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& ACE
SECTION - A

1[a] Give the circuit diagram of a negative peak clamper circuit using op-amp, and
(i) Considering V=42V, sketch the output waveform for an input signal v; = 2sin(1000¢t).

(ii) Provide conditions to achieve precision clamping and explain how will you protect op-amp against
[12M]

excessive discharge currents.
(iii) State how will you modify your circuit to achieve positive peak clamping

Solution
O VO

|
I
+
Vi =2sin ot ~
+ Vop

o
+2V

Let V,, is pos for diode ON

Step 1:
Vin <2V = V,, positive and ¢apacitor charges

V¢
I i
1 °Vy
+
Vin max:_zv N ~
oV "
— +
o
+2V
Vemax =2 —(-2)=+4V
Step 2:
After capacitor is fully charged the diode is Rg
-V
11 0
4 +
Vin @ Vo=4+Vi,
o
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VinA

2VE--

(o)
\4

oV,

(o)
+2V
In order to avoid V,, to reach saturatiommwhen D,is OFF, D, will be ON avoiding saturation at output.

1[b] A 7.5 kW, 440 V, 3-phasesStardeonnecteds’S0 Hz, 4-pole squirrel cage induction motor develops full load
torque at a slip of 3% ‘ywhemoperited at rated voltage and frequency. The leakage reactance of stator
and rotor windings arefive.timesthe respective stator and rotor resistances. The ratio of stator to rotor
winding is 3 : 5. Determine the percentage increase in stator reactance to limit starting current to 2.5
times the full load current. Assuming R; and R, are equal and of requisite amount, and motor has

negligible magnetizing reactance and core losses. [12M]

Solution:
VL =440 V; Y-connected

Vi/ph = 440 _ 254.03 V

V3
LetR1=R2=R,X1=5R
X20:5R
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a= % =0.6; R, = R,a’

=R x 0.6
=0.36 R
X', =0.6> x 5R = 1.8R
sap=0.03
Assuming the mechanical losses are neglected
P, =7.5kW
P, = P _ 7.5x10
1-s 1-0.03
=7.731 kW
2 ’
Py=3 \2/‘ X R,
{[R + Rzﬂ +[X, + X'}
S
_ 3x254.03° " 0.36R
’ 0.03
(R + 0'36Rj +[5R +1.8R|
0.03
=7.731 x 10°
Solving for R
R=14Q
Iﬂ = Y‘
\/(Rl + sz + (X XY
S
_ 254.03
144 0360140 Ip L8R
0.03
_ 254.0? _ 1236
(1.4 + 0'36“'4) +(6.8x1.4)
0.03
Similarly
I = 254'032 =26.16 A
\/(14 4 0'361X 14} +(6x1.4)
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fl

L _2616 <2.116

Percentage increase should be zero.

1[c] In a short circuit test on a 3-pole, 110 kV circuit breaker, power factor of the fault was 0.4, the recovery
voltage was 0.95 times full line value. The breaking current was symmetrical. The frequency of
oscillation of restriking voltage was 15,000 cycles/sec. Estimate the average rate of rise of restriking
voltage. The neutral is grounded and fault involves earth. [12M]

Solution:

VL =110kV
110

1[d]

Vph(rms) = ﬁk\f

' 210y — g9 814 kv

V3
cos¢ = 0.4 = sinp = 0.917
K;=095K,=1

f=15000 cycles/sec = 15000 Hz =

2V LG

RRRV,y, = ~0RY 2
Yo/l 2

_ 4xK KV, sing

21 LC
=4 % 0.95 x (13 x 89.814 x 0.917 x 10> x 15000
=4.69 kV/usec

The standstill impedances of the inner and outer cages of a double cage 3-¢ induction motor rotor are
given as Z;.= (0.1 + j0.5) Q and Z,. = (0.05 + j0.1) Q respectively. Assuming the stator impedance to be
negligible, determine the approximate ratio of the torques produced by the output cage (T, to the
torque produced by the inner cage (T;.) at a slip of s = 0.05? Also determine the net torque developed as

a function of T, and comment on performance as compared to single cage motor. [12M]
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Solution:

Given
Zi.=0.01 +j0.5Q
Ri.=0.01 Q; X;c=0.5Q
Zo. =0.05+j0.1Q
Roc =0.05; X, = 0.1Q

Neglected, stator impedance

0.05
(88;) +0.5°
Net torque
Thet = Tie + Toc

=T+ 1.436 T},

=2.436 Ti
Because of high resistance of output cage staring torque is high, because of low resistance of inner cage the

running performance is good.
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1[e] A 10 MVA, 13.8 kV turbo-generator having Xy" = X, = 15% and X, = 5% is about to be connected to

power system. The generator has current limiting reactor of 0.7 Q in the neutral. Before the generator
is connected to the system, its voltage is adjusted to 13.2 kV. When a double line to ground fault

develops at terminal ‘b’ and ‘c’, find the initial symmetrical rms currents in the ground and in line ‘b’.

[12M]
Solution:
SB(3_¢) = 10MVA
VBL =13.8 kV
Xd" = X1 = X2 =0.15
Xo =0.05
Xn=0.7Q
VPF =132 kV
6
X, =0.7x10X10°_
(13.8x10°)
=0.037PU
Ial
j0.15 Lo + b
£10.05
j0.15
j0.037¢3 =0.111
I — VPF
al .
J(Xl + (Xz | (Xo +3X, )))
Vop = 132 _ 9957 PU
13.8
~ 0.957
' j(0.15+(0.15]1(0.05+0.111)))
_ —j0.957
0.15+0.078
=_j4.197 PU
L, =1 X .]0.15 '
j0.15 + j0.05+ jO.111
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— 44197 x 210
0.311

Lo =j2.02 PU
Lo =32.177
5 1p=310=3 x j2.02 = j6.06 PU
Ip = Ino + Iyt + Ipo= Lo + K*. Ly + KT
=j2.02 +1£-120%x4.197 £-90 + 1.£120x2.177£90
=-5.52+33.03=6.29£151.23 PU

2[a] A 15 km long 3-phase overhead line delivers 5 MW at 11 kV at a power factor of 0.8 lagging. Line loss is

12% of the power delivered. Line inductance is 1.1 mH per km'per phase!

