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ELECTRICAL ENGINEERING

Paper-2

SACTION - A
1. a. Draw memory read machine cycle of 8085 microprocessor and explain.
[12 Marks]

Sol. 1a.
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In 8085 microprocessor
Machine cycles

1. Opcode fetch

2. memory Read

3. Memory

Memory Read

I /m=0
_ tthenMEMR =0
Rp =0
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I,/ m
—C S
MEMR
_—=q
D

Memory

37 4050H

Let memory location 4050H

has 37H as data.

copy 37H to Accumulator.

3T states are required for memory Read

1st t State

ALE — 1

A1s — As — 40H Higher order address

AD7 — ADo — 50H Lower order Address

Lower order address [50H] will store in D latch as ALE — 1. 1,/m=0
2" T State

ALE — 0 now AD7 — ADo in act as data line but Ais — As remain same.

now read pin goes low
RD=0 Io/m=0 : MEMR =0
It will active the output butter of memory. Data will transfer through. Data bus to

Mmicroprocessor.
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////////, Decoding Logic

A ‘—— EN
15 /Memory
AB
37 4050 H
Latch
8085
AD, A,
AD, A,
S Dy «ul|D
I,/ m RD | 7 0__ Buffer

D
MEMR

1. b. Reduce the block diagram shown below, using block diagram reduction technique and find the

C(s)

transfer function ——=.
R(s)

O

R(s) +l
——1 G, H G, ’ G _’®_—C(f)

[12 Marks]

Sol. 1b.

Parallel
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R— G, G, —+—»{ 1+G, C

A

Shift Take-off point before (1 + Gs) to after it

Parallel
Pl

+ m
R— G, G, e o\

» 1+G, —»C

H, |« H, (1+G;)

Cascade

/ /'Parallel

: N X

R— G; G, > 1+G, >
4 —J(

Solving cascade and parallel blocks :
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Gz (1 + G3)

1+ M H1G2(1 + G3)
1+G3

Closed loop gain

_ G2 (1+G3)
T 1+HG, (H2(1+Gs) +1)

R—) G2(1+G3) e

1+HGy [Ha(1+Gs) +1]

SO,E=G1>< G2(1+G3)
R 1+HG; [Ho(1+Gs)+1]

C GGy (1 +G3)

R~ 1+ G,HiH, + G,GsH,H, + GoHy

1. c¢. The maximum efficiency of a 500 KVA, 3300/500 V, 50 Hz single-phase transformer is 97%
and occurs at % full load, unity power factor. If the impedance is 10%, find the voltage
regulation at full load, power factor 0.8 leading.

[12 Marks]

Sol. 1c. Given nmax = 97% at % of full load at UPF

%xsoutxl

Mmax = 3
2 Sout X1 +losses

3 500

0.97 =

= x 500 + losses
4

losses = E -375=11.597 kW
0.97

At maximum efficiency, copper loss = Iron loss = 11';97 kW =5.798 kW

X2 Pcu,rL = 5.798 kW
42
P r = (5} «5.798 kKW = 10.308 kW

We know, % R = % Cu loss at full load
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~10.308
~ 500

%Z(given) = 10%

x100 = 2.061%

%X = \(%Z)? — (%R )?

= J(10)? - (2.061)* = 9.785%

.. Voltage regulation at full load and 0.8 leading

%Rcosp — %Xsing
(2.061) (0.8) - (9.785) (0.6)
-4.22%

E BYJU'S

Calculate the inductance and capacitance of the single-circuit, two-bundle conductor, 200 km

long line as shown below. The diameter of each conductor is 5 cm.

aC> Oa' bO

of

'y
h 4
r 3

As we know for bundled conductions

L=2x10"1In GMD
GMR

jH/m

From given figure,

GMD =36x6x12

= 7.56 m

radius=9=§=2.5 cm
2 2

From figure,

Daa’ = Da’a = 25 cm

Daa = Da’a’ = 0.7788 x 2.5 x 10?
=1.947 x 1072 m

GMR = {/Daa Daa' Da'a Da'a’

={1.947x102x25x102 x25x 102 x1.947 x 102

=6.97 x 102 m

[12 Marks]
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le.

L= 2><10‘7In( 7.6 j

6.97x107°
=9.37x107 H/m
For 200 km,
L =200 x 9.37 x 1077 x 103
= 0.187 H
Capacitance calculation
_ 2mege,
In(GMDj
GMR
We know,
GMD = 7.56 m

GMR = 25x2.5x25x25x102x 102 x 102 x 102
GMR = 7.9 x 102 m
c_2nx8.854x10"
B 7.56 j
In| ——=—
(7.9><102

C=12.2 x 1072 F/m

For 200 km
C=200 x 103 x 12.2 x 10712
C =2.44 uF

Explain the concept of Pulse Width Modulation. How is it used in the reduction of harmonics in
a single-phase full bridge Inverter?
[12 Marks]

PWM stands for Pulse Width Modulation. It is a modulation technique commonly used in
electronic systems to control the average power delivered to a load by varying the width of the
pulses of a periodic signal. In PWM, the continuous waveform, typically a square wave, is
divided into two parts: a high state and a low state. The width or duration of the high state,
known as the pulse width, is varied to achieve the desired output. By changing the duty cycle
(the ratio of the pulse width to the total period), the average power delivered to the load can
be controlled.

