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EXPERIMENT NO. 1 

TRANSFER FUNCTION ANALYSIS 

I) Time Response for step input 

AIM: - To plot time response curves of systems and present the computational approach to the 

transient response analysis with MATLAB. 

SOFTWARE REQUIRED: - MATLAB with Control System toolbox 

THEORY:- The commonly used test input signals are those of step functions, ramp functions 

acceleration, impulse and sinusoidal functions with these test signal, mathematical and experimental 

analysis of control system can be carried out easily since the signals are very simple functions of 

time which of these typical input signals to use for analyzing system characteristic may be 

determined by the form of the input that the system will be subjected to most frequently under normal 

operation. . If the inputs to control systems are gradually changing functions of time then a ramp 

function of time may be a good test signal. Similarly, if a system is subjected to sudden disturbances, 

a step function of time may be a good test signal once a control system is designed on the basis of 

test signal the performance of the system in response to actual inputs is generally satisfactory. The 

use of such test signals enables one to compare the performance of all systems on the same basis. 

     The time response of a control system consists of two parts, the transient response and the steady 

state response. By transient response, we mean that which goes from the initial state to the final state. 

By steady-state response, we mean the manner in which the systems output behaves as t approaches 

infinity. Thus the system response C (t) may be written as C (t) =Ctr (t) + Css (t) where the first term 

on RHS of the equation is the transient’s response and the second term is the steady state response. 

In many practical cases the desired performance characteristics of control system are specified in 

terms of time-domain Quantities.  System with energy storage control responds instantaneously and 

will exhibit transient responses whenever they are subjected to input or disturbance. If the response 

to a step input is known, it is mathematically possible to compute the response to any input. The 

transient responses of a system to a unit step input depend on the initial condition. 

 

Time Response: The time response is the output of the closed loop system as a function of time. It 

is denoted by C (t). It is given by inverse Laplace of the product of input and transfer function of the 

system. 

 

       The closed loop transfer function is  
C(S)

R(S)
 = 

G(S)

1+G(S)H(S)
 

 

        Response in S – domain is  C(S) = 
R(S)G(S)

1+G(S)H(S)
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Response in time domain   C (t)  = L 
–1

 [C ( S )] =      L 
–1C(S) =      

𝑅(𝑆)𝐺(𝑆)

1+𝐺(𝑆)𝐻(𝑆)
 

 

Step Response:  In electronic engineering and control theory, step response is the time behavior of the 

outputs of a general system when its inputs change from zero to one in a very short time. The concept 

can be extended to the abstract mathematical notion of a dynamical system using an evolution parameter. 

The step response can be described by the following quantities related to its time behavior, 

➢ overshoot 

➢ rise time 

➢ peak time 

➢ settling time 

➢ ringing 

 

The practical procedure for plotting time response curves of systems higher than second order is through 

computer simulation. 

 

PROCEDURE: 

      1.   Consider the transfer function    
C(S)

R(S)
 = 

2𝑆+25

S² +4S+25
 

 

https://en.wikipedia.org/wiki/Overshoot_(signal)
https://en.wikipedia.org/wiki/Rise_time
https://en.wikipedia.org/wiki/Settling_time
https://en.wikipedia.org/wiki/Ringing_(signal)
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             This system should be represented as two arrays, each containing the coefficients of the         

             polynomials in decreasing power of S as follows 

        

 Num = [0   2   25]  

       Den = [1   4   25] 

 

2.  If Num and Den are known, Command Such as Step (Num, Den) Step (Num, Den,t) will 

generate plots of unit-step responses. 

3. Double click Matlab icon on desktop 

4. Go to New → Script. Type the program & save it.  

5. And press F5 to run or click Run icon 

 

 Program 1 

num = [2 25] 

den = [1 4 25] 

step(num,den) 

grid 

 

 

(Right click on the plot and select Characteristics option to view the time domain 

specifications. Note down the time domain specifications from the plot) 

 

 

2.   Consider the third order transfer function G(S) = 
8𝑆2+18S+32

𝑆3+6𝑆2+14S+24
  and plot the step and impulse 

response using step and impulse commands 

 

Program 2 

 

sys = tf([8 18 32],[1 6 14 24]) 

subplot(2,1,1) 

step(sys) 

grid 
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subplot(2,1,2) 

impulse(sys) 

grid 

 

 

3.   Consider the transfer function        
C(S)

R(S)
= 

1

S² +2ζS+1
 

 

Plot unit step response curves C(t) when ζ assumes the following values 

ζ =0,    0.2,    0.4,   0.6,   0.8,   1.0. Also plot a three dimensional plot. 

 

Program 3 

% ------- Two-dimensional plot and three-dimensional plot of unit-step response curves for the 

standard second-order system with ωn = 1 and  zeta = 0, 0.2, 0.4, 0.6, 0.8, and 1. ------- 
 

t = 0:0.2:10; 

zeta = [0 0.2 0.4 0.6 0.8 1]; 

for n = 1:6; 

num = [1]; 

den = [1 2*zeta(n) 1]; 

[y(1:51,n),x,t] = step(num,den,t); 

end 

 
 

% To plot a two-dimensional diagram, enter the command plot(t,y). 
 

plot(t,y) 

grid 

title('Plot of Unit-Step Response Curves with \ ωn = 1 and \ ζ = 

0, 0.2, 0.4, 0.6,   0.8, 1') 

xlabel('t (sec)') 

ylabel('Response') 
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text(4.1,1.86,'\zeta = 0') 

text(3.5,1.5,'0.2') 

text(3.5,1.24,'0.4') 

text(3.5,1.08,'0.6') 

text(3.5,0.95,'0.8') 

text(3.5,0.86,'1.0') 

 

 
 

 

 

% To plot a three-dimensional diagram, enter the command mesh(t,zeta,y'). 
 

mesh(t,zeta,y') 

title('Three-Dimensional Plot of Unit-Step Response Curves') 

xlabel('t Sec') 

ylabel('\zeta') 

zlabel('Response') 
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RESULT: Hence the time response of the given transfer functions is determined. 

 

Viva Questions:- 

 

1. What are the time domain specifications? 

2. Explain why a system is tested for step input? 

3. Define Damping ratio? 

4. What causes a transient response in a control system? 

5. What is Damped frequency of oscillation? 

6. What is the order and type of the system? 

7. What are static error constants? 

8. What is transient and steady state response? 
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II. FREQUENCY RESPONSE CHARACTERISTIC USING BODE DIAGRAM 

 

AIM: - To compute magnitude and phase angle of the frequency response using bode diagram.  

SOFTWARE REQUIRED: - MATLAB 

THEORY: - By the term frequency response we mean the steady state response of a system to a sine 

input. In frequency response method, we vary the frequency of the input signal over a certain range 

and study the resulting response. An advantage of the frequency response is that frequency response 

test is in general, simple and can be made accurately by the use of readily available sine signal 

generator. 

  The sinusoidal transfer function a complex function of the frequency ‘ω’ is characterized by its 

magnitude and phase angle with frequency as the parameter. There are three commonly used 

representatives of sinusoidal transfer function 

1. Bode diagram or logarithm plot 

2. Nyquist plot or polar plot  

3. Log magnitude v/s phase plot (Nichole plot) 

A bode diagram consists of two graph one is a plot of the logarithm of the magnitude of a sinusoidal 

transfer function the other is a plot of the phase angle both are plotted against the frequency on a 

logarithmic scale. The main advantage of using the abode is that multiplication of magnitude can be 

converted into addition. 

  The command bode computes magnitude and phase angle of the frequency response of continuous – 

time, linear, time – invariant systems. 

PROCEDURE 

1. When the command bode (without L-H arguments is entered in the computer MATLAB 

produces a bode plot on the screen most common commands are  

bode (num,den) 

bode (num,den,w) 

bode (A,B,C,D) 

bode (A,B,C,D,W) 

bode (sys) 

    2. When invoked with left – hand argument such as  

[mag,phase,w]= bode(num,den,w) 

          bode return the frequency response of the system in matrices mag,phase and ω 

      3. No plot is drawn on the screen. 

4. The matrices mag and phase contain magnitudes and phase angles of the frequency    response of 

the system, evaluated at the user – specified frequency point. The phase angle is returned in 

degrees. 

 

5. The magnitude can be connected to decibels with the statement Magdb = 20*log 10(mag) 
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6. To specify the frequency range, use the command Log space (d1,d2) or log(d1,d2,n) 

7. For plotting the bode diagram for the transfer function and determine gain, phase crossover  

    frequencies gain and phase margin. 

 

      8. Frequency response is the steady state response (output) of a system when the input to the    

          system is a sinusoidal signal. 

 

     9. The magnitude and phase relationship between the sinusoidal input and the steady state  

          output of a system is termed the frequency response. 

 

 

 

Problems:- 

 

1. Plot Bode plot for the open loop transfer function shown and find out the gain margin, phase 

margin, phase crossover frequency & gain crossover frequency. 

 

G(S)   = 
𝟏𝟎

𝑺(𝟏+𝟎.𝟒𝑺)(𝟏+𝟎.𝟏𝑺)
      

       Program 1: 
 

clear all 

s=tf('s') % to specify a TF model using a rational function in the 

            Laplace variable, s    

GH = 10/(s*(1+0.4*s)*(1+0.1*s)) 

bode(GH)  % draws the Bode plot of the dynamic system SYS 

grid 

[gm,pm,wcp,wcg] = margin(GH)  % computes the gain margin Gm, the 
                              phase margin Pm, and the associated 

                              frequencies Wcg and Wcp, 
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The dots in the above plot shows stability margin. 

