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Engineering is one of the most chosen graduating field. Taking
engineering is usually a matter of interest but this eventually
develops into “purpose of being an engineer” when you
choose engineering services as a carrier option.

Train goes in tunnel we don’t panic but sit still and trust
the engineer, even we don’t doubt on signalling system,
we don't think twice crossing over a bridge reducing our
travel time; every engineer has a purpose in his department
which when coupled with his unique talent provides service
to mankind.

| believe “the educator must realize in the potential power of
his pupil and he must employ all his art, in seeking to bring
his pupil to experience this power”. To support dreams of
every engineer and to make efficient use of capabilities of
aspirant, MADE EASY team has put sincere efforts in compiling
all the previous years’ ESE-Pre questions with accurate and
detailed explanation. The objective of this book is to facilitate
every aspirant in ESE preparation and so, questions are
segregated chapterwise and topicwise to enable the student
to do topicwise preparation and strengthen the concept as
and when they are read.

| would like to acknowledge efforts of entire MADE EASY
team who worked hard to solve previous years’ papers with
accuracy and | hope this book will stand up to the expectations
of aspirants and my desire to serve student fraternity by
providing best study material and quality guidance will get
accomplished.

B. Singh (Ex. IES)
CMD, MADE EASY Group
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2.1

2.2

2.3

B 2

The response c(t) of a system is described by

the differential equation

d?c(t)  delt

e +4%+50(t) =0

The system response is

(@) undamped (b) underdamped

(c) critically damped (d) oscillatory
[ESE-1999]

The system with the open-loop transfer function
= L is

~s(1+9)
a) type 2 and order 1

b) type 1 and order 1

c) type 0 and order O

d) type 1 and order 2

G(s) H(s)

(
(
(
(
[ESE-1999]

A step input is applied to a system with the transfer
function

) = 15055
The output response will be

@ 0|

(b) c)

(c) ¢

(d) ¢

[ESE-1999]

Time Domain Analysis

2.4

2.5

2.6

2.7

Assertion (A): The largest undershoot
corresponding to a unit step input to an
underdamped second order system with damping
ratio & and undamped natural frequency of

[ 2
oscillation w,, is g X N1=8"
Reason (R): The overshoots and undershoots
of a second order underdamped system is

e =12,

(a) Both A and R are true and R is the correct
explanation of A

(b) Both Aand R are true but Ris NOT the correct
explanation of A

(c) Ais true but R is false

(d) A is false but R is true

[ESE-2000]

Which one of the following transfer functions
represents the critically damped system?
1

@ 9= s
1
O )= era
1
O = s
(@) Hy(s) = ﬁ [ESE-2000]

A second order system has the damping ratio & and
undamped natural frequency of oscillation w,,. The
settling time at 2% tolerance band of the system is
(@) 2/&w, (b) 3/&w,
(0) 4/, (d) &w,

[ESE-2000]

Two identical first-order systems have been

cascaded non-interactively. The unit step

response of the systems will be

(a) overdamped (b) underdamped

(c) undamped (d) critically damped
[ESE-2001]



MRDE ERSY

Control Systems

2.8 Which one of the following is the response y(t) of
a causal LTI system described by

(s+1)
Fs) = $°4+25+2
for a given input x(t) = et u(t)?
(@) y(t) = e tsin t u(t)
(b) y(t) = e =D sin(t-1) u(t—1)
() y(t) =sin(t—1) u(t-1)
(d) y(t) = etcos t u(t)

[ESE-2001]

2.9 Which one of the following is the steady-state
error for a step input applied to a unity feedback

system with the open loop transfer function

10
G(S)=—5——"—"—"
(s) s +14s+50
(@ e, ,=0 (b) e, =0.83
(€) e, =1 (d) e =
[ESE-2001]

2.10 The unit step response of a particular control
system is given by c(f) = 1 — 10e7’. Then its
transfer function is

10 s-9
@ 517 ® T3

1-9s 1-9s
(c) i (d) —s(s+1)

[ESE-2001]

A third-order system is approximated to an
equivalent second order system. The rise time
of this approximated lower order system will be
(a) same as original system for any input
(b) smaller than the original system for any input
(c) larger than the original system for any input
(d) larger or smaller depending on the input
[ESE-2001]

-~ =

=

2.12 Match List-l (Pole-zero plot of linear control
system) with List-lI (Responses of the system)
and select the correct answer:

List-| List-II
Jo c
1.
B0k & ©
t
c
B. 2.

