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Abstract- This paper proposed enhanced Automatic 

Voltage Regulator (AVR) Stability in Nigeria power 

station. The techniques were based on utilizing 

Simulink in building system models and simulating 

their behaviors. Data on voltage stability analysis 

were collected from Kainji Hydropower plant in 

Nigeria and simulated to evaluate the control 

response in both time-domain and frequency- 

domain. Later, the enhanced automatic voltage 

regulator for stability was deployed. Result obtained 

showed that application of enhanced automatic 

voltage regulator for stability was reliable and 

effective. For stability enhancement, the terminal 

output voltage generated settled about 5 seconds with 

disturbances and tends to stabilize approximately at 

desired value. Without stability enhancement, the 

response was oscillating with large overshoot and no 

settling time. The simulation results showed that this 

method can effectively estimate the transient stability 

with significant simplicity and generality, which was 

practically useful to secure the operation and control 

for power electronics dominated power systems.  

Automatic Voltage Regulator (AVR) for stability in 

power generation was also enhanced by introducing 

a compensator known as a PID circuit in which the 

error is amplified proportionately (P), integrated (I) 

and differentiated (D). The three design parameters 

of this controller; proportional gain Kp, integral gain 

Ki and derivative gain Kd, must be tuned jointly by 

the operator depending upon the plant’s design 

parameters. The resulting response against a unit 

step input should correspond with the given 

reference with minimal settling time and no 

sustained oscillation. 

 

I. INTRODUCTION 

 

In elementary generation, an electrical generator is a 

device that converts mechanical energy to electrical 

energy generally; using electromagnetic induction, the 

reverse conversion of electrical energy into 

mechanical energy is done by a motor. Motors and 

generators have many similarities. A generator forces 

electric charges to move through an external electric 

circuit but it does not create electricity or charge which 

is already present in the wire of its windings. The 

source of mechanical energy may be a reciprocating or 

turbine steam engine, water falling into a turbine or 

water wheel, an internal combustion engine or wind 

turbine, or hard crank, or compressed air or any other 

source of mechanical energy can be used. 

 

• Kainji Hydropower Station Stability Analysis Data 

Sample 

 

Table1.1 Summary of disturbance events 

DISTURBANCE   

EVENT 

DAT

E 

FREQUE

NCY   

CHANGE 

MW 

CHANG

E 

β 

(MW/0.

1 Hz) 

1. Generation 

Increase 

06/12/

2020 

+ 55 MHz + 118-

141 

MW∗ 

21.6-

25.65 

2. Loss of 

Generation 

06/12/

2020 

- 46 MHz - 100 

MW 

21.74 

3. Loss of Kainji 

Hydro Power 

Station 

12/02/

2020 

- 32 MHz - 7h0 

MW 

21.65 
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Figure 1.1 Filter FDR voltage   Figure 1.2 Filter FDR frequencies

 

2.0 Mechanical Model of Synchronous Generator 

 

The torque developed by the machine when generating 

is negative mechanical. The externally -applied 

mechanical torque in the direction of rotation, will be 

negative when the machine is motoring a load and will 

be positive when the rotor is been driven by a prime 

mover as in generating. If the frictional torque acts in 

a direction opposite to the rotor’s rotation, 

 

Equating the net acceleration torque to the internal, we 

have; 

         
(1.1) 

 

The rotor angle ö is define as the qr-axis of the rotor 

with respect to q axis is of the synchronously rotating 

reference frame that is 

(t) = Yr(t) – Ye(t) elect rad  (1.2) 

 ∫to [wr(t) – we]dt + Yr() – Ye(0)=    (1.3)  

       

Since We is constant 

[wr(t) – we]= wr(D)      (1.4)  

       t               dt 

Using the equation (1.3) to replace            

into equation (1.4) the slip speed can be 

determined from an integration of 

wr(t) – we]= 1  ∫to (em + Tmech – Tdam) at e ectrad                                                                

(1.5) 

                    2J 

And 

 

  

 

Analyzing the steady state frequency responses for 

automatic generation control (AGC) in a single area 

system, with the primary load feedback control (LFC) 

loop, a change in the system load will result in a 

steady-state frequency deviation, depending on the 

governor speed regulation. 

 

In order to reduce the frequency deviation to zero, the 

rest action can be achieved by introducing an integral 

controller to act on the load reference setting to change 

the speed set point The integral controller increases the 

system type by one (1) which forces the final 

frequency deviation to zero. The simple model of the 

LFC with the addition of the secondary loop is shown 

in figure 1.3. The integral controller gain, ki, must be 

adjusted for a satisfactory transient Response 

 

 
Figure 1.3 AGC for Isolated Power System. 

 

Where ∆Pv = change in Electrical equivalent power 

(governor). 

∆Pm = change in mechanical equivalent power 

(turbine). 

∆PL(S) Output integral (Load). 

The closed - loop transfer function of the control 

system shown above with only PL Output integral 
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(load) as input becomes. 

(1.6) 

Where  

∆f = closed-loop transfer function, PL = output 

integral (load) 

1/R = Regulation, Ts = Time constant for hydraulic 

gervometer valve  

Tgs = Governor Transfer function, Tt(s) = Turbine 

transfer function  

2H5+D = Rotating mass and load 

D = Damping load constant transfer function 

The figure (1.4) shows the dynamic model of a power 

system without AGC controller. This is represented 

below in order to know the impact of AGC in a single 

area power system 

 

 
 

2.1 MODEL CONTROL CENTER 

 

The basic objective of supplementary control is to 

restore balance between each area load and generation. 

Another requirement of AGC action is that a control 

signal to a given area should ideally correct only for 

changes in that area. Since controlled value is 

frequency and tie line power flow, it is naturally to 

make deviation of these two values, as controller input 

signal.  