 

Output in command window: - 

 

gm = 1.2500       pm = 5.2057          wcp = 5         wcg = 4.4629 

 

 

2. Consider the following system with one input u and one output y 

 

         ⌊𝑥1̇
𝑥2̇

⌋ = [
0 1

−25 −4
] ⌊

𝑥1
𝑥2

⌋ + ⌊
0

25
⌋ u     and   y = [1   0] ⌊

𝑥1
𝑥2

⌋ 

        Sketch the bode plot and also find the other parameters.  

 

Program 2: 

 
clear all 

A = [ 0 1; -25 -4] 

B = [0;25] 

C = [1 0] 

D = [0] 

bode(A,B,C,D) 

[gm,pm,wcp,wcg] = margin(A,B,C,D) 

grid 

 

Output in command window: - 

 

gm = Inf            pm = 68.9154         wcp = Inf             wcg = 5.8302 
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RESULT: The gain and phase crossover frequencies of the given transfer function is determined using  

                   Bode plot. 

 

 

VIVA QUESTIONS:- 

 

1. What are the frequency domain specifications? 

2. What is Bode plot? 

3. What are the advantages of Bode plot? 

4. What is phase margin? 

5. What is Gain margin? 

6. What is gain cross-over frequency (ωgc) & phase cross-over (ωpc)? 

7. What do you understand by frequency response plot? 

8. What is meant by corner frequency? 
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EXPERIMENT NO. 2 

ROOT LOCUS & NYQUIST METHOD USING MATLAB 

 

AIM: -  To generate root- locus plots and finding relevant information from plots. 

SOFTWARE REQUIRED: - MATLAB with Control System toolbox 

THEORY: -  The basic characteristic of the transient response of a closed- loop system is closely related 

to the location of the closed loop poles. If the system has a variable loop gain then the location of the 

closed loop poles depends on the valve of the loop gain chosen. It is important, that the designer know 

how the closed-loop poles move in the s-plane as the loop gain is varied. The closed loop poles are the 

roots of the characteristic equation finding the roots of the characteristic equation of degree higher than 

3 is laborious and MATLAB provides a simple solution. 

 A simple method for finding the roots of the characteristics equation has been developed called 

roots locus method, in which the roots of the characteristic equation are plotted for all values of a system 

parameter. The basic idea behind the root-locus method is that the values of ‘S’ that make the transfer 

function around the loop equal –1 must satisfy the characteristics equation of the system. 

 

PROCEDURE:- 

 1. In plotting root loci we deal with the system equation give in the form  

1+K (S + Z1) (S + Z2)…………(S+Zm) = 0 

    (S + P1)  (S + P2)………….(S+Pn) 

      It is written as 1+ K 
𝑁𝑢𝑚

𝐷𝑒𝑛
 = 0 

 

      Where num is the numerator polynomial and den is the denominator polynomial.                                                                                                                                          

       i.e. 

       Num = (S + Z1) (S + Z2)----- (S + Zm) 

              = Sm + (Z1+ Z2+-----+ Zm) S m-1+-----+ Z1Z2  -----Zm 

       Den = (S + P1)(S + P2)---- (S + Pn ) 

              = Sn + (P1+ P2+------Pn ) S n -1+  P1 P2 -- Pn 

      Both vectors num and den must be written in descending power of S. 

2. Matlab command used for plotting root loci is. 

    rlocus(num, den) 

3. Using this command, the root locus plot is drawn on the screen the gain vector K is 

    automatically determined. 

4. If invoked with left hand arguments 

         [r,k]  =  rlocus(num,den) 
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         [r,k ] = rlocus (num,den,K) 

        The screen will show the matrix ‘r’ and gain vector K    

5.  The plot command  

        Plot (r, ‘o’) plots roots loci 

6.   If it is desired to plot the root loci with marks ‘o’ or ‘X’ it is necessary to use the  

      following command 

       r = rlocus (num,den) 

      Plot [r, ‘O’] or plot[ r, ‘x’] 

7.   To find the root locus plot of a open –loop transfer function  

        G(S) H(S) =                                  K(S+6)                    OR         S
4+ 8S³ + 24S² + 32 

                                         S(S+4)(S² +4 S+8) 

        Num = [1 6]; 

        Den = [1  8 24 32]; 

        To set the given plot region on the screen to be  to be square enter the command 

                  V= [-6  6  -6  6]: axis (V);  

                  Axis (‘square’) 

 

Problems:- 

 

1. For the given transfer function plot the root locus with a square aspect ratio  

G(S)H(S) = 
𝐊(𝐒+𝟑)

𝑺(𝐒+𝟏)(𝐒𝟐+𝟒𝐒+𝟏𝟔)
 

 

Program 1: 

num = [1 3]; 

den = [1 5 20 16 0]; 

rlocus(num,den) 

v = [-6 6 -6 6]; 

axis(v); axis('square') 

grid; 

title ('Root-Locus Plot of G(s) = K(s + 3)/[s(s + 1)(s^2 + 4s + 16)]') 
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2. Consider the block diagram shown below 

 

The characteristic equation of the system is 1 + G(S) = 0 where G(S) = 
𝐊

𝐒(𝐒+𝟕)(𝐒+𝟏𝟏)
  plot the root 

loci for   

 

Program 2: 

s = tf('s'); 

G = 1/(s*(s+7)*(s+11)); 

rlocus(G); 

axis equal; 

 

 

-6 -4 -2 0 2 4 6
-6

-4

-2

0

2

4

6

0.160.340.50.64

0.76

0.86

0.94

0.985

1

2

3

4

5

6

1

2

3

4

5

6

0.160.340.50.64

0.76

0.86

0.94

0.985

Root-Locus Plot of G(s) = K(s + 3)/[s(s + 1)(s2 + 4s + 16)]

Real Axis (seconds-1)

Im
ag

ina
ry

 A
xis

 (s
ec

on
ds

-1
)



B.E. 4/4 EEE-1st Semester                                               Electrical Simulation Lab Manual v.2018-2019 

 

Page | 14 

      DCET 

Clicking at the point of intersection of the root locus with the imaginary axis gives the data shown we 

find that the closed-loop system is stable for K < 1360; and unstable for K > 1360. 

To see the Step responses for two values of K the program is 

K = 860; 

step(feedback(K*G,1),5) 

hold; %Current plot held 

K = 1460; 

step(feedback(K*G,1),5) 

 

 

RESULT: - Root locus of the given transfer functions is determined. 

 

 

II. NYQUIST PLOT 

 

AIM: - To generate Nyquist plot and computes the frequency response for different system  

SOFTWARE REQUIRED: - MATLAB with Control System toolbox 

THEORY: - Nyquist plots just like bode diagram are commonly used in the Frequency- response 

representation of linear, time invariant feedback control Systems. An advantage of this plot is that it 

depicts the frequency response characteristics of a system over the entire frequency range in a single 

plot.  

 

In examining the stability of linear control systems using the Nyquist stability criterion we come across 

the following three situations: 
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Situation Stability 

 

No encirclement of -1+j0 point 

Stable (if there are no poles of G(S)H(S) in the 

right half s-plane). 

Unstable (if there are poles of G(S)H(S) in the 

right half s-plane). 

 

Anticlockwise encirclement of -1+j0 point 

Stable (if the number of anticlockwise 

encirclements are equal to number of poles of 

G(S)H(S) in the right half s-plane). 

Unstable (if the number of anticlockwise 

encirclements are not equal to number of poles 

of G(S)H(S) in the right half s-plane). 

Clockwise encirclement of -1+j0 point Always Unstable  

 

     1. Sketch the Nyquist plot and determine the stability of the given transfer function  

 

           G(S) = 
𝟏+𝟒𝐒

𝐒𝟐(𝟏+𝐒)(𝟏+𝟐𝐒)
 = 

𝟏+𝟒𝐒

𝟐𝐒𝟒+𝟑𝐒𝟑+𝐒𝟐 

Program 1: 

 
num =[4 1]; 

den =[2 3 1 0 0]; 

nyquist(num,den) 

grid 

 

 
 

From this plot we observed Clockwise encirclement of -1+j0. 

 

Since P= 0, Z = N+P = 2+0, there are two roots lying in the right half of S-plane. Hence the system 

is Unstable. 

    
 

2. Sketch the Nyquist plot and determine the stability of the given transfer function  

 

Nyquist Diagram

Real Axis

Im
ag

in
ar

y 
Ax

is

-25 -20 -15 -10 -5 0

-1

-0.5

0

0.5

1

0 dB

-10 dB

-6 dB

-4 dB

-2 dB

10 dB

6 dB

4 dB

2 dB

System: sys

Gain Margin (dB): -20.6

At frequency (rad/s): 0.354

Closed loop stable? No

System: sys

Phase Margin (deg): -36.7

Delay Margin (sec): 5.05

At frequency (rad/s): 1.12

Closed loop stable? No



B.E. 4/4 EEE-1st Semester                                               Electrical Simulation Lab Manual v.2018-2019 

 

Page | 16 

      DCET 

        G(S) = 
𝟐𝟎(𝐒𝟐+𝐒+𝟎.𝟓)

𝐒(𝐒+𝟏)(𝐒+𝟏𝟎)
 

 
Program 2: 

 

num = [20 20 10]; 

den = [1 11 10 0]; 

nyquist(num,den) 

v = [-2 3 -3 3]; axis(v) 

grid 

 

 
 

we see that the Nyquist plot does not encircle the –1+j0 point. Hence, N = 0 in the Nyquist stability 

criterion. Since no open-loop poles lie in the right-half s plane, P = 0. Therefore, Z = N + P = 0. The 

closed-loop system is stable. 