Using pule width modulation, the width of the pule is Modulated to reduce the harmonics

content. Lets take an example
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V(t)

» ot

Niat

the fourier expression of V(t) = Z ﬂsmncoot
MNe1
n—odd

So above wave contains odd harmonics

Now lets modulate the above wave as shown below.
Vo (t)

F 3

T
JEITUE

Above signal is modulated (have taken two switching per quarter cycle) keeping the odd half

wave symmetry and odd nature of wave intact.

Now harmonic content can be shown using its fourier expression.

V,(t) = i ﬂ|:1 — cosNa, + COSNa, |sinna,t
=1 Mm

n—> odd

by controlling a, and o, we can eliminate few harmonics. If we can increase number of

switching, per quarter then we can eliminate higher number of harmonics.
So from above discussion it is evident that PWM technique is used to minimise the harmonic

content of the ware.

For the circuit given below, find the value of the components. Gain is 5 at a frequency of
32 kHz.

10
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(1 mH, 0.1 Q)

L-inductor with
winding resistance

100Q — V,
2o
Vi, >10 kQ
>
[20 Marks]
Sol. 2a. Gain =5 at 32 KHz
L R
—O0000—WWW—
|1
I c
AAAA
\AAA4
R,
R f
Vg o—AMWV—
o VO

ZL = jol
|ZL] = oL
|Z|_| =2nx32x103 %1073 = 647 = 201.06Q

j201.06Q 10
— OO —AMA—

|ZL| >> R; nelgect R

R is internal resistance of coil
feedback path is parallel RLC circuit and at resonant freq. LC combination act or open circuit

fozfr:;:32><103

Zn\/lf

we are assuming 32 KHz as resonant freq.

11
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1

21y/1073C

L -10°C

2nx32x103

1

=32x10°

2
C= x
1073 |27:><32><103}

C=247 x 108F

C=24.7x10° F = 24.7 nF|

AAAA

C it

1 PREP

A\AAAS
R, R¢
Vg o—AMWV—
1000

Find x(t) * g(t), using graphical convolution.

A Vo Re
Vs R4
R¢
Ayl=—=5
= R
Rf = 5R:1 =5 x 100
R =500 Q
x(t)
g(t)

4 x(t)

10

v

0.5

12
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49(t)
2 ,
0 3 t
[20 Marks]
Sol. 2b. Given, y(t) = x(t) * g(t)
So, y(t)= j g(x) - x(t — t)dt
Case-I:
g(7)
2
0 3 =r
When 0.5 +t<0
=t< -0.5
then,y(t) =0
x(t - 1)
10
0.5+t 0.5+t K
Case-II:
When -0.5+t<0Obut0.5+t>0
i.,e. -0.5<t<0.5
0.5+t

0.5+t 2
then, y(t)= [ to %T dt = %{%}

0 0

10 2
=—-(0.5+t
5 (0:5+1)

13
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A X(t-1)
0.5+t 05+t 3 °
Case-III:
When -0.5+t>0but0.5+t<3
i.,e 0.5<t<?2.5
A X(t - 1)
-0.5+t 0.5+t é i
0.5+t 2—0.5+t
yO = [ 10-Zcde- 2|
-0.5+t 3 3 2 J-0.5+t

= ?[(0.5 +1)2 - (~0.5+ t)2]

_ 20,
3

Case-1V:
When -0.5 +t< 3 but0.5+t>3

x(t - 1)

v

0.5+t 3 0.5 + ¢

i.e.2.5<t< 3.5

3 2P
then, y(t) = | 10-%rdr:§{‘c—}

-0.5+t 3 2 —0.5+t
- D[o-(05+t7]- D[8.75- 8 +t]

Case-V:
When -0.5 + t > 3,
i.,e.t > 3.5

14

O A
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x(t - 1)

1 »
1 >
T

3 -0.5+¢ 0.5+t

then y(t) =0
o, for t < -0.5
10 5
?(0.5+t) , for -0.5<t<0.5
Thus, y(t) = %, for0.5<t<2.5
10 5
-—{875—t4¢], for 2.5 <t <3.5
3
o, fort > 3.5

2. c Design a PD controller for a unity feedback system whose open loop transfer function.

10

RNV R

Will have poles at s = - 4 £ j4.
[20 Marks]

Sol. 2c. Let PD controller gain be (Kp + sKp)

+ — 10
+ »
o B siig (s+1)(s+4)

y
v
2]

Now, Characteristic equation, CE, is

10 B
(s+1)(s+4)

1+ (Kp +sKp) x
= s>+ 5s+4 + 10Kp + 10sKp = 0

s2+ (5 + 10Kp)s + (10Kp +4) =0 ...(1)
we need polesats=—-4*j4

So, characteristic equation desired is
(s—(-4+j4)) (s—(-4-j4))=0
(s+4—-ja)(s+4+j4)=0

(s+4)*+42=0

15
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=52+85+32=0..(2)
Compared (1) & (2),
5+10Kp =8 =>Kp=0.3
10Kp+4=32=>Kp=2.8

So, DD controller gain, is

| Ge(s) =2.8+0.3s |

Design a second order low pass filter using Op-Amp with feedback gain 1.586. High cut-off
frequency is 10 kHz. Assume capacitor 0.1 pF and R1 = 10kQ (resistor connected between
input source to input terminal of Op-Amp). Draw the circuit diagram and plot the frequency
response.

