Try to complete all five questions

try to avoid over writing

mention unit

E.-
" SRR

mApE

MADE EASY

India's Best Institute for |[ES, GATE & FSUsa

Esg 2024 : Mains Test Series

UPSC ENGINEERING SERVICES EXAMINATION

Electrical Engineering
Test-1 : Electrical Circuits [All Topics]
Control Systems [All Topics]

Mame:
Roll Mo

Test Centres Student’s Signature
I : "'

Dethi 7 Bhopal [7] JeipuL;»/

Pune[] Kaolkata — Hyderabad |

Instructions for Candidates

Question No. Marks Obtained

1. Do furnish the appropriate details in the Saction-A

answer shaet (viz. Name & Roil Nok a

1

2. There are Eight guestions divided in TWO

wectinns. Q2

" , Q3
i Candidate has to attempt FIVE quastions _

ir allin English only, _{14 -
4. Question no. 1 and 5 are compulsory Section-B

and out of the remaining THREE are to Q.5

e attemnipted choosing at least ONE Q 6-

guestion from each section.,

Q.7
3. Use cnly blacks/blue pen.
Q.8

4. The space limit for svery part of the

question s specifiec inthis Question Cum Total Marks

Answer Booklet, Candidate sheuld write | Obtained 2 34

the answer in the space provided.
7. Any pace orportion of the page left blank signature of Evaluator Cross Checked by

in the Question Cum Answer Fooklet
miist be clearly struck off.

| 8.  There are few rough woik sheets at the [

end of this baoklet, Strike off these pages
after completion of the examinatian.

Coup, office : 44- A/1, Kalu Sarai, New Delhi-1T0016 | Ph: 9021300500 | Web: www.madesasyin




IMPORTANT INSTRUCTIONS

CANDIDATES SIOULD READ THE UNDERMENTIONED INSTRUCTIONS
CAREFULLY. VIOLATION OF ANY OF THE INSTRUCTIONS MAY LEAD TO PENALTY.

!]UN'['S

Y

Do not write your name or registration number anywhere inside this Question-cum-
Answer Booklet (QCAB).

2. Do not write anything other than the actual answers to the questions anywhere inside
vour QCAB.

3. Do not tear off any leaves from your QUAB, if you find any page missing do not fail
to notify the supervisor/invigilator.

4. Do not leave behind your QCAB on your table unattended, it should be handed over
to the invigilator after conclusion of the exam.

DO'S

1. Read the Instructions on the cover page and strictly follow them.

2. Write your registration number and other particulars, in the space provided on the cover of
QCAD,

3. Write legibly and neatly.

4. For rough notes or calculation, the last two hlank pages of this booklet should be used. The
rough notes should be crossed through afterwards.

5. Tf you wish to cancel any work, draw your pen through it or write "Cancelled" across it,
otherwise it may be evaluated.

6. Handover your QCAB personally to the invigilator before leaving the examination hall.




MBDE ERSY Question Cum Answer Booklet

[ Page 1 of 69

Do ot
write in
thiz margin

Q.1 (a)| The ABCD parameter of the two-port network in figure are L}t 5
1052
v
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and the maximum power transferred.

L

N giu g e PmJ" Netuwerk hﬂﬂ;ﬁ?
ARCYO parvameters W
[ \ ) ﬂJ 3 3 Y 20 _1
| @2 1 -
= "n\,-" - 4— k"u".'a — = b

& ¢ crmected

el

Te deteyrmme
Souvce ad

Rr
o utput

Jot L 0

a.

Fg. 3

2002
2

The output port is connected Lo a variable load for maximum power transfer. Find R;
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Q1(b)

Determine the current i(f) in the circuit shown in figure at an instant £, after opening the
switch at(f = ) if a current of 1 A had been passed through the circuit at the instant of

c-pc:rE'rlg.

+
10V T

[12 marks]
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Q.1 (c)| For the circuit shown below:
50 2 34 44
+ b +
30v(~) ?F‘ﬂ 60 =) W
- | - l_
Determine the voltage V, which results in a zero current through the (2 + j3)Q impedance
branch. Using superprj_s.iﬁcn theorem.
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Q.1(d)

Use nodal analysis to find V., V, and V. in the circuit of figure.
3 A

[12 marks]
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Use nodal analysis on the circuit to find V.
30

[12 marks]
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Q.2 (a)| Determine the current I through the terminal AB of the network shown below:

Sol: Ty detevwmime the Cuwvert Havouvgh =5 0
Find out the theverivr § Equiv
Jevrival A B . Ahen Civeut

i

L
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) 1
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IS e

[20 marks]
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Q.2 (b)

(i) Dor the network shown in figure below, the switch is closed for a long time and at
t =0, the switch is opened.

+
(S 05H

2A = = 18
t=0
10

e

Determine the voltage across inductor for £ > (0.