 

RESULT: - Hence the stability of the system is found using Nyquist stability criterion. 

 

 

Viva Questions:- 

 

1. What is root locus? 

2. What are the uses of root locus? 

3. State the rule for obtaining the breakaway point in the root loci? 

4. What is magnitude & angle criterion? 

5. What is dominant pole? 

6. What is breakaway and breakin point? How to determine them? 

7. State Nyquist Stability Criterion? 

8. State Nyquist stability criteria for a closed loop system when the open loop system is stable? 

9. What is an oscillatory system as per Nyquist Stability Criterion? 

10. Explain conditions of stability by Nyquist Stability Criterion. 

 

 

 

Nyquist Diagram
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EXPERIMENT NO. 3 

DESIGN OF LAG, LEAD AND LAG-LEAD COMPENSATOR 

 
AIM: - To design lag, lead and lag- lead compensator. 

 

SOFTWARE REQUIRED: - MATLAB with Control System toolbox 

 

THEORY: - Lead compensation essentially yields an appreciable improvement in transient response 

and a small change in steady – state accuracy. It may accentuate high frequency noise effects. Lag 

compensation, on the other hand, yields an appreciable improvement in steady- state accuracy at the 

expense of increasing the transient response time. Lag compensation will suppress the effect the high 

frequency noise signals. Lag lead-compensation combines the characteristic of both lead compensation 

and lag compensator raises the order of the system by 2, which means that the system becomes more 

complex and it is more difficult to control the transient response behavior. 

 

Block Diagram of Compensation 

Necessity of Compensation: - 

1. In order to obtain the desired performance of the system, we use compensating networks. 

Compensating networks are applied to the system in the form of feed forward path gain 

adjustment.  

2. Compensate a unstable system to make it stable.  

3. A compensating network is used to minimize overshoot.  

4. These compensating networks increase the steady state accuracy of the system. An 

important point to be noted here is that the increase in the steady state accuracy brings 

instability to the system.  

5. Compensating networks also introduces poles and zeros in the system thereby causes 

changes in the transfer function of the system. Due to this, performance specifications of 

the system change. 

Lead Compensator: - 
 

A Lead compensation transfer function, its network & Pole- Zero plot is shown below  
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Problem: - 

 

1. Consider an open loop transfer function G(S) = 
𝟒

𝐒(𝐒+𝟐)
   It is desired to design a lead compensator 

for the system so that the static velocity error constant Kv is 20 sec-1, the phase margin is at least 50° and 

the gain margin is at least 10dB. 

 

[for solution refer Modern Control Engineering, 5th Edition, Katsuhiko Ogata, Eg-7-26, Pg No. 496] 

 

Examine the transient response characteristic of the designed system. We shall obtain the unit-step 

response and unit ramp response curve of the compensated and uncompensated system. 

 

The closed loop transfer function is given by 
𝐂(𝐒)

𝐑(𝐒)
= 

𝟒

𝐒² +𝟐𝐒+𝟒
      

 

The transfer function of lead compensator is found to be GC(S) = 41.7  
𝑺+𝟒.𝟒𝟏

𝐒+𝟏𝟖.𝟒
 

 

 And the closed loop transfer function of compensated system is given by  

 

          C(s)     =         166.8S + 735 .588 

          R(s)          S3 +20.4S2 +203.6S+735.588  

 

Program for Unit Step response: 
 

num = [4]; 

den = [1 2 4]; 

numc = [166.8 735.588]; 

denc = [1 20.4 203.6 735.588]; 

t = 0:0.02:6; 

[c1,x1,t] = step(num,den,t); 

[c2,x2,t] = step(numc,denc,t); 

plot (t,c1,'.',t,c2,'-') 

grid 

title('Unit-Step Responses of Compensated and Uncompensated 

Systems') 

xlabel('t Sec') 

ylabel('Outputs') 

text(0.4,1.31,'Compensated system') 
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text(1.55,0.88,'Uncompensated system') 

 

Program for Unit Ramp response: 
num1 = [4]; 

den1 = [1 2 4 0]; 

num1c = [166.8 735.588]; 

den1c = [1 20.4 203.6 735.588 0]; 

t = 0:0.02:5; 

[y1,z1,t] = step(num1,den1,t); 

[y2,z2,t] = step(num1c,den1c,t); 

plot(t,y1,'.',t,y2,'-',t,t,'--') 

grid 

title('Unit-Ramp Responses of Compensated and Uncompensated 

Systems') 

xlabel('t Sec') 

ylabel('Outputs') 

text(0.89,3.7,'Compensated system') 

text(2.25,1.1,'Uncompensated system') 

 

 
RESULT: - Transient state performance of the system is improved using Lead compensation. 
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Lag Compensator: - 
 

A Lag compensation transfer function, its network & Pole- Zero plot is shown below 

 

    
 

Problem: - 

1. Consider an open loop transfer function G(S) = 
𝟏

𝐒(𝐒+𝟏)(𝟎.𝟓𝐒+𝟏)
   It is desired to design a lag 

compensator for the system so that the static velocity error constant Kv is 5 sec-1, the phase margin is at 

least 40° and the gain margin is at least 10dB. 

 

[for solution refer Modern Control Engineering, 5th Edition, Katsuhiko Ogata, Eg-7-27, Pg No. 505] 

 

Examine the transient response characteristic of the designed system. We shall obtain the unit-step 

response and unit ramp response curve of the compensated and uncompensated system. 

      The closed loop transfer function is given by  
𝐂(𝐒)

𝐑(𝐒)
 =  

𝟏

𝟎.𝟓𝐒𝟑+𝟏.𝟓𝐒² +𝐒+𝟏
 

 

      The transfer function of lag compensator is found to be GC(S) = 5
𝟏𝟎𝑺+𝟏

𝟏𝟎𝟎𝐒+𝟏
 

 

     And the closed loop transfer function of compensated system is given by   

 

     
𝐂(𝐒)

𝐑(𝐒)
    = 

𝟓𝟎𝑺+𝟓

𝟓𝟎𝐒𝟒 +𝟏𝟓𝟎.𝟓𝐒𝟑+𝟏𝟎𝟏.𝟓𝐒𝟐+𝟓𝟏𝐒+𝟓
 

 

Program for Unit Step response: 

 
num = [1]; 

den = [0.5 1.5 1 1]; 

numc = [50 5]; 

denc = [50 150.5 101.5 51 5]; 

t = 0:0.1:40; 

[c1,x1,t] = step(num,den,t); 

[c2,x2,t] = step(numc,denc,t); 

plot(t,c1,'.',t,c2,'-') 
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grid 

title('Unit-Step Responses of Compensated and Uncompensated 

Systems') 

xlabel('t Sec') 

ylabel('Outputs') 

text(12.7,1.27,'Compensated system') 

text(12.2,0.7,'Uncompensated system') 

 

 

Program for Unit Ramp response: 

 
num1 = [1]; 

den1 = [0.5 1.5 1 1 0]; 

num1c = [50 5]; 

den1c = [50 150.5 101.5 51 5 0]; 

t = 0:0.1:20; 

[y1,z1,t] = step(num1,den1,t); 

[y2,z2,t] = step(num1c,den1c,t); 

plot(t,y1,'.',t,y2,'-',t,t,'--'); 

grid 

title('Unit-Ramp Responses of Compensated and Uncompensated 

Systems') 

xlabel('t Sec') 

ylabel('Outputs') 

text(8.3,3,'Compensated system') 

text(8.3,5,'Uncompensated system') 
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Note: - Unit Ramp signal is integration of unit step signal. (Multiply the compensated and 

uncompensated closed loop transfer function with 1/S to get ramp response). 

 

 

RESULT: Steady state performance of the system is improved using Lag compensation. 

 

 

 

Lag-Lead Compensator: - 
 

A Lag-Lead compensation transfer function, its network & Pole- Zero plot is shown below 

 
 

     
 

Problem: - 

1. Consider a unity feedback system whose open loop transfer function G(S) = 
𝟐𝟎

𝐒(𝐒+𝟏)(𝐒+𝟐)
   It is 

desired to design a lag-lead compensator for the system so that the static velocity error constant Kv is 10 

sec-1, the phase margin is 50° and the gain margin is10dB or more. 

 

[for solution refer Modern Control Engineering, 5th Edition, Katsuhiko Ogata, Eg-7-28, Pg No. 513] 
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Examine the transient response characteristic of the designed system. We shall obtain the unit-step 

response and unit ramp response curve of the compensated and uncompensated system. 