[20 Marks]

16
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Sol. 3a.
C
|1
I
R R’
V AVAVAVAV AVAVAVAV +
IN —_
- +
] 755
T C AAAA
yYyvy VO
P Ry
>
> 301
b=
o o

1

2nyRR'CC

Cutoff frequency f. =

ifR=R" andC=C’

= 1 =10 KHz
2nRC
B 1 ~ 1
2nCx10x10° 270.1x10°° x10*
R=@=159.159
TC
[A]
A

max

Anax = 1+% =1.586

1

R1 = 10 KQ (given)

1+&= 1.586
10
Rf = 0.586

[R¢ = 0.586 x 10 = 5.86 KQ|

3. b. A DC motor is mechanically connected to a constant torque load. When the armature is
connected to a 120 volt DC supply, it draws an armature current of 10 amperes and runs at
1800 rpm. The armature resistance is Ra=0.1 Q. Accidentally, the field circuit breaks and the

flux drops to the residual flux, which is only 5% of the original flux.

17
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(i) Determine the value of the armature current immediately after the field circuit breaks
(i.e. before the speed has had time to change from 1800 rpm).

(ii) Determine the hypothetical final speed of the motor after the field circuit breaks.

Neglect the inductance of the armature circuit.

[20 Marks]
Sol. 3b. (i)
+ I,
0.1Q
120V
E,
Io = 10A
According to KVL, E» = 120 - 10(0.1) = 119V
2n
ke¢[1800 x —j =119
60
As the field has dropped to 0.05 ¢, the new back emf will be
119(0.05) = 5.95 V
So, armature current = % =1140.5A
(ii) Under steady state, torque remain constant
KoL =T,
K.9(10) = K,4(0.05)L;
1 =20 _500a
0.05
+ 200 A
0.1Q
120 volt
E,

Eb

120 - 200(0.1)
100 V

18
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Sol. 3c.

- 2n
100 = K_¢ (0.05) N[60j

From initial stable condition

119 = K_¢ (1800) (%)

119 _ 1800 _ . _1800x100
100  0.05N 119(0.05)

= 30252.10 rpm

A 250 km long, three-phase, 50 Hz, transmission line has the following line constants:
A=D=0.9 «/1°

B =120/72°0Q

C = 0.001£90° Q!

The sending end voltage is 230 kV.

Find
(i)
(ii)

(i)

(i)

Line charging current
Maximum active power that can be transferred at 220 kV, and also the corresponding
reactive power.

[20 Marks]

Line charging current

Vv
IC :X_C:VBC

Xc = C (From ABCD parameter)
=0.001]90°

230x10°
NE
=133 A

Maximum power at the receiving end

31Vl o[A
(max) |B|

I x0.001/90°

P, VZ cos(0 — o) [© Vs and Vr are per phase voltages]

B

QR(max) =-3 (%j V; Sin(e - (X)

Given
oa=1° @0=72°
0—o=72°-1° = 71°

Per phase voltages

19
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V,(ph) = % =132.8kV
V, (ph) = % 127 kV

Substitute all the data into the given formula

3x132.8x127 x10° B 3x0.9

PR(max) = 1 20

= 303.5 MW

3(0.9 .
Qr(maxy = 520) x(127)* x sin71°

= 343.13 MVAR

x(127)* x cos 71°

ACHE:

4. a. Draw a 4-bit digital to analog (D - A) convert circuit diagram using Op-Amp and binary

weighted resistors. Derive the output voltage equation to get bidirectional signal output.

Assume digital input 5 V and bias power supply £ 15V.

Sol. 4a.

Vp = Vn = 0 Virtual Ground process
Ir=I=I3+I+ 11+ 1o

0-Vo Bs3Ww N SPAVY N BiVk N BoVr
R¢ R 2R 2R 8R

R
Vo = _8_Ff{VR [8Bs + 4B, + 2By + By |

I; R¢
- AAAA
A AA A4
1 15
Vi ——o v,
+
VD
-15v
Rf

20

[20 Marks]
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Ve |[-Re | &5
Vo =| — 2'B;
-3 =] 57
l ’ !
Resolution gain Decimal Equivalent of
Binary number

v Vr =5V

for 2's complement representation

—°B3

R I,

Vref = -5V
R/2 R
f
AAAA :If
vyvy

VP=Vn=0 VGp

I=I=Ies+ I3+ 2+ 11+ Io

Vo B Vet Wr Vr | BiVk | Bo\k
— =D3 + +
R¢ R/2 R 2R 4R 8R

« Vret = —VR & it is connected as

i/p if Bs = 0 otherwise it is connected to ground.

Vi |[-Rs
Vo =|— || —= |[-16B3 + 8B5 + 4B, + 2B; + B
o= e[ e s a2
Ve | [-R
Vo = {2—‘;} [—f}[—883+452+281+80]
\

R
l Decimal Equivalent for

2’s complement No.
Resolution  gain

21

e


https://byjusexamprep.com/

E BYJU'S

byjusexamprep.com

Bs B, Bi By | -8Bs+ 4B, +2B; +Bo
0000]oO
0001 |1
0010 |2
0011 |3
0100 |4
0101 |5
0110 |6
0111 |7
1000 | -8
1001 | -7
1010 | -6
1011 |-5
1100 | -4
1101 |-3
1110 | -2
1111 |-

= Vo is proportional to 2's complement representation. we are getting bidirectional signal

output.

4. b. A unity feedback control system has
10*K
s[;+1] (s+10)

G(s) =

(i) Find gain and phase margin for K = 1.