Calculate:
(i) Sending end voltage and voltage regulation [15M]
(ii) Power factor of the load to make voltage regulation zero: [SM]
Solution:
¢ =15km
Pp=5MW
VRL = 11 kV
cosd = 0.8
Pross =0.12 x SMW
=0.6 MW
L=1.1 mH/km
1.859Q2  j0.345Q
AV LN
11 kV
P=5MW
P, , = ﬁ.VRL.IRL.cos ()
5%10°
Iy, =1L = =328 A
KR 3x11x10° x 0.8
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PLoss(3—¢) =3. 12R R

0.6x10°
3x(32P)
- R=1.859Q
S Z=R+jXy
=1.859 +j0.345 Q
=1.89210.51Q

(i) Vs, = Veph + Ir.Z

= okv+328.,-36.86 % (1.89.210.51)

V3
= 6906.36 — j275.15
=6.911£-2.28kV

" Vg =~/3x6.911

=11.97kV
% Vieg = IR.ZCOS(O - (I)R)>< 100
R

x1. .51-36.
_ 328x1 ?19;(%1)(1?(1)3 36:86).51 60
=8.74%

(i1) To have zero voltageregulation
0 + ¢r = 90°
dr =90-6=90-10.51
=79.49

- cosp =0.182

2[b] A 2200/220 V, single phase transformer has maximum possible voltage regulation of 6% and it occurs at a

power factor of 0.3 lag. Find the load voltage at full load at a power factor of 0.8 lead. [20M]
Solution:
. 2200V
Given a 1-¢,
220V
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Maximum voltage Regulation = 6% = %z

Ata pfofcosdp=0.3

0
R_ 0.3
%NZ

= %R =1.8%
%X = \%Z’ ~%R*
=46’ -1.8°

%X =15.72%

%Regulation at 0.8 pf lead

% Regulation = (%R) cosd — (%X) sind
=1.8x0.8-5.72x0.6
=—1.99%

cosp =

2[c] (i) For the state diagram shown below, design the€ifcuit/using D-flip flops. Assume

Sp:00,S;:10 and S, : 01.

Realize the signal circuits'with minimum number of NAND gates (More than two input NAND gates

are allowed). [10M]
Solution:
So:00
S;:10
S,:01
ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC-JE, RRB-JE, SSC, Banks, Groups & PSC Exams

O
Onllne Enjoy a smooth online learning experience in various languages at your convenience




W ACE !

PS | PI NS O/P
So 0 Sy 1
So 1 S, 0
S 0 S, 1
Sl 1 So 0
S, 0 So 1
S, 1 Sy 0
PS PI NS FFi/ps | O/P
G192 X 9190 D1D0 Z
0 00 0 10 10 1
1 00 1 01 01 0
4 10 0 01 01 1
5 10 1 00 00 0
2 01 0 00 00 1
3 01 1 10 10 0
D; =2Xm(0, 3)
Dy =2m(1, 4)
Z=3m(0,2,4)
e()X
0, 00 01 11 10
0l ®@ @
1
D= 8,6,%+60,x
=19,(8 O x)
e()X
0, 00 01 11 10
0 @
e
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D, = 6,0,x +6,0,X

=0,(0, ®x)
e()X

0,

i
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2[c] (ii) An angle modulated signal is given as

X(t)=20 cos(12000 t) for |t | <1

If the carrier wave frequency o. = 10000 rad/sec, determine

(A) Modulation index m(t), if X(t) were a PM (phase modulated) signal with
K,=500 over | t|<1.

(B) Modulation index m(t), if X(t) were a frequency modulated (FM) signal with

K=500over | t|<1. [10M]
Solution:
X(t) =20 cos(1200t), [t| < 1 (or) -1 <t <1 NOTE: This might be the message signal
o, = 10000 (rad/sec) A (or)4m(t)|max = 20(volts)
1200
(A) BPM = Ad)MAX = Kp|m(tXMAX fmax 7 o (HZ)
=500 x 20
=10000
Afmax K m(t
(B) BFM B fmax B f| flnaleAX
_ 500x20x 2w
1200
_ 5><2102X27E _ 2007 5735

3la] Give the circuit diagram;:of aisecond erder highpass Butteworth filter circuit using op-amp. Evaluate the
component values, such.that-the filter has lower cutoff frequency of 5 kHz and a pass band gain Ap = 2.

Also give expression for voltage gain magnitude and sketch its frequency response. [20M]

Solution:
The normalized butterworth polynomial for second order is
S: +1.414S, +1
This is of the form
S +(3—-A,)S, +1 of the Salen — key filter drawn below
L 3-Ap=1414
- Ap=1.586

Second order high pass Butterwork filter
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. 1
Given cutoff frequency fc = —— =5kHz
2nRC

1

Let C=0l1pyF >R=—
21(5K)(0.1p)

R =318.309 Q
Gain for Butterworth filter = 1.586
oo 1.586 = 1+E
R

1

Let R; =10 k€2 — R =5.86 kQ

3[b] A 50 Hz alternator is supplying 40% ofsthe power that it/is capable of delivering through a transmission
line to an infinite bus. A fault ocears that increases the reactances between the generator and the infinite
bus to 600% of the value before thefanlt:"When' the fault is isolated, the maximum power that can be
delivered is 80% of the original maximum’value, find critical clearing angle. [20M]

Solution:

Py=P, =04P,,

o[ P .
So, sin 1( s stm 1(0.4)=23.57=0.4113 rad
_EV.EV
maxp X . 6><chqu

2¢q

P, =0.167x P,

max

P
j— J— S
P, = 08P, =0.8x
P 04
", S =—=0.5
P, 038
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maxs

R Smax = 180_Sin_1( PS ]= 180_S1n_1(05)