 

 The closed loop transfer function is given by 
𝐂(𝐒)

𝐑(𝐒)
  =  

𝟐𝟎

𝐒𝟑+𝟑𝐒𝟐+𝟐𝐒+𝟐𝟎
 

 

 The transfer function of lag-lead compensator is found to be  

 

 
 

And the closed loop transfer function of compensated system is given by   

 

 

Program for Unit Step response: 
num1 = [20]; 

den1 = [1 3 2 20]; 

num1c = [95.381 81 10]; 

den1c = [4.7691 47.7287 110.3026 163.724 82 10]; 

t = 0:0.1:10; 

[y1,z1,t] = step(num1,den1,t); 

[y2,z2,t] = step(num1c,den1c,t); 

plot(t,y1,'.',t,y2,'-'); 

grid 

title('Unit-Step Responses of Compensated and Uncompensated 

Systems') 

xlabel('t Sec') 

ylabel('Outputs') 

text(8.3,3,'Compensated system') 

text(6.3,20,'Uncompensated system') 
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Program for Unit Ramp response: 

 
num1 = [20]; 

den1 = [1 3 2 20 0]; 

num1c = [95.381 81 10]; 

den1c = [4.7691 47.7287 110.3026 163.724 82 10 0]; 

t = 0:0.1:10; 

[y1,z1,t] = step(num1,den1,t); 

[y2,z2,t] = step(num1c,den1c,t); 

plot(t,y1,'.',t,y2,'-'); 

grid 

title('Unit-Ramp Responses of Compensated and Uncompensated 

Systems') 

xlabel('t Sec') 

ylabel('Outputs') 

text(8.3,7,'Compensated system') 

text(6.3,15,'Uncompensated system') 

 
 

 
 

RESULT: Both steady state and transient state performance of the system is improved using    

                    Lag-lead Compensation 

 

 

 

Viva Questions:- 

 

1. What is compensation? What are the different types of compensation schemes? 

2. When lag/lead/lag-lead compensation is employed? 

3. What is lag compensator? Give an example? 

4. What is lead compensator? Give an example? 

5. What is lag-lead compensator? Give an example? 

6. Write the transfer function of lag/lead/lag-lead compensators and draw their pole-zero plot. 
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EXPERIMENT NO. 4 

VERIFICATION OF NETWORK THEOREMS USING MULTISIM. 

 

 A. Thevenins Theorem 

 

AIM: - To verify Thevenin theorem superposition theorem & maximum power transfer theorem. 

 

SOFTWARE: - PSPICE 

 

THEORY: - Any network having terminals A and B can be replaced by a single source of e.m.f    

Eth in series with a single resistance Rth. 

(i) Eth is the voltage obtained across terminals A and B with load, if any removed. 

(ii) The resistance Rth is the resistance of the network measured between terminals A 

and B with load removed and sources of emf replaced by their internal resistances. 

 

PROCEDURE: - 

 

Find the Thevinin’s equivalent of the network shown 

 

 
 

 

Step-1: Construct the circuit as shown above in PSPICE 

 

Step-2: To find Eth, remove the load resistor and measure the voltage but simulating the circuit in 

PSPICE. (Press F11). We get Eth = 6volts 

 

 
 

 

Step-3:-To determine the Thévenin resistance (Rth) of a network through the application of a 1 A 

current source using PSPICE. (Set voltage source to 0 or short circuit the voltage source) and Simulate 

the circuit and note down the voltage value 
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              Rth = 
2

1
    = 2 Ω 

 

Step-4:- Now construct the Thevenin’s circuit in PSPICE and connect load resistors of different values 

(say RL= 2 Ω, 10 Ω, 100 Ω etc) and find load currents. 

 

 
 

RL IL 

2  

10  

100  

 

Theoretical calculations: - 

 

 
 

 

RESULT: - Thevenin’s theorem has been verified. 
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B. Superposition Theorem                     

 

AIM: -To verify superposition theorem. 

 

SOFTWARE: -  PSPICE 

 

THEORY: - Superposition Theorem state “in any linear network containing bilateral linear impedances 

and energy sources. The current flowing in any elements is the vector sum of the currents that are 

separately caused to flow in that element by each energy source”. 

PROCEDURE:- 

 

Using the Superposition theorem determine the current through resistor R2  

 

 
 

Step-1: Construct the circuit as shown in PSPICE 

 

Step-2: Set the current source value to zero (I = 0) and simulate the circuit (Press F11) and note down 

the current flowing in resistor R2 which is found to be 2A 

 
 

 

Step-3: Now set the voltage source value to zero (V= 0) and simulate the circuit and note down the 

current flowing in resistor R2 

 

 
 

The resulting current is then 6 A through R2, with the same direction as the contribution due to the 

voltage source. 
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Step-4: - Now with both the voltage and current source set to 36 volts and 9 amperes respectively 

simulate the circuit.   

 

 
The resulting current for the resistor R2 is the sum of the two currents: IT = 2 A + 6 A = 8 A. 

 

Calculations:  

 

In order to determine the effect of the 36 V voltage source, the current source must be replaced by an 

open-circuit equivalent as shown 

 

 
Examining the effect of the 9 A current source requires replacing the 36 V voltage source by a short-

circuit equivalent as shown 

 
The result is a parallel combination of resistors R1 and R2. Applying the current divider rule results in 

 
 

Since the contribution to current I2 has the same direction for each source, as shown in figure, the total 

solution for current I2 is the sum of the currents established by the two sources. That is, 

 
RESULT: - Superposition Theorem has been verified. 
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C. Maximum Power Transfer Theorem 

 

AIM: - To Verify maximum power transfer theorem 

 

THEORY: - In dc circuits maximum power is transferred from source to load when the load resistance 

is made equal to the internal resistance of the source as viewed from the load terminals. With load 

removed and all e.m.f sources replaces by their internal resistances. 

SOFTWARE: - PSPICE 

 

PROCEDURE: - 

 

Consider the Thevenin’s equivalent circuit obtained earlier 

 
 

 

Step-1: Construct the circuit as shown in PSPICE 

 

Step-2: Double click on the branch after Rth and set the label as “Vout” 

 

Step-3: Connect the load resistor R2 as shown in figure. Change the value of R2 to {Rx} 

 
 

Step-4: Get a new part PARAM. Double click it and set  

                  NAME1 = Rx 

                  Value1=9.  

                  Save & Click Ok.  

        Then you will see this screen   
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Step-5:- Go to Analysis-→Setup→DC Sweep and enter the following data 

            Name=Rx 

            Swept Var Type= Global Parameter 

            Sweep Type=linear 

            Start Value=0.01 

            End Value=5 

            Increment=0.1 

 

         Click OK &Simulate the circuit (Press F11) 

 

         A tracing window pops up. 

 

Step-6: Click Add trace  

             Trace expression V[Vout]*V[Vout]/Rx 

 

 
 

Maximum power transfer is taking place when Rth = RL = 2 Ω 

 

Calculations:- 

 

IL = 
𝑉𝑡ℎ

Rth+RL
 

 

P = I2RL 

 

Rth RL P (watts) 

2 1 4 

2 2 4.5 

2 3 4.32 

2 4 4 

 

 

Result:- Hence It is observed that Maximum power transfer occurs when Rth = RL 
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Viva Questions:- 

 
1. Explain Thevenin’s theorem. 

2. Explain Norton’s’ theorem. 

3. Explain Superposition theorem. 

4. Explain Maximum Power transfer theorem. 

5. Write down the applications of Thevenin’s theorem. 

6. Write down the applications of Norton’s theorem. 

7. Write down the applications of Superposition theorem. 

8. Write down the applications of Maximum power transfer theorem. 
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EXPERIMENT NO. 5 

SERIES AND PARALLEL RESONANCE 

 
AIM: - To find the frequency response of series and parallel resonance of a given circuit using 

             PSPICE 

 

SOFTWARE REQUIRED: -  PSPICE  

THEORY: - 

 
Series Resonance: The resonance of a series RLC circuit occurs when the inductive and capacitive 

reactances are equal in magnitude but cancel each other because they are 180 degrees apart in phase. 

The sharp minimum in impedance which occurs is useful in tuning applications. 

 

Parallel Resonance: In many ways a parallel resonance circuit is exactly the same as the series 

resonance circuit.  Aparallel resonance circuit is influenced by the currents flowing through each parallel 

branch within the parallel LC tank circuit. A tank circuit is a parallel combination of L and C that is used 

in filter networks to either select or reject AC frequencies.  

 

 Resonance circuits are often employed as frequency selective devices in which it is desired that 

the circuit respond to one frequency, or a narrow band of frequencies, and have no response to all other 

frequencies. The bandwidth of a resonance circuit is defined as the “the width of resonant curve, in 

cycles, at the frequency at which the power in the circuit is one half the maximum power”. 

 

 

PROCEDURE: 

 
1. Go to PSPICE Design Manger → Run schematic 

2. Choose the components required for the main circuit from search or component window. 

3. Join the circuit by selecting wiring pencil. 

4. Assign the values to components and make sure the circuit has been grounded. 
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Series Resonance: - 

     Draw the circuit shown below in PSPICE Schematics with the following values 

Vac = 75 V  R = 15 Ω  L = 40mH C = 40 uF 

Go to Analysis → Setup → AC Sweep and enter the following data 

Total points = 201    Start freq = 10Hz    End freq =1000Hz    AC sweep type = Linear 

Simulate the circuit and observe the voltage waveform at Capacitor 

 

 

 

Resonant freq is given by ω0 = 

1

√𝐿𝐶
  = 

From the above plot we observe that peak amplitude of 5A occurs at freq 125.20Hz 

Thus, resonant frequency ω0 =125.20Hz. 

To estimate bandwidth, we use both cursors to find the frequencies where  

I0 = 
𝐼𝑚

√2
 =  

5

1.414
 = 3.53 Amps 

The closest values (ω1 and ω2) are 99.18 Hz and 159.35 Hz at current 3.53A (as shown in plot) 
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Band width = ω2-ω1 = 159.35-99.18 = 60.17Hz (approx.) 

