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UNIT – II 
TIME RESPONSE ANALYSIS-I 

 
Topics: Standard test signals, Step response of first order and second order 
systems, Time response specifications, Time response specifications of 

second order systems, steady state errors and error constants. Introduction 
to PI, PD and PID Controllers (excluding design).  
 

STANDARD TEST SIGNALS 
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CHARACTERISTIC EQUATION OF A SYSTEM 

 

 
When the denominator polynomial of transfer function is equal to zero, it is 
called as characteristic equation of the system. 

From equation(1), characteristic equation is 

a0sn + a1sn–1 + ….. + an = 0  
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ORDER OF A SYSTEM 
 

 

 
 
FIRST ORDER SYSTEM 

 

RESPONSE OF FIRST ORDER SYSTEM FOR UNIT STEP INPUT 
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SECOND ORDER SYSTEM 

 

 

 

 

 

 

 

 

 



 

 

P
ag

e6
 

 

 

 

RESPONSE OF SECOND ORDER SYSTEM FOR UNIT STEP INPUT 
 

CASE-I : UNDAMPED SYSTEM 
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CASE-II : UNDERDAMPED SYSTEM 
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CASE-III : CRITICALLY DAMPED SYSTEM 
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CASE-IV : OVER-DAMPED SYSTEM 
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TIME RESPONSE SPECIFICATIONS OF SECOND ORDER SYSTEM 
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1. Delay time (td): It is the time required for the response to reach 50% of 

the steady state value for the first time 

2. Rise time (tr): It is the time required for the response to reach 100% of 

the steady state value for under damped systems. However, for over damped 
systems, it is taken as the time required for the response to rise from 10% to 
90% of the steady state value. 

3. Peak time (tp): It is the time required for the response to reach the 

maximum or Peak value of the response. 

4. Peak overshoot (Mp) : It is defined as the difference between the peak 

value of the response and the steady state value. It is usually expressed in 

percent of the steady state value. If the time for the peak is tp, percent peak 

overshoot is given by, 

 
For systems of type 1 and higher, the steady state value c (∞) is equal to 
unity, the same as the input. 

5. Settling time (ts) : It is the time required for the response to reach and 

remain within a specified tolerance limits (usually ± 2% or ± 5%) around the 
steady state value. 

 

EXPRESSION FOR RISE TIME (tr) 
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EXPRESSION FOR PEAK TIME (tp) 
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EXPRESSION FOR PEAK OVERSHOOT (Mp) 
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EXPRESSION FOR SETTLING TIME (ts) 
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EXPRESSION FOR DELAY TIME (td) 

 

ZERO’S OF THE SYSTEM 

 The roots of numerator polynomial of the transfer function are called 

as zero’s of the system. (Or) 

 The values of ‘s’ at which the transfer function becomes zero are called 

as zero’s of the system. 

POLE OF THE SYSTEM 

The roots of denominator polynomial of the transfer function are 

called as poles of the system. (Or) 

 The values of ‘s’ at which the transfer function becomes infinity are 

called as poles of the system. 
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TYPE NUMBER OF SYSTEM 

 

 

STEADY STATE ERROR 
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STATIC ERROR CONSTANTS 
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STEADY STATE ERROR FOR UNIT STEP SIGNAL 
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STEADY STATE ERROR FOR UNIT RAMP SIGNAL 
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STEADY STATE ERROR FOR UNIT PARABOLIC SIGNAL 
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CONTROLLERS 
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CLASSIFICATION OF CONTROLLERS 

 

 

PROPORTIONAL CONTROLLER (P-CONTROLLER) 
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ADVANTAGES: 
1. Proportional controller helps in reducing the steady state error, thus 
makes the system more stable. 

2. Slow response of the over damped system can be made faster with the 
help of these controllers. 

DISADVANTAGES: 
1. Due to presence of these controllers we get some offsets in the system. 
2. Proportional controllers also increases the maximum overshoot of the 

system. 
 

INTEGRAL CONTROLLER (I-CONTROLLER) 

 

Advantages of Integral Controller: 
Due to their unique ability, they can return the controlled variable back to 
the exact set point following a disturbance that’s why these are known as 

reset controllers. 
Disadvantages of Integral Controller: 
It tends to make the system unstable because it responds slowly towards 

the produced error. 
 

DERIVATIVE CONTROLLER (D-CONTROLLER) 
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Advantages of Derivative Controller: 
The major advantage of derivative controller is that it improves the transient 

response of the system. 
Disadvantages of Derivative Controller: 

1. It never improves the steady state error. 
2. It produces saturation effects and also amplifies the noise signals 
produced in the system. 

 

PROPORTIONAL+INTEGRAL CONTROLLER (PI-CONTROLLER) 
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PROPORTIONAL+DERIVATIVE CONTROLLER (PD-CONTROLLER) 

 

 

 



 

 

P
ag

e2
8 

 

 

PROPORTIONAL+INTEGRAL+DERIVATIVE CONTROLLER(PID-CONTROLLER) 
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PROBLEMS 

1) Obtain the response of unity feedback system when the input to the 

system is unit step and whose open loop transfer function is  

 

SOL: 

 

 

2) The response of a servomechanism is c(t) = 1 + 0.2 e-60t – 1.2 e-10t when 

subject to a unit step input. Obtain an expression for closed loop transfer 
function. Determine the undamped natural frequency and damping ratio. 
SOL: 
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3) The unity feedback is characterized by an open loop transfer function  
G(s) = K / s(s+10). Determine the gain K so that the system will have the 

damping ratio of 0.5 for this value of K. Determine the peak overshoot and 
the time at peak overshoot for a unit step input. 
SOL: 
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4) The open loop transfer function of a unity feedback system is                 
G(s) = K / s(sT+1) where K and T are positive constants. By what factor 
should the amplifier gain K be reduced, so that the peak overshoot of unit 

step response of the system is reduced from 75% to 25%. 
SOL: 
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5) A unity feedback control system has an open loop transfer function 
G(s)=10/s(s+2). Find the rise time, percent overshoot, peak time and settling 
time for step input of 12 units. 

SOL: 
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6) The control system is shown below. If the input to the system is i) Unit 

step ii) Unit Ramp. Find ess. 

 
SOL: 

 

 
7) Find the steady state error for various types of standard test inputs for a 

unity feedback system with a) K=10   b) K=200. 

 
SOL: 
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8) For a unity feedback system G(s) = 20 (s+2) / [ s2 (s+1)(s+5) ]. 
Determine i) type of the system  ii) error coefficients  iii) steady state error for 

the input 1 + 3t + t2/2. 
SOL: 

 

 

 