(ii) Obtain expressions for the time domain currents i; and i, in the circuit given as
figure,

3 5 SU00WF

[10 + 10 marks]
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For the circuit shown below, calculate,
(i) Total admittance, total conductance and total susceptance.
(ii) Total current and total power factor (pf).

(it} The value of pure capacitance to be connected in parallel with the above combination
to make the total power factor (pf) unity.
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Q.3 (a)| In the network shown in figure the switch is closed at time ¢ = 0. Assuming all the initial
currents and voltages as zero, find the current through the inductor L, by the use of

Morton's theorem.
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t=0 Q=1H\ L,=1H
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Q.3 (b)| Show that the resonant frequency w, of a series R-L-C circuit is geometric mean of w, and

y, 1., the upper and lower half power frequencies respectively.
[20 marks]
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Q.3 (g

Calculate the power supplied to the 10 € resistor in the ideal transformer circuit given

in the figure below.
2:1
200 %‘
120£0° V (_:) :

300

=100

[20 marks]
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Q.4 (a)| Determine the current through the load resistance R, = 15 £2 across the terminal A-B of
the circuit shown in figure below, using Thevenin's theorem. Also find the maximum
power that can be transferred to the load resistance R, .

= 1A
)
L

20

W———W———— A
10

V= 202 R =150
=

ey
[

[20 marks]
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Q.4 (b)

Find the h-parameters for the two-port network shown

, 39 o I,

[20 marks]
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Q4 (o

Solve for V_in the circuit of figure using mesh analysis.

Q=

1020V (%)

8045{]&

gen

(1) 3204

[20 marks]
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Section B : Control System

Obtain the open loop transfer function for a unity negative feedback system whose bode

magnitude plot is shown below:
M{dB]

—Iﬂidﬁfdncude

14.1----:K

: \:‘iﬂjﬂfdecade
| b 0, m
0 \ ~y : 2 w {rad/sec)
A % 15\\\ i :
. ~20 dB/ decade |
~15.92 p----nnemmee S et SR, |
-2352 .-??:::wwdmdn
[12 marks]
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Log { e
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Q.5 (b)

A servo mechanism is represented by the equation :

&y, oy
—= 4+ 48—= =
::ftz + 0t 144E

where E = C - 0.5y is the actuating signal. Find the value of damping ratio, damped and
undamped frequency of oscillation. Draw the block diagram of the system described by
the above equation.

9’1 oy A 1r{r§t“ff_ Jf':i:l{ '['_— {? v [12 mﬂl’kﬁ]

sod- 47y L uddy = |44E
d iR dt

gi‘dw = = C = Q-5
Suskitute i Eg-

. e Sidl ey = 1 E A
E + 4 T L FRY
-ECLE.\"WH LQP]CLCQ THGWW&JWTF"
V(3 | 4 4
C O3 ey y.es+ I

E e
ﬁg w1+ Wn L

SRR

4= . .
- DGWIT\Q ?-;Ljﬂ &
W T =, Oy ¥ ¢

Vi TR ﬂ'ﬂd

=7 LU'»“: 9. ut.“; qu(‘;je

equérity Uy = V9 B Ji ‘___{.:;.

DGT‘;‘"&P ed M EL-}L‘T Clﬁ

Mo 8.128¢ ¥se]
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Q5 (9

Closed loop system with unity feedback has the forward loop transfer function as :

28.8

&)= Sav029)

Mndlf} the design using cascaded anpensahcun to satt:.fy the Dp"lmu:m perfnrmance

value in @:wﬂhnut havmg any averqhuot Tak e gain of pmpﬂrtmna]

controller equal to 5.

[12 marks]
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Q.5(d)

A un!t}' negative feedback system has open loop transfer fuention, G{s} = where

K
s(1+sT)"

K and T are positive constants. Determine the factor by which the amplifier gain K be
reduced so that peak overshoot of the unit step response is reduced from 80% to 50%?
-..—'_

g [12 marks]
i}_'};'uaﬂ C}Peﬂr’l l-th Taar sdex duet o
Al R = K
S 87
ChﬂT&C*’E?*“IJHfj FQLQ;I‘MG"'V\ i 8 9‘1\.&'@1‘“‘ ey
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=] I B - = B
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-.'_-__—_,-j
=) _1‘_'(:_
Eis e s 3
by Compaming diandard pwdexr EQ. $2TWnidlro
%L Wy = —J—: el LU-,;? = ¥
{ T
] = LUﬂ:-J__}E
=] (-'Q '[ E'_ - o) T
T i
=2 = 2l (1)
-8
a. fov Mp = _GWEEPUY\CI hr".9 T
} I "',:.-j._/
= —3
%h% E' Jr_? = Ovl‘?
- ] — A {mp)
. = = — "
J A (A CMy) N
T-{\ =y 7 C'CQ”?__?__F

[ 7%+ © 2217

— T — E‘O-@_}Ggr.._
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Q.5 (¢)| The open loop transfer function of a unity negative feedback system is given as,

K

. Determine the value of ‘K’ for which the gain margin of the
g(1+0.15)(1+s3) -t - Gt

G(s) = >

system is 14 dB.
[12 marks]
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Q.6 (a)

the system is ~18.19°, determine the transportation lag T.