=150
=2.618 rad

5. = cos”! P (8, —8,)+ P ., €088, —P . cosd,
o P —P

maxs max,

[04pP,, (2.618-0.4113)+0.8P,, xcos(150)-0.167P,, cos(23.57)
= COS ‘ 1 ‘
0.8P,,, —0.167P
_ o[ 0:4%2.2067 +0.8x (~0.866)—0.167 x0.917
i 0.8-0.167

=cos ' (0.0580)
= 86.67

3lc] A 240 V D.C. series motor takes 40 A when/giving. itsiratéd output at 1500 rpm. Its resistance is 0.3Q.
Calculate the value of resistance that must be,added to obtain the rated torque

(i) during starting and

(ii) at 1000 rpm [20M]
Solution:
Given 240V,
I.; =40 A at rated output
N; = 1500 rpm
R=03Q
Ey, = 240 — 40(0.3) 304
=228V T
TEp 240
N,=1500 rpm l

(i) For rated torque = [,, =40 A

V-0
R+R,

At starting = [, =
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40— 240
0.3+R,
= R.=57Q

(i) Atrated torque, [., =1,; =40 A
For N, = 1000 rpm = R, =?
Ey, =240 — 40(R + Re)

N _Ep &
N Nl Ebl ¢2
1000 240-40(0.3+R_)
: — ee Xl
1500 228
=R, =190

4[a] Figure shows a two bus system. If a power of 125 MW istransferred fxom plant 1 to load, a power loss of

15.625 MW occurs. Find generation schedule and/load /demand~if cost of received power is 24 per

MWh. The incremental production costs are
dF,
dp,

ar,

=0.025P, +15

=0.05P, +20

2

Assume penalty factor of 2nd. genenator,=-1. [20M]

Tie-line O

Load

Solution:
P; =125 MW
PL=15.625 MW
PL=B,1.PG}
15.625 = By x (125)°
- Bj1=0.00l MW
Penalty factor of plant—1
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_ 1 P, _
L= e 2B,,P,
oP,
1
- =2 % 0.001 x 125
1-0.25
=133 =025
LzICQ =24
0.05P, + 20 = 24
0.05 P, = 4
P, =+ —g0MW
0.05

.. Total power received = P; + P, — P

=125+80—-15.625

=189.375 MW
4[b] (i) Give the block diagram of AM Receiver’and"FM Ree¢eiver. Also explain each block. [10M]
Solution:
AM Receivers:

(1) Tuned radio frequency (TRF) Receivet
(2) Superheterodyne Receiver

TRF Receiver:
Antenna Loud
speaker
RF | {Demodulator || Audio | | Power
Amplifiel Amplifier| |Amplifier

RF amplifier must be a low noise amplifier.
RF amplifier itself acts as a BPF. RF amplifier itself consists of a tuned circuit. Thus it is called tuned
RF amplifier.
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By tuning arrangement we are making the resonant frequency of the tuned circuit equal to the carrier
frequency of the required channel.

Superheterodyne AM Receiver:

Vantenna
RF I Mixer IF | [Demod-[[ AF Power
Amplifier | |amplifier || ulator ||amplifier |{ amplifier
Loud
Local speaker
Oscillator

In the superheterodyne receiver the Sighal voltage is combined with the local oscillator voltage and
converted into a signal of lower fixed frequency. The signal at this intermediate frequency contains
the same modulation as thé original“carrier and is now amplified and detected to reproduce the
original information. A-constant freqtiency difference is maintained between the local oscillator and
the RF circuits.
In mixer, down conversion is done 'with respect to the tuned circuit. Tuning means changing the local
oscillator frequency. Mixer will change the carrier frequency from f; to fir.
AM range — 550 kHz — 1650 kHz

IF — 455 kHz
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FM receiver block diagram :

Antenna

RF Mixer IF Limiter
Amplifier Amplifier

FM
Local detector
Oscillator [
De-
emphasis
I
AF
Amplifier
I
P Loud
ower Speak
Amplifier peaker

FM range — 88 MHz to 108 MHz
IF — 10.7 MHz

Image frequency:
f,=f+21IF
Image (Frequency) Rejection Ratio

RR - Gainatf
Gainatf
By increasing the Intermediate frequency, IRR can be increased. By increasing the bandwidth, the

gain at f;; can be decreased so that IRR increases.

IRR o L
B.W
A minimum of 10 kHz bandwidth should be maintained at the first tuned circuit that is placed before

mixer.
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IRR =4/1+Q* p’

S

f
wherep = f—“—f—

s si

IRR should be as high as possible. If two tuned circuits are cascaded then the overall

IRR = /1+Q? p> .41+Q2p>

4|b] (ii) What is the largest value of output voltage from an 8-bit DAC that produces 2.0 V for digital Input of
01110010 ? [10M]

Solution:

For a digital input 01110010,

the output voltage is 2 V

V, = A(decimal equivalent of digital)

2V=A0x2"+1x2°41x2°+12°+0+0+1x2' ¥0)

2V=A(0+64+32+16+2)

2V =A(114)

:2_V
114

Then the full scale voltage is

V0=A(255)
2V
Vo= 22 (255
0= 1133
=4.4737V

4[c] A 3-phase, 6-pole, 500 kVA, 6600 V, 50 Hz star-connected synchronous motor having synchronous

impedance of j 80 Q per phase operates at unity power factor at rated conditions.

(i) Determine the mechanical torque driving capability for this motor at rated conditions, neglecting all
mechanical losses.

(ii) At this rated torque, what are the required deviations from rated armature current and excitation
(in terms of E; £8) to produce a maximum torque of 1.26 times to the maximum rated torque for a
leading power factor operation of motor.

(iii) Determine the value of the leading power factor for motor operation as stated in (ii) above.

[20M]
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Solution:

A 3-phase, 6-pole, 500 kVA, 6600 V, 50 Hz, Y-connected synchronous motor, Xg = 80 Q, operate at UPF at

rated conditions.

