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Assume sultable data if necessary,

a) Define control system with its importance, What are the components of closed loop
systems? Explain,

b) How would a closed loop system differ from open loop one on its step response?
Explain with the required mathematical EXpression.

8,2(5)
1)
below. Also draw the T-V and T.[ analogy circuit of the system,

T(t) ﬁ?‘ 5 {hf
g—_—éh D g}z_E

c) Find the transfer function, , for the mechanical rotational system of figure

- 8) From the given block diagram, find the transfer raio %* using block diagram

reduction method,

b} A servomechanism as shown in block diagram below is designed to keep a radar
antenna pointed at a flying aeroplane. If the aeroplane is flying with a velocity of
500 kem/hr, at a range of 2 km and the maximum tracking error is to be within 0.1°,
determine the required velocity error coefficient.

R (S) Ky G
SIS ¢ F o™

¢) A system has 25% overshoot and settling time of 6 seconds, for a unit step input,
Determine the transfer function and calculate peak time. Assume e as 2%,

5]

[5]

(8]

[4]




4.

3. a) The open loop transfer function of a control system is given by

GEHE) = K

s(s +4)(s” + 454 20)

i

Sketch the root locus for 0 < K < w and determine the breakaway point, the angle of
departure from complex poles and the stability conditions, [10]

b) Write short notes on followings: [3+3]

(1) Characteristics of PI and PD control actions
(i) Nyquist stability criterion

a) The open loop transfer function of a system is G{s)}H(s) = T--H—J'Si— . Determine
sl +s)(l+ 29)
the stability of open and cloged loop system using Nyquist Criterion. [8]

b) Discuss the advantages and limitations of state space analysis of control systems. Find
the transfer function for the system represented by following state space model, [2+6]

x=[:g ;]{‘:]

y=[t ok

3. a) Design a suitable phase lead compensating network for Gis) = oL J; T0.001) o
meet the following specification. [16]
K, = 1000 Sec"
PM = 45°

LE = 3
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1. &) Stafing an example of a system that you see in your field of study, explain what do

you understand by closed loop systern and its importance. [51
b) Why closed loop system is faster than open loop control system? Describe with

necessary mathematical expressions. 31
¢) Find transfer function for the system as in figure. Also develop F-V and F-I analogy

circuits. [4+2+2]

%  p—f
gy

2. a) Determine the transfer function Y(s)/R(s) for the block diagram below by signal flow
graph method. [8]

Ris) + + - +

b) Determine the transfer function C(s) / R(s) of the block diagram given below,
using block diagram reduction technique. [8]
=1

-+ C(S)




3, 3) The open loop transfer function of a unity feedback system is given by

108
M sz{3+ 4){31 +35+12)

Find the static error coefficients and steady state error of the system when subjected to

an input given by r(t) = 2+5t+8¢’. 6]
b) Construct Routh array and determine the stability of the system whose characteristics
equation iss® #35 +4s* + 65> + 557 +35+2, Comment on the location of the roots
characteristics equation. . 16}
4, 11} Sketch the root locus of the system having open loop poles and zero plot as shown
below. And the range of parameter K. for stability. [8]
Img
A
-‘3' — 3 ; } Rﬁ
-!3 - 1
l
b) Sketch the polar plot of the system whose open loop transfer function is given by
1_ .
H(B) = —— Al ility.
G(SYH(S) G 90+29) so comment on stability [8]
5. &) A system is described by the following equations: (8]
-1 1 1 01
=7 2 xit) ‘2" b1 2
y) =1 0fx(t)
1 1
Find the transfer function of the system and identify if the system is stable.
b) Design a suitable lead compensating network for G(S)= T]E—-—— to meet the
s“(1+0.25s)
following specification. 112}
K, =10 sec”!
PM2z35°
¥4
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L. a) What is control system? "When feedback is added on a control system, it's response is '

faster.” Illustrate this statement analytically. [343]
b) Find the transfer function (consider displacement of mass M, as output) for the given
translational mechanical system, : : [6]
Xl Xatr)
L S
.7 PR B 5
e

0000~ b1 & | iy

LT T T T ¥ o St 0 O o e

<) Develop block diagram model for a field controlled de motor. [4]
2. &) From the given block diagram, find the transfer function C{SYR(S) using Mason’s
Gain Formula. [8)
RES)