1 dE
[
=20 dB
T e .ZD /dec
TR
E' ‘H‘\"-\-\. ~4{] dE-JJ'IdEL
: 10
0.05 ;\/ i - rad//sec

The open loop transfer function of a unity feedback system is given by G(s)H(s) =
TG, (s), where G, (s) is minimum phase system. The approximate bode magnitude plot
of the open loop transfer function is shown in the figure below. If the phase margin of

[20 marks]
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Q.6 (b)

(i) Evaluate % for the system whose block diagram representation is shown in figure
1

below. (Use block diagram reduction technique to solve).

H,

TR,

R I’é
8
+
i, : G, —": —a =0

i

H,

(ii) Figure below shows a mechanical system and the response when 10 N of force is
applied to the system. Determine the values of M, F, K. The dimension x’ is in
meter.

x(#)
£.00193

[10 + 10 marks]
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Q6 (9

Derive the expression for the transfer function of an ac servomotor and obtain the same

in respect of a servomotor having following data :
(i) Starting torque = (.166 N-m

(if) Moment of inertia, [ = 1 x 10~ kgm?

(iii) Supply voltage = 115 Volts

(iv) No load speed = 2904 rpm

(Assume friction to be zero)

[15 + 5 = 20 marks]
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Q.7 (a)

(i) A position control system is shown in figure below !

+ .8
“‘5}4?“_ 2T

K and a are the parameters of the system. Detemw which

system is stable.
(i) Sketch the rool-locus of G{s) =

K(s+1)
52{5+2}‘
: [10 + 10 marks]
Sod: L) |
Chaxactevighes Equakion from the gver

posiHon  Contro)  System S

4 GISIHS) = ©

=) S(S+9) (8+) cexs) + Ko ak =6
o) (467 Cs+8) (48tS) + KI4
=) e L el
i

i 1S + ak =0

. g
Necessaxy Condd Lox SHabr iy

|6+ >0
=5 B Sy .. LU
Qard aN >p -..(2)
,ﬁm!ﬂg REL‘:‘H’l A ay
5‘? l | =+ al

2 g (I6tN) D
3 126 -(164K) K O
7 &
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Q.7 (b)

and the corresponding magnitude |G{ jo).

S8 = 21 re1+29)

Sol- Jiven O pen Losp “Twans Fea donction

e T
18 ((+28)

G (Jw)

—w? Crow? (14 iw)

(?J[du.:): |- @ EJ'LU == QU‘)’Q

—w? JTrwt Jraw?

Sketch the polar plot of the transfer function given below. Determine whether the plot
crosses the real axis. If so, determine the frequency at which the plot cross the real axis

[20 marks]
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Do rat
WTiDe in

d’y  6d%  11dy
3t—3

dt at dt

Give the liﬂﬂck diagram representation of the state model.

+Ely' =1

Sohior: 9ivenn diHfeverhal Equation

Construct the state model for a system characterised by the differential equation :

Pace 58 of 69

[15 + 5 = 20 marks]
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2 -:: i
39 &Y L dY Blsy = U L0
4 d 4% dt
Consider the state val vgerable @
dyty D= 2 ()
d
Egll) 5 _ R ()
df"* 300 = %
Ond Xt o LY 0)
f;é?w = 2 Py £ (3
() — 11 % (+)
- € 2(%)
@
amd “ )
s Eaiilr @ihle sl o n 1
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Q.8 (a)| The open-leop transfer funct@cn of a unity feedback control system is given below:
i K
&)= et 2) R +25+2)

Plot the root locus and determine the value of K at the breakaway point.
[20 marks]
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Q.8 (b)| The open loop transfer function of a feedback contrel system is

K(1+2s)
s(1+s)(1+s5+ 52]

C(s)H(s) =

Find the restriction on K for stability. Find the value of K for the system to have a gain
margin of 3 dB. With this value of K, find the gain cross over frequency and phase margin.
Use Nyquist Approach.

|20 marks]
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Q.8 (0

The state space model of a second order system given below is designed using feedback

control system.
. [ 3 i D
i W L u

y=[1 0k
(i) What are the conditions for the desired response? Also check whether desired
response is possible or not.

(i) Design an observer system such that the above system has settling time of 0.5 sec

and damping frequency of 6 rad/sec.
[8 + 12 marks]
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