(if) If a phase-lag element with transfer function of g : 23 is added in the forward path, find

the new value of K to keep the same gain margin.
[20 Marks]

Sol. 4b. (i) K=1

G (Jco) H (J(o) =

22
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¢ = ZG(jo)H(jo) = -90° - tan™ [%) —tan™! [%)

Phase Crossover Frequency, o,

at © = wp, ¢ =—-180°

= -90° - tan™ [%) —tan™ (‘1’)—5} =-180°

@Wp  ©Op

tant| —2 10 |_gpe
_®p Op
2 10

2
=1-2 0= w2=20
20

T
wp = 4.47 rad/sec

Gain Margin

1

GM= G (G ) H (3o

10

J%J(1 + 22}(100 +20)

|G(jcop)H(j(x)p)| =

_ 10 _10 1
J20x6x120 120 12

So,GM=—~_ _12
1/12

In dB, GM =20 log (12) = 21.58 dB

Gain crossover frequency, ®,

at ® = wg, M = |G(jo) H(jo)| =1

10

ng[1 + “f}(mo +f)

2
= ol [1 +%)(100 +o}) =107 =100

=1

let w3 = x

23
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x[x+4](x+100) - 100
4

x(x? + 104x + 400) = 400

x3 + 104x? + 400x — 400 =0

So, X = w3 =0.82,-99.96m,-4.86
but x = w3 must be positive

So, w§ =0.82 = wg = 0.9 rad/sec

Phase Margin PM

PM = 180° + £G  jog )H(jwg)

~180°+| -90° — tant[ 92| _ tant( 22
2 10

PM =60.63°
(ii) Gain margin is same as case (i) = 12 (or) 21.58dB
1+Zsj 10k
1+8 SGHJ(SHO)

New G(S) = (

Phase cross over frequency G(s) = —180|m:w

=90 + tan ' (20) - tan*(5») - tan (0 / 2) - tan™* (o / 10) = -180

o, o
=—tan* 5(”_202 —tan!| 2 120 =-90
1+10w o

A 20
B
tan? AL =90°
1-AB

=>1-AB=0and AB=1

3o 120
2 2 =1
1+10w 20 - w

36w* =20 - ®® +2000* —10*

100" -1630* -20 =0

By solving o = . = 4.05rad/s

24

E BYJU'S
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1
1 G(s) |.,,

L+ o) K
R e 2
R E e

Gin margin =12

2
Ji+(@x4.057 K
JL+ (5% 4.05) 2
+5x4.057 o5 (4'05J +1,(#.057 +100

2

_ 8161 k
©20.274  4.05x2.258x10.788

1
" (k / 244.99)

=k /244.99

- GM

244.99
Tk

k =20.416

12

4. c. The equivalent circuit and is associated voltage waveform for a switched mode DC power

supply is show below.

— o  L=13pH Voi
A
/)T_m o 240 watts
Py f. = 300 kHz
——20vV Voi — 5 )
l 50 pF _ Loads DT,

T, =1/fg
(i) Assuming a pure dc Vo = 15 V at the output across a load of 240 watts, calculate and
draw the waveforms of volage and current associated with the filter inductor ‘'L’ and
current through 'C’. Let switch duty ratio D = 0.75 in this condition.
(ii) Estimate the peak-to-peak ripple in the voltage across capacitor.
(iii) Calculate the harmonic voltage of voi.
(iv) Calculate the attenuation in decibels of ripple voltage in voi at harmonic frequency.

[20 Marks]

Sol. 4c.

25
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1.3pH
— 0o
+ V() 240 watt
+
V <
V=20V ’_') ° 50pF == EE A
VOI
'y
20
» =1 300 kH
»f=13 z
> T
DT

(i) Vo= 15volt

1, =240 _16n
15
D=0.75= %
Vv

A
So above circuit is buck convence
V, . .
Since —2 =D (duty ratio) so there is continues conduction.
d

Waveshape of V.(t) and i.(i) are shown below.
Vi(®

3

5V

DT T

=15V

During on condition

0<t<DT

26
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20v 15V
BT ’
+ V() -
+
>
20v (3) — 2 15v

..|||_
®

During on condition

DT <t<T
0 i5v
—o0
TV(t)~
<’+
20V 1') — 315V
During ON condition
Vi(t) = 5 Volt
1 t
i, (8) =i + E;[Sdt
. , 5
i(t)=i . +—t
L( ) Lmin L
0<t<DT
. ; . 5
At t=DT i (t) =i max= I min +[DT (1)

During off condition
V, (t) =-15 volt

—15dt

Il
3'—.:-?

IL(t) = iLmax +
iL(t)=iLmaX—%(t—DT) , T<t<T
att =T i (t) =iy, = immll

Lmin Lmax

IL(t) = iLmin = iLmax - %(T - DT) (2)

27
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(i)

The current waveshape is shown below.

»

IL max /\/\
IL min

t ' >t
0 DT T
[ e +i
16 = iimin + L max 5 Lmin _ L max > Lmin - iLmin + iLmax _32
: . . . 5
Using equation (1) i i + i min +[DT 32
2 =32-2T o _3p._ ONO0.75)
L 300x10° (1.3)(10’6)

=i i, =2211.192 Amp
=i e =11.192 + (O =20.80 Amp

300x10° (1.3 x 10—6)

Capacitor current
i.(t)=i(t)-1I,

Wave shape of ic(t) is shown below.
ic(t)
A

4.808 1 T /\

LT,
-4.808¢" i+
2

v

Ve(t) ‘V\cmy'\f

Vemint :

v

Peak to peak ripple in capacitor voltage = AV, =V__.. —V..»

