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Review of Laplace Transform

REVIEW OF COMPLEX FUNCTION

COMPLEX VARIABLE

A complex variable has both real and imaginary part variable. It is generally
represented as

s=o0+ jw

| A\

COMPLEX FUNCTION

A complex function G(s) is a function of complex variable s which can be
represented as

G(s) = Gu + Gy

where G and Gy is the real and imaginary component respectively.
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Review of Laplace Transform

LAPLACE TRANSFORM-DEFINATION

The Laplace transform can be defined as
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LAPLACE TRANSFORM-DEFINATION

The Laplace transform can be defined as
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The Laplace transform can be defined as

LIF®) = F(s) = /0 f’ Ft)e—stdt

o f(t) is a function in time such that f(t) =0 for t <0
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Review of Laplace Transform

IMPULSE FUNCTION

Impulse function is a special limiting class of pulse function. It can be defined as
LA
g(t) = lim — for0<t<a

= fort<Oandt>a

The height of function is A/a and duration is a. Area under the function is A.
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Review of Laplace Transform

IMPULSE FUNCTION

Impulse function is a special limiting class of pulse function. It can be defined as

A
g(t) = lim — for0<t<a
= fort<Oandt>a

The height of function is A/a and duration is a. Area under the function is A.
Laplace Transform of impulse function is

Llg(t)] = lim [ (1 — ¢=09)]

a—0 as
d —as
= lim 7‘1“14((11 c )
a—0 E(as)
_As
Ts
=A
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Review of Laplace Transform

COMMON LAPLACE TRANSFORM PAIRS

SL. No. f@) F(s)
1 Unit impulse 6(t) 1
. 1
2 Unit step u(t) -
s
3 t !
52
n!
4 " (n=1,2,3. pae’
5 e—at 1
s+a
6 inwt @
sinw —_—
52 +w?
s
7 coswt _
52 + w?
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Review of Laplace Transform

LAPLACE TRANSFORM THEOREMS

SL. No. Theorem Remark
1 l:[klfl (t) + kaf2 (t)] =k (s) + k2F2(S) Linearity
2 Lle= % f(t)] = F(s+a) Frequency Shift theorem
3 LIft—T)] =e sTF(s) Time Shift theorem
d . -
4 E[ﬁf(t)] = sF(s) — f(0) Differentiation theorem
t F(s) .
5 Ly f(t)dt] = Integration theorem
s
dF(s
6 £l (o) = -
s
7 E[f(%)] = aF(sa) Scaling theorem
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Review of Laplace Transform

FINAL VALUE THEOREM

If f(¢) and df (t)/dt are Laplace transformable and if lim¢—, oo f(¢) exist then

Jim, 16 = lig oF (5
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Review of Laplace Transform

INITIAL VALUE THEOREM

If f(t) and df (t)/dt are Laplace transformable and if lims_ oo sF(s) exist then

F(04) = lim sF(s)
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Time domain analysis

TRANSFER FUNCTION

bos™ 4+ b1s™ L 4+ 4+ by_15 + by,
G(S) = n n—1
ags™ + a1 s +...+an—18+an
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First order system
Time domain analysis

TRANSFER FUNCTION

bos™ 4+ b1s™ L 4+ 4+ by_15 + by,
G(S) = n n—1
ags™ + a1 s +...+an—18+an

e m = n - Proper transfer function

e m < n - Strictly proper transfer function
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First order system
Time domain analysis Second ¢

CONVOLUTION INTEGRAL
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Time domain analysis

CONVOLUTION INTEGRAL
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Time domain analysis

SYSTEM DEFINITIONS
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Time domain analysi

SYSTEM DEFINITIONS

CONVOLUTION INTEGRAL

i
y(t) = /O ot — Tyu(r)dr

DEFINITION

System is said to be time invariant if

t
u(t) /0 ot = Tu(r)dr

/t g(m)u(t — 7)dr
0
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Time domain analysis