‘@

~{Hjje—
b) A feedback system is described by the following transfer function
G(s) = ﬁ::ﬂ&, H(S) = Ks. The damping factor of the system is 0.8, Determine the

overshoot of the system and the value K, [8]
3. @) Use RH criterion to determine the stability of the system having characteristic
equation: [6]

$5+ 38%+ 58% 95%+ 85%4 65 + 4 = 0.



b) For a unity feedback system, the open loop transfer function is given by: [10]

K
s(5+2)(s+4)
Sketch the root locus for the system when K is varied from 0 to o, Indicate frequency
of sustained oscillation at marginal stability and gain at critical damping.
For open loop transfer function of closed loop system as G(s) = :4:31_.1‘;(;53’
determine restriction on K for stability as per Nyquist criterion for stability. What is

G(s) =

the value of K if gain margin is 3 db for the system? [10]
. . Y(s) _ 2 ;

For a system having transfer function UE) - 571652 e1ione determine the state

model and output equation for the sysiem. [6]

Define compensation. Explain the purpose of lead and lag compensators. [143]

Design a suitable lead compensator for a unity feedback system h:winlg open loop
transfer function G(S) = S ATASAI00015) to meet the following specifications:
Static velocity error constant (Ky) 21000 and PM at least 45°, [12]

EhE
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. &) Ditferentiate between feedback and non-feedback control systems. 4]

-

b) Draw block diagram of a general armature-conirolled dec motor feedback taken via a
tachometer using P-Controller and deseribe each variable at different points before or
after the blocks used. [4]
c) Find the transfer function X3(S)Fis) of the mechanical system shown below by
constructing the free body diagram and write necessary mathematical equations. Also

draw F-V analogy circuit, [6+2]
=Xy
- %
F—ad M) -AAMAN— EI
AL

2. a) Reduce the blocks and find transfer function for the following model, [8]

Ris) * +

i i
H, J |

by The open loop transfer function of a unity feedback system is given by
QLGP 5(145T)

gain multiplied by a factor K1 the maximum overshoot of the system is increased
from 25% to 50%. Determine K 1. [8]

3. a) What is relative and absolute stability? Check the stability of system with
characteristics equation: $° + § *+ 25% + 287+ 35 + 5 = 0 using R-H criteria. [3+5]

b} Draw the Bode Plot of the unity feedback system with an open loop transfer funetion:

iy 1000
©) = AT 0151+ 00015

Also comment on stability, [T+1]

Where, K is gain constant and T is time constants. With the




. a) A unity feedback system has open loop transfer function G{S)=—-———- .Sketch

S{L+25)(L+5)

Myquist plot for the system and therefore obtain the gain margin. Check stability by
Nyquist criterion. [6+2+2]

b) The system equation is given by X() = [_”5 j&__ Pty + IE]UH} and ¥(t) = [1 OJx(t).
Find transfer function of the system and check stability. [5+1]
. a) Give a brief note in Lead-lag compensator. [4]

by Design a lag compensator for a unity feedback system with open loop transfer

: - 053 o -

function G{s) = R e such that velocity error constant would become 5 s

without significant change in transient properties. [12]

Hkrk
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. a} Define control system with its importance. What are the components of closed loop

systems? Explain. [5]
b} How would a closed loop system differ from open loop one on its step response?

Explain with the required mathematical expression. [3]
¢} Discuss briefly about PI controller and its effect on time response. (4]

2. 2) Find the transfer function c‘:—f? for the given rotational mechanical system. Also draw
5

analogous electrical networks, [10]

Ty

K)

b) Determine the transfer function Y(s)/R(s) for the block diagram below by signal flow
graph method. [6]

RfS} + £ Y{SJ

[ ——.

