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TRANSIENT RESPONSE ANALYSIS

Test  signals:

• Impulse
• Step
• Ramp
• Sin  and/or  cos

Transient Response: for t between 0 and T

Steady-state Response: for t� �

System Characteristics:

• Stability � transient
• Relative stability � transient
• Steady-state error � steady-state
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First order systems
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Unit ramp response
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Impulse response:

R(s) = 1 r(t) = �(t)
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Observation:

Response to the derivative of an input equals to derivative of
the response to the original signal.

Y(s) = G(s) U(s) U(s): input

U1(s) = s U(s)  Y1(s) = s Y(s) Y(s): output

G(s) U1(s) = G(s) s U(s) = s Y(s) = Y1(s)

How can we recognize if a system is 1st  order ?

Plot   log |c(t) – c(���

If the plot is linear,    then the system is 1st  order

Explanation:
Tt
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log |c(t) – c(��� � ��� �	-t/T  |=  
T

t

r(t) = step

r(t) System c(t)
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Second Order Systems

Block Diagram

Transfer function:
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Substitute in the transfer function:

J

K
� �n²

J

F
  = 2 ��n  � ��
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�� damping ratio
�n: undamped natural frequency
�� stability ratio
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• Underdamped ����� � � �� 	

F² - 4 J K < 0 two complex conjugate poles

• Critically damped ����� � � �

F² - 4 J K = 0 two equal real poles

• Overdamped ����� � 	�

F² - 4 J K > 0 two real poles
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Under damped case  (0 < � < 1):
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Unit step response:

R(s) = 1/s
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Unit step response:
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Unit step Response: R(s) = 1/s
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Unit step response curves of a critically damped system.
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Transient Response Specifications

Unit step response of a 2nd order underdamped system:

td   delay time: time to reach 50% of c(�� �or the first time.

tr   rise time : time to rise from 0 to 100% of c(���

tp   peak time : time required to reach the first peak.

Mp   maximum overshoot :   %100
)(

)()(
⋅

∞
∞−

c

ctc p

ts   settling time : time to reach and stay within a 2% (or
5%) tolerance of the final value c(���

0.4 < ζ < 0.8

Gives  a good step response for an underdamped system

Allowable tolerance

0
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0.05 or
0.02



B14

Rise time  tr time from 0 to 100%  of  c(��
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Maximum overshoot  Mp:
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Settling time ts versus ζ curves {T = 1/(ζωn) }
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Impulse response of second-order systems
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critically damped case ( ζ = 1):
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Remark: Impulse Response  =  d/dt (Step Response)

Relationship between tp, Mp and the unit-impulse response curve of a system

Unit ramp response of a second order system
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Examples:

a. Proportional Control

22

2

2)(

)(

nn

n

ssR

sC

ωζω
ω

++
=

with

J

K
� �n²

J

F
  = � ��n  � ��

JK

F

2
=ζ

Choose K to obtain ‘good’ performance for the closed-loop system

For good transient response:

0.4 < ζ <0.8 � acceptable overshoot

�n  sufficiently large � good settling time

For small stead- state error in ramp response:
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b. Proportional plus derivative control:
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Choose Kp, Kd to obtain ‘good’ performance of the closed-loop system

For small steady-state error in ramp response  �   Kp large

For good transient response  �  Kd  so that  0.4 < ζ <0.8
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c. Servo mechanism with velocity feedback

Transfer function

( ) KsKKFJs

K

sR

s

h +++
=Θ

2)(

)(

where

KJ

KKF h

2

+
=ς

J

K
n =ω (not affected by velocity feedback)

K

F
e =∞ )( for a ramp

Choose K, Kh to obtain ‘good’ performance for the closed-loop system

For small steady-state error in ramp response  �   K large

For good transient response  �  Kh  so that  0.4 < ζ <0.8

Remark:  The damping ratio ζ can be increased without
affecting the natural frequency ωn in this case.
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Effect of a zero in the step response of a 2nd order system
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