SYSTEM DEFINITIONS

CONVOLUTION INTEGRAL

i
y(t) = /O ot — Tyu(r)dr

v

DEFINITION

System is said to be time invariant if

t
u(t) /0 ot = Tu(r)dr

/t g(m)u(t — 7)dr
0

System is said to be CAUSAL if 7 < ¢
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Time domain analysis

POLES AND ZEROS

_ bos™ +b1s™ 4+ by 15+ b

G
(5) ags” +a1s" 1+ ... +apn_15s+an
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First order system
Time domain analysis

POLES AND ZEROS

ANDARD FORM

_ bos™ +b1s™ 4+ by 15+ b

G
(5) ags” +a1s" 1+ ... +apn_15s+an

Solution to the denominator polynomial called ”poles”

aps” +a18" ' +...tan_1s+an =0
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Time domain analysis

POLES AND ZEROS

STANDARD FORM

_ bos™ +b1s™ 4+ by 15+ b
T aps™ +a18" L+ ...+ an_15+ an

Solution to the denominator polynomial called ”poles”

G(s)

aps” +a18" ' +...tan_1s+an =0

Solution to the numerator polynomial called ”zeros”

bos™ +b1s™ L4+ ... 4 bm_15+bm =0
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Time domain analysis

POLES AND ZEROS

STANDARD FORM

_ bos™ +b1s™ 4+ by 15+ b
T aps™ +a18" L+ ...+ an_15+ an

G(s)

v

Solution to the denominator polynomial called ”poles”

aps” +a18" ' +...tan_1s+an =0

v

Solution to the numerator polynomial called ”zeros”

bos™ +b1s™ L4+ ... 4 bm_15+bm =0

4

POLE-ZERO FORMAT

G(S)(s+z1)(s+z2)+4..+(s+zm)
(s+p1)(s+p2)+...+ (s +pn)

4
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order
Time domain analysi nd orde
ady state erro

TYPE AND ORDER OF THE SYSTEM

The highest power of the denominator polynomial is defined as order of the system
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Time domain analysis

TYPE AND ORDER OF THE SYSTEM

The highest power of the denominator polynomial is defined as order of the system

First order system

Second order system
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Time domain analysis

TYPE AND ORDER OF THE SYSTEM

The highest power of the denominator polynomial is defined as order of the system

First order system

Second order system

The number of poles located in the origin is defined as type of the system.
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Time domain analysis

TYPE AND ORDER OF THE SYSTEM

The highest power of the denominator polynomial is defined as order of the system

First order system

Second order system

The number of poles located in the origin is defined as type of the system.

Type 1 system

. 1
T s(s+2)

V. Sankaranarayanan Control system
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Time domain analysi

IMPULSE

1
lim — for 0 <t <tg

1 to—0 tg

=0 for t <0 and t > tg

Amumm:1

t t
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Time domain analysis

Steady state errors
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Time domain analy

u(t)
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Time domain analysis

PARABOLIC
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First order system
Time domain analysis ond

FIRST ORDER SYSTEM - STEP INPUT

G(s)= —
(#) Ts+1
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Time domain analysis

FIRST ORDER SYSTEM - STEP INPUT

G(s) =
(#) Ts+1

The output response for a step input

Y(s) =U(s) * G(s)

1 1
Y(s) = —

s Ts+1

1 T
Y(s)=-—

s Ts+1

Taking inverse Laplace transform

y(t)y =1—eM/T
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Time domain analysis

FIRST ORDER SYSTEM - STEP INPUT

1
@ =
() Ts+1
The output response for a step input
att =T
Y(s) =U(s) * G(s)
) ) y(T)=1—-e"1=0632
Y(s) = —
s Ts+1 at t = 27T
1 T
Y(s)=—-— 2T) = 0.865
©)= 1= 7275 y(21)
Taking inverse Laplace transform dy o= left/T _ 1
at 0T T T

y(t)y =1—eM/T
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First order system
Time domain analysis 1 or. em

FIRST ORDER SYSTEM RESPONSE - STEP INPUT

A 1T

uf(t) | él(t)