VL =6600 = Vp, = 6600 _ 38105V

NE

kVA _ 500x10°

BV, 3 x6600

At UPF, rated condition
P=kVA x PF =500 x 1 =500 kW

IL:

=43.74 A =I5 (- Y-connection)

(1) Mechanical torque driving capacity for this motor at rated condition

P _500x10" N = 1200 120050 50650m
W 5 N P 6

N

60

_ 500x10°
1000
Xi

T=

=4774.64 Nm
27

. T=4774.64 Nm = 4.774 kNm
(i1) At rated condition, the excitation emf or backsemf
E=V-1Zs
=3810.5£0 — 43.74 £/0°x80.£90°
=3810.5£0 -3500£90°
=3810.5=33500
E=5173.9/-42.56°
The required deviation from’rated condition of E£$ and armature current I, to produce maximum torque of
1.26 times maximum rated-torque as below
At maximum torque 6 = 90°
T,=126T,
1.26P

A\

v sin90° = 1.26EV si

S S

= E,=126E,=126x5173.9=651914V

P
w
EZ

n90°

.. The deviation of induced emf from rated condition

E,=51739t0 E;=6519.14V
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For leading power factor E>cosd, > V
. 6519.14c0s0, > 3810.5

3810.5
6519.14

", C0SO, >

*. 080, > 0.584
8, <54.23°
.. The deviation from rated condition 8; = 42.56 to &, < 54.23°
At maximum torque, power drop max
- Py=1.26P,
VIcosh, = 1.26V Icosdy [ PF is UPF]
Ipx1=126x43.74=551A
S lp=551A
The deviation of current from rated condition

[i=43.74 Ato 1, =551 A

(ii1) In part let E; = 6519.14 V
O, <54.23°, Let 8, = 30°

VZ0-E,2-8, _ 381050 26519.144<30°
X, 20 80.290°

Then I, =

3810.5=(6519.14c0s30 — j6519.14sin30)
80£90

3810.5. (5645.14 — j3259.57)
80290

~1834.64 + {3259.57
80290

3740.41£ - 60.62°
80290

I, =46.75.29.38°

.. Power factor = cos$ = c0s29.38

=(0.871 lead
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SECTION - B

5[a] An exponential function f(t) = e u(t) as shown in the following figure is delayed by 1 sec. Sketch and
describe mathematically the delayed function. Also repeat the same if f(t) is advanced by 1 second.
f(t) A [12M]

1 -3t

Solution:

The delayed function delayed by 1 se¢ is
fit—1) =D  t>1

=0 t<A
f(t-1)
A
1B K
! > t
1

The advanced function advanced by 1 sec is
fit+ =" t>_]
=0 t<-1
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f(t+1)

A

5[b] A step-down DC-DC convertor is feeding an RLE load with a freewheeling diode across the load.
Assuming a ripple free load current, derive the expression for maximum duty cycle in terms of supply

voltage V; and back emf of the load E for which the RMS current through the freewheeling diode has

maximum value. [12M]
Solution:
SW/

ig=lg
+

R
+ Dr 2
VS - L ¢

_ . "

Ipf
-y

iy

IpF

Tox T (T+Toy) 2T

1
1 =~ 2

1 =|— [I}dt
DF RMS {T _[ N }

ToN
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iDFRMS: \ll—DIO .......... (1)

V —E
I, = —°
R

DV.—-E
I(): 8

R

Put “Iy” in equation (1)
. DV, -E
IDFRMS = 4/ (1-D) [ST}

Using maximum theorem, d%(iDFRMS) =0

e

diD \/(1-D).{DV, - E}] =0

-1 B
N,(l - D)VS + (DVS - E){ﬁ} =0

(DV, —E)
1-D).V,—-——2— =0
=D, 2J1-D
SRR CA )

2,/(1-D)
2(1—D)Vs = DVS -E
2—2DVS:DVS—E

2 +E=3DV;
- p=2*tE
3V

S

5[c] The block diagram of a system is as shown below. Find the overall transfer function of the system using

block diagram reduction technique. [12M]
> G
+
1(s) G, > G, > y(s)
+ + +
H,
H,
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+
R(s) ﬁ%

S1: Shift take—off point a head of summing point. The equivalent block diagram as follows.

+
R(s) *(i
H,

S2: Redraw the above block diagram by eliminating summing point.

+ ’
R(s) G,
+ —
H1 H2
H H, <

S3: Shift summing point a head of G, the equivalent diagram as follows.

Solution:

Y

G, —>C(s)

H,

Y

Gs

>C(s)

A

G;/G;

.7 ~a + +

+ V AW A
R(S) > Gl > G2 > C(S)
n ¢ + ~
H, H, €
HH,

A

A
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27 ELECTRICAL Engineering

S4: Shift take-off point after Gy, the equivalent diagram as follows.

?1G3/G Gy
+ SO
R(s) —{G, > G, > C(s)
+ AR + _
H,H, <
S5: Simplifying feedback & parallel combinations.
+ G G
G 5 2
R(s) —>{ g —> -1 > 1+ > >
(S) + 1+ C}II‘I1 Gle 1+ Gsz C(S)
HiHy€
S6: Simplifying series combinations.
+ G .Gy(G Gy+G,)
R 1 2 1 2 3 )
O Gl Gl oI e
HH, <
S7: Simplifying feedback,
(GG,+G))
R(s) —> - —> C(s)
(1+GH)(1+G,H,)-(G,G,+G,HH,

C(S) _ (Gle + G3)

R(s) 1+GH, +G,H,+GHG,H,-GG,HH, -G,HH,
C(s) _ (GG, +Gs)

R(s) 1+G,H, +G,H, -G,HH,
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5[d] (i) Draw the silicon cross-section view of IGBT and identify the distinguishing feature from MOSFET
with reference to the conductivity modulation. Also, state its impact on IGBT operation and
performance. [SM]

(ii) Draw 2-transistor and simplified equivalent circuits with proper labels and their significance.

