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What is Time Response? -

ago
ojliol

* |f 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

* Transient response
e Steady state response

Mathematically, we can write
the time response c(t) as

c(t)=cu(t)+Cs(t)

Where,
* ¢, (t) is the transient response

* c.(t) is the steady state response

parts. c(t)
A

0 <

e
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Order and Type of g%ystem

0 Order of the system:
= Consider a system defined by the transfer function:

L C(s) _ b,s"+ b, ST+ + b
- B -1
R(s) a,s"+a,,S +..+ a4,

7(9)

» The order of this system is n which is defined by the highest power for s in
the denominator.

QO Examples:
1st order system 2nd order system 4th order system
c(s) _ 5 C(s) _  10s as) _ 105

R(s) 4s+1 R(S) S +45+4 R(S) 35+25+8 +45+3
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Order and Type of a%stem

a The system type Number:
= |t is defined as the number of poles at the origin of the open loop transfer function

G(s)H(s).

= Consider the open loop transfer function of a system as :

m m-1
G(s) H(s) = Cbms n+ b .S H+...+ 0,
s‘(a,s"+a,,s" +...+4a,)

= The system of type C and has an order of N+C
0 Examples:

50
G(s)H(s) = (s+1)(s+4) = SystemoftypeO

G(S)H(S) _ 105° +3
S35 +28 + 5 +45+3)

=» System of type 2
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Order and Type of a;%stem (Examples)

1

Deteamine ovder and Hype ot 4he &\)owm, sy shems

b G Cad = _’:'*_‘L*‘J;I_*_}i.___ Ovdec = 4
9 : p = O

S 4+4S +i1s +53+4 Type
} -~ -
9. (5 Ce) = ;S + S Ss 49 ’ Md"‘ - <
S’) & sL 4SS ™Nie = |
S43 O(JC( - 3

———————————————

- - O
2 G Csra)csidlo Type =
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Standard Test Signals nﬁ

S
Q Impulse-Function

« The impulse signal imitates the sudden shock
characteristic of actual input signal.

A (=0
0 ¢#0

u(f) =8() ={ => U(§)=A

O Step-function

« The step signal imitates the sudden change
characteristic of actual input signal.

(A tz0 A
U(l‘)—{o ‘0 ==> U($)= p

o(t)
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Standard Test Signals =

5]1

Tﬂ:;o‘with slope A ) I Unit Ramp

0 Ramp-function

« The ramp signal imitates the constant velocity characteristic
of actual input signal.

At >0 A 0
/([) :{ a ——> (J(8) = Parabolic with slo
—= = — pe A
0 <0 ( ) 32 p(t) &
) ) 4 5A - reccnrecscnsens t
a Parabolic-function N p(A)
- The parabolic signal imitates the constant
acceleration characteristic of actual input signal. o 1 2 3 |
Az‘2 Unit Parabolic

>0 o
=4 oy =2 [ =
0 s’

[ <0
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Time Response of Cong@ Systems

0 Time response of a dynamic system is response to an input expressed as
a function of time.

a The time response of any system has two components:
= Transient response
= Steady-state response. lim ¢, (¢) = 0

dd=c,(h+c(d
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Time Response of Con@ Systems

Step Input

L —

Response

s s I I I s s s s i
0 2 4 6 8 10 w2 14 16 18 20

Time (sec)

0 When the response of the system is changed from rest or equilibrium it takes some
time to settle down.

0 Transient response is the response of a system from rest or equilibrium to steady state.

O The response of the system after the transient response is called steady state
response.
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Time Response of Com;_ﬁ-él Systems

0 Transient response depends upon the system poles only and not on the
type of input.

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

0 The steady-state response depends on system dynamics, system type,
and the input quantity.

0 It is then examined using different test signals by the final value
theorem.
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Response of First Order S.%tem

ojliall

R(s) + 1 C(s)
P — & >
sT
C(s)  G(s)
We know that the transfer function R(s) 1+ G(s)
of the closed loop control system C(s) L 1
has unity negative feedback is, R(s) 14+ L sT+1
5T

(s) = (g ) RO

First order system, T or tiIs the time constant

13
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Response of First OrdefiSystem

0 The Standard form system transfer function G(s) is given by:

_Ay __k
G5 = R(s) Ts+1

0 Where K is the DC gain and T or T is the time constant of the system.

= Time constant is a measure of how quickly a 1st order system responds to a
unit step input.

= DC Gain of the system is ratio between the input signal and the steady
state value of output.