 

This signal is known as area control error (ACE) 

described by equations (1.7) and (1.8) 

ACE1 = (∆P12 + B1AF)    (1.7) 

ACE2 = (∆P11 +B2∆F)   (1.8) 

 

Where B is the bias factor of the two-control area 

respectively 

 

2.2 AMPLIFIER MODEL 

 

The excitation system amplifier may be a magnetic 

amplifier, rotating amplifier or modern electronic 

amplifier. The amplifier is represented by again KA 

and a time constant TA, and the transfer function is 

 
(1.9) 

 

Typical values of KA are in range of 10 to 400 and TA 

range 0.02 to .0.1 second. 

 

2.3 EXCITER MODEL 

 

There is a variety of different excitation types, 

however modern excitation systems uses AC power 

source through solid - state rectifiers such as SCR. In 

the simplest form, the transfer function of a modern 

exciter may be represented by a single time constant 

TB and a gain KE 

 

(1.9) 

 

2.4 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, in 

the linearzed model, the transfer function relating the 

generator terminal voltage to its field voltage can be 

represented by a gain KE and a time constant TG is 

given as 

 

(1.10) 

 

These constants are load dependent, KG may vary 

between 0.7 to 1.0, and TG between 1.0 and 2.0 

seconds from full - load to no - load. 

 

2.5 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, give by 

 

(1.11) 

 

TR is very small and may be assume a range of 0.01 

to 0.06 second hence, utilizing the above models 

results in the AVR block diagrams shown in figure 1.6 
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Figure 1.5 Simplified Automatic Voltage Regulator 

Model 

 

2.6 ENHANCED AUTOMATIC VOLTAGE 

REGULATOR 

 

Due to unsatisfactory step response of AVR, a 

controller is designed to increase the relative stability 

and add a zero to the AVR open - loop transfer 

function which is done by adding a rate feedback to 

the control system as shown in figure 2.6 

. By proper, adjustment of KF and TF, a satisfactory 

response can be obtained. 

GPID(s) = P + I + D =
 U(s) 

= Kp + 
Ki 

+ Kds  (1.12) 

           E(s)             s 

 

where Es is the error variable between the desired 

and real process output which produces the control 

signal Us by computing the sum of proportional 

term P, integral term I and derivative term D.  

 

The three design parameters of this controller, 

i.e., proportional gain Kp, integral gain Ki and 

derivative gain Kd, must be tuned jointly by the 

operator depending upon the plant’s dynamics. 

 

 
Figure 1.6 Block Model of the Compensated AVR 

System 

 

II. SIMULATIONS 

 

One-area system parameters on a 1000mva common 

Base 

 

 

Table 1.2 One-area system parameters 

Parameter Value 

Speed regulation  R = 0.05 

Frequency sensitive load 

coefficient 

D = 0.8 

Turbine time constant T1 = 0.5 

Governor time constant Tg = 0.2 

Inertial constant H = 5.0 

Integral controller K1 K1 = 8.0 

Sudden change in load PL PL = 0.2 

Speed regulation R1 = 0.05 R2 = 0.0625 

Frequency sensitive load 

coefficient D1 = 0.6 

D2 = 0.9 

Turbine time constant Tt1 = 0.5 T12 = 0.6 

Governor time constant Tg1 = 

0.2 second 

Tg2 = 0.3 

Inertial constant H1 = 5.0 H2 = 4.0 

 Integral controller K11 = 0.3, 0.6 K12 = 0.3, 0.6 

Sudden change in load PL, 

PL1 = 0.2 

 

Power transfer Ps = 2.0  

Frequency bias factor B1 = 0.3, 

0.6 

B2 = 0.3, 0.6 

 

Table 1.3 Two area system parameters on a 

1000MVA common base 

GAIN TIME CONSTANT 

(SEC) 

Amplifier KA = 10.12 TA 0.1 

Exciter KE = 1.0 TE = 0.4 

Generator KG = 1.0 TG = 1.0 

Sensor KR = 1.0 TR = 0.05 

Reference voltage  240V 
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Figure 1.7 Simulink Model of Uncompensated AVR Block Diagram With ka = l0.12 

 

 

Figure 1.8  Compensated AVR Block Diagram with ka = 10.12
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Figure 1.9 Terminal Voltage Response of Uncompensated AVR with Variation of KA, Voltage 240V

 

Figure: 1.10 Terminal Voltage Responses of Compensated AVR with Variation of KA.

 

RESULT AND CONCLUSION 

 

CASE 1, VOLTAGE RESPONSE OF AVR 

WITHOUT COMPENSATION 

 

In this case, different values of amplifier gain were 

varied both with stabilizer and without compensated 

AVR with system parameters in Tables 1.2 and 1.3. 

 

The first case (case 1) is of AVR without 

compensation and compared model are shown in 

figure 1.7.  

 

As it can be seen from figure 1.9, a step change in 

terminal voltage 240V, at a time 15 seconds, the 

response of terminals voltage is highly oscillatory, 

with a very large overshoot and no settling time. 

 

Hence, the higher the amplifier gain of an AVR 

without compensation the highly the oscillation 

response (i.e. higher in amplitude of oscillation). 

 

CASE 2, VOLTAGE RESPONSE OF AVR WITH 
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COMPENSATION 

 

Moreover, the second case (case 2) is of AVR with 

stabilizer (compensator). In figure 1.8, a compensated 

AVR and excitation system simulation model is 

shown. It can be seen in figure 1.10 and equation 

(1.12), that at a time 15 seconds following a step 

change in terminal voltage (Vt) 240V, the system is 

stable with settling time of approximately 5 seconds 

(desired value). 
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