3. a) The open loop tramsfer function of a unity feedback system is given by

1
e -
57(s+4)(s" +3s+12)

Find the static error coefficients and steady state error of the system when subjected to
an input given by r(f) = 2+51+8¢ [6]

b) Construct Routh array and determine the stability of the system whose characteristics

equation is 50 + 3s° +4s% + 653 4552 +35+2. Comment on the location of the roots
characteristics equation. [6]




c)

b)

b)

For a second order system given by the transfer function, Find the: rise time, peak
time, settling time and maximum overshoot. [4]

25
)
5"+ 85+ 25

Sketch the root locus of the system having open loop poles and zero plot as shown
below. And the range of parameter K. for stability. (8]

Gis) =

Img

loop transfer function is given by G{s) H(s) =——__ 2% 8
p transfer function is given by G(s) H(s) GG D655 [8]
2
A system is described by the transfer function A = 1‘3(32 bty Find its
Us) (57 +552 +85+15)
state and output equation in matrix form. (8]
: : ! . k
Design a suitable phase lead compensating n twork for G(s) = - —
HEn R e T e
to meet the following specification. [12]
K, = 1000 Sec™!
P.M = 45°

FkE
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. 2) Define control system. Why closed loop sysiem has better disturbance rejection

capability than open loop? IHustrate your answer. [2+4]
b) Find the transfer function ‘{Igf{? Also draw the F-V analogous circuit. [8+2]
(s

a) Determine the transfer function C(s)/R(s) of the following block diagram using Block
Diagram Reduction Technique. [8]

R(s) i ;\ﬁx >‘ {:1 % E;E 911:59 ______ _I_ >C(s)

b) The open loop transfer function of a unity feedback system is pgiven by ;
G(SHH(S) =—- h
(]+"}T}

Where , K is gain constant and T is time constant. With the gain multiplied by a factor
K the maximum overshoot of the system is increased from 25% to 50%. Determine
Ki. 8]



b}
4. &)
bl
3. 6)
b)

3. a) The open loop transfer function of a unity feedback system is oiven by;

k

G{S) =~ 5 —
: s(s+3)(s" +s+1)

Determine the value of k that will cause sustained oscillation in the closed loop
system. Also determine the oscillation frequency. [6]

Sketch Root locus plot for the system having open loop transfer funetion

G(s)H(s) = By

{5;2 +25 4 2]{52 +25+5)

[10]
Using Nyquist criteria, determine the stability of the closed loop system whose open
loop transfer function is given Ty [6+2]

50 -
Gis}H(5) = -————— : algo find the phase margin.
EHE) (s +1)(s = 2) # &

The differential equations related to the system are Eiaﬂ=-—3x1+x3 and
m 1

dx

a&i ==2X} +u fort > 0. Its output is given by ¥ = %z Derive the transfer function of
t

the system with these differential equation and check stability, [8]
Discuss principle and working performance of PD controller. 14]

Design a lag compensator for unity feedback system with open loop transfer function,

Gis) = ———" such that velocity error constant at leat § sec’, phase margin at
s(s+1Hs+2)

least 40° and gain margin at least 10 dB. [12]

L 2
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1. a) Draw the block diagram of closed loop control system and briefly explain each
component. [5]

b) How feedback effect the stahility of a control system? Explain with suitable example. 13]

¢) Explain PID controller with block diagram and its transfer function, along with its

characteristics, [6]
2. a)" Find the transfer function of mechanical systermn given helow taking output as velocity
of mass M also draw F-V and F-I analogy electrical networks. (8]
i——} 2
f,
fjl' - kz i ] . |_..
e B R N
y ¥ =% [ | J £
1 AR— L =
k 3
ﬂ‘______]—l - Tr:ﬂ_ I__.Tﬁ':_ ....... —.E
ﬂ | ml k? -
5 - | “
g T T I VI T T AT [ T 377 I

b} Using block diagram reduction technique, find the tr. Function E{[—S; of the fig given
5

below. {8]

Rig)

s}




L

aj

b)

b)

aj

b}

What is the importance of error coefficients in design of control system? For a unity

teedback system having G(s) = _-Ei:?_fﬂm.. , determine

32{52 +75+12)

(i} Type and order of the system
{11} Lrror coefficients and
(111)Steady state error for parabolic input r(t) = 2.5 t*
Check for stability of the system using R-H Criterion whose characteristic equation is
given hy:

q{s}:s“" +2s* 426 14?45 42=0
Also Determine the number of poles in R-1 plane and in imaginary axis.

The open loop transfer function of a control system is given by

GSH(S) = e

s(z+ 4}(52 +4dg 4+ 200
Sketch the root locus for 0 < K <ec and determine the breakway point, the angle of
departure from complex poles and the stability conditions.