2.13

2.14

2.15

2.16

B
3
3
4
4

_L[\)['\)_LO
S Ul o |

(
(
(
( [ESE-2002]
A system has a single pole at origin. Its impulse
response will be

(a) constant

(b) ramp

(c) decaying exponential

(d) oscillatory

[ESE-2002]

Consider the unity feedback system as shown
below. The sensitivity of the steady state error to
change in parameter Kand parameter a with ramp
inputs are respectively

Ris) — S cts)
(@ 1, -1 (b) -1, 1
() 1,0 (d) 0,1
[ESE-2003]
Which one of the following is the transfer function
of alinear system whose output is t2e~!for a unit
step input?
S 2s
@ e © ey
1 2
) ) s+ 77
[ESE-2003]

Assuming unit ramp input, match List-I (System
Type) with List-1l (Steady State Error) and select
the correct answer using the codes given below
the lists:
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List-I List-Il Which of the statements given above are correct?
A 0O 1. K (@ 1,2and 3 (b) tand 2
B. 1 2 (c) 2and 3 (d) 1and 3
C.2 3.0 [ESE-2004]
D. 3 4. 1K 2.21 Which one of the following statements is correct?
COdei B C D A second-order system is critically damped when
(&) 2 4 3 3 the roots of its characteristic equation are
b) D) P 4 (a) negative, real and unequal
© 2 1 4 3 (b) complex conjugates
d) 1 ) 4 3 [ESE-2003] (c) negative, real and equal
_ _ o (d) positive, real and equal
2.17 When the time period of observation is large, the [ESE-2004]
type of the error is
(a) Transienterror 2.22 Alinear network has the system function
(b) Steady state error (s+0)
(c) Half-power error (s+a)s+b)
(d) Position error constant [ESE-2003] The outputs of the network with zero initial
2.18 The unit impulse response of a system having conditions for two different inputs are tabled as
transfer function K/(s + a) is shown below. The
value of ais Input x(t) | Output y(f)
p u(t) 2+De' + Ee™
e'u(t) Fe' +Ge™
Unit Impulse Response
0.63 K-~ Then the values of c and H are, respectively
037 KLomoodoo D (@) 2and 3 (b) 3and 2
(c) 2and 2 (d) 1and 3 [ESE-2005]
h b : 2.23 For the given system, how can be steady state
(a) t, (b) 1/t, error produced by step disturbance be reduced?
©) t, (d) 1/t, D(s) = disturbance
[ESE-2003]
2.19 Whatis the unit step response of a unity feedback R(s) — C(s)
control system having forward path transfer
function G(s) = &? . . .
s(s+18) (a) By increasing dc gain of G,(s)G,(S)
(a) Overdamped (b) By increasing dc gain of G,(s)
(b) Critically damped (c) By increaging dc gain of G,(s)
() Underdamped (d) By removing the feedback [ESE-2005]
(d) Undamped oscillatory 2.24 Which one of the following expresses the time at
[ESE-2004] which second peak in step response occurs for
2.20 Consider the following statements: a second order system?

Feedback in control system can be used

1. to reduce the sensitivity of the system to
parameter variations and disturbances

2. to change time constant of the system

3. toincrease loop gain of the system

T 2n

@) —— (b)

o,J1-&° o J1-&°
(0 —Z— (@) =
w, 1- & 1- &2

[ESE-2005]
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2.25

2.26

2.27

2.28

2.29

With negative feedback in a closed loop control
system, the system sensitivity to parameter
variations:

(@) Increases

(c) Becomes zero

(b) Decreases
(d) Becomes infinite
[ESE-2005]

An underdamped second order system with

negative damping will have the two roots:

(@) On the negative real axis as real roots

(b) On the left hand side of complex plane as
complex roots

(c) On the right hand side of complex plane as
complex conjugates

(d) On the positive real axis as real roots

[ESE-2005]

Match List-1 (System G(s)) with List-11 (Nature of
Response) and select the correct answer using
the code given below the Lists:

List-I List-11
A. __ 400 1. Undamped
s? +12s+ 400
900 o
B. 79055900 2. Critically damped
225
C. m 3. Underdamped
625
D. 7+ 695 4. Overdamped
Codes:
A B C D
@ 3 1 2 4
by 2 4 3 1
(c) 3 4 2 1
(d 2 1 3 4 [ESE-2005]
Given a unity feedback systemwith G(S) = K ,
s(s+4)
what is the value of K for a damping ratio of 0.5?
(a) 1 (b) 16
(c) 4 (d) 2
[ESE-2005]
What is the steady state error for a unity feedback
. 1 .
control system havin S)= ——, duetounit
y g Gls) ST
ramp input?
(a) 1 (b) 0.5
(c) 0.25 (d) Jos5  [ESE-2005]

