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UNIT II  - TIME RESPONSE ANALYSIS 



Topics to be covered

üTime response

üTypes of test input

ü I order/II order system responses

üTime domain specification

üError Coefficients

üSteady state errors

üP. PI, PD, PID controllers



Introduction

u In time -domain analysis the response of a dynamic system to an input is

expressed as a function of time .

u Time response of the system is defined as the output of a system when 

subjected to an input which is a function of time.

u It is possible to compute the time response of a system if the nature of

input and the mathematical model of the system are known .

u A control system generates an output or response for given input.

u The input represents the desired response while the output is actual 

response of system.
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Time Response of Control Systems

ÅWhen the response of the system is changed from equilibrium it takes

some time to settle down .

ÅThisiscalled transient response .
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ÅThe response of the system after

the transient response is called

steady state response .



Time Response of Control Systems

ÅTransient response depend upon the system poles only and not on the

type of input .

ÅIt is therefore sufficient to analyze the transient response using a step input .

ÅThe steady -state response depends on system dynamics and the input

quantity .

ÅIt is then examined by using different test signals.



Standard Test Signals

u For time response analysis of control systems, we need to subject the system to 
various test inputs .

u Test input signals are used for testing how well a system responds to known input .

u The characteristics of actual input signals are a sudden shock, a sudden change, a
constant velocity, and constant acceleration .

u The dynamic behavior of a system is therefore judged and compared under
application of standard test signals ðan impulse, a step, a constant velocity, and
constant acceleration .

u The other standard signal of great importance isa sinusoidal signal .



Standard Test Signals

u Impulse signal

u The impulse signal imitate the sudden shock

characteristic of actual input signal .

u If A=1, the impulse signal is called unit impulse

signal .
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Standard Test Signals

u Step signal

u The step signal imitate the sudden change

characteristic of actual input signal .

u If A=1, the step signal iscalled unit step signal
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Standard Test Signals

u Ramp signal

u The ramp signal imitate the constant

velocity characteristic of actual input

signal .

u If A=1, the ramp signal is called unit

ramp signal
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Standard Test Signals

u Parabolic signal

u The parabolic signal imitate the constant acceleration
characteristic of actual input signal .

u If A=1, the parabolic signal iscalled unit parabolic signal .
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Relation between standard Test Signals

uImpulse

uStep

uRamp

uParabolic
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ORDER OF THE SYSTEMS 



The value of n gives the no. of poles in the  transfer 

function.

Hence the order is also given by the no. of poles of the 

transfer function. 



The response of the system when the input signal is an Impulse signal.

TIME RESPONSE OF FIRST ORDER SYSTEMS 

For Impulse Input: 
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u The firstorder system has only one pole .

u Where K isthe D.C gain and T isthe time constant of the system.

u Time constant is a measure of how quickly a 1st order system

responds to a unit step input .

u D.C Gain of the system is ratio between the input signal and the

steady state value of output .
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Impulse Response of 1 st Order System

u Re-arrange following equation as
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ÅIn order to compute the response of the system in time domain we need to

compute inverse Laplace transform of the above equation .
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u The first order system given below .
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ÅD.C gain is10 and time constant is3 seconds .

ÅFor the following system

ÅD.C Gain of the system is3/ 5 and time constant is1/ 5 seconds .



Impulse Response of 1 st Order System
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ÅIf K=3 and T=2s then
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Step Response of 1 st Order System

u Consider the following 1 st order system with step input

1+Ts

K
)(sC)(sR

s
sUsR

ttutr

inputstepFor

1
)()(

0;1)()(

;

==

>===

( ) ( )1
1

1

/1

1

)(
)(

+
=

+
=

+
=

TssTs

s

Ts

sR
sC

1;
1

1

1)(

)(
=

+
=

+
= KLet

TsTs

K

sR

sC



Step Response of 1 st Order System
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Step Response of 1 st Order System

u Taking  Inverse Laplace of this equation

( )Ttetutc /)()( --=

ÅWhere u(t)=1 ( )Ttetc /1)( --=

( ) 632.01)( 1 =-= -etcÅWhen t=T (time constant)
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Step Response of 1 st Order System

ÅT=1, 3, 5, 7 seconds ( )Ttetc /1)( --=
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Step Response of 2 nd Order System



Damping - A reduction in the amplitude of an oscillation as a result of energy

being drained from the system to overcome frictional or other resistive forces.









The response has no oscillations, but it require longer time to reach its 

steady state value 







CsBsAwAsw

sCBswsAw

ws

CBs

s

A

wss

w

nn

nn

nn

n

+++=

+++=

+

+
+=

+

2222

222

2222

2

)()(

)(

11

:tan

00

:

0

:

22

2

-==\

=

=\=

-=

+=

BandA

Aww

tconsoftscoefficientheCompare

CC

softscoefficientheCompare

BA

BA

softscoefficientheCompare

nn



22

2222

1
)(

01

n

nn

ws

s

s
sC

ws

s

sws

CBs

s

A

+
-=

+

+-
+=

+

+
+

wt
ws

s
Ltwtutc

tu
s

LTLinverseOntaking

thatknowwe
ws

s

s
sC

n

n

cos)(cos)()(

)()
1

(:..

:
1

)(

22

1

1

22

=
+

-=

=

+
-=

-

-

twtc

inputstepForUnit

systemorderII

ofresponsestepUnit

ncos1)(

:

-=







nnn

n

nn

nnn

nnn

n

wBwBw

wsPut

AAww

sPut

wsCsBswsAw

ws

C

ws

B

s

A

wss

w

-=\-=

-=

=\=

=

++++=

+
+

+
+=

+

)(

1

0

)()(

)()(

2

22

22

22

2

1

22

231

]23[

23

24

24

22

222

2222

222

-=

-=

+=

+=

+=

+-=

++=

=

C

C

C

Cww

wCww

wCwww

wCBwwAw

wsPut

nn

nnn

nnnn

nnnn

n



The response has no oscillations

We know that;



The response  oscillates before setting to a final value. The oscillations 

depend on the damping ratio.



The response has no oscillations but it takes longer time to reach steady 

state value.



TIME DOMAIN SPECIFICATIONS
u The  transient response of a practical control system often exhibits  damped 

oscillations before reaching steady state.

u Actual output behavior according to the various time response specifications 



TIME DOMAIN SPECIFICATIONS
u The typical damped oscillatory response of a system is shown 



1) Delay Time, Td

It is the time taken for response to reach 50 % of the final value for the very 

first time

2)  Rise Time, Tr

Ç It is the time taken for response to raise from 0 % to 100 % of the final

value for the very first time . It is for undamped system .

Ç For over damped system . It is the time taken for response to raise from

10 % to 90 % .

Ç For critically damped system . It is the time taken for response to raise

from 5 % to 95 %



3) Peak Time, Tp

It is the time required for the response to reach its peak value for the very 

first time.

4) Peak Overshoot, Mp

It is defined as the ratio of the maximum peak value to the final value



5) Settling Time, Ts

Time required for the response to decrease and stay within specified 

percentage of its final value (Usual tolerable error : 2 % or 5 % of final 

value)



Example #1
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Example #2







Example #3







BABA

sofcoefftheCompare

CsBsAAsAs

sCsBssA

ss

CBs

s

A

sss

-=\+=

++++=

++++=

++

+
+=

++

0

:

16416

)()164(16

164)164(

16

2

22

2

22

440

1.

1&11616

:tan

)1(40

:

-=\+=

-==\=

­+=

CC

EqninvaluesabovetheSubstitute

BAA

coefftconstheCompare

CA

sofcoefftheCompare