/

0.635

0.95
0.865

T 2T 3T t
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First order system
Time domain analysis Second order sys

FIRST ORDER SY¢

FIRST ORDER ¢

Gls) = Ts+1
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Time domain analysis

FIRST ORDER SYSTEM - RAMP INPUT

FIRST ORDER SYSTEM

G(s) =

The output response for a ramp input

Y(s) =U(s) * G(s)

1 1

Y(s) = -
(s) 52 * Ts+1
1T T2
Y(s)= - — —
(s) 52 s Ts+1

Taking inverse Laplace transform

yt)=t—T+Te t/T
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Time domain analysis

FIRST ORDER SYSTEM - RAMP INPUT

FIRST ORDER SYSTEM

1
G =
(s) Ts+1
The output response for a ramp input
Y(s) =U(s) * G(s)
1 1

Y(s)=—

(s) 2 Ts +1

1 T T2

Y(s)= — — — T
(s) s2 s + Ts+1 uft) #(t)

Taking inverse Laplace transform

yt)=t—T+Te t/T
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First order system
Time domain analysis Second ord tem
Steady stat rs

FIRST ORDER SYSTEM - IMPULSE INPUT

FIRST ORDER SYSTEM

G(s) =

The output response for a impulse input

Y(s) =U(s) * G(s)
1
Ts+1

Taking inverse Laplace transform

Y(s) =

1
y(t) = ?e_t/T
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Time domain analysis

FIRST ORDER SYSTEM - IMPULSE INPUT

FIRST ORDER SYSTEM

1
Gls) = Ts+1
The output response for a impulse input
Y(s) =U(s) * G(s)
Yi) = Tsl-l— 1 1/T

Taking inverse Laplace transform

1
y(t) = ?e_t/T

glt)
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First order system
Time domain analysis econd order system
Steady state errors

SECOND ORDER SYSTEM

STANDARD REPRESENTATION

2

Wn

Gle) = 52 + 2Cwn, + w2

o wp - Natural frequency

o ( - Damping factor

POLE-ZERO FORM

2
n

w.

(s + Cwn + jwa)(s + Cwn — jwq)

0 wyg = wn/1— (2 - Damped natural frequency
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First order system
Time domain analysis Second order system
Steady state errors

SECOND ORDER SYSTEM - STEP RESPONSE

e 0< (<1
o Step response
w2
Y(s) = —" -
(s + Cwn + jwg)(s + Cwn — jwq)s
o Partial fraction
1 s+ Cwn Cwn

s (s+ Cwn)? + w? T (54 Cwn)? + w?
o Taking inverse Laplace transform

yt)=1-— e~ Cwnt (cos wqt + sin wdt)

_<
V1-¢2
Vi-¢

T -1 V-5
y(t)=1 = sin (wdt + tan )

o further

¢
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Time domain analysis Second order system
Steady state errors

SECOND ORDER SYSTEM - STEP RESPONSE

o (=1
@ Step response
wyy
Y(s) = ———
(®) (s + wn)?s

o Taking inverse Laplace transform

y(t) =1 — e “nt (1 + wpt)
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RESPONSE

Amplitude

08

0.6

04

0.2

First order s
Second order system
Steady state error

Time domain analy

Step Response

Change in Response
with ¢

AN

Time (seconds)
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First order system
Time domain analysi Second order system
Steady state errors

SYSTEM RESOPNSE WITH POLE POSITION

MMM

IR
WW“MWW
VTV

\

\x

D et e

P SR R —_—
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Time domain analysis Second order system
Steady state errors

DEFINITIONS

o Delay time tg - The delay time is the time required for the response to reach
half of the final value the very first time

o Rise time ts - The rise time is the time required for the response to rise from
0 — 100% of its final value

o Peak time ¢, - The peak time is the time required for the responce to reach
the first peak of the overshot

o Maximum overshoot M),

y(tp) — c(o0)

x 100%
c(oo

o Settling time ts - Settling time is the time required for the response curve to
reach and stay with in the range about the final value
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First order system
Time domain analysis Second order system
Steady state errors