2.30

2.31

2.32

2.33

2.34

11
What is the value of K for a unity feedback system
with G(8) = s(‘lij- 3 to have a peak overshoot of
50%"7
(a) 0.53 (b) 5.3
(c) 0.6 (d) 0.047  [ESE-2006]

Consider the following statements:

For the first order transient systems, the time

constant is

1. aspecification of transient response

2. reciprocal of real-axis pole location

3. anindication of accuracy of response

4. anindication of speed of the response

Which of the statements given above are correct?

(@) Only tand 2 (b) Only 1,2 and 4

(c) Only 3and 4 (d) 1,2,3and 4
[ESE-2006]

The unit step response of a second order system
is=1-e° -5t
Consider the following statements:

1. The undamped natural frequency is

5 rad/s.

2. The damping ratiois 1.

3. The impulse response is 25t ™!,
Which of the statements given above are correct?
(a) Only 1and 2 (b) Only 2 and 3
(c) Only 1and 3 (d)1,2and 3

[ESE-2006]

The unit step response of a systemis 1—e (1 + t).
Which is this system?
(a) Unstable

(c) Critically stable

(b) Stable
(d) Oscillatory
[ESE-2006]

Assertion (A): The impulse response is only a

function of the terms in natural response.

Reason (R): The differentiation and differencing

operations eliminate the constant terms

associated with the particular solution in the step

response and change only the constants

associated with exponential terms in the natural

response.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both Aand R are true but Ris NOT the correct
explanation of A

(c) Aistrue but R is false

(d) A'is false but R is true [ESE-2006]
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2.35 The relation between input x(f) and output y(1) of (a) Both A and R are individually true and R is
a continuous-time system is given by the correct explanation of A
Both A R individuall Ri
ay(t) +3y(t) = x(t) (b) Bot and R are mdlv!dua y true but R is
at not the correct explanation of A
What is the forced response of the system when (c) Ais true but R is false
x(f) = k (a constant)? (d) A'is false but R is true
(@) k (b) kI3 [ESE-2008]
(c) 3k (d)o [ESE-2007]
. 2.41 Adiaphragm type pressure sensor has two poles
2.36 How can the steady-state error in a system be as shown in the figure below. The zeros are at
reduced? . infinity. What is its steady state deformation for
(@) By Qecreaglng the type qf system a unit step input pressure?
(b) By increasing system gain img
(c) By decreasing the static error constant
(d) By increasing the input [ESE-2007] T
2.37 For second-order system y 1
d’y  dy [ as l
—at4—-t8y= : R
2 e +4 o +8y =8x e e
what is the damping ratio?
(a) 1 (b) 0.25
(c) 0.333 (d) 0.5 [ESE-2007] B
2.38 For a second-order system, & is equal to zero in (a) 0.25 (b) 0.5
the transfer function given by (c) 0.707 (d) 1 [ESE-2008]
w; 2.42 A second order control system has a transfer
§*+ 28w, s+ 07
16
Which one of the following is correct? function —————=. What is the time for the
. . s“+4s5+16
(a) Closed-loop poles are complex conjugate with _
negative real part first overshoot?
(b) Closed-loop poles are purely imaginary () 2n s (b) LI
(c) Closed-loop poles are real, equal and J3 J3
negative s T
(d) Closed-loop poles are real, unequal and (©) 2J3 S (d) 43 S
negative [ESE-2008]
[ESE-2007]
2.43 The closed loop transfer function of a control
. . 10 system has the following poles and zeros
2.39 Forthe unity feedback systemwith (3(S) = T d) Poles Zeros
what is the steady state error resulting from an input p, =-0.5 z,=-6
10t? p, =-1.0 z,=-8
(@) 10 (b) 4 Py =5
(c) Zero (d) 1 p, =-10
[ESE-2007] The closed loop response can be closely
2.40 Assertion (A): The system having characteristic approximated by considering which of the

equation 4s2 + 6s + 1 = 0 gives rise to under-
damped oscillations for a step input.

Reason (R): The un-damped natural frequency
of oscillation of the system is w, = 0.5 rad/s.

following?