[4M]

Solution:

(@)

Body

layer

~ Drift

n «] layer

% n
/ Y . 5
Buffer p’ substrate ] mjlecuon
ayer

layer  Wzzz77777777777777777777777727770777777770

© Collector

IGBT is constructed in the sam¢ manner as a-power' MOSFET, there is however a major difference in the
substrate. The n" layer substrate at'the drain in-a power MOSFET is now substituted in the IGBT by a p*
layer substrate called collector ‘C’:

In IGBT, p" substrate/s called injection layer because it injects holes into n~ layer. When gate is made
positive with respect!to emitter by voltage Vg, with gate emitter voltage more than the threshold voltage
Vet of IGBT, an n-chasinel is“framed in the upper part of p region just beneath the gate. This n-channel
short circuit the n™ region with n” emitter regions. Electrons from n" emitter begin to flow to n drift region
through n-channel. Also p" collector region injects holes into n~ drift region. In short n~ drift region is
flooded with electrons from n” region and holes from p collector region, with this, injection carrier density
in n” drift region increases and conductivity of n” region enhances, this will reduce ON state resistance of

IGBT is less than power MOSFET.
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(i)

Ry
PNP

= 2 Rep

o

E
Simplified Equivalent Circuit

Equivalent Circuit

An IGBT is made of four alternate PNPN layers and could\latch™Mike a thyristor given the necessary
condition (owpn + apnp) > 1. Two transistor model of an'IGBT (provides,a simplified representation of its
internet structure and behavior. It combines a BIT \and/a MOSFET t0 explain how IGBT operates. This
model helps to understand how the IGBT combines fthesadvantages both transistor types: high input
impedance and fast switching from the MOSEE Tsand low on state voltage drop from the BJT.

5[e] The overall transfer function of a whity feedbackesystem is given by

Ks+b

Ga(8)= s> +as+b

(i) Calculate the opendoopstransfer function of the system and its type.

(i) If the overall syst¢m with K= 0,/’admits a unity normalized bandwidth, and a settling time of 4
seconds for 2% tolerance band, compute position, velocity and acceleration error constants. Assume
unity DC gain.

(iii) Compute the sensitivity and complimentary sensitivity function value at ® = 1 rad/sec. Consider K=

1.
(iv) Discuss the effect of having a non-zero value of K on the behavior of the system in comparison to that

with K= 0. [12M]

Solution:
Ks+b
Overall TF = G, (S) =57
s"+as+b
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Ks+b
G (s) (s2 +as+b)

(i) OLTF= 1—GCL(S):1_( Ks+b j
s’+as+b
_ (Ks+b) _ (Ks+b)
(s2 +as+b)—(Ks+b) s? +s(a—K)
 oLtp- _ Ks+b) . H(s)=1

s'(s+(a—K))

Type — 1 System

Ks+b
i) Gy (s)=——
() Gev(5) s’ +as+b
IfK=0= G (s)=— b , t, = 4 sec(+2%)
s“+as+b
(DZ
= Compare with standard form of second order systém | = = 3
S.+2Em, s+,

o, = \/Erad/sec, 26, =a

4
2%: t.=——=4sec > &, =1

S am

= Unity normalized bandwidth.@, = 1'rad/secs” a = 2Ew, =2 and b = 1

Error constants:

b

When K = 0: /| OLAE = Gg(s()): @
alS) -

(s +as+b)

OLTFz(%j
s“+as+b-b

b b

OLTF= ——=
S™ +as S(S + a)
b
G(s)=OLTF = ——, H(s) = 1
S(S + a)
Position Error constant:
b
= K, =LtG(s)= Lt ——=
p s—0 s—0 S(S + a)
ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC-JE, RRB-JE, SSC, Banks, Groups & PSC Exams

O
Onllne Enjoy a smooth online learning experience in various languages at your convenience




W ACE i

Velocity error constant:

K, =LtsG(s)= Lts[ b j:E
s—0 50 a

Acceleration Error Constant:

K, = SI:ESZG(S) = Iigsz(—

(if)) Gy (5)= (KS—”’]

s’+as+b
(s+b)
WhenK=1— GCL(S):(m)
Sensitivity of CLTF with G(s) = Sé = 1+ é( )
S
OLTF - G(s)= (o+b)
(s2+as+b)—(5+b)
G(s)= (s+b) £ (s4b)
s> +as+b—s—bas’ +s(@a—1)
A :
¢ 1+G(s) 1+Lb)
sZ+S(a—1)
5t = §? +s(a 24) :sé:s2+s—(:a1—l)
s’ Fas—s+5+b s’ +as+b
| V(1)
Gl T4 aj4 b ( (b—1)+aj

Complimentary sensitivity function :
Sensitivity + Complementary sensitivity = 1

—1+Ka—n}

Complimentary sensitivity = (1 — Sensitivity) = 1 — -
(b—1)+aj

_(b-D+aj+i-ja+j_( b+]
(b—1)+aj (b—1)+aj

(iv)K=0
= If K is non-zero, then the damping ratio and natural frequency of oscillations are affected. Hence the

transient response characteristics affected. Rise time, setting time, overshoot are affected.
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= Error constants = K, remains oo

Ks+Db
K, =L =Lts| —F—
= .= 1366 = L o )

K“:(aEKj

= K, remains 0

6[a] A single phase AC controller operating on phase control is supplied from a 230 V, 50 Hz AC supply. If

the controller is feeding a purely resistive load of 10Q2 at a firing angle of 45°; then determine

(i) the RMS output voltage V,rms (phase) of the phase controlled AC controller.

(i) the equivalent duty cycle (K) of an integral cycle AC controllerthat Would produce the same RMS
output voltage.

(iii) If the integral cycle controller operates with a total of”100\cyclesfor one complete operation,
determine the number of 'ON' cycles and 'OFE cyeles for the same-as in (ii).

(iv) The input power factor of the integral dutyCycle AC contfolleroperating at equivalent duty cycle.

(v) The RMS Thyristor current Iy, s for thefintegral €ycle controller operating at this equivalent duty
cycle.