SECOND ORDER STEP RESPONCE

0 >
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First order system
Time domain analysis Second order system
Steady state errors

TIME DOMAIN SPECIFICATIONS
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First order syst
Time domain analysis econd order system
Steady state errors

TIME DOMAIN SPECIFICATIONS

MAXIMUM OVERSHOOT

<

M, = ef(\/ﬁ)ﬁ x 100%
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First order system
Time domain analysis Second order system
Steady state errors

TIME DOMAIN SPECIFICATIONS

MAXIMUM OVERSHOOT

,(#)ﬁ
Mp=e V1= % 100%
v
po_ A
S_Cwn
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Time domain analysis Second order system
Steady state errors

SYSTEM WITH MULTIPLE POLES AND ZEROS

Consider a generalized transfer function

G(s) = g (= =)
it (s —pi)
! c2

c
= + + o+ ™ __if all poles are distinct
s—P1 s —p2 = Pn

where c1, ca...cn are the residue of G(s) at p;. So the inclusion of zeros only
afftecting the values of ¢;.

For poles with multiplicity, partial fraction can be done in similar way with some
change in computation of c.
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First order system
Time domain analysis Second order system
Steady state errors

SYSTEM RESPONSE WITH ZEROS

Consider the step response of the following systems

1

G(s) = U(s) = %

s+ 2
1 —2t
(1 —

S(1—e™)

<

—~
~

~
Il

Step Response

07 T

06— -

05—

Amplitude

03— —

02— —

01— -

| | | | I
0 05 1 15 2 25 3
Time (seconds)
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First order system
Time domain analysis Second order system

Steady state errors

_s+1
s+2
s+1
Y(5) = ——
(s) s(s+2)
0.5 0.5
s s+ 2

y(t) = 0.5+ 0.5¢ 2

Step Response

1
T

09— -

08— —

07— —

0.6~ -

05—

Amplitude

04— -

03— -

02— —

15
Time (seconds)
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First order system
Time domain analysis Second order system
Steady state errors

SYSTEM RESPONSE WITH ZEROS

RESPONSE WITH ZERO

Let Y (s) be the response of a system G(s), with unity in the numerator. The
response of (s + a)G(s) is

(s+a)Y(s) =sY(s)+aY(s)

V. Sankaranarayanan Control system



Time domain analysis Second order system
Steady state errors

SYSTEM RESPONSE WITH ZEROS

RESPONSE WITH ZERO

Let Y (s) be the response of a system G(s), with unity in the numerator. The
response of (s + a)G(s) is

(s+a)Y(s) =sY(s)+aY(s)

o First part is the derivative of the original response.

o Second part is a scaled version of the original response.
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Time domain analysis Second order system
Steady state errors

SYSTEM RESPONSE WITH ZEROS

RESPONSE WITH ZERO

Let Y (s) be the response of a system G(s), with unity in the numerator. The
response of (s + a)G(s) is

(s+a)Y(s) =sY(s)+aY(s)

e First part is the derivative of the original response.
o Second part is a scaled version of the original response.

o For large value of a a scaled version of original response.

Smaller value of a derivative term will contribue to response.
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Time domain analysis Second order system
Steady state errors

SYSTEM RESPONSE WITH ZEROS

RESPONSE WITH ZERO

Let Y (s) be the response of a system G(s), with unity in the numerator. The
response of (s + a)G(s) is

(s+a)Y(s) =sY(s)+aY(s)

o First part is the derivative of the original response.

o Second part is a scaled version of the original response.

o For large value of a a scaled version of original response.

o Smaller value of a derivative term will contribue to response.

o For a second order system initial derivative of Y (s) is positive. So a increase
in overshoot is expected.
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Time domain analysis Second order system
Steady state errors

SYSTEM RESPONSE WITH ZEROS

RESPONSE WITH ZERO

Let Y (s) be the response of a system G(s), with unity in the numerator. The
response of (s + a)G(s) is

(s+a)Y(s) =sY(s)+aY(s)

o First part is the derivative of the original response.