(@) pyand p,
(c) pyand z,

(b) p;and p,
(d) p,and z,
[ESE-2008]
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2.44

2.45

2.46

Consider the function F(s) = gw > Where F(s)
2+

is the Laplace transform of f(t). What is the

steady-state value of f(t)?
(a) Zero

(b) One
()

(d)

A value between -1 and +1 [ESE-2009]

In a unity feedback control system with

Gls) = - -
(s) 1045 when subjected to unit step

input, itis required that system response should
be settled within 2% tolerance band; the system
settling time is
(@) 1sec

(c) 10sec

(b) 2 sec

(d) 20sec [ESE-2010]

Which of the following is the response of a spring-
mass-damper with under-damping?

y(t)

Time

y(t)

Time

y(t)

<
o

‘\

1
>~k
—
—

1
\
-

y(t)

[ESE-2010]

2.47

2.48

2.49

2.50

2.51

From the point of view of stability and response
speed of a closed loop system, the appropriate
range for the value of damping ratio lies between

(@) 0to 0.2 (b) 0.4t00.7

(c) 0.8t01.0 (d) 11t01.5
[ESE-2010]

Assertion (A): Steady state error can be reduced

by increasing integral gain.

Reason (R): Overshoot can be reduced by

increasing derivative gain.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both A and R are true but R is not a correct
explanation of A

(c) Ais true but R is false

(d) A'is false but R is true [ESE-2010]

Assertion (A): A linear system gives a bounded

output if the input is bounded.

Reason (R): The roots of the characteristic

equation have all negative real parts and

response due to initial conditions decay to zero

as time t tends to infinity.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both Aand R are true but Ris NOT the correct
explanation of A

(c) Ais true but R is false

(d) A'is false but R is true [ESE-2010]

What is the steady-state value of the unit-step
response of a closed-loop control system shown
in figure?

re) ({10}~ & c®
(1]
Ls |
(a) -0.5 (0) 0
(©) 2 () o [ESE-2011]

The block diagram of a closed-loop control system
is given in figure. What is the type of this system?

+ 2
R(s) m C(s)
a1
(a) Zero (b) One
(c) Two (d) Three  [ESE-2011]
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m Time Domain Analysis

21 () 2.2 23 () 24
2.10 () 2.11 2.12 (b) 2.13
2.19 (@) 2.20 221 (c) 2.22
2.28 (b) 2.29 2.30 (b) 2.31
2.37 (d) 2.38 2.39 (c) 2.40
2.46 (d) 2.47 2.48 (b) 2.49
255 (d) 2.56 257 (b) 2.58

(

(

(

(

(

(

o

a) 2.5
a) 2.14
) 2.23
b) 2.32
) 2.41
d) 2.50
b) 2.59
d) 2.68
c) 2.77
c 2.86
b) 2.94 (x) 2.95
b) 2.103 (b)

b)

QO

= =

)
)

&z
o) D

=)

-

2.64 (c) 2.65 2.66 (d) 2.67
2.73 (b) 2.74 275 (a) 2.76
2.82 (c) 2.83 2.84 (c) 2.85
b) 2.92
a) 2.101
2.110

mgo

—_ = = ~—

C

)
)
)
2.91 )

2.100
2.109

Time Domain Analysis
El

o

2.93
2.102
2.111

d
d

(
(
(
(
(
(
(
(
(
(
(
(

A/—\AA/—\AA/—\AAAAA
A/—\AA/—\AE)\/—\AAAAA

)
)

a

w, = J/5radfs

Dtw = dmE= 2 <1

25

= System response is underdamped.

22 O

In the pole zero form,
K(s+z)(s+2,) ..

G(s) H(s) = —
s"(s+p)s+p,)...
the type of the system is ‘n” and order of the system
is the highest power of sin the denominator.