Quality factor is Q = 
ω0

𝐵
 = 

125.20

60.17
 = 2.08 

Quantity PSICE (Practical) Analysis (Theoretical) 

ω0 125.20  

ω1 99.18  

ω2 159.35  

B 60.17  

Q 2.08  

 

Parallel Resonance (Anti Resonance): - 

      Draw the circuit shown below in PSPICE Schematics with the following values 

Iac = 50mA        R = 8k Ω,    L = 40 mH C = 0.25uF 

Go to Analysis → Setup → AC Sweep and enter the following data 

Total points = 201,  Start freq = 1000Hz    End freq =2000Hz    AC sweep type = Linear 

Simulate the circuit and observe the voltage waveform at branch Vout 
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Resonant freq is given by ω0 = 

1

√𝐿𝐶
  = 

From the above plot we observe that peak amplitude of 400V occurs at freq 1590Hz 

Thus, resonant frequency (ω0) is 1590Hz. 

To estimate bandwidth, we use both cursors to find the frequencies where  

V0 = 
𝑉𝑚

√2
 =  

400

1.414
 = 282.67 Volts 

The closest values (ω1 and ω2) are 1552 Hz and 1632.1 Hz at Voltage 282.67 (as shown in plot) 

Band width = ω2-ω1 = 1632.1-1552 = 80Hz (approx.) 

Quality factor is Q = 
ω0

𝐵
 = 

1590

80
 = 19.88 

Quantity PSICE (Practical) Analysis (Theoretical) 

ω0 1590  

ω1 1552  

ω2 1632.1  

B 80  

Q 19.88  
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RESULT: - Frequency response of series and parallel resonance has been obtained. 

 

 

Viva Questions:- 

 

1. What is parallel resonant circuit? 

2. What is series resonant circuit? 

3. What is the use of series and parallel resonance? 

4. When a circuit is said to be in resonance? 

5. Define resonance? 

6. What is the value of power factor? 

7. What is the phase difference between voltage and current in a inductor? Which is leading? 

8. What is the phase difference between voltage and current in a capacitor? Which is leading? 

9. Define selectivity? 

10. Define bandwidth? 

11. What is the effect of resistance in RLC circuit? 

12. Which circuit is more responsive? 

13. For RLC circuit what is power factor at lowest power frequency? 

14. What is the locus of voltage phasor across R in series RLC circuit? 
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                                                                   EXPERIMENT NO. 6 

       TRANSIENT STABILITY 

 

AIM: - To execute a program on transient stability studies in MATLAB 

SOFTWARE REQUIRED: -  MATLAB with Power system tool box software. 

THEORY: - Transient stability is a fast phenomenon, usually occurring within one second for a 

generator close to the cause of disturbance. Transient stability limit is almost always lower than the 

steady state limit and hence it is much important. Transient stability limit depends on the type of 

disturbance, location and magnitude of disturbance. 

Factors influencing transient Stability are:  

 

➢ Generator Inertia 

➢ Generator loading 

➢ Generator output (power transfer) during fault—depends on the fault location and fault 

type. 

➢ Fault clearing time 

➢ Post fault transmission system reactance 

➢ Generator reactance 

➢ Generator internal voltage magnitude—depends on  field excitation, the power factor of 

the power sent out at generator terminals 

➢ Infinite bus voltage magnitude. 

 

 According to swing equation 

𝐻

𝜋𝑓0

𝑑2𝛿

𝑑𝑡2= Pm-Pe=Pa 

   

Where pa is the accelerating power. If pm<peit causes the rotor to decelerate towards synchronous 

speed until δ = δ max 

 

 According to figure the rotor must swing past point ‘b’ until an equal amount of energy is given 

up by the rotating masses. The energy given up by the rotor as it decelerates back to synchronous 

speed. 

The result is that the rotor swings to point ‘b’ and the angle δ max, at which 

 

 

  Area A1   =      Area A2 

 

This is known as equal area criteria. The rotor angle would then oscillate back and forth between  δ to 

δ max at its natural frequency. The damping present in the machine will cause these oscillationsto 

subside and the new steady state operation would be established at point ‘b’ 

Transient stability for  

 

1. Application to sudden increase in power input. 

2. Application to 3 – phase fault. 
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                                                                Power angle curve 

 

 

PROCEDURE: 

 
1) Application to sudden increase in power input: 

 
The following program is written to see the transient stability of a machine subjected to the sudden 

increase in the power input. 

 

Problem:- 

 

 A 60 – Hz synchronous generator having H = 9.94 MJ /MVA and transient reactance Xd = 0.3 

P.U. is connected to an infinite bys through a purely reactive circuit as shown in figure. Reactance’s 

are marked on the diagram on the common base system. The generator is delivering real power of 0.6 

P.U., 0.8 Pf lagging to the infinite bys at a voltage of V = 1 P.U. determine. 

 

 
 

Assume damping power coefficient D=0.138, consider a small disturbance of  Δδ =100=0.1745 

radians. 

 

a) The maximum power input that can be applied without loss of synchronism 

b) Repeat (a) with zero initial power input calculate transfer reactance and generator voltage. 

 

Solution:- 

 A function named  Eacpower ( [Po,E,V,X) is developed for a one – machine system connected 

to infinite bus. This function plots the power angle curve and displays the shaded equal areas. 

(Po,E,V,X) are initial power the transient internal voltage and the infinite bys bar voltage and the 

transfer reactance respectively. 

The transfer reactance between the generated voltage and the infinite bus is   

                             X = 0.3 + 0.2 +
0.3

2
= 0.65 
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The per unit apparent power is  𝑆 =
0.6

0.8
∠ cos−1 0.8 = 0.75∠36.87 deg 

 

The current is              I =
𝑆∗

𝑉∗= 
0.75∠36.87

1.0∠0
=0.75∠ − 36.87 deg 

The excitation voltage is E1=V+jXI=1.0∠0+ (j0.65)( 0.75∠ − 36.87)= 1.35∠16.79 deg 

 

a) Program :(Initial Power input set to 0.6) 

Po = 0.6 

E = 1.35 

V = 1.0 

X = 0.65 

Eacpower( Po,E,V,X) 

Output:- 

Initial power   =  0.600p.u. 

Initial power angle = 16.791 degrees  

Sudden additional power  =  1.084 p.u. 

Total power for critical stability =  1.684p.u. 

Maximum angle swing  =125.840 degrees  

New operating angle = 54.160 degrees 

 

 

Equal Area Criterion applied to sudden change in input power. 

 

b) Program:  (Initial Power input set to 0) 

Po = 0 

E = 1.35 

V = 1.0 

X = 0.65 

Eacpower( Po,E,V,X) 

Output:- 

Initial power                                =  0.000 p.u. 

Initial power angle                      =  0.000 degrees  

Sudden additional power            =  1.505 p.u. 

Total power for critical stability =  1.505p.u. 



B.E. 4/4 EEE-1st Semester                                               Electrical Simulation Lab Manual v.2018-2019 

 

Page | 40 

      DCET 

Maximum angle swing    =  133.563 degrees  

New operating angle        =  46.437 degrees 

 

 

2) Application to 3 – phase fault: 

  

Problem:- 

 

A60 Hz generator having inertia constant H = 5MJ / MVA and Xd = 0.3 p.u. is connected to an infinite 

bys through a purely reactive circuit as shown in figure. The generator delivering 

Pe = 0.8 p.u. real power, Q = 0.074 p.u. to the infinite bys at a voltage of V = 1 p.u. 

 
 

 

a) A temporary 3 – phase fault occurs at the sending end of the line at point F. When the fault is 

cleared, both lines are intact. Determine the critical clearing angle and the critical fault clearing 

time. 

 

b) A 3 – phase fault occurs at the middle of one of the lines, the fault is cleared, and the faulted line 

is isolated. Determine the critical clearing angle. 

 

c) After a fault one line is removed, calculate the critical clearing time. 

 

Solution: -- The current flowing into infinite bus is  I =
𝑆∗

𝑉∗= 
0.8−𝑗0.074

1.0∠0
=0.8 − 𝑗0.074 pu 

                      The transfer reactance between the internal voltage and the infinite bus before fault is  

                                            X = 0.3 + 0.2 +
0.3

2
= 0.65 

     The transient internal voltage is E1=V+jX1I=1.0 + (j0.65)(0.8 − 𝑗0.074)= 1.17∠26.387 deg pu 
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a) Fault occurring at  sending end, Fault cleared, both lines are intact: 

 

Since both lines are intact when the fault is cleared the power angle equation before and after the fault 

is cleared. 

 

 
The initial operating angle is given by  

 

 
 

And from the figure of equal area criterion shown above we know that  

 
 

Since the fault is at the beginning of the transmission line, the power transfer during fault is zero and  

critical clearing angle is given by 

 
 

 
Thus the critical clearing angle is  

 

 
 

Thus the critical clearing time is given by  

 

 

The use of function eacfault( Pm, E,V,X1,X2,X3) is used to solve the problem and to display 

the power angle plot. 

 

Function Eacfault(Pm, E, V, X1, X2, X3) 

      This function obtains the power angle curves for the one-machine system before the fault, 

during the fault and after the fault is cleared. The equal area criterion is applied to find the critical 

clearing angle for the machine. Also it computes the critical clearing time for case 1. 

 The function arguments are: 

 

 Pm = Generator output power in p.u. at steady state which is equal to the generator mechanical  

                  power input.    

 E =  Generator e.m.f. in p.u. It is the voltage behind the transient reactance of the machine. 

 V =  Infinite bus-bar voltage in p.u. 

 X1 =  Reactance in p.u. between E and V before fault 
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 X2 =  Reactance in p.u. between E and V during fault. (If the power transfer to the infinite bus 

                  during fault is zero then X2 = inf) 

      X3 =  Reactance in p.u. between E and V after fault is cleared. 