o Second part is a scaled version of the original response.

o For large value of a a scaled version of original response.

o Smaller value of a derivative term will contribue to response.

o For a second order system initial derivative of Y (s) is positive. So a increase
in overshoot is expected.
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First order
Second order system
Steady state

Time domain analysis

SYSTEM RESPONSE WITH ZEROS

Consider the following systems

4 4(s+1) 4(s + 15)
Tis)=—— D)=t pgy= T
)= 1274 2= T 125 +4 3= Bz 121 9)

The response of systems are

Step Response

Ampitude

L I I I
T 2 3 4 Time (seonds) 7 8 o

y1(t) =1 — 0.95393e %0 sin (1.9078¢ + 72.54°)
y2(t) =1 — e %% (cos 1.9078t — 1.7820sin 1.9078t)
y2(t) =1 — e %% (cos 1.9078t + 0.1747 sin 1.9078t)
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Time domain analysis Second order system
Steady state errors

CONCEPT OF DOMINANT POLES

Consider a system

1
(s+a)(s2+bs+c)

G(s) =

Impulse response of the system is

y(t) = Ae% 4+  2nd order response

o If a is very far from imaginary axis the exponential responce will die very fast.
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Time domain analysis Second order system
Steady state errors

CONCEPT OF DOMINANT POLES

Consider a system

1
(s+a)(s2+bs+c)

G(s) =

Impulse response of the system is

y(t) = Ae% 4+  2nd order response

o If a is very far from imaginary axis the exponential responce will die very fast.

@ So here the 2nd order poles are dominant and a is a insignificant pole
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Time domain analysis Second order system
Steady state errors

CONCEPT OF DOMINANT POLES

Consider a system

1
(s+a)(s2+bs+c)

G(s) =

Impulse response of the system is

y(t) = Ae% 4+  2nd order response

o If a is very far from imaginary axis the exponential responce will die very fast.
@ So here the 2nd order poles are dominant and a is a insignificant pole

o If the magnitude of a real part of a pole is more than 5 to 10 times the real
part of dominant pole that the pole is considered as insignificant
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Time domain analysis Second order system
Steady state errors

CONCEPT OF DOMINANT POLES

Consider a system

1
(s+a)(s2+bs+c)

G(s) =

Impulse response of the system is

y(t) = Ae% 4+  2nd order response

o If a is very far from imaginary axis the exponential responce will die very fast.
@ So here the 2nd order poles are dominant and a is a insignificant pole

o If the magnitude of a real part of a pole is more than 5 to 10 times the real
part of dominant pole that the pole is considered as insignificant
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Time domain analysis

First order system
Second order system
Steady state errors

EXAMPLE

Consider the following systems
4 4 28
Ti(s) = 54— To(s) = ——————— T3(s) = ——MM—
1) = T 114 2(s) (s+ 1)(s2 + 1.25 + 4) 3(9) (s+7)(s2 + 1.2+ 4)
Poles = —0.6 & 1.9078¢ Poles = —1,—0.6 + 1.9078¢ Poles = —7,—0.6 + 1.9078
Step Response
14 T
12— -
L —
gﬂ.ﬂ* —
H ()
“oel- T |
Ts)
04— —
02— -
I | | I | I | |
0 1 2 3 4Time (seconds) 5 6 7 8 9

y1(t) = 1 — 0.95393¢ 6% sin (1.9078¢ 4 72.54°)
y2(t) = 1 — 1.0526e~* — e~ 06 (0.5351 sin 1.9078 — 0.0526 cos 1.9078)
y3(t) =1 —0.085¢~ 7 — ¢~ 964(0.9103 cos 1.9078¢ + 0.6153 sin 1.9078t)
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Time domain analy

