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Time response of control systems

• We can analyze the response of the control systems in
both the time domain and the frequency domain.
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What is Time Response?

If the output of control system for an input varies with respect
to time, then it is called the time response of the control
system. The time response consists of two parts.

• Transient response

• Steady state response
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Time response of control systems

Here, both the transient and the steady states are indicated in
the figure. The responses corresponding to these states are
known as transient and steady state responses.
Mathematically, we can write the time response c(t) as

c(t) = ctr (t) + css(t)

Where,
ctr (t) is the transient response
css(t) is the steady state response
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Transient Response

• After applying input to the control system, output takes
certain time to reach steady state. So, the output will be
in transient state till it goes to a steady state. Therefore,
the response of the control system during the transient
state is known as transient response.

• The transient response will be zero for large values of t.
Ideally, this value of t is infinity and practically, it is five
times constant.

• Mathematically, we can write it as

lim
t→∞

ctr (t) = 0
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Steady State Response

• The part of the time response that remains even after the
transient response has zero value for large values of t is
known as steady state response. This means, the transient
response will be zero even during the steady state.

• Example:
Let us find the transient and steady state terms of the
time response of the control system c(t) = 10 + 5e−t

Here, the second term 5e−t will be zero as t denotes
infinity. So, this is the transient term. And the first term
10 remains even as t approaches infinity. So, this is the
steady state term.
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Stability

• A linear time-invariant control system is stable if the
output eventually comes back to its equilibrium state
when the system is subjected to an initial condition.

• A linear time-invariant control system is critically stable if
oscillations of the output continue forever.

• It is unstable if the output diverges without bound from its
equilibrium state when the system is subjected to an initial
condition.



18EC45

Ripal Patel

Time
Response of
feedback
control
systems

Standard Test
Signals

Response of
First Order
System

Response of
Second Order
System

Case 1: δ = 0
Undamping

Case 2: δ = 1
Critically damped
case

Case 3:
Underdamped case
(0< δ < 1)

Case 4: Overdamped
case ( δ > 1)

Time response
specifications
and its
derivations

Steady State
Errors and
Error
constants

First Order System

Physically, RC circuit, thermal system etc.
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Damping

• Damping is an influence within or upon an oscillatory
system that has the effect of reducing or preventing its
oscillation.

• In physical systems, damping is produced by processes
that dissipate the energy stored in the oscillation.

• Examples include viscous drag in mechanical systems,
resistance in electronic oscillators, and absorption and
scattering of light in optical oscillators.

• The damping ratio is a dimensionless measure describing
how oscillations in a system decay after a disturbance.
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The effect of varying damping ratio on a
second-order system.
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step response of the second order system for the
underdamped case

The response up to the settling time is known as transient
response and the response after the settling time is known as
steady state response.
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Delay Time td

• The time required for the response to reach 50% of the
final value in the first time is called the delay time.
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Rise Time tr

• The time required for response to rising from 10% to 90%
of final value, for an overdamped system and 0 to 100%
for an underdamped system is called the rise time of the
system.
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Peak Time tp

• It is the time required for the response to reach the peak
value for the first time.
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Peak Overshoot Mp

• The difference between the peak of 1st time and steady
output is called the peak overshoot. It is also called the
maximum overshoot.
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Settling time ts

• The time that is required for the response to reach and
stay within the specified range (2% to 5%) of its final
value is called the settling time.
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• Find the time domain specifications of a control system
having the closed loop transfer function 4

s2+2s+4
when the

unit step signal is applied as an input to this control
system.
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