O The first order system has only one pole at 1/T
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Impulse Response of Firsti%rder System

&)liall

0 Consider the following 1st order system and unit KITexp(t/T)
impulse signal is applied as an input: | | K=1 & T=2s
3(t)
1
} R() k | C()
> —_— =
5 > Ts+1 °
r(t) = 8(t)
R(s) =1 C(t)
C(s) = (s71) B(s) :
T
1 1 10
Cls) = (ST+1)( ) = sT+1
1 1 1
Cl(s) = = C(s) = =
-1y 0w (7)
o(t) — %e(—%)u(t) 0
15
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Step Response of First OrcﬁEﬁSystem

u(t) 6)Li_all
| R(s) - ()
3 > /s+1

) =)

R(s) = "
O(s) = (71) R()

Cls) = (3T1+1) G) N S(STI+ 1

1 1 4
L

c(t)

= C(s) =

s+ % 1
oft) — (1 _ e‘(%)) u(t)
en(t) = —e (Fy(p)

K*(1-exp(-t/T))

Unit Step Input

Step Response

K=1 & T=1.5s ||

css(t) = u(t)




Step Response of First gﬂer System

ojia)
QO System takes five time constants to reach its final value.

() Slope _ L
cli) | JI.,-r T o) =1 — e D

|

0.632
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Step Response of First (%er System

If K=10and T=1, 3,5, 7 elf) = K\ —e"’T)

K=(1-exp(-t/T))
11 ¢

10T T=1 sl
9 =
8 - T=3s
“r T=5
— 6 Il
S 5} T=7s
4 -
3 A
S
1
o™ r r -t
0 5 10 15

Time
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Step Response of First %er System

il o~ ll

If K=1, 3, 5, 10 and T=1 c(t) = K(l —e‘”TJ

K*(1-exp(-t/T))

11
10 -
K=10
g -
8 -
? -
= ° K=5
) 5
4_
K=3
3 .
2
K=1
|
oF :
5 10

Time
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Example of transient & st%y-state responses

3
2s+ 1

" Transient response
t
yt(t) = —3e 2
= Steady-state response

fi:ljl;l._u_ll
_ 1
y(t) =3 -3¢ 2
>
Step response
3 H H = H

ySS (t) — 3 ..............................................................................................................
» . ﬂmeésec) 8 1;0 =
https://manara.edu.sy/ Time (S eC) 20



Step Response of First Or@fSystem (Numerical
examplel) T

(nndes a 97“"0 i T.F. & CD = T:}l_‘o-_:. Detecmne e

hme ke by the sjstem 40 Teaeh Aoy of the sieady shde
ohen sub jested usry shep  jnput.

" have GOz ——
— - EALXS
T = ‘o
Also $o¢ Hréatd oder oyztew "-‘.5‘-.51”;-"-’ 40 ShHeop (‘)f
Jjet)z |- v
-x/\o0
Q9 = 1=
- - —-2.8026

o
- 4 = 23.026 >eC.
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Step Response of First Or@ System (Numerical

example2) dools
For The SOive 9 34em ol 20 F.‘d:.‘;‘-,é‘{'.‘”t‘:‘ 4o Un ¥ W?“'K—
). Achec myv ﬂ-a-‘i*--' » 4+ = IS Sec

2. determine the Hme o whikh owtpd s O.0S5

s For impulie tnpud-

Y = et
At 4 = s 15
vy = 5 © /oo = 0-0223
Ye) = 005
5 -t/10
0.05 = \o
-Xjl¢o.- 0.5
e .- o
“_._t. - —O-Gﬂ3
|o
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Ramp Response of First %ﬁer System
K

7s+1 ng

o = (77) (3) = 55

1 T T
_|_

s 8 s+1
o(t) — (t _T4 Te—(%)) u(t)

e (t) = Te (F)uft)

css(t) = (t — T)u(t) hitps-//manara.edu sy,
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Parabolic Response of Fi% Order System

K
R(S) /s+1 C(
r(t) = Lu(t)
R(s) = 3—13
0(3] — (sTl+ )R(S)

c(t) = (% ~Tt+T? - TEE_(%j) u(t)

Cor(t) = —T2e (F)u(t)

&)liall

5)

T Cy(t) = (E —Tt+T2) u(t)

hiip

5=/ /manara_edu.sy.
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Summary of response of a LTkfirst order system

Input: output:
unit ramp r(H=t o =t-t (1_6—1‘/1: )
d d
x at & at
unit step r(8)= w0 c(h=1- ()
d d
H ﬁ
unit impulse f(l‘)=8(f) c(d :T_1 a(th)
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