av, - A2
C

AV = Area of shaded region

1 T
- ~[4.808] [E}
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AV, = 4. 808)6 ( 1 3j = 0.0801 volt
50x10 300x10

(i) V,

=V, + éan cosnow,t + ib sinnm,t

Vv, =15volt

:
a, = %J'Vlcosnmot dt== j 20 cosno,t dt
0
40 . DT
= o)) [sm Noot|; J w,T=2n
= 40 sinE(Znn) = @sinﬁ
2nrn 4 nn 2
2 T 2 DT
b, = = [V, sinneytdt = = [ 20sinno,tdt
T 0 T 0
40 [ cosnmot| J 40 [1 cos Snn } L [1 cos3nnj
T (n(no) 2nn 2 nm 2
V, (t) = 15 + Z 30z

n=1 nn

R.M.S value of Voi(t)

_ \/szoZdt=\/202(DT) \/202(3j zof volt
T T

4

R.M.S value of harmonic content

400 (%) ~15° = /300 - 225 = 8.66 volt

R.M.S value of ripple voltage = 8.66 volt

Attenuation is dB = 20I098—f_)6 =-4.77dB

SECTION - B

Find the Laplace transform of the signal given below

A

2

29
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Sol. 5a.
x(t)

x(t) =r(t) -3r(t-2) + 2r(t - 3)

Taking LT,

1

x(s) = =

[1 -3 + 2e’35J

5. b. Find the time response, initial value and final value of the given function

Fs) - 12(s+1)
s(s+2)*(s+3)

[12 Marks]

Sol. 5b. F(s):L;l)
s(s+2)(s+3)

By partial fraction

B C D
& +
s+2 (s+2) (s+3)

H$=%+

F(s) = A(s + 2)2(s + 3) + Bs(s + 2) (s + 3) + C(s + 3)s + D(s)(s + 2)2

puts = -3, 12(-3 +1) = -3D
D=8
puts =0, 12 = 12A
A=1
puts = -2, -12 = -2C(-2+3)
C=6
puts =1, 24 =9A2x 4+ B x 12 + 4c + 9D
24 =36+ 12B + 24 + 72
B=-9
F(s):l— 9 6 8

+ +
S s+2 (s+2)> (s+3)

Taking ILT,
f(t) = 1 - 9e* + 6te 2t + 8e™t

30
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5c.

5d.

Initial value theorem, f(t)|t_O =limsF(s)=0
= S

Final value theorem, f(t)|t = Iing sF(s) =1
—>0 S

A toroidal core of mean length 15 cm and cross-sectional area 10 cm? has a uniformly
distributed winding of 300 turns.

The B-H characteristic of the core can be assumed to be of rectangular form, as shown in the
figure below. The coil is connected to a 100 V, 400 Hz supply. Determine the hysteresis loss

in the core.

»
>

1.2T

v

-10 10
At/m

-1.2T

[12 Marks]

Hysteresis loss = (Volume of cone) (Area of BH curve) (f)
Volume of core = (0.15) (10 x 107%) = 1.5 x 10™* m?3
Area of BH curve = 2(1.2) (20) = 48 m?

Hysteresis loss = (1.5 x 107%) (48) (400) = 2.88 watt

The incremental fuel cost for a generating plant having two units are
IC1 = 20 + 0.1P1 Rs/MWhr
IC2 = 15 + 0.12P2 Rs /MWhr
If the total demand Po = 200 MW, determine the division of load between the units for the
most economical operation.
[12 Marks]

Given,

P1 + P2 = 200 MW (1)
I, =1

0.1P; + 20 + 0.12P2> + 15

0.1P1 - 0.12P2 = -5 -(2)
2+0.1

31
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P1 - 1.2P2 = -50 ..(3)
(1) -(@3)

= P2 = 113.64 MW

Given P1 + P2 = 200

P1 =200 - 113.64

P1 = 86.34 MW

5. e. Fora class-D communication circuit shown below, calculate
(i) peak currents through Main and Auxiliary thyristors

(ii) turn-off time (s) for Main and Auxiliary thyristors
TM
o ~NC

|
4
4

—— 16 pF

TA
230V S
DC X G

DI4OA

—<F—vv—

D 4 pH

v

O
Where Twm is main thyristors and Ta is Auxiliary thyristors.

[12 Marks]

Sol. 5e.

230V o o A FD 140 A

(i) beforet = 0 capacitor is charged at 23000 t with polarity shown above. Output current
is flowing through FD and no thyristor is conducting. Vv = 230 volt. It is under forward

blocking made. At t = 0 Twm is fired. Waveshape of itm is shown below itw.

32


https://byjusexamprep.com/

"
byjusexamprep.com E BYJ US

le
A

iTr|'| peak 'm—
140+

T /LC

because t > 0 FD gets reverse biased and LC circuit current will also How through Tm

iy peax = 140 + 230ﬁ =140+ 230 /E =140 + 460= 600 Amp
L 4

(ii) Waveshape of Vtvm and Vra are shown below.

ltm
'y :
= Jlc
ha 4
Ve(t) 4 | a
230 -\ '
< >
+ 230 k e
VTM y § E
ov 41»/ _
-230 /
Via 1

230V | %JL_C/—*
' L
230V -/ e '

t=0
AT t = 0 Tw is fired. During Tm ON V1a = =Vc(t)

v

At t = t1 auxilary thyristor Ta get fired. At the save instant Tm gets reversed biased by
capacitor voltage and then load current will start flowing through capacitor and auxiliary

thyristor. So capacitor will charge. Linearly as shown above from above waveshape we can

conclude that Ta. will get reversed biased for minimum interval of g\/LC.

33
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So tc (circuit term-off time) for T, = 3\/64 usec.