Derive the formula used for integral cyele A€ controllers as used in above parts. [20M]

Solution:
1-¢ AC voltage controller:
Vsrms =230 V, R =10 Qa0 =45°

(i) Phase control:

Vorms = [lIVé Sinz((x)t)d(m}2
T

o

v {ljl—co;(Z(ot) dmt}z

T%
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I

N

2

Vorus = == [(n —a)+ Sin(;“)}
Vo= 2302 K

T
T—— |+
N2T 4)
Vorms =219.3 V
(i1) Integral cycle control

A
Vo

3n

_ sin(2wt)

1]

1
2

sin(2 x 45°)

2 }

107

AV

A

Yoo

AN
|4T[ 57'C 6?'[ 77\/ 9

>t

"\

3

n-cycle m-cycle 1 n-cycle
o :

Vorms = | ————— | V. sin’(ot)dot
(m+n)2n
_ n

(m + n) SRMS
Vorms == \/EVS s where’ K = L = Putycycle
m+n

219.3 = VK x230

-~ K =0.909
(iii))m +n =100

K = 0.909

n

=0.909
(m+n)

%=0.909
n=90.9 ~ 91
m+n=100
m+91 =100

,.m=9

.. Number of ON cycles n =91

-Yi-
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Number of OFF cycles m =9

(iv) Input power factor [cos(¢s)]:
Pinput = Poutput
Vs rus -Isrms €08(9s) = Vorwms lorms

S cosfpg = —E

SRMS

VKV,

v

SRMS

. cos(fs) = JK
.. Input power factor = +0.909 = 0.9534 (lagging)

) -,

111

—— Dk —

s A !
+
A/
S RZV,
in A
0 T 2n Az 471? 57T 67'55 In &1 ?TE > ot
n-cycle 57 m-gycle t n-cycles g
1
. n 1 ¢ V:sin®(ot) 2
1 = — dot
TRMS {(m+n) 271'([ R’
1
Vv 1|F1- 2mt 2
_ L,_mx_[ jdet}
(m+n) /27 ) 2
1
_JK \'A (wt B sin(2mt)jﬂ ’
Jr2R 2 ),
K.V !
_VRVLp
Jr2R
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\/E.Vm =\/ﬁx 230\/5

2R T 2x10
iTRMS =1543 A

ITRMS =

6[b] (i) Derive the even and odd decomposition of a general signal x(t) by applying the definitions of even
and odd signals. [10M]
Solution:
Any general signal x(t) can be expressed as sum of it’s even part and odd part.
X(t) = Xe(t) + Xo(t) ........ (1)
Where x.(t) is even part of x(t)
Xo(t) is odd part of x(t)
Now, X(—t) = Xe(—t) + Xo(—t)
From the definition of even and odd signals
Xe(—t) = X(t) and
Xo(—t) = —Xo(t)
So, X(—t) = Xe(t) — Xo(t) ....... (2)
Add equation (1) & (2)
x(t) + x(—t) = 2x.(t)

x, (t) _ x(t)+ x(t)

2
Subtract equation (1)& (2)
(D) = (2) = x(t) — x(t)r5 2%o(0)

x.(t)= x(t)-x(c1)

’ 2

6[b] (ii) Find Fourier Transform of x(t), which is given by following rectangular pulse, as shown in figure.

[10M]
x(t)
A
2
>t
=Ty 0 To
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Solution:

>t

—To 0 To

The F.T of x(t) is X(w)= J‘x(t)e‘j“’tdt

Ty
So, X(w)= I2e‘j‘°‘dt

—jot T
X((D _ 2e '
X((o) = —.i e n e“"TO]
jo

X(co) = —.i [— 2j sin(wTO )]

X((D) = %sin(mTo)

X(w):i{M}mT

0
oT,

X(w)=4T, {M}

oT.

0

We know that Sa(x)= M
X

So, X(w) =4T, Sa[wTy]

6[c] A unity feedback system has open loop transfer function.

Ke 0%
G(S): isz +0cs+Bi

G(s) has a DC gain of K/16, and has a decay rate of 2 nepers per second. Using first-order Pade

approximation for the delay, sketch the root locus plot of G(s) and find the range of K for which the

unity feedbacked system remains stable. [20M]
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Solution:

K'e—O.SS
G(s)=——
) (s2 + oS+ [3)

= Given DC gain = %

Decay rate = 2 nepers/second
K
16

0
= DC gain of G(s)| Ke %

B=16
— Decay rate gives real part of pole = That is 2.
—%F 5’ +as+pB=0

—atqo’—4x1xp

2x1

T

S,,8, =

2 2

Real part of pole = —%2—23(1:4

= First-order pade approximation for e *>%

(-]
05 2 (1'=0.25s)

(1 L 058 J (150.253)

2
o)
=> Substitute all the values, then G(s) = H)
S“+4s+16
K(1-0.25s) K(4—5s)

= G(s)=( =

1+0.25s)s* + 45 +16)  (4+s)s* +4s+16)

Poles

P (s 4+ 4)s® +45+16)=0

_ —4+416-4x1x16

2

s=-4,s

s=—4,5s=2%i2+3

L 5(4-5)=0=>s=+4
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—K(s ~4)

(s+4)s+2- 243 s+ 2+ j243)

Real axis root locus:

G(s) =

H(s)=1

j®
K=0 0
X+ -+ 243
RL K=0 i =0 RL
i O
-4 -2 i 0 4
oo - —j23
K=0
Number of Assymptotes:
N=P-2)
=3-1=2
= (29)180 =q=0=>0=0°
(P-2)
gt 0% 2180 _ 180°
2
Break Point:
—CE (s +4)s> 445+ 16)3 K(4<5) =0
—CE (s} +85> +325 +64)¥K(4—5)=0
(485> +325 4 64)
(s-4)
K
_w dK_
ds
dK _ (35 +165+32fs—4)— (s’ +85" +325+64)1 _
ds (s — 4)2
=25’ — 45— 645 — 192 =0
=s=7.72,-2+j2.04
Valid BP is 7.72
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Intersection point with Imaginary axis:
— 51+G(s)=0

— 55" +85” +5(32-K)+(64+4K)=0

Routh Array:
s’ 1 (32 -K)
s* 8 (64 + 4K)
s' | (256 -8K —64—4K)
8
s’ (32-K

= For marginal stability
(256 -8K - 64 —-4K)=0
= (192-12K)=0 = Ky = 16
= " 585 +(64+4x16)=0
8s’+128=0
$+16=0

s==xj4

= Condition for CL stability
0<K<16
= K =16 closed loop system is marginal stable

= When K = 16, the frequency of oscillations ®, = 4 rad/sec
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7]a] A second order system G(s) as shown in figure has no zeros, and has unity DC gain.

