
UNIT III  - FREQUENCY RESPONSE ANALYSIS  

19UEC904 –  CONTROL ENGINEERING 

•Closed loop frequency response-  Performance specification in frequency domain-
Frequency response of standard second order system -  Bode    Plot, Polar    Plot, 
Nyquist    Plot    - Design of compensators using Bode plots: Cascade lag 
compensation - Cascade lag-lead compensation  



Topics to be covered 

 Bode    Plot 

 Polar    Plot 

 Nyquist    Plot    

 Frequency Domain specifications      

 Series-parallel  Compensators 

 Lead, Lag, and Lead Lag 

Compensators 



KEY PROBLEM OF CONTROL: STABILITY AND SYSTEM PERFORMANCE 

QUESTION: WHY FREQUENCY RESPONSE 

ANALYSIS:  

1. Weakness of root locus method relies on the existence of open-loop transfer 
function 

2. Weakness of time-domain analysis method is that time response is very difficult 

to obtain 

 

 Computational complex 
 Difficult for higher order system 

 Difficult to partition into main parts 

 Not easy to show the effects by graphical method 



Three advantages: 

  * Frequency response(mathematical modeling) can be obtained directly by 

experimental approaches. 

  * Easy to analyze effects of the system with sinusoidal signals 

  * Convenient to measure system sensitivity to noise and parameter variations 

Frequency domain analysis is a kind of (indirect method) engineering method.  

It studies the system based on frequency response which is also a kind of 

mathematical model.  

Frequency Response  







Frequency Response - Introduction 



The frequency response of a system directly tells us the relative magnitude 
and phase of a system’s output sinusoid if the system input is a sinusoid.  

 

What about output frequency? 

If the plant’s transfer function is g (s), the open-loop frequency response is g 
(jw). 

 

In time response analysis, we have considered the use of standard test inputs, 
such as step functions and ramps.  

 

However, we will now consider the steady-state response of a system to a 
sinusoidal input test signal. 

 



In time response we have considered the use of standard test inputs, 

such as step functions and ramps.  

 

However, we will now consider the steady-state response of a system 

to a sinusoidal input test signal. 

 
 
One advantage of the frequency response approach is that we can 
use data derived from measurements on the physical system without 
deriving its mathematical model. 

 





Resonant Peak (Mr) 

The maximum value of the magnitude of the  closed loop transfer 

function 









What is Bode Plot? 
• Bode Plot is a frequency response plot of 

the sinusoidal transfer function .  
• It consist of two graphs 
• Magnitude  versus log frequency (log w) 
• Phase angle versus log frequency (log w) 
 
It can be drawn for both open loop and 
closed loop system. 



 The transfer function can be separated into magnitude and 

phase angle information 

H(j) = |H(j)| Φ(j) 

e.g.,  H(j)=Z(j)  







Example #1 
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POLAR PLOT 















Example #2 
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https://www.youtube.com/watch?v=9YRhTY-W1TY 

https://www.youtube.com/watch?v=-jevVOpeFQs 

Lead, Lag, and Lead Lag Compensators 



Thank  You 