What is Nyquist Contour? Map the Nyquist contour of open loop transfer function

300 ‘
Gg) = o —into G(s) plane and apply Nyquist criterion to check the
®) =55, DST2) e GE p pply Nyq e

stability of closed loop system.

Obtain a state-space representation of the mechanical system shows in the figure
where external force F is the input and the displacements of the masses x; and XX
and x” are the outputs.

Design a suiteble lag compensating network for G(8) = —-v—i—- to meet the

s(s + 2Hs +20)
following specification.

Kv=208¢c!
PM =35

Fk %

[6]

6]

[10]

(8]
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1. a) Define control system. Draw the block diagram of closed loop control system and

explain the role of each block brefly, [1+4]
b} Why closed loop system is faster than open loop control system? Explain. [3]
¢) What is derivative feedback controller? Draw block diagram and find the transfer
function and hence show its effect on transient performance of the system. 6]
a} Find the transfer function, {iﬁ for the mechanical yotational S'_-.-'E.'[ff]'.] of figure
below. Also draw the T-V and T-I analogy circuit of the system. [8]
; 5}
I 3 5
K
— el 1
D, D D-
b) Determine the transfer function C(s) / Ris) of the block diagram given below, using
block diagram reduction technique [8]
gy ———

. a) Using R-H eriteria, tell how many roots of polynomial is in right half s-plane, in left

half s-plane and on jw axis. Comment on stability (8]
ST 4487428 +387 + 8 +4 =0
b) The open loop transfer funetion of a unity feedback svstem is given by:

K

G(S)H(S) = T

Where, K is gain constant and T is time constants, With the gain multiplied by a
factor K; the maximum overshoot of the system is increased from 25% to 50%.
Determine K. [6]



. &}

b)

. a)

b}

Sketch the root locus of unity feedback system with Gis)=  HE=dy , hence find

(s° +65+18)
the range of parameter k for stability of the closed loop system. Does the system
exhibit sustained oscillation for any value parameter k?

1+ 43__

s2(1+5)(1+ 25)
Determine the stability of open and closed loop system using Nyquist Criterion,

The open loop transfer function of a system is G(s)H(s) =

A system is characterized by the equation
Y(S) _ 20(45+2)
US) 5% 4557 +8s+2

Find its state and output equation and express in matrix form,

The forward path transfer function of unity feedback system is given by

K ; A .
Gis)=—————"— . Desien a suitahle location of pole zero nair fo lead
) 5(5+10)(s + 2) h I S FEIARE @

compensating network so that phase margin is at least 50° and velocity error constant
15 maintained at least 800 sec™|

EE T

(8]

(8]

(8]

[12}
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1. a) As a control engineer, you are required to control the actuator of a rotating system to

gel constant speed. Which type of control system will you suggest and why? [51
b) Discuss the effect of feedback on time constant of a control system. [3]
¢} Find Transfer funetion and develop F-V and F-1 analogous circuits of the following

figure. 8]

M2
£ Bl y
K2 M1 K1 FQ)
> { J B2

/fx’fffx”x”x”/’f’?ﬁfﬁ"f‘f’/’/’f’f’f”f

L

2. 8) From the given block diagram, find the transfer ratio :—— using block diagram
reduction method. (8]

i
!

LA

b) A servomechanism as shown in block diagram below is designed to keep a radar
antenna pointed at a flying aeroplane. If the acroplane is flying with a velocity of
600 km/hr, at a range of 2 km and the maximum tracking ertor is to be within 0.1°,

determine the required velocity error coefficient. [4]
R(5) By C{5)
S(1+ST) ™
—

¢} A system has 25% overshoot and settling time of 6 seconds, for a unit step input.
Determine the transfer function and Caleulate peak time. Assume e, as 2%. W [4]



3. 4) The characteristic equation of the system is ° + 957 + sK + K = (4 Sketch the
complete root locus and comment on stability [8]

b) A system is described by the following equations;

. 10 1
) =7 S+ Y Yuw
’ [ 2
¥ = |1 U]x(tj
l1 1
Find the transfer function of the system and identify if the system is stable. (8]

4. a) What is relative and absolute stability? Check the stability of system with
characteristics equation: §* + 28% + 88 + 125% + 2082 + 168 + 16 = 0 using R-H

criteria, [2+6]
b} Using Nyquist criteria, determine the stability of the feedback system whose OLTF is
given by: (81
1
G{s).H(s) =~
52(1 + 25)1+5)

3. a} In response to unit ramp input, discuss role of derivative feedback controller for a
second order system. {4]

b} The open loop transfer function of type-1} system with unity feedback system is given
X K . :
by G(S)= Sinseasy Design a lead compensator to meet the following
specifications.

