a good idea to use proportional control to reduce the steady-state error, 
because you will never be able to eliminate the error completely. This fact 
will become evident below. If you rerun your m-file, you should get the form 
shown in Plot no (1).  
Now, the rise time has been reduced and the steady-state error is smaller, if 
we use a greater Kp, the rise time and steady-state error will become even 
smaller. Change the Kp value in the m-file:  
 

Kp=500; 

 
Rerun the m-file and the Plot no (2) emerges.  
 

  

Plot no. 1                                                           Plot no. 2 

This time we see that the rise time is now about 0.1 second and the steady-
state error is much smaller. But the overshoot has gotten very large. From 
this example we see a large proportional gain will reduce the steady-state 
error but at the same time, worsen the transient response. If we want a small 
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overshoot and a small steady-state error, a proportional gain alone is not 
enough.  

2.2 PD Control 

The rise time is now probably satisfactory (rise time is about 0.1 second). 
Now let's add a derivative controller to the system to see if the overshoot can 
be reduced. Add another variable, Kd, to the m-file, set it equal to 10 and 
rerun the m-file:  

Kp=500; 
Kd=10; 
numc=[Kd Kp]; 
[numCL, denCL]=cloop(conv(num,numc),den); 
step(numCL, denCL,t) 

The overshoot is much less then before. It is now only twenty percent instead 
of almost forty-five percent. We can now try to improve that even more. Try 
increasing Kd to 100, you will see the overshoot eliminated completely as we 
see in Plot no. (3). We now have a system with a fast rise time and no 
overshoot. Unfortunately, there is still about a 5 percent steady-state error. It 
would seem that a PD controller is not satisfactory for this system. Let's try a 
PI controller instead.  

2.3 PI Control 

As we have seen, proportional control will reduce the steady-state error, but at the 
cost of a larger overshoot. Furthermore, proportional gain will never completely 
eliminate the steady-state error. For that we need to try integral control. Let's 
implement a PI controller and start with a small Ki. Go back to the m-file and change 
it so it looks like the following (note the t input is removed from the "step" 
command so more of the response can be seen in Plot no. (4). 

Kp=500; 
Ki=1; 
Kd=0; 
numc=[Kd Kp Ki]; 
denc=[1 0]; 
[numCL, denCL]=cloop(conv(num,numc),conv(den,denc)); 
step(numCL, denCL) 
 

                                                        

 
Plot no. 3                                                           Plot no. 4 
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The Ki controller really slows down the response. The settling time becomes 
more than 500 seconds. To reduce the settling time, we can increase Ki, but 
by doing this, the transient response will get worse (e.g. large overshoot). Try 
Ki=10, by changing the Ki variable. The plot can be seen better if an "axis" 
command is added after the step response. Your m-file should now look like 
the following: 

Kp=500; 
Ki=10; 
Kd=0; 
numc=[Kd Kp Ki]; 
denc=[1 0]; 
[numCL, denCL]=cloop(conv(num,numc),conv(den,denc)); 
step(numCL, denCL)  
axis([0 100 0 1.5])  

 

Now we have a large overshoot again, while the settling time is still long. To 
reduce both settling time and overshoot, a PI controller by itself is not 
enough as we see in Plot no. (5).  

  
        Plot no. 5                                                   Plot no. 6 

 
2.4 PID Control 

From the two controllers above, we see that if we want a fast response, 
small overshoot, and no steady-state error, neither a PI nor a PD controller 
will suffice. Let's implement both controllers and design a PID controller to 
see if combining the two controllers will yield the desired response. 
Recalling that our PD controller gave us a pretty good response, except for a 
little steady-state error. Let's start from there, and add a small Ki (=1). 
Change the m-file to the following to implement the PID controller and plot 
the closed-loop response:  

KP=500; 
KI=1; 
KD=100; 
numc=[KD KP KI]; 
denc=[1 0]; 
 [numCL, denCL]=cloop(conv(num,numc),conv(den,denc)); 
step(numCL, denCL) 
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The settling time is still very long. Increase Ki to 100.  

The settling time is much shorter, but still not small enough. Increase Ki to 
500 and change the "step" command to "step(numCL, denCL,t)".  

Now the settling time reduces to only 1.5 seconds. This is probably an 
acceptable response for this system as is seen in Plot no (7). To design a PID 
controller, the general rule is to add proportional control to get the desired 
rise time, add derivative control to get the desired overshoot, and then add 
integral control (if needed) to eliminate the steady-state error. You may have 
to go back and readjust all three variables to fine-tune the response. 

 
Plot no. 7 

 
3.  ADJUSTING THE PARAMETER OF THE AVR  

There is many ways to adjust the PID parameters one of them an efficient 
MA (Memetic Algorithm) for determining optimal proportional integral- 
derivative (PID) controller parameters of an AVR and the method Ziegler_ 
Nichols method is famous also in finding the parameters of the AVR controller 
and PSS. In this paper use is made of the actual parameters of the High Dam 
power station units and using Matlab simulink for representing the result of the 
High Dam generators tests. Simulation of the AVR on simulink is done after 
changing it to S domain functions, and compare the simulation result with the 
actual commissioning result which applied on the High Dam units. 
The PID Filter is the heart of the AVR and is built as a D-I-P-Structure. As 
soon as one of the time constants is set to 0, the respective LEAD/LAG is 
bypassed. All PID-Filters typically share the same configuration. Only when 
problems occur during the commissioning, some of the filter values will be 
changed. The PSS uses the same PID Filter structure. As mentioned before 
the controller in the high dam is PID controller with PID filters. We use a 
transfer function with high/low value gates as a suitable technique for 
representing the control operation in the AVR. As is seen from Fig. (2), the 
PID Controller and Filter for AVR and PSS are before the HIGH/LOW value 
gates. This transfer function named as TRF_OUT is preferable for static 
excitation system after simulating the same transfer functions for AVR, PSS, 
Limiter, High Dam Excitation System, and Exciter and using the same 
parameter in the actual High Dam units  
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In our simulink representation for the AVR of the High Dam, we are 
changing the parameter to improve the response of the AVR to reach to the 
fast response and low rise time after the step response test this will clear in 
this test. 
  

 

 

Figure 5. Two area system with High Dam units representation  
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Figure 6. The voltage response after changing reference value -+2%step response for the 
practical system and for the simiulink system for the High Dam generator. 

 
3. REFERENCE VALUE +-2% STEP RESPONSE 

 
Increasing the reference value by step +-2% and as we see results in 

actual test and our simulink program. In the simulink program the result of 
step response test is fast response and small overshoot and no steady state 
error if compared with the actual result of the actual reference value step 
response for the high dam units as shown in Fig. ( 6 ). 
 
 

4. CONCLUSION 
  

The simulation results obtained are compared with the practical results 
obtained from The High Dam power station. This comparison shows that the 
simulation result is more stable and has fast response than the practical 
results. This is achieved because of changing the parameters on a try and 
error basis to find the best parameters. This way is very good if we already 
make the true computer representation of the system with the AVR as was 
described in this paper, so we can change parameters and cases of operation 
until we reach the best parameter that make the system stable. The experience 
gained will give us the chance in future to change the PID controller which is 
already used in the High Dam power station by fuzzy controller or any new 
controller and make a new study to find the effect of this controller compared 
with the actual or practical controller. The program and experience gained 
have the advantage in saving money and effort spent on practical search, and 
keep the units from the damage caused by errors during practical tests. 
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APPENDIX 

 

Block parameters of the high dam unit in actual and matlab simulink.                                                                  