T
= —=(8)usec
2( U
= 4nusec
tL (circuit tern-off time) for main thyristor = to from capacitor

tO
0-= —230+1j140dt
C0

230 - 140t,
C
t, = 230C _ 26.28 psec
140

6. a. Determine the Fourier transform of a pulse shown below.

Va
10
2 t(s)
Find the magnitude at ® = 2x.
Sol. 6a.
V
A
10
0 > t(sec)

©

X(0) = [ () e?dt

34
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6b.

10(1-e™)
_](0
Magnitude at o = 2n
10

X(o=2n)= jz—n(l—ej“")

=0

For a single machine infinite bus shown below, if &c is the critical clearing angle for a three-
phase short circuit ‘F’, prove that the clearing time ‘t¢' of the circuit breaker CB must satisfy
the following:

Where P4 is the mechanical power input,

do is the initial power angle,

F is the frequency and

H is the machine inertia constant and is given by

2
H :n—f.](zj ®, x107®
G \P

J is moment of inertia of rotor (kg-m?)
we is synchronous speed in electrical rad/sec.

G is three-phase MVA rating (base) of machine.

Also express the relation of &cr with 8o, where 8¢ is the critical clearing angle for corresponding

critical clearing time.

[20 Marks]

Single machine connected to an infinite bus
{ : § CB
P.

Pi = Mechanical input

Pe1 = Electrical output before fault

Pe2 = Electrical output during the fault
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There is only one network between the generation and infinite bus.
Hence Pe2 = 0 (During the fault)

Swing equation is used for the transient stability study

a8
FEC A
2
% =P -0 =P(constant)
2
% = %(constant)

M is the angular momentum of synchronous machine
Integrate w.r.t. dt on both sides

g§=ﬂt+A
dt M

When t = 0, before acceleration period

The synchronous machine is running o = ws at do
ds

—=0

dt

0=5><0+A
M

A=0
& _R,

dt M

Integrate on both sides w.r.t. dt on both sides
P 2

=t
M2

Assume t is tc and § is 8¢

tc = critical time

8¢ = critical time

5, =L <4+B

c M2

When tc = 0 before acceleration period o = ws at 8o

dc = 00

2}
8, =—x0+B
0 MX
B = &0

Pt
5. =—=+9
[ M2 0
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P t2
5 -8 )= ‘L=<
(3 =) M2
- 2M(3, - 3,)
c P

t. =
m-%)
nf
M:@}
nf
S=G

. _ [R5y
< nfP,

However, the time taken by CB shall be t_ < 2GH(@E - 5,)

nfP

To clear the fault

Pi = Mechanical input

Pe1 = Electrical output before fault

Pe1 = Pm1 sindo

Pe2 = Electrical output during fault

Pe2 = 0

Pe3 = Electrical output after fault cleared

Pe2 = Pm3 sind

I:’m3 = Pm1
Pe A d
AN
- P., and P,
LY ST E— SRE— e
LAy :
e e :
80 8(: 8!11 d
0= 0g 0= 0
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T P,d5=0

)

8¢ S
[P,ds+ [P,ds=0
3o ¢

¢ S
[P -P,)ds+ [ (R-P,)d5=0
g 3,

c

[P8]e +[P3 +P,; cosdlm =0
PS. —PS, +P3,, =PS, +P,;cosd, —P ;coss. =0

P(5,, —8,)+P,cosd, =P, ;cosd.

P

m3

5, = cos™ {

5. =sin™ [i]
I:)ml

5, =180-sin™ (ij
P

m3

P(8, —8,)+P_, cos Sm}

Pm3 = I:>m1
8, =180 -3,
5, =180-sin" (ij
Pml
8, =180 -3,
5 —cos ! {3(180 — 8y —8,) + P, cos(180 - 50)}
‘ Pm3

A half-wave uncontrolled rectifier circuit is fed from ac source with source inductance ‘Ls’. It is
driving a dc load at a constant Ia as shown in figure below.
Dl
——— 00000 >
1

v.® D, I,=10A
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Calculate average output voltage V4. average power P4, communication overlap angle p and
plot the wave form of source current is, if
(i) Vs=310sin(314t)andLs=0
(ii) Vs=310sin (314t)and Ls =5 mH

(iii) Vs is a square wave of 310 V and 50 Hz a source inductance Ls = 5 mH.

[20 Marks]
Sol. 6c¢.
i.(t) L, D,
*—— 0000 i

+
v (t) @) D, A G) 10 A V4(t)

|||||—

(i) v.(t)=310sin(314t) L ,=0

V,(t) D,
> TITTT

5mH

+

v, (2) D, A @ 104 vu»

L

D1 and D2 are in common cathode connection
At anode of D: voltage is Vs(t)
At anode of D2 Voftye is zero.

If Vs(t) > 0 D1 will be ON and D will be off

If Vs(t) < 0 D1, will be off and D2 will be ON ware shapes ax shown below
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V. (t)
rF's
3107 T 2n 3n
» ot
Dl Dl Dl
i,(t) 4
10A

T 2n 3n > ot

V,(t)4

3107
T 2r 3n > ot

Average value of V,(t) = zi'[310 sinot d(ot) = 310 oit = 98.67 volt.
T ) T

Average power absorbed by current source = 98.67 (10) = 986.7 watt.
(ii)
D,

Va(t) o
1

5mH

o
v (t) @) DA d) 10 A V4(t)

L

before t = 0 D2 is conducting so entire current (10 A) is flowing through D2 and current
through D1 is zero.