 

Program: 

 
Pm = 0.8     

E = 1.17      

V = 1.0      

X1 = 0.65      

X2 = inf      

X3 = 0.65      

Eacfault( Pm,E,V,X1,X2,X3 )  

 

Output:- 

 

For this case tc can be found from analytical formula.  

To find tc enter Inertia Constant   H, (or 0 to skip) H = 5 

 

Initial power angle          = 26.388 

Maximum angle swing   = 153.612  

Critical clearing angle     = 84.775 

Critical clearing time       = 0.260 sec. 

 

 

  
 

b) Fault occurring at middle of one lines, fault cleared, faulted line isolated: 

 

The power angle curve before the occurrence of fault is same as before given by  

 
 

The generator is operating at initial power angle  
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The fault occurs at point F at the middle of one of the line, resulting in the circuit shown below 

 
The transfer reactance during fault can be found out by converting circuit ABF into equivalent delta,  

eliminating C junction in the above figure. The resulting circuit is shown below   

 

 
The equivalent reactance between generator and infinite bus is  

 
Thus power angle curve during fault is  

 
When fault is cleared, the faulted line is isolated. Therefore, the post fault transfer reactance is  

 
And the power angle curve is  

 

 
Critical clearing angle is given by  

 

 
Thus, the critical clearing angle is  
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Program:- 

 
Pm = 0.8 

E = 1.17 

V = 1.0 

X1 = 0.65 

X2 = 1.8 

X3 = 0.8 

Eacfault( Pm,E,V,X1,X2,X3 ) 

 

Output:-  

 

Initial power angle            = 26.388 

Maximum angle swing     = 146.838  

Critical clearing angle       = 98.834 

 

 
 

c) After a fault one line is removed, calculate the critical clearing time. 

 

Therefore the reactance becomes X = 0.3 + 0.2 + 0.3 = 0.8 

 

Program: 
Pm = 0.8     

E = 1.17      

V = 1.0      

X1 = 0.65      

X2 = inf      

X3 = 0.8     

Eacfault( Pm,E,V,X1,X2,X3 )  

 

Output:- 

 

For this case tc can be found from analytical formula.  

To find tc enter Inertia Constant H, (or 0 to skip) H = 5 

 

Initial power angle     =  26.388  

Maximum angle swing     = 146.838  

Critical clearing angle =  71.771  
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Critical clearing time =   0.229 sec.  

 

 
 

 

 

RESULT: - The transient stability of the given systems is studied and theoretical and practical  

                    Values are found to be same. 

 

Viva Questions:- 

 

1. Define stability study. 

2. What is a bus? 

3. What are the quantities associated with each bus ina system? 

4. What are the different types of buses? 

5. Define voltage controlled bus? 

6. What is PQ bus? 

7. What is swing bus? 

8. What is the need for slack bus? 

9. Define stability, transient stability, Steady state stability. 

10. What is steady state stability limit? 

11. Define power angle? 

12. Define critical clearing time and critical clearing angle. 

13. Define equal area criterion? 

14. What is transient state stability limit? 
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EXPERIMENT NO. 7 

FAULT ANALYSIS 

 

AIM: - To find the voltage and current magnitude in power system at the time of faults. 

 

SOFTWARE REQUIRED: - MATLAB with Power system tool box software 

 

THEORY: - In power system different kinds of faults takes place as  

1) Line to ground 

2) Line to line fault 

3) Line – line ground fault 

Unbalance fault analysis using Bus impedance matrix. 

The functions 

  Lgfault( zdata0,zbus0,zdata1,zbus1,zdata2,zbus2,v ) 

  Llfault (zdata1,zbus1,zdata2,zbus2,v) 

  Llfault( zdata0,zbus0,zdata1,zbus1,zdata2,zbus2,v ) 

Lgfault is designed for the single line to ground fault analysis, Llfaualt for the line to line fault 

analysis, Dlgfault for the double line to ground fault analysis of a power system network. The 

last argument ‘V’ is optional. If it is included, the program sets all the prefault bus voltages to 

1pu. 

 

The bus impedance matrices may be obtained from 

Zbus = Zbuild( Zdata0 ) 

Zbus1 = Zbuild( Zdata1 ) 

The argument Zdata1 contains the positive sequence network impedances. Zdata0 contains the 

zero sequence network impedances. Arguments Zdata0,Zdata1,Zdata2 are matrices containing 

the impedance data of an element network column 1 & 2 are the element bys numbers and 

column 3& 4 contain the element resistance and reactance. In large power system negative 

sequence network impedance are assumed to be identical to positive sequence network 

impedance. 

 

Problem:- 

 

1) The one line diagram of a simple power system is shown in the figure below. The   neutral of 

the generator is grounded through a current limiting reactor of 0.25/3 per unit on a 100 MVA 

base. The system data is expressed in per unit on a common 100 MVA base is tabulated below. 

The generators are running on no load at their rated voltage and rated frequency with their emfs 

in phases.   

 

      Determine the fault current for the following faults:  

a) A balance 3 – phase fault at bus 3 through a fault impedance Zf = j 0.1 p.u. 

b) A single line to ground fault at bus 3 through a fault impedance of Zf = j 0.1 p.u. 

c) A line- line fault at bus 3 through a fault impedance of Zf = j 0.1 p.u. 

d) A double line to ground fault at bus 3 through a fault impedance of Zf = 0.1 p.u 

 



B.E. 4/4 EEE-1st Semester                                               Electrical Simulation Lab Manual v.2018-2019 

 

Page | 47 

      DCET 

 
 

Use the Symfault, Lgfault, Llfault and Dlgfault functions to compute the fault current bus 

voltages and line current in the given circuit for the above faults. Neutral of fault is grounded 

through limits reactor of 0.25 p.u.  

The system data expressed in p.u. on common 100 MVA base is tabulated below. 

 

                                                                  Base MVA = 100 

ITEM VOLTAGE 

RATING 
X1 X2 X0 

G1 20 KV 0.15 0.15 0.05 

G2 20 KV 0.15 0.15 0.05 

T1 20 / 220 KV 0.10 0.10 0.10 

T2 20 / 220 KV 0.10 0.10 0.10 

L12 220 KV 0.125 0.125 0.30 

L13 220 KV 0.15 0.15 0.35 

L23 220 KV 0.25 0.25 0.7125 

    

           [for solution refer Power System Analysis, Hadi Saadat, Eg-10.15, Pg No. 427] 

Program:- 

 
zdata1= [0    1     0     0.25 

         0        2    0     0.25 

             1        2     0     0.125 

             1        3    0        0.15 

             2        3     0     0.25] 

 

zdata0 = [0 1 0 0.40 

           0 2 0 0.10 

               1 2 0 0.30 

           1 3 0 0.35 

           2 3 0 0.7125] 

zdata2 = zdata1 

zbus1 = Zbuild (zdata1) 

zbus0 = Zbuild (zdata0) 

zbus2 = zbus1 

Symfault (zdata1, zbus1) 

Lgfault (zdata0, zbus0, zdata1, zbus1, zdata2, zbus2) 

Llfault (zdata1, zbus1, zdata2, zbus2) 

Dlgfault (zdata0, zbus0, zdata1, zbus1, zdata2, zbus2) 
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Output:- 

 

Enter Faulted Bus No. -> 3 

Enter Fault Impedance Zf = R + j*X in complex form (for bolted fault enter 0). Zf = 0.1 

 

Balanced three-phase fault at bus No. 3 

Total fault current =   4.1380 per unit  

  

 
 

Another fault location? Enter 'y' or 'n' within single quote -> 'n' 

 

Line-to-ground fault analysis  

Enter Faulted Bus No. -> 3 

 

Enter Fault Impedance Zf = R + j*X in complex form (for bolted fault enter 0). Zf = 0.1 

 

Single line to-ground fault at bus No. 3 

Total fault current =    3.5501 per unit 

 

 
Another fault location? Enter 'y' or 'n' within single quote -> 'n' 

 

Line-to-line fault analysis  

Enter Faulted Bus No. -> 3 

Enter Fault Impedance Zf = R + j*X in complex form (for bolted fault enter 0). Zf = 0.1 

            Line-to-line fault at bus No. 3 

Total fault current =    3.8386 per unit 
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Another fault location? Enter 'y' or 'n' within single quote -> 'n' 

 

Double line-to-ground fault analysis  

Enter Faulted Bus No. -> 3 

Enter Fault Impedance Zf = R + j*X in complex form (for bolted fault enter 0). Zf = 0.1 

 

Double line-to-ground fault at bus No. 3 

Total fault current =    2.7313 per unit 

 

 
 

               Another fault location? Enter 'y' or 'n' within single quote -> 'n' 

 

RESULT: -  The voltages and currents at a particular bus under different types of faults  

                     has been found out and theoretical and practical values are found to be same. 

 

 

Viva Questions:- 

 

1. Why are symmetrical components used for unbalanced faults in system? 

2. What are the elements of Z bus matrix? 

3. What is bus Admittance Matrix? 

4. Write the symmetrical components of 3 phase system? 

5. What are positive sequence components? 

6. What are negative sequence components? 

7. What are zero sequence components? 

8. What is load flow or power flow study? 

9. What is meant by a fault? 
10. What is symmetrical and unsymmetrical fault? 
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EXPERIMENT NO. 8 

ECONOMIC LOAD DISPATCH 

 

AIM: - To execute economic load dispatch program in MATLAB. 