(i) Acceleration error Constant (K,) = 10/sec?
(i) PM at least 35° [12]

k&g
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- 2 Stating an example of a system that you see in your field of study, explain what do

you understand by closed loop system and its importance. [5]
b) Why closed loop system is faster than open loop control system? Describe with
necessary mathematical expressions. 3]

¢} Find transfer function for the system as in figure, Also develop F-V and F-I analogy
circuits. [4+2+2]

Xty
X

|

e

]

2. a) Find overall transfer function of the following diagram using block diagram reduction
technique. (8]

il
g et |

|— —

P

T bt
fiJe

b) The system below in figure (a) when subjected to unit step Input; the ouiput response
is as shown in the figure (b). Determine the value of K and T. 81

[2F ()

O — ) —{srrep [ TC
[

Figure: (a)




3. a)

b)

b}

b)

=

For a unity feedback system the OLTF of a control system is given hy
—_ K - i Sh b 3 1
G(5) = T Sketch the root jocus for 0 < K < e and determine the

breakaway point, the angle of departure from complex poles and the stability
conditions,

Find state space representation of the system.
40 vig: - OH

_ Va2
i ———
" 0.25F j e i
5 Q5F Vi
s {}1_. L

The eharacteristics equation of a feedback contro! system is
S8*+208"+ 1587+ 28 + K = ¢
{i} Determine the range of K for the system to be stable,
(i) Can the system be marginally stable? If sa, find the required value of K and the
frequency of sustained osciliation. _
Sketch polar plot, determine Gain Margin, phase margin and comment on stability for

a unity feedback system with feed forward transfer function G(S) = smTijz‘

There exists a permanent mismatch actually to track the reference by the actual
system. Suggest a wayout to follow your system as per reference and justify.

K
S(1+0.35)(1+0.28) .

Design a suitable phase lag compensating network for G(S) =
meet the following specifications: K, = 30 sec? P.M > 407

Hes

[10]
[6]

[8]

i8]

4

[i2]
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)

What is contro] system? “When feedback is added on a control gystem, it's response

ig faster.” Tustrate this statement mathematically. [2+6]
b} Find the transfer function, %:}l, for the mechanical rotational system of figure
below. Also draw the T-V and T-1 analogy circuit of the system. 18]
Y %
K
VYV
D, D Dy

a)

b)

b)

Determine the transfer function C/R for the block diagram below by signal flow graph
{SGF) technigues.

[}

—1 Hi

The open loop TF a unity feedback control system is given as
k
5{52 +s5+s+2)+k

G(S)=

Determine the range of gain k for the system to be stable. Also determine the value of
k which will cause the sustained oscillation and corresponding oscillation frequency.  [5+3]

The open loop transfer function of a control system is given by

G(S)H(8) = ——%
s(s+4)s" +4s+20)

Sketch the root locus for 0 < K < o0 and determine the breakaway point, the angle of
departure from complex poles and the stability conditions. [10]
L

Write short notes on followings: [3+3]

(i) Characteristics of PI and PD control actions
{ii) Nyquist stablity criterion



4. a) Skeich the polar plot of the system whose open loop transfer function is given by
1

G{S)H(8) = ———————_ Also comment on stability. 8
(S)H(S) =012 25) ity (8]
b} Discuss the advantages and limitations of state space analysis of control systems. Find
the transfer function for the system represented by following state space model, [2+6]

i -3 l-‘x+[ﬂ1|u
=z o ]

y=[ O

5. Design a suitable lead compensating network for G{S)mz; to meet the
" s°(1+0.255)
following specification [16]
Ky =10 scc™!
P.M > 35°
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