Consider the following systems

4 4 400
Ti(s) = 5—— Th(s) = Ts(s) =
)= Fiio s 12O (s2+1.65+1)(s2 + 1.25 + 4) 3(9) (52 + 165 + 100)(s2 + 1.25 + 4)
Poles = —0.6 + 1.9078i  Poles = —0.8 % 0.6, —0.6 & 1.9078; Poles = —8 4 6, —0.6 & 1.9078
Step Response
14 T
1.2 —
1 \
g 0.8 —
H
< s T5) —
T,(8)
04 Ty8) 7
0.2 —
L L L L L L L L L
[ 1 2 3 6 7 8 9 10

5
Time (seconds)

y1(t) = 1 — 0.95393¢ %% sin (1.9078¢ + 72.54°)
ya(t) =1 — e 984(1.515in 0.6t + 1.314 cos 0.6t) + e~ 2-6%(0.023 sin 1.9078¢ + 0.314 cos 1.9078t)
y3(t) = 14 ¢~ 54(0.028 sin 6¢ — 0.067 cos 6t) — e ~%-6%(0.9328 cos 1.9078¢ + 0.6633 sin 1.9078t)
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First order system
Time domain analysis Second order system
Steady state errors

OPEN-LOOP

u(s) Y(s)
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First order system
Time domain analysis Second order system
Steady state errors

CLOSED-LOOP SYSTEM

C(s)

" G(s)

_Y(s)
U(s)
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First order system
Second order system
Steady state errors

Time domain analysis

CLOSED-LOOP SYSTEM

S o) < ——

_Y(s)
T U(s
C(s) G(s

R(s) 1+G(s)

~

P N
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First order system
Second order system
Steady state errors

Time domain analysis

CLOSED-LOOP SYSTEM

R(s) b‘ E(s) G(s) Cls)
LYW
G(s) 06s)

C(s) G(s

R(s) 1+G(s)
_ _R(s)
1+G(s)

P N
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First order system
Time domain analysis Second order system
Steady state errors

CLOSED-LOOP WITH CONTROLLERS

(s) s C(s)
" ®L> Gds) Gs) ——

\ )
T

Loop transfer function

V. Sankaranaray
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Time domain analysis S d ord stem
Steady state errors

o The main of any closed loop control system is to make the error between the
desired output and the actual output is zero

_ _R(s)
E®) =166
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Time domain analysis

o The main of any closed loop control system is to make the error between the
desired output and the actual output is zero

R
B(s) = )
1+ G(s)
o Taking inverse Laplace transform
e(t) =7
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First order system
Time domain analysis Second order s
Steady state errors

o The main of any closed loop control system is to make the error between the
desired output and the actual output is zero

R
B(s) = )
1+ G(s)
o Taking inverse Laplace transform
e(t) =7

e when we apply Final value theorem

ors = iy o) = ligy o5
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Time domain analysis Second order system
Steady state errors

o The main of any closed loop control system is to make the error between the
desired output and the actual output is zero

R
B(s) = )
1+ G(s)
o Taking inverse Laplace transform
e(t) =7

e when we apply Final value theorem

ors = iy o) = ligy o5

Steady state error
i sR(s)
e = 1m ——
T s50 14 G(s)
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F
Time domain analysis Second ord ystem
Steady state errors

TYPE 0 SYSTEM

K(T:18+1)(To2s+ 1)+ ... (Toms + 1)

) = (Tp1s +1)(Tp2s + 1) + ... + (Tpns + 1)
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First order
Time domain analysis Second order system
Steady state errors

TYPE 0 SYSTEM

TYPE O ¢

G(s) = K(T:18+1)(To2s+ 1)+ ... (Toms + 1)
(Tp1s+1)(Tpas+ 1)+ ...+ (Tpns + 1)
ess = lim sE(s) = lim sR(s) = lim s = lim ! _ !
s—0 s—0 1+ G(S) s—0 5(1 + G(s)) s—0 1+ G(S) 1+ K
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First order
Time domain analysis Second order system
Steady state errors

TYPE 0 SYSTEM

TYPE O ¢

K(T:18+1)(To2s+ 1)+ ... (Toms + 1)

Gle) = (Tp1s +1)(Tp2s + 1) + ... + (Tpns + 1)