APPARATUS: - MATLAB with Power system tool box software. 

THEORY: - The input to the thermal power plant is generally measured in Btu / hr and the output is 

measured in MW. A simplified input – output curve of a thermal unit known as heat rate curve is shown 

in figure. 

 Converting the ordinare of the heat rate curve from B tu / hr to $ / hr results in the fuel cost curve. 

In all practical cases, the fuel cost of generation Ci can be represented as a quadratic function of real 

power generation. 

   Ci= α i + β i P i + γ i Pi
2   $/hr 

        An important characteristics is obtained by plotting the derivatives of the fuel cost curve  v/s 

real power this is known as the incremental fuel cost curve. 

dCi/ d P i  = 2 γ i Pi + β I    $/MWhr 

The incremental fuel cost is a measure of how costly it will be to produce the next increment of power. 

 

A general program called dispatch developed for the optimal dispatch problem. The program 

returns the system, the optimal dispatch generation vector and the total cost. 

 

Pdt:- This reserved name must be used to specify the total load in MW. If Pdt is not specified, the used 

is promoted to input the total load. 

 

Cost:- This reserved name must be used to specify the cost function coefficients. 

 

Mwlimits:- This name is reserved for the generators real power limits. If Mw limits is not specified, 

the program obtains the optimal dispatch of generation no limits. 

 

B Bo B oo :- These names are reserved for the loss formula coefficients matrices. If these variables are 

not specified the optimal dispatch of generation is obtained neglecting losses. 

 

 

Case-1: Economic Dispatch Neglecting Losses and no Generation Limits:- 

 

Problem:- 

 

The fuel cost function for a three plants in $ / hr are given by 

 

   C1 = 500 + 5.3 P 1 + 0.004 P2
1 

C2 = 400 + 5.5 P 2 + 0.006 P2
2 

C3 = 200 + 5.8 P 3 + 0.009 P2
3 

Where P1, P2, P3 are in MW. The total load Pd is 800 MW. Neglecting line losses and generator limits 

find the optimal dispatch and total cost in $ / hr. 
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[for solution refer Power System Analysis, Hadi Saadat, Eg-7.4, Pg No. 271] 

 

Program:- 

 
Cost = [500    5.3    0.004 

 400    5.5    0.006 

 200    5.8    0.009] 

Pdt = 800; 

Dispatch 

Gencost 

 

Output:- 

 

Incremental cost of delivered power (system lambda (λ)) =  8.500000 $/MWhr 

Optimal Dispatch of Generation: 

 

 400.0000 

 250.0000 

 150.0000 

Total generation cost =    6682.50 $/hr 

 

Case-2:-Economic Dispatch neglecting losses & including generation limits:- 

 

Problem:- 

 

Find the optimal dispatch and the total cost in $ / hr for thermal plant for above example when 

the total load is 975 MW with the following generator limits (mw). 

 

   200 ≤ P 1≤ 450 

150 ≤ P 2 ≤ 350 

100 ≤ P 3 ≤ 225 

 

             [for solution refer Power System Analysis, Hadi Saadat, Eg-7.6, Pg No. 277] 

 

Program:- 

 
Cost = [500    5.3    0.004 

 400    5.5    0.006 

 200    5.8    0.009] 

mwlimits = [200   450 

 150   350 

 100   225 ] 

Pdt = 975; 

Dispatch 

Gencost 

 

Output:- 

 

Incremental cost of delivered power (system lambda) =  9.400000 $/MWhr 

Optimal Dispatch of Generation: 

 

  450.0000 
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  325.0000 

   200.0000 

  Total generation cost =    8236.25 $/hr 

 

Case-3: -Economic Dispatch including losses: - 

 

Problem:- 

 

The fuel cost in $ / hr of three thermal plants of a power system are. 

 

   C1 = 200  +  7.0 P 1  +  0.008 P 1
2    $ /hr 

C2 = 180  +  6.3 P 2  +  0.009 P 2
2   $ /hr 

C3 = 140  +  6.8 P 3  +  0.007 P 3
2  $ /hr 

 

Where P1, P2, P3 are in MW. Plants output are subject to the following limits. 

 

10 MW < 85 < MW 

10 MW < 80 < MW 

10 MW < 70 < MW 

 

For this problem, assume real power loss is given by  

 
where the loss coefficients are specified in PU on a 100 MVA base. Determine the optimal 

dispatch of generation when the total system load is 150 MW. 

 

       [for solution refer Power System Analysis, Hadi Saadat, Eg-7.7, Pg No. 284] 

 

Program:- 

 
Cost = [200    7.0    0.008 

             180    6.3    0.009 

             140    6.8    0.007] 

mwlimits = [10   85 

             10   80 

                 10   70] 

Pdt = 150 

b= [0.0128 0       0 

         0  0.0228  0 

         0  0  0.0179] 

Basemva = 100 

Dispatch 

Gencost 

 

Output:- 

 

Incremental cost of delivered power (system lambda) = 7.510995 $/MWhr 

Optimal Dispatch of Generation: 

 

  31.9372 

  67.2775 

   50.7853 
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Total generation cost =    1579.70 $/hr 

 

RESULT: -Hence the economic power scheduling has been studied. 

 

 

 

 

Viva Questions: - 

 

1. Define one line diagram. 

2. What is meant by impedance diagram? 

3. What is meant by reactance diagram? 

4. Define per unit value. And explain the need for it. 

5. What is the need for short circuit study? 

6. What is load flow or power flow study? And explain the need for it. 

7. What are the information that are obtained from a load flow study. 

8. State the unit commitment problem. 

9. Classify different types of loads. 

10. List out the important characteristics of various types of loads. 

11. Write the coordination equation with losses neglected & including losses. 

12. Define economic operation of power system. 

13. Explain input-output curve. 

14. Define Incremental Cost. 

15. What is cost equation?  
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EXPERIMENT NO. 9 

LOAD FREQUENCY CONTROL 

 

AIM: To execute a program based on load frequency control. 

APPARATUS: MATLAB with Simulink software. 

THEORY: 

Generator Model 

 

 

Generator Block Diagram 

∆Pm = Change in mechanical power 

∆Pe = Change in electrical power 

 

Load model 

  

Where 

 

∆PL = Non frequency sensitive load change. 

D∆ω = Frequency sensitive load change 

∆P1 = Frequency changing of load 

D is expressed as percent change in load divided by percent change in frequency. 

 
 

Generator and Load Block Diagram 

 

Eliminating negative feedback loop we get 
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Prime mover model: 

 

The transfer function is given by  

 
Where    

∆PV = Changes in steam valve position. 

 

 

The time constant   is in the range of 0.2 to 2 seconds. 

 

Governor Model: 

 

 

Block Diagram Representation of Speed Governing System for Steam Turbine 

Also 

 

Where    

  ∆Pg = Difference between the reference set power and the power. 

 

Combining the above block diagrams we get block diagram of the load frequency control of an  

isolated power station as shown below 

 

 

Load frequency control block diagram of isolated power system. 
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With load change -∆PL (S) as input and the frequency deviation ∆Ω (S) as the output results in the 

block  

diagram. 

 
 

The open-loop transfers function of the block diagram. 

 
 

And the closed loop transfer function relating the load change ∆PL to the frequency deviation ∆  

Ω  is 

 

Or 

∆Ὡ(S) = -∆PL(s)T(s) 

The load change is a step input i.e.  

Utilizing the final value theorem, the steady state value of   ∆ w is  

∆ωss = lim
𝑠→0

(𝑆∆Ὡ(𝑠)) =  (−∆𝑃𝐿) 
1

𝐷+1
𝑅

 

It is clear that for the case with no frequency sensitive load (D=0), the steady state deviation in 

frequency is determined by the governor speed regulation, and is  

 

When several generators with governor speed regulations R1, R2,….Rn are connected to the 

system, the steady state deviation in frequency is given by  

∆ωss=   (−∆𝑃𝐿)
1

𝐷+ 1
𝑅1

+ 1
𝑅2

+⋯…….. 1
𝑅𝑛

 

 

Problem: 

1. An isolated power station has the following parameters 

Turbine constant  = 0.5 sec 

Governor time constant  = 0.2 sec. 

Generator inertia constant H = 5 sec. 

Governor speed regulation = R per unit. 
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The load varies by 0.8 % for a 1 percent change in frequency i.e. D = 0.8. 

a) Use the routh – hurwitz array to find the range of R. for control system stability 

b) Use Matlab Rlocus function to obtain the root locus plot. 

c) The governor speed regulation is set to R = 0.05 per unit. 

The turbine rated output is 250 MW at nominal frequency of 60Hz. A sudden load change of 50 

MW ( ∆ PL = 0.2 p.u. ) occurs. 

  (i)  Find the steady state frequency deviation in Hz. 

  (ii) Use Matlab to obtain the time domain performance specification and the frequency  

        deviation step response.   

d) Construct the SIMULINK block diagram and obtain the frequency deviation response  for 

the condition in part (c)   

 

Solution: - From the open loop transfer function 

 

 

 

                KG(S)H(S) =   
𝐾

(10𝑠+0.8)(1+0.2𝑠)(1+0.5𝑠)
 = 

𝐾

𝑠3+7.08𝑠2+10.56𝑠+0.8
 

 

Where K = 1 / R 

a) The characteristic equation is given by 1 + K G (S) H (S) = 0 which results in the characteristic 

polynomial equation S3 + 7.08S2 + 10.56S + 0.8 + K + 0.  