After t = 0 Vs(t) > 0. So now D: will also start conducting. Due to inductor there will be
overlapping interval. During overlapping internal (u) both diodes will conduct. Current in D1

will increase and current in D2 will decrease as shown below

O<ot<pu
L, D,
— o000 O0—o0
o +
V(1) (,i_:) N D, @ 10A v,
0 -
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iv chages fron 0 to 10 A duing aveslapph intenal p

di, di,
V,(t)~L, 5 = 0= 310sinot =L, —*

n 10
ﬂjsinmtd(mt) = jdi
L 3

s 0 0

-3
033 0[1 cosu]=10=1-cosu = —314X351X10

1 -cospy=0.0506=cospu=0.9493 = py =18.31° = 0.3196 rad

Waveshape are shown below
V.(1)

r s

310] - v 20T .
V(1) \—/ ’

310,\ I’\

—

: + » ot

tH i 2n: 2n+p 3n @

i(t) 4 ! i P

10AT

H g 3n g

V,(t),, = fV sin ot d(wt) = "" [1 +cosp|= —[1 +0.9493]=96.175volt

Power absorbed by current source = 96.175 (10)

= 961.75 watt
(iii)
D

V.(t) Nl

| ]

5mH

+

V. (t) G_D D, A 10 A

.||||—

0 < ot < p circuit is shown below
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V(1) (:_:) iy @ 10A

V(1)
F 3
310
0 n 27 > ot
=310t
o= 100z
According to K.V.L
310-L d, 0
Sdt
n 10
- —310jd(cot) = [di, = _ 3 g
ol g 0 1007 (5x107%)
10(1007)(5x10°7)
u= =0.0506rad
310
The waveshapes will look like
Vy(t)
r 3
310
» ot
n ] 2n 2n+p 3n
is(t) 4
10d : S\
; i L 3 > ot
H n 2n 2n+p 3n

Vy(t),, = 5-[310(x - 0.0506)] = 152.503 volt

Power absorbed by current source = 152.503 (10) = 152.503 watt.

a. A certain system is described by
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y=[1 mm
2
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Determine the transformation matrix [P] so that if [x] = [P][Z]; the state matrices [A], [B],

[C] and [D] describing the dynamics of [Z] are in control canonical form.

7a. Given

Finding the transfer function, by T(s)=CQ(s)B+D

Where Q(s) = (sl — A)™?
IA_s 0 -2 1_s+2 -1
an-lo G o )

s 1
(SI_A)fl_adj(sI—A)_ -2 s+2
~ [sI-A]  s(s+2)+2

T(s)=CQ(s)B+D

PN L

s> +2s5+2

e o) s

s2425+2 s2+2s+2

T(s) =

st 43572 P x1+P,x1
or, T(s) = =
O (s 257 -+l

Drawing signal flow graph for it, (as per controllable canonical form)

43
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L 2N

ue

Taking output of integrators (s™!) as state variables,
il =12
iz = —221 - 222 +4

v=3z1+2;

But given x. = AX + By
y = Cx

put x + Pz

Pz = APz + B4

y = CPz

= 7. =P APz + PB4
o (4)
y =CPz

Comparing (3) and (4)

A =P'AP
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7b.

So, PA=AP ...(5)

PB=B ..(6)

=qg=1
s=3

Using (5), PA = AD

E MRS S

p-2=-2+3=1=p=3

So,r=2p-2=2(3)-2=4

3 1
So, P =
o

A 3-phase, 440 V, 50 Hz, four pole wound rotor induction motor develops full load torque at a

slip of 0.04 (i.e. 4%) when the slip rings are short circuited. The maximum torque it can

develop is 2.5 per unit. The stator leakage impedance is negligible. The rotor resistance

measured between two slip rings is 0.5 Q.

(i) Determine the speed of the motor at maximum torque. Derive the formula used.

(ii) Determine the starting torque in per unit. (Full load torque is one per unit torque)

(iii) Determine the value of resistance to be added to each phase of the rotor circuit so that
maximum torque is developed at the starting condition.

(iv) Determine the speed at full-load torque with the added rotor resistance of part (iii).

20 Marks]
Ve = 440 volt
f =50 Hz
P=4
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Sk = 0.04

Tem = 2.5 Tefr

Stator impedance is neglected

Rotor resistance between two slip rings = 0.5 W

Rotor resistance = % =0.250Q

As we know

2
_m Ve r

o 2 s
° (Re+rsz) +(X, + X, )

Since stator impedance is neglected

2
mV; r,

2
S
o, (;] +X2)

Tem (Maximum torque) occurs at Smr

eff —

r2
JRZ + (X, + X, )

SMT =

mV?
0, [Re+ R2 + (X, + X, )]

e

S0, Top=T.lss, =

Since stator impedance is neglected

2
7 oM (9
('OSXZ
And S,. =2 (3)
s

From eq. (1) and (2)

T, 2X, n X. = r
=N 2 ] 2 = e—
Tem riz + Xg S Sur
S
N T _ 2 _ 2SSy
2 2
Tem sﬂ + i sMT +S
S sMT

For the Figure shown above, the transistor ‘Q’ is excited by a pulse of duration ‘ti’ with a

o 1
eriodicity of —.
peri ICITY T
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. OV
Is vy
R
L a
D
iy
[
Y t, T Q

(i) Draw the current waveform of ‘is" and ‘i.".

(ii) Expression for absorbed average power by resistor ‘R’ in the circuit.

Assume % ratio to be too small in comparison to ‘T".