4

STEP INPUT

. . sR(s) . s . 1 1
ess = lim sE(s) = lim = lim = lim =
s—0 s—0 1+ G(S) s—0 5(1 + G(s)) s—0 1+ G(S) 1+ K

RAMP INPUT

lim sE(s) = I sR(s) W s T 1
e = lm s S) = l1m = l1m = 11m
550 s=0 14+ G(s) s—0s2(14+G(s)) s—0s(1+G(s))

= o0
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First order
Time domain analysis Second order system
Steady state errors

TYPE 1 SYSTEM

K(T;184+ 1) (Teos+ 1)+ ... (Tams + 1)

Elo) = s(Tp1s +1)(Tp2s +1) + ... + (Tpns + 1)
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First order m
Time domain analysis Second orde stem
Steady state errors

TYPE 1 SYSTEM

TYPE 1 SYSTEM

K(T;184+ 1) (Teos+ 1)+ ... (Tams + 1)
s(Tp1s+1)(Tp2s+ 1)+ ...+ (Tpns + 1)

G(s) =

STEP INPUT

sR(s) s 1 1

ess = lim sE(s) = lim =lim — = ——— =
s—0 s—0 1—|—G(s) 1+ oo

) e ——
s=0 14+ G(s) 530 s(1+ G(s))
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First order
Time domain analysis Second order system
Steady state errors

TYPE 1 SYSTEM

TYPE 1 SYSTEM

K(T;184+ 1) (Teos+ 1)+ ... (Tams + 1)
G(s) =
s(Tp1s+1)(Tp2s+ 1)+ ...+ (Tpns + 1)

STEP INPUT

esszlimsE’(s)—th() l'mézlim#:;zo
s—0 s—0 1—|—G(s) s—0 5(1+G(3)) s—0 1—|—G(s) 1+ co

RAMP INPUT

sR(s) L s L 1 1
eas = oy sB(s) = I T o)~ S P GE) i stsGG) | K
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First order
Time domain analysis Second order system
Steady state errors

TYPE 1 SYSTEM

TYPE 1 SYSTEM

K(T;184+ 1) (Teos+ 1)+ ... (Tams + 1)
s(Tp1s+1)(Tp2s+ 1)+ ...+ (Tpns + 1)

STEP INPUT

G(s) =

esszlimsE’(s)—th() l'mézlim#:;ZO
s—0 s—0 1—|—G(s) s—0 5(1 +G(3)) s—0 1—|—G(8) 1+ co

RAMP INPUT

sR(s) L s L 1 1
eas = oy sB(s) = I T o)~ S P GE) i stsGG) | K

PARABOLIC INPUT

lim sE(s) = lim —22X8)_ _ s li
e = 11m s = I1lm —— — = l1m = 1l1m ==
59 5—0 s—0 1+ G(s) 5—0 53(1 + G(S)) s—0 g2 + SQG(S) 0

V.
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Time domain analysis Second ord ystem
Steady state errors

TYPE 2 SYSTEM

K(T;18+ 1) (Te2s+ 1)+ ... (Tams + 1)
$2(Tp1s+ 1)(Tpas + 1)+ ...+ (Tpns + 1)

G(s) =
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First order m
Time domain analysis Second orde stem
Steady state errors

TYPE 2 SYSTEM

TYPE 2 SYSTEM

K(T;18+ 1) (Te2s+ 1)+ ... (Tams + 1)
$2(Tp1s+ 1)(Tpas + 1)+ ...+ (Tpns + 1)

G(s) =

STEP INPUT

sR(s) s 1 1

ess = lim sE(s) = lim =lim — = ——— =
s—0 s—0 1—|—G(s) 1+ oo

) e ——
s=0 14+ G(s) 530 s(1+ G(s))
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First order
Time domain analysis Second order system
Steady state errors

TYPE 2 SYSTEM

TYPE 2 SYSTEM

G(s) = K(T;18+ 1) (Te2s+ 1)+ ... (Tams + 1)
$2(Tp1s+ 1)(Tpas + 1)+ ...+ (Tpns + 1)