(s) =] Gils) > y(s)

The unit step response of G,(s) has a decay rate of 2.5 nepers/sec and has undamped natural frequency of

\/g rad/sec
(i) Compute the observable canonical state representation of G;(s) and obtain its state transition matrix
using Cayley-Hamilton approach.

(ii) Now another identical G(s) is placed in cascade with earlier G;(s), as shown below.

1(s) —>| Gy(s) Gi(s) > y(s)

Obtain the state space representation of overall cascaded system using preyviously computed observable

canonical representation of G,(s) [20M]
Solution:

Given Decay rate = 2.5 nepers/sec, unity dc gain

Decay rate for second order system = £, = 2.5

— J/16rad /sec
K 2
Second order TF = G, (S) = O

s* +2Eds + @

6= o

Unity dc gain = G ( ls=02K66=1:>K:1
G
1(8) (s +5$+6)

RON

Gl(S)_R(s) (s +Ss+6j

.. ) ) 1
Divide numerator & denominator with (—zj
S

Y(s)z( 6/s

j = Compare with mason’s gain formula P, = 6/s>

2
R(s) \1+5/s+6/s
Ll =-5/s
L, =-6/s’
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State diagram of OCF:
6 % s x 1 X, s x 1
® y
-6
X, =6r—6x,....... @8
X, =X; = 5X, . 2
Y=X2 euennnn 3)
ol Sl e b i
Cayley — Hamilton Approach for state transition matrix
—ESI-Al= Moo
-1 A+5
MAL+5)+6=0
—E X2 +50+6=0=> (L +2) R 23)=0
M=-2, =53
= By Cayley-Hamilton theorem
= A’ +5A+61=0
The state transition matrix
o(t) = e = ol + afA
In terms of eigen value-=\a 2 =@, +6 A
Substituting eigen values =2 = (0lg — 2011)........ 4
e = (0tg—30)......... (5)
Solve equation (4) & (5)
o =(-e"
ap=(3e ™ —2¢7
o(t) = apl + oA
= (Z»e*2t - 263{1 O} + (e*2t - e3‘{0 - 6}
0 1 1 -5
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[3e -2 0 0 —6e ™ +6e"
(I)(t) - 3e 2t _2et + o2t St ge72t 4 5ot

—C

3¢ —2e" —6e +6e
(I)(t) = -2t -3t -2t =3t
e —e —2e +3e

(srsrelerare)
s?+55+6 \s?+5s+6

Y(s) _ 36
r(s)  (s* +10s® +37s% + 60s +36)

. . ) 1
Divide numerator & denominator with (—4)

s
Y(s) 36/s
r(s) 10 37 60 36
I+—+—F+—F+—
s s s S
Compare with mason’s gain formula
36 10 37 60 36
PIZS—4,L]:—?, L2 :—S—z, L3 Z—S—Z,L4=—S—4
36 X 15 x A X, Ws'xs ¥ X1 x; 1 X, 1/s X4 |
| N
-36
X, =36-36x,

X, =X, —60x,
X, =X, —37x,
X, =X, —10x,

Y = X4
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x,1 0o 0 0 -36x,] [36
. | B

£0_[1 00 60x2+0[r]
%, [0 1 0 =37|x,| |0
x,] |0 01 —10]x,| |0

7|b] A buck converter with RC filter is shown in figure with a load resistanceR,...

S R,
Wv

-‘— i C, ==

RC Filter

_|_

VO RL

LOAD

The switch S,, is operated with DT time OWand (1 = D) T¢ time’OFF, cyclically with a time period of Ts.
Draw the relevant waveforms and deriyé the €xpression-for‘output voltage V, as a function of duty ratio
‘D’. Assume the switching frequency t@ be high. [20M]

Solution:

Va 1 R iy
L/ '
Vs

Sw
Vin C, 7
[\ :

Al
=
7]

=

Assumption:
1. Capacitor value is high
2. Due to high switching frequency and high capacitor ripple in output voltage is neglected.

3. Vy and i, are ripple free constant.
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Vs A
2
0 ot
Vo A
Ve
o
>t
0
Vin A
A 7
Vs
\ 4 > ¢
0 DTs Ts (1+D)Ts 213
is A
> t
0
During t =0 to DTs:
SW — ON, C — Charges
SW R1 i1 io
—o—6———AMN\—> >
o= + . -
VS — in Cl :=VC RL§ V()

Vin = V5 <= Input voltage to filter

Current through R, increases, capacitor charging and supplying R

During t=DTg to T:
SW-OFF, C — Discharging through load

Sw Rl il
e —MW—>
| + "
Vs T Vin CiT™Ve JRLZ v,
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ELECTRICAL Engineering

Input voltage to filter
Vin = 0, il =0
Average voltage at input of RC filter

DT,.V,
Vin avg T

S

Vin avg = DVS

As the RC filter averages this pulsating input voltage and provides DC output voltage

.. We can write

VO = Vin avg — DVS

7[c] Consider a single x(t) shown in following figure. Sketch and describe mathematically the signal x(t)
(i) If time-compressed by factor 5
(ii) Repeat the problem for same signal time-expanded by factor'3, [10+10M]
A x(t)
2
26—1/2
Solution:
Given %Et)
2
/26—1/2
>t
-1.5 0 3

(1) Time compressed by a factor of ‘5’

The resultant signal is y;(t) = x(5t)

yi(t) =x(5t)

A
2
2675t/2
>t
03 o 0.6
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yi)=2 —03<t<0