EN @

e 1
C(s) = G(s) - - .
(s) (8)- Als) 1+0.55 s
- (s) = 2e”
s(s+2)
N Cls) = e’ e
S S+2

2.104 (d)

a) 2.6
b) 2.15
c) 2.24
d) 2.33
d) 2.42
)

)

2.7
2.16
2.25
2.34
2.43
2.52
2.61
2.70
2.79
2.88
2.97
2.106

d
a
b

2.8
217
2.26
2.35
2.44
2.53
2.62
2.71
2.80
2.89
2.98
2.107

c
b
c
b
c
b
b
c

a
b
c
b
d
b
a
d
a

QO

a
b
c
d
c

b) 2.51
d) 2.60
c) 2.69
d) 2.78
f)  2.87

2.96
2.105

O

*

d
c

*

) c
a) a

d

C

a d

( (©) (d) (@)
( (b) (@) (b)
( ) (b) ()
( (b) (@) (b)
( (©) (@) (d)
( (b) (b) (b)
( (b) (©) (@)
( (©) (d) (d)
( (b) () (@)
( (d) () (©
( © (@) (©)
( (@) (d) (d)

Peak overshoot

B Peak undershoot

t

M, = g eI gor = 1,2,3, ...

El @

1 1
Hs)= —— = 1 _
1 (s+2)°

s?+4s+4
since both roots are negative real and equal, itis
a critically damped system.

26 8

Settling time at 2% of tolerance band of the system,

4
t =
S &mn
Settling time at 5% of tolerance band of the system,
3

t =
S &(l)n
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(d)

Ty 1) 1
S+1)(S+1)  (s+1)p
Since both are cascaded non-interactively, the overall

unit step response will be as shown above. It is
clear that the above response is critically damped.

Alternate Solution:

Transfer function of first order system is
1+sT

when two such are cascaded overall transfer
functionis (TF,)

1 1
1+sT ' 1+sT

1 T
FPT2+2sT+1 2,25, 1
T T?
Comparing with standard second order transfer
function, we get

TF, =

W, =

I A=

and 2o,
& —

.. Critically underdamped.

EN @

29 O

S+1
Y(s) = X(s)H(s)
_ 1 (s+1) 1
s+ {(s+P+1 (s+ 1P+
= y(t) = elsin tu(t)
G(s) = #
s°+14s+50

It is type O system. Input is step input.
y

e =

57 14K,
where K, = |irr01 G(s) H(s)

K = lim 10

P 550 8% +145+50

10
=— =02
50

1
e = =

=0.83
1402

T
13

1-9s
s+1

TF = s L[Step response] =

G(s) = % = g(t) =1

The impulse response of the system is constant.

AL (b)
;
R(s) = =
Steady state error
e = ||mL(S)
7 5501+ G(S)H(S)
- e = lm_ SV
ss 5—0 K
1+ N
S(s+a)
= e = ||mi
% ss08(s+a)+K
a
= € = E
Sensitivity of e_ to change in K'is
goe o O K _-a K
dK e,  K?  alK
= S =1
NOW SeSS = —dess Xi = lxi
’ a da ey K alK
= S:SS =1
215 [0
oty = 2 et
__2
(s+1)°
p
R(s) = —
(s) S
Transfer function
as)  2/(s+1)°
G(s) =
= Re) = s
= G(s) = —25
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B @

Table for steady state error

Input
Type Unit step  Unit Ramp  Unit Parabola
1
Type O 1+ Kp oo oo
1
Type 1 Va oo
yp 0 K,
Type 2 0 0 +
yp K,
Where K = lim G(s) H(s)
P s—0
K, = lim sG(s) H(s)
s—0

K, = lm S°G(s) H(s)

(b)

Steady state error is the error at {— oo,

B @

_ Qs K
)= Re) = s+a
= C(s) = since R(s) = 1
= c(t) = Ke™t

Time constantt = 1/o
Time constant is the time at which
o(t) = Kee1=0.37K

So, ‘c:z‘2:1=>(x:l
o ts
219 [0
Gs) 80 )
1+G(S) s°+18s+80 @, = 80
18
- —— -1.00623
5= 2080

So, the system is overdamped.

220 [0

(i) In open-loop system, transfer function T= G

Sensitivity of open-loop system is

oG T
In closed-loop system, transfer function
T= G

1+ GH

3; = a_TXE
oG T
B 1+GH—GH>< G
(1+GHy? =~ G/(1+GH)
1
T _
S = 1+ GH

Thus feedback is used to reduce the
sensitivity of the system.

(i) Feedback isthe fraction of output. It reduces
the loop gain.

El ©

(i) Roots of 2" order underdamped system are
complex conjugates.

(i) Roots of 2" order critically damped system
are negative, real and equal.

(iii) Roots of 2" order overdamped system are
negative, real and unequal.

222 (8

Ts) = H—(5+9) (i)
(s+a)s+b)
When input is u(f) output is
=2+ Det+ Ee8t
When input is €2t u(t) output is
= Fel+ Ge™!