(iii) Expression for iL(t), the current through inductor ‘L".

[20 Marks]

Sol. 7c.

(i) During 0 to t1 transistor is ON and from t: to T transistor is off. Waveshape of Vi(t) will
be
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(i)

(iii)

V(L)
A
VCC
0 tl/ T / - > t(sec)
il(t)
Vee, 1
_f£t1 ’////\\\\\¥
t ¢ 1 — >t
t, T T (sec)
O<t<t, V()=V,
t
V
So i (t) = 0+1jvccdt Vel gots t,
Ly L
V_t
i(t _ _cc
L( )max L

t, <t < T inductor will discharge through R

+
>
iy (t) l j 2R
4>
ity
. . _%(t_tl)
L® =i (t)et u(t-t,)
VL(t) = _VR (t)
. Rit-t,)
= -Ri (t,)et utt-t,)
V t
i (t) = =
L( 1) L
Energy stored in inductor att = t1
2 L 2L
This energy is dissipated in R.
242
bsorbed by R = =L
average power absorbed by LT
From the above calculation
R
i(t) = ¥ (Ut -U(t-t,)]+ % e “Mu(t-t,)

48
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8a.

(iv) With addition of rotor resistance maximum torque will not effect

= Tmax = 2.5 Tsn
3 B _553 S.E2

w,2X, W, RZ+(SX,)  °
1 2.5xS,
ey 7 Rieq
2x1.3089  RZ, +(S, x1.3089)
1 _ 2.5x 5,

2x1.31 1312 +1.312 S}

1 2.5,

2 1+S;

S;+1=55, = S} -55,+1=0

- Sa = 0.2087

. Full load speed Nrf= Ns(1 - Sr)
1500 (1 - 0.2087)

1186.95 rpm

For a causal system H(z) =

x(n) = (%}n u(n) + 5(3)" u[-(n+1)]

Given:-
z
7

zl=———; |4 >0.5
z-0.5

x(n) = [%)nu(n)+5(3)nu(—n+1)

. 1
z transform of a" u(n) is ————;|z| > a
1-azt’

z-transform of -a" u(-n-1) is : —;lz|>a
-az
1 5 1
x(z)—l_lf1 1T 'Z<|Z|<3
4

For ZSR, initial conditions are zero.
Y(z) = X(z) H(z)

49
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(1- 0.521)[1 _ izlJ (1-0.527)(1-327)

After partial fraction,

(2) - 2 ot 1 .6
1-0.5z' 4y 1. 1-05z" 1-3z*
4
B 3 16
1-0.5z% {_ 1,1 1-3z7
4
Taking IZT,

y(n) = 3(0.5)" u(n) - (%) u(n) + 6(3)"u(—n — 1)

8. b. Two identical 250 KVA, 230/460 volt transformers are connected in open delta to supply a
balanced 3-phase star connected load at 460 volt and at answer the following:
(i) Draw the phasor diagram of the open-delta condition.
(i) Find the maximum secondary line current without overloading the transformers.
(iii) Find the real power delivered by each transformer and the total real power delivered.
(iv) Find the primary line currents.
(iv) If a similar transformer is now added to complete the A, find the percentage increase in

real power that can be supplied. Assume that the load voltage and power factor remain

unchanged at 460 volt and 0.8 lagging, respectively.

[20 Marks]
Sol. 8b.
I, A Ly _ 8 L
+

Vb P.F=0.8

IC
C b STV —e . > b

B + - C Cc
vbc
b 5

(i) Phasor diagram
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(i)

(iii)

(iv)

(v)

=0 =(0.8) = 36.86°

L+ +I.=0
maximum secondary current = Maximum secondary phase current of open delta

_250x10°
460

=543.48 A

Real power delivered by transformer coil a.b
= Vap.Ia cOS[30 + ¢]

= 460(543.48) cos[30 + 36.86°]

= 98.245 kW

Real power delivered by transformer coil BC.

= Vue(-Ic) cos[q]

0 is angle between Vecand I> andis 6 = 30 - ¢
= 460(543.86) cos[30 - ¢]

= 248.211 kW

Total real power delivered = 98.245 +248.211 = 346.456 kW

Primary line current

60

I, =(543.48)| —

- (sa3.48) 2 |

= 1086.96 A & Is=1Ic

If it is now closed delta then real power output = (B)E%J (543.4843)(0.8) = 600 kW
Increase is real power = (600 - 246.456) kW = 253.54 kW

% increase in real power = Mx 100 =73.18%

346.456
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The positive, negative and zero sequence reactances of a 25 MVA, 13.2 kV synchronous

generator are 0.3 pu, 0.2 pu and 0.1 pu respectively. The generator is star connected and

neutral is solidly grounded. When it is unloaded, find the fault current and line-line voltages

when a fault of

(1)
(ii)

(i)

(i)

Line-line occurs,

Double line to ground occurs.

For line to line fault
jV,E
Z +2Z,

v
0.3+ 10.2

| If(Pu) | =

If,, = 2V, Pu

_ (MVA)base
pese V3 (Kv)base

_ 25x10°
V, x13.2x10°
Ibase = 1093.5 Amp
Tact = Ip X Ipu
=1093.5 x 2V3
Tact = 3788 Amp
Double line to ground fault

Z
I, =3I, =3(11Z = j

2 0

Y P (Bj
03,01x02 |03

0.3
Ir = 5.454 Pu
Ifactual) = 5.454 X Ibase
= 5.545 x 1039.5
= 5964.54 Amp

kK %k %k
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