 

 By Routh hurwithz criterion we get K < 73.965 

 Since R = 1 / K for control system stability, the governor speed regulation must be        

R >
1

73.965
 or R > 0.0135 
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b) To obtain the root-locus we use the following commands. 

 
num=1 

den = [1 7.08 10.56 0.8] 

rlocus(Num,Den) 

grid 

 

The loci intersect the jw axis at s = +_j3.25 for K = 73.965. Thus the system is marginally 

stable for      R= 
1

73.965
 = 0.0135 

 

c)  The closed loop transfer function of the system shown in figure is  

∆Ὡ(𝑠)

∆𝑃𝐿(𝑠)
 = T(s) =  

(1+0.2𝑠)(1+0.5𝑠)

(10𝑠+0.8)(1+0.2𝑠)(1+0.5𝑠)+1/0.05
 = 

0.1𝑠2+0.7𝑠+1

𝑠3+7.08𝑠2+10.56𝑠+20.8
 

 

i) The steady state frequency deviation due to a step input is 

∆ωss = lim
𝑠→0

(𝑆∆Ὡ(𝑠)) =   

1(−0.2)

20.8
  = --0.0096 pu 

Thus steady state frequency deviation in hertz due to sudden application of a 50MW load is  

 

∆f = (-0.0096)(60) = 0.576 Hz 

ii) To obtain the step response and the time domain specifications , we use the following 

commands 

 

Program:- 

 
PL = 0.2 

Numc = [0.1 0.7  1] 

Denc= [1 7.08 10.56 20.8] 

T= 0:0.02:10 

C=-PL*step(Numc,Denc,T) 

plot(T,C) 

xlabel('t sec') 

ylabel('pu') 

title('frequency deviation step response') 

Timespec(Numc,Denc) 

grid 

 

 

 

 

Output:- 
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Peak time = 1.22311          

Percent overshoot = 54.8019 

Rise time = 0.418873 

Settling time = 6.80249 

 

 d)  A SIMULINK model is constructed as shown in figure. The file is opened and is run in the  

       SIMULINK window.  

   

Double click Matlab icon→file→Model (A model window pops up) 

Go to View→ Library browser→simulink drag and drop the following blocks/elements. 

Simulink→Sources→Step 

Simulink→continuous→Transfer function blocks 

Simulink→Math operations→Sum of elements, Gain 

Simulink→Sinks→Scope. 

Join all the elements as shown below 

To run the simulation 

Go to Simulation→Start. 

Click on Scope to view output waveform. 

 

 

 

0 1 2 3 4 5 6 7 8 9 10
-0.015

-0.01

-0.005

0

t sec

p
u

frequency deviation step response
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The simulation results in same plot we have observed by running program.  

 

RESULT: - Load frequency control of a power system is studied. 

 

Viva Questions:- 

1. Why the frequency of a system is changed if the load changes? 

2. Draw the block diagram of LFC control of single area and derive the dynamic response. 

3. Develop the block diagram model of uncontrolled two area load frequency control system and  

explain the salient features under static conditions. 

4. Explain interconnected operation. 

5. What are the components of speed governor system of a alternator? 

6. What is the difference between single area and two area load frequency control? 

7. What is the importance of load frequency control (1.e necessity of keeping frequency (speed) 

constant) in a power system? 
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EXPERIMENT NO. 10 

LOAD FLOW STUDIES 

 

AIM: - To determine the power flow analysis using   

(a) Newton - Raphson method, 

(b) Fast Decoupled load flow method 

(c) Gauss Seidal method 

SOFTWARE RQUIRED: - MATLAB with Power system tool box. 

PROCEDURE: - 

Problem: - 

1. The figure shows the one-line diagram of a simple three-bus power system with generation at 

buses 1 and 2. The voltage at bus 1 is V = 1.0∠ 0∘  per unit. Voltage magnitude at bus 2 is fixed 

at 1.05 pu with a real power generation of 400 MW. A load consisting of 500 MW & 400 Mvar 

is taken from bus 3. Line admittances are marked in per unit on a 100 MVA base. For the purpose 

of hand calculations, line resistances and line charging susceptances are neglected. 

 
a)  Check the power flow solution using the Lfnewton and other required programs. Assume the    

regulated bus (bus 2) reactive power limits are between 0 and 600 Mvar. 

b) Check the power flow solution using the Decouple and other required programs. Assume the 

regulated bus (bus # 2) reactive power limits are between 0 and 600 Mvar. 

 

Solution: -  

 

Program for Newton-Raphson method: -  

 
clear 

basemva = 100; 

accuracy = 0.000001;  

maxiter = 10; 

 

% Bus  Bus  Voltage  Angle  ---Load--- --Generator--  Injected 

% No   code   Mag.   Degree   MW MVAR     MW MVAR   Qmin Qmax Mvar 

 

Busdata = [1 1 1.0 0.0 0.0 0.0 0.0 0.0 0 0 0 

           2 2 1.05 0.0 0 0 400 0.0 600 0 0 

           3 0 1.0 0.0 500 400 0.0 0.0 0 0 0]; 
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%                            Line code = 

% Bus  Bus  R   X   1/2 B    = 1 for lines 

% nl   nr   pu  pu   pu      > 1 or <1 tr. tap at bus nl 

 

Linedata = [1 2 0.0 0.025 0.0 1 

            1 3 0.0 0.05 0.0 1 

            2 3 0.0 0.05 0.0 1]; 

 

Lfybus  % form the bus admittance matrix 

Lfnewton  % Power flow solution by Newton-Raphson method 

Busout  % Prints the power flow solution on the screen 

Lineflow  % Computes and displays the line flow and losses 

 

Output:- 

 

 
 

 

 

 

 



B.E. 4/4 EEE-1st Semester                                               Electrical Simulation Lab Manual v.2018-2019 

 

Page | 63 

      DCET 

Program for Decoupled load flow method:-  

 
clear 

basemva = 100; 

accuracy = 0.000001;  

maxiter = 10; 

 

% Bus  Bus  Voltage  Angle  ---Load--- --Generator--  Injected 

% No   code   Mag.   Degree   MW MVAR     MW MVAR   Qmin Qmax Mvar 

 

Busdata = [1 1 1.0 0.0 0.0 0.0 0.0 0.0 0 0 0 

           2 2 1.05 0.0 0 0 400 0.0 600 0 0 

           3 0 1.0 0.0 500 400 0.0 0.0 0 0 0]; 

 

%                           Line code = 

% Bus  Bus  R   X   1/2 B   = 1 for lines 

% nl   nr   pu  pu   pu     > 1 or <1 tr. tap at bus nl 

 

Linedata = [1 2 0.0 0.025 0.0 1 

            1 3 0.0 0.05 0.0 1 

            2 3 0.0 0.05 0.0 1]; 

 

Lfybus  % form the bus admittance matrix 

Decouple  % Power flow solution by Fast Decoupled method 

Busout  % Prints the power flow solution on the screen 

Lineflow  % Computes and displays the line flow and losses 

 

Output:- 
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2. Figure shows the one-line diagram of a simple three-bus power system with generation at bus 1. 

The voltage at bus 1 is V1 =1.0∠ 0∘ per unit. The scheduled loads on buses 2 and 3 are marked on 

the diagram. Line impedances are marked in per unit on a 100 MVA base. For the purpose of 

hand calculations, line resistances and line charging susceptances are neglected. 

 
Check the power flow solution using the Lfgauss & other required programs. Use a power 

accuracy of 0.00001 and an acceleration factor of 1.1. 

 

Program:- 

 
clear 

basemva = 100;  

accuracy = 0.000001; 

accel = 1.1;  

maxiter = 100; 

 

% Bus Bus   Voltage  Angle   ---Load---  --Generator--  Injected 

% No  code    Mag.  Degree     MW MVAR      MW MVAR   Qmin Qmax Mvar 

 

Busdata =[1 1 1.0 0.0 0.0 0.0 0.0 0.0 0 0 0 

          2 0 1.0 0.0 400 320 0.0 0.0 0 0 0 

          3 0 1.0 0.0 300 270 0.0 0.0 0 0 0]; 
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%                               Line code= 

% Bus  Bus   R    X   1/2 B     = 1 for lines 

% nl    nr   pu  pu    pu       > 1 or <1 tr. tap at bus nl 

 

Linedata = [1 2 0.0 1/30 0.0 1 

            1 3 0.0 0.0125 0.0 1 

            2 3 0.0 0.050 0.0 1]; 

 

Lfybus  % form the bus admittance matrix 

Lfgauss  % Load flow solution by Gauss-Seidel method 

Busout  % Prints the power flow solution on the screen 

Lineflow  % Computes and displays the line flow and losses 

 

 

Output:- 

 
 

 
 

 

RESULT:-  The load flow analysis for a given power system has been determined. 

 

 

 



B.E. 4/4 EEE-1st Semester                                               Electrical Simulation Lab Manual v.2018-2019 

 

Page | 66 

      DCET 

Viva Questions:-  

 

1. What is a power station? 

2. What is a Bus and Slack Bus? 

3. How many methods are used for load flow studies? 

4. What are the advantages of interconnected power systems? 

5. What are the problems of interconnection? 

6. Define one line diagram. 

7. What is bus impedance & bus admittance matrix? 

8. What is power flow study & what is the need for it? 

9. What are the quantities associated with each bus in a system? 

10. What are the different types of buses? 

11. What is the need for slack bus? 

12. What are the advantages & disadvantages of Guass Seidal method? 

13. What are the advantages & disadvantages of Newton Raphson method? 
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