Using equation (i) when input is u(f) output is
Hs+c) _ K, D __E

s(s+a)s+b) S s+a s+b
Taking inverse Laplace transform
2 + Det+ Eg8
So, a=1 and b=3
Using final value theorem

s-H(s+¢) .
—————"~ = lm2+De™" + Ee™
s205(S+ a)(s+ b) s

He
— =2 and Hc=6
ab
Using equation (i) when input is 2! u(t) output is
H(s+c)
(s+2)(s+a)(s+b)
Only two terms are present in the response.
Hence s+c=5+2
= c=2
H=3 (- HC=06)
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223 (B

Output due to disturbance D(s) is

CH9) = 1+%162 -D(s)
Cy(9) = GGé DE) [ G,G,>> 1]
Cd) = =—-Ds)

G,(s)
Thus effect of disturbance can be reduced by
increasing G, (9).

224 [

Time for peak overshoots are
{ = nm
o, /1=

For first peak overshoot, n =1

3 nm
e 1-8
For second peak overshoot, n= 3

_ 3n
T efi-g

225 [0

With negative feedback, stability of the system
increases and as stability is inversely proportional
to sensitivity, therefore sensitivity decreases.

B3 ©

Positively
underdamped

n=1235, ..

Negatively

f\ underdamped
Negatively

;/ overdamped
e X

Positively Negatively

overdamped critically damped

Positively
critically damped

2.27 §(9]
s+ 125s+400=0
12 12
" 2Ja0 " 40~
= underdamped s® + 90s + 900 = 0
90 90

= T = 1
=5= 50900 " 2x30°

= overdamped s? + 30s + 225 =0
Lt 30 _ 80 _ ’
2J225 ~ 2x15
= critically damped
$2+625=0

=& = 0= undamped.

228 03]

As) _ K
1+G(8)  sP+4s+K
4
= ——— =05
: 2K
4
K = -
- K 2%x05
= K= 16

229 [8

For type 1, ramp input
1

Bgs = K_v
where K,= IirrgJ SG(S)
. 1
= lims-——— =1
200 s+ 1)
’
So, I K =1
2350 [0
G(s) K
1+G8)  s2+s5+K
1
&= ——F
2JK
_
Nﬁ — In(0.5) = —0.693
1- =
4K
- ™ oagf1--]
4K 4K
2
=  4K-1= D
0.48
= 4K = 21.56
- K = 5.39
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1
1+s7t

(i) Time constant is a specification of transient
response.

(i) s=-1/t

(iii) The time constant t also affect the steady state
value of the system. Hence the accuracy is
also governed by it.

(iv) Time constant is an indication of speed of the
response.

232 [0

1 1 5
cs) = -1 __
(s) S S+5 (s+5)
_ (s+5)° - (s+5)s—5s
s(s + 5)°
__ 35
s(s+ 5y
25
cs)= ————
(s) S(s* + 10s + 25)
A(s) =
s
Qs 25
Gls) = R(s)  s?+10s+25
W, = /25
= w, = 5rad/s
10
- — 1
s 2x5

Impulse response = %(1 —e™ —5te™)

= bedt - 5e 4 D51e5t = 25t 5t
2
1 1 5
C = - - ¥
(s) s s+1 (s+1
(s -s(s+N-s _ 1
s(s + 1 s(s+ 17
A(s) = 1
s
C(s) 1 1
G = = =
)= Re G Frostd
g =1

So given system is critically stable.

236 [0J]

Steady state error,

— lim—SAs)
s-0 1+ G(S)H(s)

? | Gs) C(s)
H(s)
(i) By increasing the input R(s), e, increases.

(i) By decreasing the type of system, e
increases.

;
Static error constant

Therefore, by decreasing the static error constant
(K, K, or K,), e, increases.

(iii) e, o

pAYA (d)

2
20V Y
at at
2
or d—)z/ +2 — ay
at at
Taking Laplace transform,
(s° + 25 + 4) y(s) = 4X(s)
Y(s) 4
X() s°+2s+4
Comparing the transfer function with

2

+8y=08x

+4y =4x

or

W
$*+28w, 5+ 0
0?=4
= w, =
2Lw, =2
- -2 __2 _os
20 2x2

Therefore, the damping ratio, & = 0.5.

EE] )

Characteristic equation
s+28w5+02=0
If&=0,thens, +®,2=0

= S = Hm,
It is clear that the closed-loop poles are purely
imaginary.