STEP INPUT

esszlimsE’(s)—th() l'mézlim#:;zo
s—0 s—0 1—|—G(s) s—0 5(1+G(3)) s—0 1—|—G(s) 1+ co

RAMP INPUT

sR(s) .. s L 1 1
o0 = I B0) = I 17 G0~ DR G 5T a0() o
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First order
Time domain analysis Second order system
Steady state errors

TYPE 2 SYSTEM

TYPE 2 SYSTEM

K(T;18+ 1) (Te2s+ 1)+ ... (Tams + 1)
$2(Tp1s+ 1)(Tpas + 1)+ ...+ (Tpns + 1)

STEP INPUT

G(s) =

esszlimsE’(s)—th() l'mézlim#:;ZO
s—0 s—0 1—|—G(s) s—0 5(1 +G(3)) s—0 1—|—G(8) 1+ co

RAMP INPUT

sR(s) .. s L 1 1
o0 = I B0) = I 17 G0~ DR G 5T a0() o

PARABOLIC INPUT

lim sE(s) = 1i sR(s) . s i 1 1
e = 1m s S) = l1im = 11m = 1l1m = —
s s—0 s—0 1+ G(s) s—0 33(1 + G’(s)) s—0 g2 + SQG(S) K

V.
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Time domain analysis Second order system
Steady state errors

STEADY STATE ERROR CONSTANTS

Type Step Input | Ramp input | Parabolic input
Type 0 system ﬁ 00 00
Type 1 system 0 % 00
Type 2 system 0 0 %
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Assignment

ASSIGNMENT

_ dF(s)

L. Show that LI=tf(t)] = Zes

, where F(s)= L[f(t)]
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Assignment

ASSIGNMENT

2. Apply final value theorem to the system transfer function

16053 +188s% 4+ 29s + 1
26053 + 26852 + 465 + 2

G(s)
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Assignment

ASSIGNMENT

3. Find the steady state error of the unity feedback system shown below to a step
and parabolic inputs.

10

Gls) = s2(s+1)
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ASSIGNMENT

Assignment

4. Consider the system shown in the figure. If Ky = 0, determine the damping
factor and natural frequency of the system. What is the steady-state error
resulting from unit ramp input?

O

8¢

V. Sankaranarayanan

Control system




Assignment

ASSIGNMENT

5. Consider the system shown in the figure. Determine the feedback constant Ky,
which will increase damping factor of the system to 0.6. What is the steady-state
error resulting from unit ramp input with this setting of the feedback constant.

O¢

v
[a-10]
M|

V. Sankaranarayanan Control system



Assignment

ASSIGNMENT

6. A certain system is described by the differential equation
GLbyrd=r

Determine the value of b such that M) to be as small as possible but not greater
than 15%.
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Assignment

ASSIGNMENT

7. Consider the system shown in the figure. Determine the system type.

R(s)

s O
s2(s+2) -
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Assignment

ASSIGNMENT

8. Consider the system shown in the figure .To yeild 0.1% error in the steady state
to step input find the value of K.

R(s)

41| €O
s2(s+2) i

V. Sankaranarayanan Control system



Assignment

ASSIGNMENT

9. A unity feedback system is characterized by the open loop transfer function.

1
"~ 5(0.55 +1)(0.25 + 1)

G(s)

Determine the steady state state errors for the unit step, unit ramp and unit
acceleration inputs. Also determine the damping ratio and natural frequency of
the dominant roots.
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Assignment

ASSIGNMENT

10. A speed control system of an armature-controlled dc motor as shown in the
figure . uses the back emf voltage of the motor as a feedback signal. (i) Calculate
the steady-state error of this system to a step input command setting the speed to
a new level. Assume that Ro=L,=J=b=1, the motor constant is K,,=1, and
Kp=1. (ii) Select a feedback gain for the back emf signal to yield a step response
with an overshoot of 15%.

Amplifier

W(s)
R(s) . K. 1 .
R, +L,s 1 Js+b
Back emf
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