5t

=22 0<t<0.6
=0 Otherwise

(i1) Time expanded by factor ‘3.
The resultant signal is y»(t) = x(t/3)

ya(t)
A

Ze—t/6

45 |0 9

V() =2 45<t<0
=2 0<t<9

=0 Otherwise

8[a] Find the solution of following sécond order sdifferential equation by using Transform method. The

differential equation is

d’y(t) m _ldx(t)
—dt2 +7 4 +12y(t)——dt +X(t)

with initial conditions y(07)&2and 0 ) =1 and x(t) = ¢ 'u(t) and x(0) =0 [20M]
Solution:

YO 78O |y = O

Given
dt’ dt dt

+x(t)

= y"(t) +7y'() + 12y(t) =x'() + x(1)

L{y"(0} +7L{y' (0} + 12L{y(0} = L{x'(®} + L{x(O}

:>{szy(s) —sy(07) =y'(07)} + 7{sy(s) =y(07)} + 12y(s) = sx(s) — x(07) + x(s) ....... (1)
=5t 1
L{x(®} =L{e " u(®)} = —
s+5
X(s)= —
s+35
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(1) = (s> y(s) — 2(s) — 1) + Tdsy(s) — 2} + 12y(s) = —— + 1
s+5 s+5

s+1
s+5

= (s"+7s+12)y(s)—2s—1— 14=

= (s + 7s + 12)y(s) = (28-+—15)—i——s+1
s+5

|
— (s+3)(sH)y(s) = 25+ 15+~
s+5

2s+15 N s+1
(s+3)(s+4) (s+3)(s+4)(s+5)

=>y(s)=

2s+15 A N B
(s+3)(s+4) s+3 s+4
- 2(-3)+15 _g

(-3+4)
B=2(_4)+15:
(-4+3)

2s+15 9 N 7
(s+3)(s+4) s+3 s+4

s+1 A B C
Now, = + +
(s+3)(s+4)(s+5) s+3 s+4" s+4

A= _ 3+l
(-3+4)(-3+5)

B= _ A+l
(—4+3)(-4+5)

C= It bt S
(-5+3)(-5+4)

s+1 -1 N 3.2
(s+3)(s+4)(s+5) s+3 s+4 s+5

Substituting in eqn. (2)
9 7 1 3 2
J’_

= + — —_
ye) s+3 s+4 s+3 s+4 s+5

N 10 3 2
s+3 s+4 s+5

y(s) =
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8

10 2

L)} = L‘(
s+3

+ —
s+4 s+

y(t) =8¢ + 10e™* — 2¢™

(1—s)(1+2)

Corner frequencies are (1, 5) rad/sec

-2

;)

8[b] The open-loop transfer function of a unity feedback system is given as

G(s) = _ 10
(s=I)(s+5)
Sketch the Bode plot for the system and calculate Gain and Phase margins [20M]
Solution:
10
G(s)=7—=——=, H(s)=1
) (s—1)s+5)
Gls)=——2

s—jo= G(jo)=

Magnitude:

(1- joo)(l +

2

jo
5

Phase:

Gljo) = 2
- 1+(®)21/1+(?j

= M(D:(ll = 2010g2 ~ 6dB

£=2

= M(dB) =20log|G(jo)|

= £G(jo)=

Z(1-jo)Z(1+ jo!5)

Zd=LG(jw) = -180° — (~tan"'(m) — tan'(c0/5)

o

Z$=-180°+ tan (o) + tan™* [gj = Qo010 = —175°

Oloer = 146°
¢|w=1.6 = —1400
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M(dB)
A
6 —;\20dB/dec
: : >
0dB o7 1 L6
Zo A i
| —140°
-175°
-180°I57 > ®
From Plot,
= O = ©
M(dB), =-dB
pe

GM = —20log(M) =—(M(dB)) =—(-x»)=%edB

= oy = 1.6 rad/sec

= PM = 180° + £¢|

Opc

o
= PM = 180° + {— 180° +'tan:" (cogc )— fan™ (%H

PM = tan™ (l .6) ~tan" (%)

PM = +40°
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8[c] Design a UJT triggering circuit for a 220 V, 50 Hz ac source fed single phase half controlled rectifier

using BT 151 — 500 R SCR and 2N2646 UJT having following parameters:
2N2646 UJT: n=0.65, Rgg =7 kQ, I, =5 uA, Vy =3 V, Iy =4 mA
BT 151 -500 R SCR:  Vgr=0.8V (typical), 1.5 V (max)
Igr =5 mA (typical, 15 mA
Vorm =500 V
Assume the triggering circuit be fed from 24 V DC

Take Vgg of 20 V for design and pulse width of triggering pulse of 30 pus.

show the component values with power ratings

Solution:
Given,
UlT:n=0.65,Rgg =7k, [, =5pA, Vy=3 V, Iy =4 mA
SCR: Ver=08V
Igr=5mA
Vee =20V, T =30 dsec

° VBB
R &jf‘z
E ]
-|- IVe B, % R, {Vo = T6 SCR Gates

Vp=nVgs + Vp
Assume Vp =0V
S Vp=mVpe=0.65x20=13V

Draw relevant circuits and

[20M]
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10° 10°
R2 = =
nv, 0.65x20

=769.23 Q2

V..-R,

EERS' od BEEP V/
(RBB +Rl +R2) GT

20x R
‘ <0.8
(7000 + R, +769.23

.. 20R; <0.8(7000 + R, + 769.23)

28121 < (7000 + R, + 769.23)

25R, <(7769.23 + R))
24R, < 7769.23

7769.23
<

" R1
24

S RU<323.71 Q
Maximum value of ‘R’ i1s

V-V, 20-13

Riax = = =1.4 MQ
I, 5x10°
Minimum value of ‘R’ is
Rmin = VBB _VV = 2 — 3 = 425 kQ
I, 4x107
Taking R = Ry, = 4.25 kQ)
R = L
1
C.ln| —
L - n}
-6
425 % 10° = %
C.In
1-0.65
L C=672x10"F
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